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COVER USE AND ACTIVITY TIM% BLDGETS
OF BLUE-WINGED TEAL, MALLARD, A4N)D PINTAIL BRCODS
Abstract

JAFES K. RINGELMAN

Blue-winged teal (4nas discors), mallard (A. platyrhynchos),

and pintail (A. acuta) brcods were observed on 17 days between 25 June
and 30 July, 19676. Brood activitiss and cover uses iviere recorded
continuously frow first light until dark. Observations of 269 broods
from three wetlands were evaluated by species and brocd age-class.
Activity time budgeis revealed significant (p <.01) age specific
differerices in tntzl feeding time and visibility among age-classes of
211 species combined and age-classss of blue-winged teal broods.

Fecding modes also varied among age-classes. Daily patterns of cover

uge varied among brcod age-classes and speciss. Morning and evening

ot oy

feeding Teavs became more pronounced, and overall visitility increascd,
with btrood age. Intersﬁecific differences in daily activity patiterns
wen: ckiexrved among broods of the same age-class.

Duration of active periods increased with age in blue-winged
tezl Lioods. active periods recurred at regular intervals in all
Lraoig threughcud the day, suggestive of polycycslic behavior patteras
similay to thoss ¢f aduwit ducks.

A prcgressive increase in brood visibility was atiribputed
prinarily 1o seasonzl cheérges in brood age strusturs ond to wetland
vet=r less. Temperaiune and wind speed influenced tinod visibility

ning iront chservation days. Climeiis conditions favorabls te



nighttime brood activity influenced brood behavior during the
following day. Accuracy of present brood inventory techniques could
be improved if consideraticns were made for brood behavior patterns

and environmental factors wkich alter brood cover use.
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INTRODUCTION

Behavior patterns are useful in evaluating the environmental
requirements of a species and interpreting census data. Although
past research has examined general trends in brood visibility, accurate
quantification of trood behavior is lacking for dabbling duck species.

Numerous investigators have concluded that broods are more
active, and hence more visible, in the morning (before 1000) and
evening (after 1700) hours (Mendall 1958:131, Diem and Lu 1960). Most
brood production surveys are timed to coincide with one or both of
these active periods.

Some researchers have observed that behavior paiterns vary
among broods of different ages or species. Beard (1964) gquantified
time tudgets fcr broods of seven duck species, and roted differences
in feeding duration and methods among species. Ball (1973) suggested
that young bBroads tendsd to utilize emergent cover to a greater extent
tran did older oroods of tha same species. It has been hypothesized
(Chura 13¢3) that the periodicity in behavior exhibited by broods
ray be likened to the field-feeding flights of adult ducks described
by Bellrose (1G44), Hochtaum (1955:73), and Winner (1959). These
iield-feeding flightis of adult ducks were concentrated in the early
moriirg ard avening hours. Detailed work on the activity bidgets of
adult blue-winged teal (Anes discors) (Owen 19€8), gadwall (4. sirepera)

(iwver 1975), shoveler (A. clypeatz) (Posten 197%), and lesser szaup

e affiris) (Siegfried 1974) indicated peaks of activity in

brzeding adults wnlich corresponded to the morning and evemins sctivity



peaks observed in broods.

This study quantitatively evaluates the daytime activities of
dabbling duck broods in sufficient detail to detect differences in
behavior among broods of different species and age-classes.

The objectives of the study are:

1. +to obtain information on brood behavior through
continuous observations during daylight periods.
2. to quantify the cover use and activity time budgets of

blue-winged teal, mallard (Anas platyrhynchos), and

pintail (A. gggig) broods according to btrood age-class
and species.

3. to examine similarities and differences in behavior
patterns which exist among broods of different species
and age-classes.

L. +to determine the influence and relative importance of

selected environmental factors on brood tshavior.



STUDY ARXA

Ceneral Description

Study wetlands were loceiea in eastern ¥Yingsbury and ceatral
Deuel Counties, South Dakota, in the Coteau des Prairies physiographic
regicn (Westin et al. 1987). Glacial wetlands in this rsgion attr;ct
largs nupbers of bresding ducks, suslaining breeding dansitizs of
1L.9 and 7.2 pairs per km2 in 1973 and i974 respzciivelr (Breuster
et al. 19?6). Land use is primarily devoted to Jivestock production
211 the culitivation of cocrn and small grain.

Thie rzgion is dominated by a continental climate characteriuzed
>y annual extremes of boil high and low temperatures. Averege dailiy
maxinuin and winimun July temperaturces were 29.2 C and 14.7 C
respeciively, The eastcentral fcouthi Dakota region experienced drought
conditicns durirg 1976. Precipitation from 1 January to 31 Jily totaled
23.0 cm, as compared 1o 2 77 year averaze cT 32.6 cm for tnis same
period (South Dakotz State University Weather Siation rzcoxds). Frental
cctivily, often zezompanied Ly high winds ant inteuvndttant heavy raln,

ig common during th2 summer,

2reod shaervatiors were cendiicted on three semivermanent

wariands (Stentrt and Fantrud 19 1). All wetlands pozsssged a3 canlral

apen water ra2eicn surrouxled by a peripheral tand of e werg nt
vegetation.

Th: Kingsbury County wetland was 12c2ted in pzowdmity to three

laxez which znnually serve as breecing and =iopovar arsas for ilarse



L

nuinbers of migratory waterfowl. Lake Whitzi:iood, the nearest of these
lakes, is located within 1.6 km of the sample area. The 6.9 ha sample
marsh is contzined within the Warne ‘“Waterfowl Production Area, located
in the southeast quarter of secticn 7, T110N, R53W.

The wetland retainea water throughout the months of June and
July. Mud bars and mounds composed of dead emergent vegetation were
exposed by mid-Judy. Water depth averaged approximately 15 cm by
30 July.

The circular wetlard wes domirated on 21l but the western edge
by dense stands of cattail (prbg spp.). The sparsely vegetated

western edge was dominated by the river bulrush (Scirpus fluviatalis)

and sedge fCarex spp.). Sago vondweed (Potamogeton pectinatus) was

an abundart submergent. The surrounding upland vegetation consisted

of e1falfa ard grasses (primarily Bromus inermis) which remained

vnmowed until mid-July. Mowing was permitted at this time through
special legislation intended to relieve a hay shortage crought atcut
by drougr.t co::ditions.

Deuzi County wetland number 1 was situated in hilly tocogaphy
ia the eastern escarprent of the Prairie Coteau. The 5.1 ha maxrsh
was located in the southeast quarter of section 31, T115N, R47Y, con
a Game Productisn Area owned by the South Dakota Department of.Game,
Fisn and Parks.

Water level in the marsh decreased during June and July, and
exposed shorelines weres evident by 1 July. The wetland was "1 shaped,
with *he base of the "L" oriented in an east-west direction.

Cattzil frinsed the entire shereline and occizred in dense



stands along the north and easl sides of the wetland. Hardstem

bulrush (Scirpus acutus) and bur reed (Sparganium eurycarpun) were

sparsely represented. Avrproximately 30 percent of the open water
regicn contained ders: ;rowths of pondweeds (Pc:amogeton SPP. ).

Upland vegetatior consisted primarily of smooth brome (Bromus inermus)

of sufficient density to provide good nesting cover. The region was
subjected to light cattle grazing during the study.

Deuel County wetland number 2 served as a sample wetland on
15 July. Subsequent observations on this marsh were not conducted
because of the small number of broods present and frequent human
disturbance. The 4.0 ha wetland was located in the southeast quarter
of section 36, T117N, R49W, 0.4 km north of lake Alice, a permanent
body of water. Water level in the marsh was high due to the
stabilizing influence of Iake Alice. A dense fringe of cattail
bordered all but a small portion of the southern edge of the wetland.
This region was sparsely vegetated with szdges interspersed along a
rocky shore. No submnergent vegetaztion was observed. land use beyond
the dense cattail growth was devoted to cattle grazing and

cultivation of corn and oats. Nesting cover was poor.
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METHODS

General

The fieid season was timed to coincide with the height of the
broed rearing season in eastcentral Scuth Dakota (Evans and Black
1956). Vetlands were selected in accordance with predetermined
criteria. Suitable wetlands were natural, semipermanently wet basins
with a substantial open water phase and a peripheral band of emergent
vegetation., This corresponds to the class IV, cover type 3 wetland
classification of Stewart and Kantrud (1971). Use of wetlands with
the same cover tyre minimized bias introduced through differential
brood visibility caused by vegetative growtn. Sample wetlands were
further restricted to being under 8.0 ha in size with an upland
topography suitable for placement of en observation blind.

Cbzervations were conducted from approximately one-half houx
prior to swirise to one-half hour after sunset, an averaze of 16.2
hours. Two observers were required for a full-day observation, the
second observer replacing the first at approximately mid-day.
Mannovwer shortages cccassionally necessitated half-day observatiorns.
In such cacses, morning and evening observations were alternated on
succeasive days.

I assumed that during the course of an observation day, all
trcods present on the marsh would be seen at least once. Evans et al.
(1952) provided evidence to support this assumption.

The timing of btrood activities was critical in this study.

Colzr time, rather than civil time, was utiliiedq with the assumption



that broods were more likely to synchronize their behavior to a
natural photoperiod. Sunrise was arbitrarily designated as 0200 hours.

Watches were synchronized by use of a sunrise schedule.

Observation Techniques

An observation blind measuring 1.2 m square and 1.3 m high was -
constructed utilizing a three-quarter inch plastic pipe frame covered
with fitted camouflage net material. The blind was situated so that
the otserver could view the entire wetland. Observation points were
at least 50 m from the wetland edge, thereby minimizing disturbance to
the broods. A tripod mounted 15X-60X variable power spotting scope
enabled detailed brood observations.

Broods were identified by species, age-class, and number of
ducklirgs. Species determination was frequently accomplished by
iden%ificaticn of the hen, which was usually present with the brood.
Ducklings vithcut an accompanying hen were identified by physical
characteriscics (Bellrose 1676:285). Broods were aged accordinrg to
the patterr of dow. replacement (Table 1).

Individual broods could be identified through a cobination of
species, age-class, ard size (number of young) characteristics.

Beard (1964%) fourd this tzchnique satisfactery for distinguishing
individuel broods iIn most instances. A protractor mounited between
the spotting scope ard tripod allowed an observer te record thre
position ¢f broods on the marsh, The vrotracior further aided in
follewing trocd movements and re-establishing brood identity.

Brceod characteristics were described on standavrdized fieid



Table 1. Description of duckling plumage subclasses (after Gollop

and Marshall 1954),

Subclass

Description

Ia

Ib

Ic

"Bright ball of fluff”. Down bright. Patterns
distinct. Body rounded; neck and head are not
yet prominent.

"Fading ball of fluff"”. Down color fading,
Fatterns less distinct. Body stiil rounded;
neck and tail are not yet prominent.

"Gawky-downy”. Down color znd patterns faded.
Neck and tail tecomes prominent. Boedy becomes
long and oval.

I1a

ITo

"First feathers'". Firsi feathers show on side.
Stays in this class until side view shows

one-half of side and flank feathered.

"Mostly feathered". Side view shows one-half
of side and flank feathered. Primaries break
from sheaths. Stays in this class until side
view shows down in one or two areas only.

"last down"”, Side view shows down in one or two
areas only. Sheaths visible on erupted primaries
through this class. Stays in this class until
profile shows no down.

I1T

"Feathered flightless"”. No down visible,
Primaries completely out of sheaths but not fully
developed. 3Stays in this class until capable of
flight.




observation forrs (Appendix A). The marsh was scenned at 15 to 20
minute intervals, during which time the activities, ccver use, and
location of visible broods were recorded. The time of each obsérvaticn
was also noted. Previousiy described broods which were not visible in
the open water region of the irarsh were assumed to be utilizing the
peripheral emergent vegefation. Study wetlands were sufficiently
isolated that interwetland brocd movemznt was minimal. Two separate
sightings during an observation day were requirsd to verify the
presence of each brood. Changes in broed activity were recorded
between scans when noticed by the observer. A portable cassette tape
recorder was utilized for recording brood behavior during periods of
peak activiiy. “he activity of a brood wes designated as that behavicr
exhibited by & majority of the ducklings in the brood.

Tas activity classifications used in this study are surface
feeding, bill-dip feeding, head-duck feeding, tip-up feeding, swirning,
lecafing, zrd cle2ting. A '"not visible” designatinn was aszssigned tc a
brood wtilizing emergent cover. The feeding activity classifications
fcilow tniose useld by Sugden (19?3). Surface feeding describes the act
of glearing food from the surface of the water. Both bill-dip feeding
and head-ducr feeding are forms of subsurface feading; the former
invoives surmersion of the bill, while the latiexr requires the
immersicn of the entire head. Tip-up feeding is 2 more active type of
subsurfzne Teeding dvring which the body is held in a vertical
pezition Uy & peddiing motion of the feet while the head and neck are
Suily extsndsd under vater. loafing activity tooi: place both on land

zrl varer, ‘The loafing clissification is used te lesceribe a generzl



state of slesplesz inactivity. £ auckling was considered asleep if it'
head was tucked under it's wing or if it's eyes were closed.

Four cover use classifications were utilized in this stuay. The
emergent cover designation corresponded to a region of dense aquatic
plant growth which completely obscured broods from the observer. The
interface cover typs was that narrow region at the bcundary between thz
emergent vegetation and the central water area. The izansition roce wa

a region of water extending from the interface 6 m outward into the

10

S

S

marsh., The zemaining, centrally located water region was designa2ted tn-=

oven water regicn.
Air temperature was measured on location. Wind speed was

G2tarmined using the Beaufort wind scaie, and percent cloud cover was

determinad by ccular estimate.

Letivily and oover use informeiion for all broods was ceded,

veritizd, and ovpanched oute 20 colwan IBM computer cards., Ore card

o
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™
W
-
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i
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G

entivity information for s single brood during one

ctoervalion day (cre "orosd-day”). an 120 370 coumputer was utilized

for data an2’ysis,  Time WBuiret information is expressed as the

-

persent cf troeds Involved in a pariiowar o
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2
-
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o
o
w
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G
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timz. The peraentage is calceuvlated as the nunber of broods exiu.biting

vata wera graad to 1llustrale the distritutleon of these activities

(SRR

ard cever uses over the courss of a day.
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Since a wetland ;as sampled on numerous occasions, Lhe same
broods were obvserved on a number of days. Brood-day data were grouped
into individual broods, thereby allowing an estinate of the actual
number of brocds observed during the study. Grouping of brood-day
data was accomplished through consideration of the species, age-class,
and size of the hbrood as well as the pond »on which that trood was
found. A schedule of midpoint ages for each plumage subclass was used
tc estimates the expected age of a brcod accordiné to the numher of
Zays elapsed tetween observations. Average mortality rates were
ccnzidered wher grcuping brocds. A chi-square analysis was periformed
o0 compare the variebility in cehavior between individual broods with
variability in behavior within a brood on different observation days.

Polyncmial regression functions were used to describe caily
tatterns of brocd visibilitv. Individual broods were examined foxr

ties in vehavior.

(B

carulal
The effect of envirormentzl farctor:s on brood behavior was

zwaluzted uning forward, stepwise-multiple linear regresslion analysis.

]

e analysis was epprecached from two perspeciives., The first
evalvation dealt with assessing the reiative contribution of each cf
eizht independtent variablas to the percent of brcods not visible
durirg a specified time of day. In this case, cbservation days were
subdivided into 18, one and one-half hcur periods, then squivalent
perinds pooled for ail days. 4 second evaluation assessed the
inilugrice of temperature, wind speed, and percent cloud cover on the
percent of broods nct visibls during each observation day.

] =

321) (i2373) and Suansor and Sargeant (1972) observed broode
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actively feeding throughout the night. Independent varizables
relating to nighttime environmental cornditions were evaluated to
Jdetermine the effect that night activities had or biood bzhavior the
subsegus«nt day. These variables were entered under the as:sumption
tret broods wniich were abrormally restricted in thzir night activities
wculd tend to cempensate by increasing the freguency or intensity of
these rcpresscd aclivities when environmental conditions became more
favcrahle., Conversely, satiation of a nigiht activiiy, especially
feeling, might have resulted in decreased activity cf this type the

fclliowing day.



Table 2.

- | iunn-T-uu-ln-I---!---IlIlllllllllllI!iI-!!’!ll

Soux:ces and hypothesized irnfluence of independent variables used in multiple regression analysis.

Indeperdenrt variaolo

source

rypothesized effect cr: brood tchavior

Interval temperature
(°c)

Irtervy) -drd speed
(kn/ta)

Interval clcud ~over

Number of days elaysed
totween 1 June and
date of observatisan

0100 +empnerature a
Centrul. Daylight Time
(o)

Average ovgrnight
wind spoed .
(k/hr)

Moon phasea
(fraction visible)

Moonlight duration®
(minutes)

On-gito weather data

On~site weather data

On-site weather data

An arbitrarily
selected reference
date

South Cakota State
Undversity Weather
Station records

South Dakota State
University Weather
Station records

Schedule of moonrises
and moonsets

Schedule of moorrises
and moonsets

Suppression of activity and ir.creased use of emergent cover during
periods of temperature extremes (Kendeigh 1934, Diem and Lu 1960).

U-netal supprecsion of activity and increased use of emergent cover
durfng periods of nigh wind. Poscsible increase in feedirng activity
in low and moderate wind (Diem and Tu 1960).

Clcud cover may deiay onzet ¢f activity in early rorning or initiate
evening activities prematurely. In conjunction with temperature, may
affect activity by reduction of incident solar radiation (Diem and

Lu 196C).

The age structure and species composition of sample trood ncpulations
changes continuously during the summer brood season. ¥zater levels
change during Lhis same timce intecrval. All of these factiors nay
influence the overall behavior and visibility of broods (Diem ard

Lu 1960).

Time 0100 houxrs corresponds to the avproximate midpoint of a night
period. The temperature at this time may rerflect altoraticns in
night-time activities brought about by night-time temperatures.

¥ind speed nay alter brood behavior as previously described in interval
wind spced.

Available light during the darkness pcriod may influence brood activities.
Feeding on emorging aquatic insects may be limited to light conditions.

Coupled with moon phase, moonlight duration may influence brood .
activities at night. The number of fcod items acquired by night-feeding
treods may be procportional to the duration of moonlight.

“Data refars to the night paicr to an observaticn day.
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RESULIS

Brood observations were ccnducted on 17 days during the period
25 June to 30 July, 1976. Three species were represented in 269
brood-days (3410 trood-hours) of observations (Table 3). Broods
sampled, in order of decreasing zbundance, were those of blue-winged
teal, mallard, and pintail. With the exception of pintail age-class
I broods, zll species were repressented in each brood age-class.

The time devoted to all activities during each of 4, 15-minute
pericds was averaged to obtain aun overall activity swmmary by hour.
These activity time budgets are presented graphically for blue-winged
*:2al and nzllard broods. Inadequate sample size precluded detailed

activity budget graphs for pintail broods. Each of the 16 hcurly

w
(@]

tivitly swmmaries were averaged for all cspecies and age-classes 19
ctiain overall daily activity budgets (Table 4). Significant (p<.05)

irizrepecific and age specific difierences were ohserved anong broods.

Interspecific Differences in Behavicr

Activity budzets. Age-class I blue-winged teal and mzllard

broods show similarities in general behavior patterns (Fig. 1).
Broods of both spscles utilized emergent cover for 59 percent of the
deylight period. ialliard broods preferred energent covar during the
rorning and early afternoon pericds, restricting much of their
swinming activity to late afterroon and evening. 1In contrast,
blue-vinged teal showed rore ccnsistent swimming behavior and use ef
ismerge:nt cover throughout the day. ILoafing activity was limited in

bLoth species, especially in age-class I mallard broods. Feeding



Table 3. Distribution of samplirg effcrt by species, age-class,
wetlard, and date.

Species
Blue-winged teal Mallard Pintail Total
Age-class
Ia 23 8 0 31
Ib 32 6 0 38
Ic 17 1 0 18
Total I 72 15 0 87
I1a 14 7 1 22
I1b L0 12 5 57
I1c 24 5 3 32
Total II 78 24 9 111
IiT 26 Lo 5 71
Species total 176 79 14 269
Wetland
-Date
ringsbury
25 June 18 7 b 29
29 June 11 5 2 18
5 July 16 2 2 20
12 July 10 3 1 14
13 July 8 4 1 13
19 July 10 3 0 13
20 July 4 5 0 12
25 July 5 5 0 10
29 July 5 3 0 8
30 July 5 b4 0 9
Total 95 41 10 146
Deuel-1
1 July 16 5 0 21
7 July i8 7 2 27
8 July 20 6 2 28
21 July 9 5 0 14
22 July 9 3 0 12
22 July 2 2 0 11
Total 81 28 L 113
Deuel-2 0 10 0 10

CGrand total 176 79 14 269




Table 4.

Mean percant oI day devoted to activity modes.

Stecies
Aze-
class Activity Bluo-winged teal ard Pintail Means
I c a

fot visible 69.4 69.8 - 69.6
Swim 4.3 6.6 - 5.4
Loaf i.2 0.1 - 0.7
Sleep 0.3 4 0.3 - 0.3,
Feed 24.8" 23.2 -- 24,0

I c
Not visible 62.1 57.4 57.3 58.9%
Swim 2.0 2.3 2.9 2.4
Loaf 6.8 12.4 12.0 10.4
Sleep 1.6 a 1.2 0.4 1.1
Fced 27.5 26.7 27.3 27.2

111 o a
Not visible 44.1 55.3 37.0 L5.5
Swinm 1.8 2.9 1.4 2.0
Loaf 8.8 13.7 19.0 13.8
Sleep 3.6 d 1.3 1. 2.1b
Feed h1.7 26.8 k1,2 36.6
Means 58.6 2.7 5.6 1.8 31.3 60.8 3.9 8.8 0.9 256 47.1 2.2 15.6 0.9 34.2

gThe rean percent of broodc
cThe nean pcrcent of broods
The percent oif blue-winged
iI’no rercent of blue-winged

not visible differs significantly among age-classes (p<.01).

fecding differs significantly amcrg age-clzusses

(p<.05).

teal broods not vicsible differs significantly ameng age-classes (p<.01).
teal broods feeding differs significantly among age-classes (p<.01).

91
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activity peaked in the morning and evering in blue-winged teal,
whereiz mallard broods were prone tc initiate intermittent feeding

bouis throughout the day. Age-class I broods of both species seldom
lept w#ithin view of an observer.

Zehaviocr among all age-class IT broods was more uniform than
that shserved beiween age-class I broods. Blue-winged teal, mallaxd,
and piriail broods exhibited the same daily ac*ivity budgets for
vieibility, swimming, and sleeping behavior (Table 4). lMoreover, the
timing of these activities was similar between mallard and blus-winged
tezl troods (Fig. 2). Feeding activity in both species peaked in tha

morriz and evening. The only apparent ciffzrence in behavior was
the tizing and extent of lcafing activity showvn by mallard broods.
Mallexds spent approximately twice as much time loafing out of
emarganta as did blue-winged teal., Afterroon ard evening loafing was
particiiarly evident in mallard broods. Finteil age-class II broods
clos2l: wzcenrbled mallard broods in thelr daily activity budget.

-
'

izes ITX broods showed more disparate behavior amnon
g

Ao "
AfEe T

speciog han 234 younger broods (Fig. 3). Mellards slept, lcated,

ax@ zian ‘wdforialy throughout the day, in contrast tc blue-winged teal
virich sxiidblted pronouncea mid-day and evening peaks in slecpirg and
lrafing respectively. Swinming activity occurred infreouverntily in
zge-ciwnes IIT blus-winged teal brocds, but merning and ewanirng feeding
peakz ove coserved in both species. Age-class IIT pintzil broeds
moce clicely resembled hiue-winged teal than did mallard broods in
theiz ¢aily asti Aty budget, Pintails ware mors wisible znd lozfed

to o griater exteal than cither mallard or blus-winged te al.
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Mallard broods spent less time in feeding activities than did broods

of the other two species,

Feeding Modes. Interspecific differences in feeding modes exist
within brood age-classes (Table 5). Age-class I mallard broods relied
upon surface feeding more and on bill-dip feeding less than did
blue-winged teal bronds of the same age. Pintail age-class II broods
head-duck and tip-up Ifed more than their mallard and blue-winged teal
counterparts, whereas feeding modes between the latter two species
were quite similar. Age-cliass III mallard and pintail brcods utilized
head-duck and tip-uv feeding to a great extent, yet biue-winged teal
broods of this age-class relied on shallow subsurface feeding modes.
Collias and Collias (1963) observed tnai interspecific differences in
brood feeding tehavior among mallard, blue-winged teal, and pintail

ducklings were due primarily to differences in bill structure.

Are Snacific Liffersarces in Behavior

Activity Buagets. Age related changes in broocd hehavior were

cprerent in all species sampled. The mean percent of time not visible
differed significantly (v <.01) among age-classes of all species
combinzd and age-classes of blue-winged teal broods (Table &4).
Visibilily of brood agé-classes increased 24 percent £or all species
between age-classes I and ITL. A change in the pattern of visibility
is also evident. The mzgnitude of morning and evening activity peaks
(visibility) increased with brood age in all species.

Swimming activity decreased, whereas loafing and sleeping

activitiez increzsed with brood zge. The difference in time devotud
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to visible leoafing activity is most apparent batieen brood age-classes
I ard II, ir wnich loafing time increased #ifteenfold (Table 4). This
increase in loafing activity was accomplisiied through a reduction in
1he vce of emergent vegetation and swiaming activity. Visible
sleeping activity increasei between age-classes II and III, with
age-cliliss ITT broods showing a preference for mid-afternoon sleeping
(Figs. 1, 2, 3). Feeding activities were concentrated in the morning
anc evering periods in older broods. Mallard bréods showed little
ircrease in mean daily feeding activity between a2ge-classes, whereas
blue-winged teal and pintail broods exhibited large increases in
feziirg activity, especially betuween ags-classes II and ITI. Although
211 species combined devoted sigrificartly (p <.05) more time to
vicible feeding activities with an increase in trcod age, this level
of zignificance mzy o primarily duve to age specific changes in
blue-inged leal anad piritail feeding activity independent of mzllard
feacing behavior. RBlue-wingad teal exhibited th- createst differsnces
(p<.0i) in feeding activity among age-classes.

Peeding Modes. Feeding modes differed to a much greater extent

amonz brood ags-classes than among species (Table 5). The frequency

arc Zepthh of subsuzrface feeding increased with brocd age. Age-class
I irall=axd and biue-winged teal broods cbtained must of “heir food by

swrfacs feeding, wiile age-class II trosods of ali spocies i=liadé ugpen

biil-Jip and hiead-duck feseding alrmost exclusively. PFzllizrd anc pintail

er

ag=2-ciass JIT troods fed deeper than did blue-winged %zal, which

till-éip fed more iraquently tian cge- s IIf railards and pintaills.



Table 5. Percen: occurrence of feeding modes among species arnd age-classes of broods.
Species
Age- Feeding

class mode Blue-winged teal Mallard Pintail Means
I Surface feed 60.9 77.9 -— 69.4
Head-dnuck 2.4 3.3 - 2.8
Tip-up 0 0 - 0.0
IT  Surface Teed 6.7 8.3 5.1 6.7
Bill-dip L2.6 41.1 5.1 29.6
Head-duck 8.3 uhL.7 54.5 L49.2
Tip-up 2.4 5.9 35.3 1.5
II1 Surface feed 0.5 0.7 0 0.4
Bill-dip 60.6 18.8 10.4 295.9
Head-duck 38.7 65.8 76.6 60.4
Tip-up 0.2 14.7 13.0 9.3

Means 22,7 U46.7 29.8 0.8 29.0 26.2 37.9 6.9 2.6 7.7 65.6 24.1

€2
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Cover Use

Species and age specific differences in behavior are evident
when nonemergent cover use is expressed as a percent of the total time
visivle (Table 6). Age-class I mallard broods primarily utilized the
transition zone of the marsh, while blue-winged teal broods of the
sarne age preferred the interface region. Both species increased their
use of the interface region with age. Pintail age-class III broods
frequented the transitien zone to a much greater‘extent than did
either blue-wingsd teal or rallard broods. Open water use decreased
vith age in blue-winged teal and pintail broods. All species exhibited
ithe sare overa2ll tendenci2s in cover use. Differences in brood cover

use batueen wetlands were not significant (p >.05).

Preod Viaibility

Diurnal patterns in brocd visibility (non-use of emergeni cover)
visre examined in detail for blue-winged teal =ni mallard broois,
Blue-winged teal were further evaluated for age spzcific differences
in visibility. Second digree pclynomial regression functions dzssexribe
tre influence of time of day on brood visibiliiy. All furnctions are
nighly significaat {p <.01).

The pexcent of blue-winged teal broods visitlz was dependent
Z1on brood zze and time of day (Fig. 4). Age-class T blue-winged teal
broods war2 generally less visible than were age-class II or 1III
Ywroods of the szme soecies. However, from 660 minutes after sunrise
urtil darck, age-cians I blue-winged teal wer2 more visible than

age-class II croois. Thic exception to the generalization of



Table 6. Mean use of cover types by brcods, expressed as a percent of the total
time visitle.

Species
Age
class Cover type Blue-winged teal Mallard Pintail Means
I Interface™, 53.5 36.6 - 45.1
TransitionC 34.9 53.0 - 43.9
Open 1ater 116 10.4 -- 11.0
II Interface 59.7 £9.9 55.4 524
Transition 31.0 16.3 18.8 22.0
Open water 6.3 23.8 25.8 19.4
IIT Intexrface 63.8 54.8 L6 .4 55.0
Transition 31.6 29.9 52.0 37.6
Open water L.6 15.3 1.6 7.2
Means 59.0 32.5 8.5 5C.4 33.1 16.5 50.9 35.4 13.7

“Defined as that narrow region at the emergent vegetation-water boundary.

bDefined as that water region which extends 6 m outward from the interface
region.

®Defined as the centrally located water region over 6 m from the interface
region.

G2
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increasing visitility with age is caused by the timing of activity
veaks in age-class I and II broods; the regression function depicts
an evening peak in visibility for age-class I blue-winged teal, and a
morning peak for age-class II broods. Age-class III blue-winged teal
brecods also showed a tendency for increased morning visibility.
Maximum use of emergents occurred at 420, 540, and 465 minutes aftex
sunrise in age-class I, II, and III blue-winged teal broods
respectively. |

The mean visibility of each blue-winged teal age-class was
averaged for all periods to characterize the general visibility
pattern for the species (Fig. 5). Mallard brood visibility was also
described in this manner (Fig. 6). A comparison between the polynomial
regression functions reveals interspecific differences in visibility.
Although both spzeies are most visitle in the first morning period,
the fluctuations in mean daily visitility are higher in blue-winged
teal. 2Broods of this species are more visible in tie mcining and
evening periqu, but less visible during mid-day than are mallard
broods. Relative visibility cf both species is the same at 180

minutes and €15 mirutes after sunrise.

Individual Brood Behavior

Grouring of brcod-dcy data intls irdividual broods provided an
estimate of thc a2ctual numbexr of broods sampled during this study.
The 269 brocd-Cays were estimated to represent 123 individgual broods.
The variability in behavior between individval broods was compared

with variwuiiity in behavior within a brood on different observation
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days. Observation records reveal tendencies cf irdividual broods to
utilize preferred regions of a wetland for loafing, sleeping, and to
a lesser extent, feeding activities. Individual brood preference
for particular loafing and sleepirg sites has also been documented by
Beard (1964). 1In general, the overall timing of activities was as

varizole within the same brood on different days as among different

broods (p >.05).

Activity Cycles

Duration of Activity Bouts. Examination of individual brood

behavior suggested a regularity in the duration of active periods
(vouts). An activity bout was defined as a continuous period longer
than 15 minutes in duration which consisted of either feeding or
swimning activities, or a combination thereof. Mean duration of
activity bouts were evaluated by age-class for blue-winged teal and
mallzrd broods. The average aztivity duration for age-class I, II,
and I1I blue-winged tezl wvas 41.9, 54.3, and 103.0 minutes,
respectively: Corresponding activity durations for mallard broocds
wers 51.4, U43.4, and 56.0 mirutes. The differences in activity
duration were highly significant (p <.01) among age-classes of
blue-inged teal broods, but not significant (p >.05) among age-classes
of mallard treccds. Mallard activity bouts lasted an average of 50.3
minutes for all trood age-classes, differing significantly (p <.05)
fror the 66.4 minute bouts of blue-winged teal bhroods,

Polycyclic Activity. The term "polycyclic” is used to describe

animals which exhibit several periods of activity in 24 hours
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(Kleitman 1949). Raitasuo (1964:13) observed polycyclic behavior in
breeding adult mallards and stated “hst such behavior was also typical
of other Anas species. He noted tnat activity in adult mallards was
regulated by a "short-periodic rhythm which divides the day into
numerous phases of high activity lasting about 45-75 minutes, with
intervening rest periods of 30-45 minutes”. Each adult pair was
observed to follow its own schedule independent of other pairs,
resulting in a general asynchrony of pair behavior.

Examination of individual brood behavior suggested polycyclic
behavior patterns characteristic of breeding adults. As with adults,
brood behavior during a given observation day appeared asynchronous
with the behavior cf other broods.

Polycyclic behavior was examined by shifting brood data ahead
or back 60 minutes in order to synchronize individual brood activities.
The 60 minute time shift was the maximum time required to synchronize
two broods originally 180 degrees out of phase. An activity null was
defined as the period between activity bouts. Activity nulls
occurring within pius or minus 50 minutes of mid-day (8 hours after
surrise) were aligned so that the midpoint of each null occurred at
precisely 8 hours after suarise. Although the timing of activities
was thereby distorted, ths pattern of polycyclic tehavior still
rozressed in a gradient from morning to evening. Bxroods witly fewer
than two activity bouts or requiring shifts greater than 60 minutes
were not evaluated since alignment of mid-d~y nulls was not possible
with data of this type. Activities of 176 brocds (brood-day data)

consistirg of all species (hlue-winged teal, mallard, pintail) and
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age-classes were aligned in thiz manner.

Polycyclic behavior was evident in the brood populations
sampled (Fig. 7). Activity peaks occurred at regular intervals, with
the height of each peak reflecting the general trend of greater
morning and everding brood activity. Activity bouts were of longer
duration than were the activity nulls between bouts. Differences in
the duration of both activity peaks and nulls were not apparent among
brood species and age-classes. The pattern of brood activity closely
resembles the description of polycyclic activity for adult mallards
(Raitasuo 1964),

Effect of Environment on Brood Visibility

Miltiple regression analysis revealed that one or more
environmental variatles (Table 2) mzy affect brood visibility. The
degree of influerce and the variables involved differ among the 10,
one and one-half hour time periods (Table 7). Dats, a variable
reflecting brood age and species composition as well eas wetland
characteristics (primarily changes in water level), was the most
inportant factor aiffecting brood visibility. In each period, the
percent of broods not visible decreased with an increase in the number
of days elapsed betweeﬁ the observation date and 1 June. Hence, brood
visibility increased as the brood season progressed.

An increase in wind speed during period 1 resulted in an
increase in the percent of broods utilizing emergent cover. Previous
night climatic conditions also influenced brood visibility. Increased

average overnight wind spesd resuited in increasci brood visibvility
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Table ? .

regression analysis.

~

~

Relationship of variables ta thie percent of broods not

visible during each of ten time pericis as indicated by multiple

34

Cumulative R2

Period Factor Relationship

1 Date Negative™ .878°
Overnight wind speed Negative .918

Wind speed Positive .967

2 Date Negative .705
3 Date Negative .555
L Date Negative 428
5 Date Negative 604
6 Date Negative .503
Moon phase Positive .685

7 Date Negative 377
Overnight temperature Positive 75

Overniight wind speed Negative 643

8 Date Negative L334
Overrnight temperature Positive . 568

Cvernight wind speed Negative .765

9 Date . Negative .379
i0 Date Negative .699
Overnight temperature Positive 900

“Negat've rasponse indicates an inverse relationship between
ralu

variatle va.

b Cae
Fositive
variable

e and percent of broods not visible.

response indicates a direct relationship between
value and percent of broods not visible.

cCorresponds to the fractional reduction in variance attributable
to the successive combination of independent variables.
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during periods 1, 7, and 8 cf the following day. Higher 0100
temperatures decreased ths percent of broods viscible during periods
7, 8, and 10. Decreasing mcon phase (fullriess) negatively inflﬁenced
emergent cover use during period 6 of the following day.

The fractionel reduction in variance attributable to the
combination of independent variables (R-squared) ranged from .967 to
.379. Variables acccunted for the largest portion of the variation
in the morning ar:d evening feriods, which correspond to those periods
of greatest brood activity. Multiple correlation coefficients for
periods 7 and 9 were significant (p<.05). Cecrrelation coefficients
for all other periods were highly significant (p <.01).

Daily patterns in brood visibility were examired in relation to
selected environmertal factors. Temperature, wind sreed, and cloud
cover were the only factors used in this analysis, all other
independent variables being constant when data were analyzed on a
daily Yasis. The effect and relalive impnrtance of each of th2 tkrree
climatic factors varied among observation days (Table 8).

Tamperaturs, alone and in cembination with wind and cloui cover,
frequartly accounied for the largest variation in brood visibility.
Increasing tempzrature increased brood use of emergent cover on all
Jdayz zxcept 29 June, aed significantly {p <.10) irfluenced visibility
cr: 11 of the 16 days analyzad. Decreased cover use was correlated
with d=creasing wind speed on 8 observation days. Cloud cover of 7
perceni rr less increased brood visibility whereas cloud cover greater
than this amount had an insignificant (p >.10) or negative effect on

trocd visitility.



Talle 8.

Tzliy relationny

to the p-ezrd of broodr. rot

J- o7 tenperaiure, cloud cover, and wind syeed
+$aible, as indicated by multiple regrassion

analysis.

Date Faotor Relationehip Mean value  Cumalative R
25 June Clrud aver Negative® 7.0 72¢°
29 June Clovs cover Positive? Lo.2 542

Tenperaivre Nezative 20.8 .965
¥ind sreed Positive 27.2 .984

1 July Temperature Positive 4.3 .629

5 July Tenperature Positive 25.2 714

? Juiy Wird speed Negative 2.9 458

Temperature Positive 25.4 802
Cloua cover Negative 5.6 .995
8 Juy Wind speed Pesitive 53.4 .989
12 Juy wind sreed Ur.knownd L41.5 304
Cloud cover Urknown 9.4 .591
Temperature Urknown 33.8 603
13 July Temperature Positive 28.8 .815
Cloud cover Positive 14.8 .966
¥ind speed Positive L43.4 .999

15 Juy Wind speed Positive 35.4 .695

19 July Cloud cover Unknown 57.1 .231

Wind speed Unknowvm 27.3 .27

Ten.perature Unimown 21.4 .303
20 July Tempcratuss Positive 24.6 -382
21 Jay Tenperature Positive 25.4 L36
22 July Temperature Pouliive 30.7 884
26 July ¥ind speed Positive 6.8 .Bu2
28 &y Temperctwe ‘Positive 23.1 .351
30 July vind speed Positive 29.6 .667

Cl:ud cover Positive 53.8 .833

qu;ative res.ponse indicates &n inverse relationship between variable

veluve and percent
Yoxiiive roesponse
vaiu> and pevcent

indictes

of troocs not visible.
2 dire-: relationship between variable
of trood:; not -sisible.

Ccrr:spords to ihe fractionzi redusticr in veriance attributadle to
the succescive combinztion of inicrendent varlables.

dlh‘ cnown rorponse indicates that variable was not significantly (p>. 10)

. cerrelatcd wiih the percent cf broods not visible.

=0

-
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The three climatic variables, alcne or in combination with
one another, influenced brood visibiliity on 14 of 16 observation
days. However, the overall R-squared values ranged widely (from .999
to .310) and in no apparent pattern among days. Multiple correlation
coefficients for 12 July and 19 July were not significant (p >.10).
Renaining coefficients were significant (p <.10) or highly significant
(F<.01). Highly significant (p <.01) intercorrelaiions among
independent variables on 29 July necessitated the exclusion of this

data from the anélysis.



DISCUSSION

Feeding Behavior and Brood Resource Utilization

The variations in behavior observed in this study reflect

differences in resource utilization by broods. Age specific differences

in brood feeding behavior werz apparent in all species sampled; merning
and evening feading peaks becawe more pronounced, and feeding occupied

a larger portion of the total day, in older broods. These differences

may be caused in large part by relative food availability.

Chura (1963) observed diurnal peaks in mallard brood activity
which corielaied with feedirg activity. He found the number of faod
items in itz stomachs of mallard ducklings greater in the morning and
evering then during the afterroon. However, he made no considerations
for possitic changes in invertebrate feood availability. Ball (1973)
used floatirg sampling devices to assess aquatic insect abundance in
sparze anl dense cover during 2-nour time periods throughcut a day.
Significant (p <.05) changes in insect food availability were observed
anong time pefiods. Swvanson and Sargeant (1972) speculated that
brocd moverments and nabitat use patterns were largely influenced by
ikz 2mergence and activity patterns of insect food resources.

Ditferences in the total time devoted to feeding activity may
have a thysiological basis., Ducks digest animal matter faster than
tegetative items (Swanrson and Bartonek 1970), and gullet-gizzard
capacity increases with brood age. Hence, age-class I ducklings
feelirg on invertebrate fcods would sztiate sooner, and digest faster,

than age-clazs IT ox III ducklings which conswae large amounts of



39

plant matter. Metabolic rate is also higher in age-class I ducklings
because of their high surtacs arca to volume ratio. Both food
selection and metabolic reguirerents are probably responsible for the
evennsss in daily feeding activity and the shorter but more frequent
activity bouts observed in younger broods.

Coliias snd Collias (1963) found that the distribution of
ag2-clzss I brocds was correlated with the abundance of invertecrate
Tools, Thzze food items are found both in and out of emergent plant
Leover. In contrast, vegetative food items are usually portions of
scbmergsnt vegetation which grow most abundantly in open water reginns.
Since thz consumpticn of vegetable foods increases with duckling age
49, dend2ll 1949, Sugden 1973), older ducklings would be
ayvrected to fead mostly in the open water regions of a marsh., Ducklings
ovzerval i1 this study followed this pattern of feeding behavior.

Duzskliags ¢f 2ifferert age-classes exhibited characteristic mades
¢! feeding., Age-class I ducklings commonly obtained food through surface

‘5 feeding methcd was rarely utilized by older ducklings.
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Sugasr (3972) found that newly--natched ducklings of different species
221 possessed Tills which were similar in structure. Their bills are

unspecialiczed and generally adapted for the gaping action (Goodman
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- 4342), Taily food requirements are at a rinimum yhen
ducklings are small, so young ducklings, physically limited in their
acility *o utilize deep water food sources, rely primarily on easily
ovtained siurface focd items,

Terresirial (flying) insects constitute mo3t of the surface

ool available to Aucklings (Suzden 1973). Aitheougn insects puovide



a high energy food source, the energy required to obtain these-items
increases with duckling age (size). Sugden (1$73) found that surface
feeding by lesser scaup ducklings was an inefficient means of
obtaining food, and suggested that surface invertebrates did not occur
in sufficient density to sustain a duckling beyond the first few days
after hatching. The increase in total energy requirements and decrease
in surface feeding efficiency in older ducklings necessitates a change
in feeding behavior. Alternate food items are obtained by shifting to
the more abundant plant foods and feeding in other regions of the
wetland (Sugden 1973).

Swimming activity was often associated with surface feeding in
age-class I broods. The observed decline inrswimming by older broods
is probably correlated with a shift away from surface feeding behavior.

Blue-winged teal broods exhibited greater overall visibility
than d3d mallard broods. Cowardin and Higgins (1967) concluded that
adult cius-vinged teal were significantly (p <.01) more visible than
aduli mallards, saggesting a possible relationship between visibility

pziterns of broods and adul ts of the same species.

Fffects o Envirchnaant on Brood Visibility

thzn benhavicr 15 summarized over the course of a brood season,
broods appear remerratly regular in their pattern of emergent cover
uge, General patterns of visibility lend themselves to mathematical
Aascription, and a high degree of confidence can be placed cr predictor

functionz, However, daily patterns of visibility may differ radically

frow the norm. Envirommental corditions may te partially responsible



3|

for altering brood behavior (Diem and Lu 1960). Multiple regression
techniiques prcvide a means for assessing the influence of environmentsl
factors on brood behavior.

Date. Date was the most important factor influencing brood
visibility during each of 10 daily otservation periods. It exerted a
greater overall influence than those environmental factors which change
between time periods: factors including temperature, wind speed, and
cloud cover. VWhen mean daily visitility is plotted as a function of
each of the 17 observation days, an exponential relationship between
visibility and date becomes aprarent (Fig. 8). Brood visibility
ircreased from 25 to 88 percent over the course of the study period.
The increasing trend in breood visibility reflects the successive change
in brocd age structure. Wetland water loss, which was accelerated
under drought. conditions, may have also influenced brood isilbility.

Yro0d studies were conducted over a 36 day period. #Wler this
Terivd was suidivided inte 3, 12-day intervals, changes in the paticrns
a7 trocd visidbility became apparent (Fig. 9). Broods exhibited eveciing
T2are in visibility, and lower mean daily visibility, during the first
12 days of thz study. Diurnal feeding peaks became prominent, and
mzen Vizitility increased during the rext two intervals. The thrce
irtervel curves are similar to the age spscific visibility curves
descrinped for blue-winged teal broods (Fig. 4). This similarity
implies ithat changes in the age structure of the brceds sampled during
ezch interval were primarily respornsible for the seasoral differences

in daily trood visibility patteins.

Previous Night Climatic Conditions., Broouds fexd extensively at
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night, and are particularly active on warm, caln nights (Swanson and
Sargeant 1972). Aquatié insects emerge in gr:xiar numbers under these
environmental conditions. The broods obse+rved in this study were less
active (visible) on days following warm, zz=la nights, suggesting that
daytime btrood activity budgets are infliuenced by nighttime climatic
conditions favorable to brood activity.

Adult ducks are active crn mconlit nights, but activity subsides
on mooriless, cloudy nights (Hcchbaum 1955:35). Although quantitative
data are lacking, evidence suggesis that darkness may limit the
activity of ducks under some conditions. Moonlight duraticn and moon
phase reflect nighttime light conditions. If ducklings during their
Tirst few days take only food items which they can see (Veselovsky
£953), available light might limit nighttime feeding activity and
thareby result in an increase in fzeding during the following day.
ioon phase was not significan:iy (p >.05) correlated with brocd activity
except during period 6 of the fcllowing day. However, only one complete
lunar cycle zlapsed during the time of this study; therefore brood
teravior was not examined in relation to an adecquate number of
imoonlight conditions. The correlation of moon vhase with brood
visibility in period 5 was prolably coincidental, since previous night
coniiiions would nct be expected to influence brood behavior so late
(1230 4o 1400) in the following day. Visibility data spanning a
number of brood seasons would be necesczry to adequately evaluate the
rolitionship of meonlight to orond behavior.

Temneraiure. Temperature influencad brood visivility more

frecucntly than did either wind speed or cloud cover. Temperature was
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negatively correlated with brood em2rgent cover use on 29 June, but
positively correlated with ccver uss on eight other observation days.
The relationship becomes evident when the simple correlation
coefficient of temperature with percent of broods not visible is
plotted as a function of mean daily air temperature (Fig. 10). Only
those temperatures which significantly (p <.05) influenced brood
visibility, along with temperatures and coefficients for 12 and 19
Juiy, were used in this analysis.

At air temperatures below 21 C, slight increases in temperature
resulted in an incresased number of visible broods. Between 21 C and
24 C, termperature did not influence brood cover use. When temperatures
exceeded 24 C, increasing temperature increased brood use of emergent
cover. FKowever, the additional correlation (influence) observed with
a unit ircrease in temperature cecreased steadily at lempzratures
above 24 ¢, This implies that air temperature exerted its maximal
irfluence ¢n troocd visibility at the uppexr reaches of the
temperatire-ccrrelation curve. This hypothesis is supnoxrted by the
data of 12 JMily. Duwing this afternoon (half-day) observation period,
the air temperature averaged 32.86 C. Althouzh this extreme temperature
would norralily te expected to alter brood behavior, temperature did
not correlate with brood visibility for this observation day. This
suggests that temperature imfluenced brood visibility earlier in the
day prior to tha veginning cf observations. Simiiarly, temperature
did not correlate with brood vicitility on 19 July. Thz mean air
temperature for tnis date, 21.4 ¢, fell within the range of temperatures

winich did not alter brood cover use. The range of 21 C to 2% C
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corresponds to a "temperature comfort zcrne"” for broods observed in
this study. Diem and Lu (1960:128) cbserved that broods moved into
dense emergent cover wnen air temperatures were between 26,7 and 32.2 C,
while at moderate temperatures, the rumber of broods visible in the
open water regions of a marsh appeared more representative of the
actual brooé population. Kendeigh (1934) found that birds were
generally more active in cool weather, with increased activity causing
an increase in daily food requirements.

Wind Speed. VWinds exceeding 2k km/hr were found by Diem and Lu
(1960) to alter orood visibility by increasing emergent cover use.
¥ind significantly (p <.05) influenced brood visivility on 7 of 16
cbservaticn dzysg in this study. OCn these days in which wird
influenced ~isibvility, mean wind speeds of 6.8 km/hr or greater
increased brocd use of emexrgent cover. Wind increased visibility only
on 7 July (msar value of 2.9 km/hr). However, six of the nire days in
wiicn wird did rot significantly (p >.05) influence brood -isibility
fad mean vind sp2eds of under 24 km/hr. Therefore, results in this
study reinforce the conclusions reachad by otier observers; winds
24 km/hr or 1ess generally do not influence brcod visibility, but
vinds in excess of Lhis =speed increase btrood use of emergent cover.

Clcud Sover. Diem and Lu (i960) suggest that brood use of
emerger.t cover dscreases under overcast skies. However, clcud cover
significantiy (p <.05) influenced brood behasvier on only 5 of 16
oksarvation days in this study. Extremes in cloud cover ware recorded
during coservaticr: days, therefore the insignificant (p >.09)

correlea il oas olsexvad batween thic variable and percent o broods not
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visible were not caused by sampling bias. In contrast to the findings
of other researchers, cloud cover did not appreciably influence the

visibility of broods in this study.

Applications to Brood Inventories

Brood inventories are commonly used to estimate waterfowl
production since they may provide more accurate information on actual
production than either nests or spring breeding pair populations
(Evans and Black .1956). Two types of inventory techniques are
presently used for assessing production. Ilarge scale surveys are
conducted yearly to provide indices of total duck production (Smith
and Hawkins 1948, Crissey 1960, Diem and Lu 1950). Such surveys
commonly utilize aerial and roadside censusing techniques. Intensive
studies aimed at determining actual production are fregquently
conducted on individual wetlands or small wetland communities (Bexrg
1935, Rogers 1964). Circuit or beat-out counts, in which the wctland
perimeter is walksd to flush hidden broods, is a technique commonly
us24 to determine actuzl production (Evans and Black 1936).

Unfortunately, thece inventory techniques sometimes provide
date which are inaccurate and misleading. Detection of changes in
=roduction mzy be imposéible with some roadside and aerial techniques
(Piem and Lu 1960), and circuit counts can be susceptible to bias to
the extert that their use in brood inventories is limited (Bennett
1967). improvements in nresent brood inventory techniques are needed.
The accuracy of procduction estimates could be increased if climatic

conditions, seasoral changes in average brood age and water levels,
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and actlvity patterns of watexrfowl vere considered when conducting
brood inventories.

Daily visibility curves may be used to improve production
es*imates fcr surveys conducted throughout the day over the course of
several weeks. However, mathematizal adjustment of data would be
necessarily limited to those wetlands of the same cover type and size
2s the sample wetlands used in this study. Inveptories conducted only
in the early morning or late evening periods may make most efficient
use of available manpower. Brood visibility in surveys lasting over
onie week will be biased due to the progressive change in brood age
structure.

An average of 70 percent of all blue-winged teal broods on
cocver type 3 wetlands may bte observed during the first hour after
sunrise and th= last hour prior to sunset. A single, hidden ctsexver
P2y obtzin a near complete brood ccunt at these times., Such
chearvaiions mey be an c¢fficient means of assessing waterfowl
Troduction on wetlznds with a substantiezl open water phase. Because
of the polycyclic maturs of brood activity, observations shouid last a
wimimer of 60 minutes.

Environmental conditions, especially temperature and wind, may
alter brood use oi emergent cover. Brood inventories should rnot be
conducted when temperatures exceed 28 C or when wind speed is greater
than 24 km/hr, unless circuit ccunts are effective in flushing hidden
broods. Nighttime weather conditions favorable to brood activity may
result i brecd visitility data which is tiased in faver of increased

brood emergent cover use during the following Jdzy.
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CONCI.USIONS

Ducklings of blue-winged teal, maliard, and pintail broods
exhipited innate patternz of behavior, yet still retained behavior
flexibility in resperse to immediate environmental conditions.
Activity time buldgets revealed a greater similarity of behavior among
species than awong brood age-classes. Age specific differences in
feading btehavior and cover use were especially apparent. Most
tehavioral differenzes were attributed to age related changes in
ducllling physiolcgy and morphology which directly influenced duckling
focd selection. Environmental conditions relating to climate
appreciably influenced brood cover use. Changes in brood age
structure ard wetland water loss irfluenced bhrood cover use over the
course of the brood seasor, ard daily benhavier was mcdified by extretes
of terperature or wina, Ciimatic condiiicns Tavorable io nighttime
brcod activity influenced brocd tehavicer during the following day.

Ihe accuracy of trood iﬁvenpoxies could e improved if brood behavior
patterns wave consziasrzl within the inventory design,

Thisg otudy summariczces the daytime breod behavicr of three
waterfowl species. Extensive use of emergent cover by broods
jruiiibited attainment o a2 truly complete daytire actlvity budget.
Instead, activitles were evaluated in relation to brood visibility.
Activities wuhich were observed in the open water undcubtedly occurred,
te an unitnown extent, within emergent cover. Howcver, behavior within
emergent cover, a3 with nightiime brood activity, remains undocumentad

for daitiing duck species. Thesz wnknswn aspzscis of brood behavior



present challenges for further study.
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Appendix A. Standardized Brood Observation Form

Standardized brood observaticn forms were used for recording
brood behavior. Brood characteristics (species, age-class, size) were
described when a brood was first observed, and each data form served as
a record of one brood's activity during one observation day. The
activity and time of observation were recorded in the appropriate
columns. Location refers to the relative position of a brood (in
degrees) as determined by the protractor-tripod mount. Weather data

were recorded quarter-hourly on a separate observation form.
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