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EXECUTI VE SUMVARY

Effects of increased aircraft disturbance and ot her
di sturbances on Pacific black brant (Branta bernicla nigricans)
and ot her geese were studied at Izembek Lagoon, Al aska. Each
fall from Septenber to Novenber nearly the entire Pacific
Fl yway popul ation of 130,000 brant flies to Izembek Lagoon and
feeds on eelgrass (Zostera nmArina) to accunulate fat reserves
for non-stop transoceanic migration to wintering areas as
distant as Mexico. In 1984, helicopters based in Cold Bay
frequently flew over Izembek Lagoon to support offshore oi
exploration activities in the North Aleutian Basin. Brant,
Canada geese (Branta canadensis taverneri), and enperor geese
(Chen canagica) were observed to interrupt foraging behavior
and take flight in response to helicopters. Disturbance caused
by aircraft overflights may be harnful to brant.

Spatial distribution, foragin% ecol ogy, and nornal
behavi or of brant were determned by extensive field
observations nade each fall from 1985 to 1988. Response of
flocks to aircraft overflights and noise produced by aircraft
were also quantified. Behavioral and physiological data were
integrated into a nodel to explore the potential inpact of
gisturbance on the energetic requirements of fall staging
rant.

At least 10% of the total population of brant were present
at Izembek Lagoon between 28 August and 20 Novenber. Al though
17% of the brant were counted in adjacent |agoons, these areas
do not contain adequate habitat to provide alternative staging
areas for nost of the population. Duration of stay for
i ndividual brant averaged 54 days. Brant used the entire
| agoon but were nostly (>40%) concentrated in the southern
section. Distribution of brant wthin nearshore areas was
most influenced by tide stage and date. Overflight corridors
directly crossing the |agoon between Gant Point and Round
I'sland, coincident with an extension of the present |IFR
(I'nstrument Flight Rules) corridor, would pass over fewer birds
conpared with nost other corridors.

Eel grass conposed 99% of the diet of brant. Entire |eaves
were found in esophageal contents. Brant selected shorter and
narrower |eaves conpared to the average size of eelgrass in the
| agoon.  Foraging areas had plants with higher |evels of
carbohydrates conpared to simlar plants from other areas.

Wth dry weight consunption per bird estimated at 270 g per
day, total forage consumed by the entire population in the fall
woul d be 1.8% of the standing stock of eelgrass. However, the



avail ability and abundance of eelgrass plants of suitable size
and nutritional quality were restricted by location and tide
stage. Foraging conditions deteriorated as the season
progressed.

Time and activity budgets of brant during undisturbed
condi tions provided the baseline for evaluations of added
di sturbance. Tide height influenced brant behavior and use of
eelgrass beds and roosting areas at Izembek. Wien observed
nearshore during | ow and fl ooding tide stages, undisturbed
brant spent about 85% of their tine foraging. At high tide
about half the birds noved to non-vegetated roosting areas on
shal l ow sand flats inside the barrier islands. Wile at roost
sites brant were nostly engaged in resting (51% and
mai nt enance (42% behaviors. Over 24 hours, brant spent 46% of
their tinme in foraging, 23%in maintenance, 27%at rest, 2%in
alert posture, and 1.3% in flight behaviors.

Response to disturbance usually involved al ert behavior
followed by flight. After landing, brant remained alert,
shifted positions, and engaged i n mai ntenance behavi or before
they resumed foraging. In 1,912 hr of daylight observations,
rate of potential incidental disturbance events occurred at
1.07/hr. Aircraft (0.57/hr) and persons on foot (0.08/hr) were
t he nmost frequent human-rel ated di sturbances, and bal d eagl es
(Haliaeetus leucocephalus) (0.25/hr) the nost frequent natura
cause. The entire brant flock responded to 48% of all
detectable events and took flight in 35% O all incidenta
di sturbances, bald eagles and boats elicited the greatest
magni tude of response in flocks of brant. Canada and enperor
geese responded nost to bald eagles and persons on foot.
Incidental aircraft caused the |east response in geese;
however, response was hi ghly dependent on aircraft type and
Froxinity to the flock. Using data grouped by altitude and

ateral distance to the flock, brant and enperor geese reacted
simlarly to different types of aircraft, and were nore
responsi ve than Canada geese. Depending on stinulus type,
average duration of response for brant ranged from1l to 4
mnutes with about half that time spent in flight. An average
of 89 seconds per hour, 2.5% of the total daylight tinme, was
spent responding to incidental disturbance events of all types.

Experinental flights by aircraft along planned flightlines
al lowed precise determnation of aircraft altitude and latera
distance to the flock. Miltiple regression on the |ogistic
transformation of the proportion of birds responding determ ned
a best fit equation that provided three-dinensional surfaces
relating brant response to aircraft altitude and latera
distance for each aircraft type. The percent response by
flocks was least with the Piper Navajo twin-engine aircraft and
greatest for the Bell 205 helicopter. In contrast to fixed-
wing aircraft, the response ‘of brant to helicopter overflights



?Hd not dimnish with increasing altitudes up to 610 m (2,000
t) .

For various categories of aircraft altitude and latera
di stance, the degree of behavioral response of brant was
correlated with noise levels measured tor each aircraft type.
Assuming a linear relationship between percent response and
maxi mum noi se level, the threshold noise | evel would be 49 4B
for alert resgonse and 58 aB for flight response. These |evels
are considerably below any other levels reported in the
literature for other species. The behavioral response of brant
and neasured noise |level both increased as the Bell 205
helicopter flew at greater altitudes at 1.6 km | ateral
distance. This provided evidence that noise rather than a
visual cues triggered the behavioral response.

A nodel was devel oped to evaluate the potential inpact of
di sturbance on the energetic requirenents of brant. The nodel
accounted for the average weight gained by adult male brant
during a 54-day fall staging period at Izembek. For each
additional aircraft disturbance that occurred daily throughout
this tine period, the predicted total weight gain would be
reduced by 7.4 g. The loss of 7.4 g of |lipid was equivalent to
energy expended in 53 mnutes or 73 km of migratory fli%ht.
Ten daily disturbances reduced body mei%et by 4% from the
expected departure weight at Izembek. th 45 to 50 daily
di sturbances, the nodel predicted that brant would not galn any
wei ght at Izembek. I|f brant are able to conpensate for the
forag|n% time lost due to disturbance, energetic balance would
likely be restored as predicted weight gain was sensitive to
any increase in total forage intake. A 10% increase in
avera%e forage intake caused a 34% increase in weight gain and
a 2.25 fold increase in nunmber of disturbances tolerated.

The lack of precise data on maxi num forage intake,
behavi or al conPensation, or habituation to overflights
prevented conclusive statenents on specific levels of
di sturbance that would be detrimental to brant. Rather, the
nodel permits wldlife managers an opportunity to understand
the magnitude of disturbance effects in relation to behaviora
change and expected weight gain necessary for mgration.

Xi
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CHAPTER 1: | NTRODUCTI ON

Every fall and spring, Pacific black brant (Branta
bernicla nigricans) HP/ t 0 Izembek Lagoon near the western end
of the Alaska Peninsula (Figure 1.1) (Hansen and Nel son 1957,
Bel Irose 1976). Izembek Lagoon contains one of the |argest
beds of eelgrass (Zostera marina) in the world (McRoy 1970a).
Brant feed al nost exclusively on this intertidal seagrass prior
to continuing their mgration to breeding or to winteri n? ar eas
(Jones in Pal mer 1976). Izembek Lagoonts critical inmportance
to brant and other avian populations led to the establishnent
of Izembek National WIdlife Refuge (INWR) , Izembek State
Refuge, and designation as a wetland of international
I nportance under the RAMSAR (International Union for the
Conservation of Wetland Habitats) convention.

After magration fromw ntering areas along the Pacific
coast of North Anerica, brant acquire fat and protein reserves
during spring staging at Izembek Lagoon. Adequate reserves are
I mportant for e(k;g production and for energy during incubation
éBarry 1962, Ankney 1984). Accunulated fat can be a ngjor
eterm nant of reproductive success in geese (Ryder 1970,
Raveling 1979). Heavier than average brant (B.b. bernicla)
have an increased probability of returning the following fall
with young, based on a study on spring staging grounds In
western Europe (Ebbinge et al. 1982).

During fall, brant return to Izembek t0 gain necessary fat
reserves before undertaking transoceanic m Prati on to wintering
rounds. Stored lipids are the primary fuel for long distance
light in birds (King 1972) and a determ nant of the distance a
mgrant can fly wthout stopping (Blem 1976) . Mst brant fly
directly fromIzembek to the west coast of Mexico (Kramer et
al. 1979), a flight of at least 5,000 km (3,100 m) that is
acconpl i shed in about 60 hours (Kraner 1976, c.Pp. Dau, USFWS,
unpubl. I NS.).

In fall of 1984 staff of INWR observed flocks of brant,
Taverner's Canada geese (Branta canadensis taverneri), and
enperor geese (Chen canagica) fly in response to helicopters
that crossed the lagoon (J. Sarvis and C.P. Dau, pers. comm.) .
Hel i copter overflights were associated with CQuter Continental
Shel f (ocs) petrol eum exploration in the North Al eutian Basin.
Increased |evels of disturbance may be harnful to brant. Qher
studi es have shown displacenent of waterfow from feeding areas
(Onens 1977, Kraner et al. 1979, Henry 1980, Belanger and
Bedard 1989) or reduction of foraging efficiency and feeding
time (Davis and wiseley 1974, Sinpson et al. 1980). [If brant
spend less time feeding, or if caloric expenditure increases
due to additional flight, rates of fat deposition and storage
of critical nutrients may be reduced.



Figure 1.1. Location of Izembek Lagoon including Mffet Bay, Kinzarof Lagoon,
Big, Mddle and Little |agoons, Hook Lagoon, and St. Catherine Cove on the
Al aska Peni nsul a.
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~ Even though petroleum exploration and devel opnent
activities are not occurring due to Congressional action, they
may be expected to increase near Izembek Lagoon if Congress
reverses 1ts decision and permts exploration and devel opnent
on leases fromthe 1988 sale. The existing 3,170 m (10,400 ft)
runway at Cold Bay will likely be used in su%pqrt of petrol eum
industry facilities. Additional aircraft traffic,
particu arby hel i copters, is anticipated because of a US

S

Coast Cuar earch and rescue station which has been proposed
for Cold Bay.
The location of oil industry or Coast Guard support

facilities at Cold Bay would bring an increased hunman
ﬁopulation and increased recreational activities such as
unting, boating, and aviation on or near the |agoon.
Harassnent and disturbance by hunters, boaters, and fishernen
were related to displacenent of wi ntering popul ations of brant
that used the bays in California, Oegon, and Washington
during the 1950s and 1960s (Denson and Murrell 1962, Ei narsen
1965, Chattin 1970, Smith and Jensen 1970, Henry 1980).
Appropriate managenent wWill be necessary to mnimze the
otential detrinmental effects of devel opnent and increased
uman activity on the geese that use this critical staging
area.

This report presents the results of research conducted at
Izembek Lagoon from 1985 to 1988 by the Al aska Fish and _
Wldlife Research Center of the U S Fish and Wldlife Service
(usFws, Region 8). The study was funded by the usrws (Region
8) and M neral s Managenment Service (MMs, Al aska Quter
Continental Shelf Region). Additional support and essenti al
cooperation were contributed bK Izembek National Wldlife
Ref uge (usrws, Region 7) and the Ofice of Mgratory Bird
Managenent (UsrFws, Region 7). This research had the follow ng
obj ecti ves:

1) determne the effects of aircraft overflights and other
human activity on the behavior, distribution, and habitat
use of brant, Canada, and enperor geese,

2) exam ne noise |evels associated with aircraft overflights
and determne whether the behavioral response of geese is
i nfluenced by noise, and

3) evaluate the potential inpact of disturbance on the
energetic requirenments of staging brant.
APPROACH
The approach used to study the effects of disturbance to

brant and other geese at Izembek Lagoon was based primarily on
field observations. bservations were nade to understand the



behavi or of brant under natural conditions at Izembek.

I ndividual flock responses to specific disturbance events were
quantified. These data were used in an energetic nodel of the
relevant time and energy paraneters for brant to explore the
implications of different frequencies of disturbance.

Potential changes in behavioral time and energy budgets
were considered to be nore inportant than possible
physi ol ogi cal stress associated with disturbance. The
nomentary al ert response observed in flocks of geese may al so
reflect prolonged changes in heart rate (Thonpson et al. 1968? :
hornone rel ease, or shifts in nmetabolic function (Manci et al.
1988) .  Quantitative data on these physiol ogi cal changes were
not avail abl e, however, so behavior was used to eval uate _
potential inpacts. Such behavioral neasures have been used in
simlar disturbance studies (Ward and Sharg 1973, Davis and
Wiseley 1974, Owens 1977, Sinpson et al. 1980, Brackney et al.
1986, Derksen et al. 1989; see |literature reviews by Dahlgren
and Korschgen 1988, Herter and Koski 1988). Assunptions made
I n using behavior to evaluate disturbance at Izembek Lagoon
included: a) that alert behavior only causes a nonentary |o0ss
of feeding tine and a brief increase in netabolic rate rather
t han prol onged physi ol ogi cal changes, b) that flight responses
are considerably nore costly than alert responses, and c) that
| oss of feeding tinme or increased energetic costs due to flight
wi || become nore inportant in an additive fashion as the
frequency of disturbance increases.

This study was conducted during a tine of relatively
i nfrequent human disturbance. From 1985 to 1988 no
hel i copters were based at the Cold Bay airport in contrast to
the frequent helicopter traffic present in 1984 to support
of fshore petroleum exploration activities. Comercial aircraft
that used the cold Bay airport were Boeing 727 jets, NAMC ys-
11A and Lockheed El ectra turboprops, single-engine Piper
Cher okees, and twi n-engine Piper Navahos. Coast Guard
hel i copters and cargo planes occasionally stopped at Cold Bay.
Human recreational use of Izembek Lagoon was reduced from
previous years. Sport harvest of enperor geese was closed in
1986, brant and northern pintail (Anas .acuta) bag limts were
reduced, and the nunmber of waterfow hunters traveling to Cold
Bay declined. On occasion, one or two small boats used the
| agoon.

Aircraft disturbance was experinentally introduced to
address certain research objectives. Controlled overflights
were made W th several types of fixed- and rotary-w ng
aircraft. Large transport helicopters, such as the Bell 212
and 412 that typicaIIY have been used by the oil industry for
transport of personnel and supplies to offshore platforns, were
not used in this study because of the prohibitive cost.

However, a large size Bell 205 helicopter and two types of
smal | helicopters (Bell 206-B and Hughes 500-D) were chartered.



Emphasis of overflights was placed on determ ning average
response levels of brant to different types of aircraft flown
at varying altitudes and lateral distances to the flock.
Hel i copter availability and cost prevented the nunber of
repeated overflights needed either to displace brant from
specific areas of the |agoon or to habituate them over tine to
alrcraft stimuli. Al though sone attenﬁt was made to exam ne
these questions, experinmental overflights were not conducted
with these goals in mnd.

Wrk was concentrated in Septenber and Cctober, the fal
staging period of brant. In fall, nore birds are present for
a longer period of tine and their distribution allows better
observations conpared to the spring staging period. Behaviora
response to aircraft disturbance at Izembek was assunmed to be
the sane in spring as in fall. (Qualitative observations in
spring of 1986 and 1987 indicated flocks reacted simlarly to
alrcraft as was observed of flocks in fall

The majority of our data relied on an observational rather
than an experinental approach. Statistically rigorous sanpling
designs were not always possible because weather conditions
di ctated when observations could be made. Nevertheless, in
spite of sanplin% difficulties, patterns of brant foraging
ecol ogy and the birds’ response to disturbance were determ ned
by objective observations and |arge sanple sizes.

The presentation of results is divided into 6 chapters.

2. ABUNDANCE, TIM NG OF USE, AND DI STRI BUTI ON OF CEESE
Aerial survey and ground observations were used to
determ ne the number of birds, timng of fall and spring
stagi ng, and spatial distribution of birds as functions of
| ocation, tidal stage, time, season, and year

3. DIET AND NUTRITION. Brant and Canada goose food habits
and foraging patterns are summarized. Chem cal analyses
of nutrients In eelgrass are presented.

4, BEHAVI OR. Patterns of undisturbed behavior are described
and related to tide height, age of brant, and their
!oc%t|pn an t he | agoon. An average behavioral time budget
is derived.

5. BEHAVI ORAL RESPONSE TO DI STURBANCE.  The behavi oral
responses to aircraft and other potential disturbance
stinuli are quantified. The probability for response is

related to aircraft type, distance, altitude, and other
factors.



6. ACOUSTI CS OF AIRCRAFT OVERFLIGHTS.  Acousti cal _
measurements of noise levels are conpared between aircraft
Eypes and” related to the behavioral responses observed in

rant.

1. ENERGETI C COST OF DI STURBANCE. A time and energy budget
nodel is used to predict energetic costs associated with
the behavioral response to aircraft overflights.

Di st urbance response, pattern of undisturbed behavior, and
nutritional requirements for maintenance and fat

accunul ation are integrated in terns of energy

equi val ent s.

STUDY AREA

Izembek Lagoon lies on the north side of the Al aska
Peni nsul a at 55° 15" N and 163° 00' W(Figure 1.1). The |agoon
is a shallow water enbayment opening to the Bering Sea at three
narrow entrances between the enclosing barrier islands and
spits. Izembek Lagoon is about 48 km (30 m) long and 3-10 km
(2-6 mi) wide. Approximately 78% of Izembek Lagoon is
intertidal of which 68% is vegetated by eelgrass (Barsdate et
al. 1974). Tides are both semidiurnal and m xed semidiurnal
(Figure 1.2) with a maximumtidal range of 1.9 m (6.4 ft) and a
mean range of 0.98 m (3.2 ftg [U.S. Department of Conmerce
(usbc) 1985, 1986, 1987, 1988]. Tide height is expressed in
terms of the difference fromthe point of mean |ower |ow water
(MLW 0.0 m

Eel grass grows in both intertidal and subtidal areas.
Intertidal areas are shallow, flat basins which protect
eel grass fromthe direct influence of strong tidal currents,
dimnish the action of wind and waves, and provide an ideal
substrate for growh of eelgrass. These basins contain
eel grass wth greater shoot density and shorter narrower | eaf
bl ades than eel grass beds growing in subtidal areas (McRoy
1970a, Short 1981). At tides below 0.3 n1él.0 ft) nost
intertidal eelgrass beds are nearly drained or covered by
shal | ow pools of water held back by slightly raised terraces
These beds are conpletely subnerged when tides reach over 0.8 m
(2.6 ft). At internediate tide heights, eelgrass |eaves remain
wi thin reach because the ends of the |eaves float towards or on
the water surface. Subtidal plants are often found al ong edges
of the deeper channels in the |lagoon and eelgrass can grow wth
| eaves greater than 1.5 min length

Most annual growth of eelgrass occurs during late spring
and early summer and is followed by senescence and sl oughing of
| eaves in fall (McConnaughey 1977). Further information on
ecol ogy of eelgrass at Izembek Lagoon can be found in reports
by McRoy (1966, 1970b), Barsdate et al. (1974), Dennison (1979)
and Roth (1986).
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Topography adjacent to the lagoon varies fromflat to
rounded hills and ridges. Some areas have shoreline bluffs
wth elevations from?20 to 60 m Dom nant vegetation on
shorelines and barrier islands is beach rye grass (Elymus
arenarius) . Tundra vegetation near the |agoon is variable
rangi ng fromwet grass-sedge neadows to sparsely vegetated
rocky hilltops. The predom nant nesic heath vegetation is
m xed W th many herbaceous species including a variety of
berries that are eaten by Canada geese and sonetinmes by enperor
geese.

Public use of the lagoon is primarily for recreation
Waterfow hunting is nost inportant and accounts for 25% of al
use of the refuge (UsFws 1985). Al though nost of the annua
wat erfow harvest (ea. 2,500 birds) is by local residents, the

opularity of Izembek for hunting attracts non-resident

unters. ~Other activities in or near the |agoon include
observation of wildlife from vehicles (22%, hiking (10%,
fishing (9%, and boating (2% . The area is used prinarily by
residents of Cold Bay, a non-Native village of 150-175 persons
situated 13 kmto the southeast of the lagoon (Figure 1.1).
The village of Cold Bay is connected to Izembek Lagoon by a
road that provides year-round access to the Ia?oon by two-whee
drive vehicles. Oher nmeans of access to the [agoon include
boats and wheel ed aircraft that are permtted to land on flats
of the barrier islands bordering the |agoon.

The climte of Izembek Lagoon is maritine but becomes nore
continental in winter when ice covers portions of the Bering
Sea (McRoy 1966). \Weather is characterized by high wnds wth
a mean annual velocity of 27 kph. Mboderate average nonthly
tenperatures range from4 to 13° Cin sumer and -2 to 2° Cin
winter. Low clouds, wind, and rain are typical with 83%
average cloud cover for any 24-hr period in fall. Man
precipitation is 89 cmwth nost occurring as rain in fall. A
summary of weather conditions in fall is provided in Appendix A
for each field season from 1985 to 1988.

Izembek iS not only inportant for brant but also serves as
a staging area for mgrating Canada geese. The primary
component of the Canada goose popul ation is a nedi umsized
subspeci es, Taverner®goose, which breeds in western Al aska
(Johnson et al. 1979). About 45,000 Tavernerts Canada geese
stage at Izembek during fall prior to mgration to their
wi ntering areas in O egon, Washington and California (Johnson
et al. 1979, King and Hodges 1979). Total population size of
Taverners Canada geese is not precisely known (3. Bartonek
pers. comm.), but it is probably close to the estimte of
60, 000 birds wintering in Oegon and Washi ngton (Jarvis and
Conmely 1988). It has been suggested that the majority (75%
of the popul ation uses Izembek Lagoon each fall (Bellrose
1976) . Usually less than 100 cackling Canada geese (B. c.



leucopareia) have been observed at 1zembek (D.H. Ward and J.
Hawki ns pers. ohs.)

m ni ma) and occasionally Al eutian Canada geese (B. c.

Enper or ggese use Izembek Lagoon during mgration in fall
and spring. ecent peak counts have averaged about 6,000 birds
infall. A snmaller wintering population of about 1,000 birds
occurs within the |lagoon and adjacent estuaries (Petersen and
Gl 1982, c.p. Dau unpubl. data). The total population size
of enperor geese is estimated to be 62,000 (as based on spring
and fall surveys, 1984-1989) (R.J. King, USFWS, unpubl. data)

In addition to geese, Izembek Lagoon is inportant for
ducks, swans, seabirds, and shorebirds. The nost common ducks
are mallard (Anas platyrhynchos), Anerican w geon (A.
Anericana), green-wi nged teal (A. crecca), northern pintail,
northern shovel er (A. clypeata) , greater scaup (Aythya marila)_,
and common gol deneye (Bucephala clangula) . Pintails are nost
abundant, nunbering over 25,000 in the fall. Large flocks of
Steller's ei der (Polystica stelleri) nplt at Izembek in August
(Petersen 1981). Returns of Steller's eiders banded at Izembek
Lagoon suggest that the nmajority of the birds nolting there
breed in northern Siberia (Jones 1965). Oher ducks that
W nter at Izembek include oldsquaw (Clangula hyemalis) , white-
W nged scoter (Melanitta fusca), and bl ack scoter (M. nigra)_ .
Tundra swans (Cyanus columbianus) nest at Izembek and in 1982
an overwi ntering population of 680 swans was counted.

Shorebirds nest adjacent to the |lagoon and |arge nunbers
occur during spring and fall mgration. Rock sandpi per
(Calidris ptilocnemis), dunlin (C. alpina), and western
sandpi per (c. mauri) are common. A conplete list of birds
known to use Izembek L%?oon and adj acent area can be found in
annual reports provided by INWR. W grovide a species |ist of
all birds observed between 1986 and 1988 in Appendi x B.

A variety of mammals use tundra habitats adjacent to the
1 agoon. Sone of the nobre conmon species include caribou
(Rangifer arcticus), brown bear (Ursus arctos), red fox
(Vulpes fulva), porcupine (Erithizon dersatum), arctic ground
squirrel (citellus undul ates), long-tailed weasel (Mustela
frenata), and tundra vol e (Microtus oeconomus). Bears
congregate along streams and the lagoon shoreline to eat sal non
in Septeniber. The southern Al aska Peninsula popul ation of
4,000 to 10,000 caribou uses portions of INWR as W nter
habitat. Izembek Lagoon provi des feeding habitat, and the
mudbars and sand spits are frequent haulout sites for sea
otter (Enhydra lutris) and harbor seal (Phoca vitulina). An
estimated 500 to 1,000 otters are known to use the |agoon which
serves as a mpjor nursery area for sea otter pups in the
eastern Aleutians. The harbor seal population is estimated to
be 2,500 to 5, 000.
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CHAPTER 2:  ABUNDANCE, TIM NG OF USE, AND DI STRI BUTI ON OF GEESE

The spatial and tenporal patterns of habitat use by brant
and other geese will determne in part the frequency of
di sturbance interactions if aircraft flights and other human
activities increase at Izembek Lagoon. Data on such patterns
could be used both to evaluate the |ikelihood for conflicts and
to mnimze the disturbance effects of aircraft overflights or
other activities. Flight corridors could be positioned over
those areas that are |east used by geese, and time periods
coul d be selected when overflights would have m ninmum
influence. Also, these data could provide a basis for
docunenting short- and |ong-term displacement of geese away
fromcurrently used areas of the |agoon should activity
increase in the future.

Counts of geese from aircraft provide information on the
nunbers and distribution of geese. Aerial surveys (since 1975)
and shoreline observations (since 1957) of geese at Izembek
Lagoon have been nmade by staff of INWR to nonitor popul ation
change and BrOVIde age ratio data that indexes annual breeding
success of brant (Jones 1964, 1970, voelzer 1987). In recent
years the continued slow decline in population size of brant
(King and Derksen 1986, Ppamplin 1986) has pronpted nore
intensive efforts to nonitor population trends not only in fall
but also during winter and spring seasons.

We conpiled all aerial survey data since 1975 to assess
t he abundance and distribution of geese for all seasons of use
at Izembek Lagoon. In fall of 1987 and 1988 additional aeria
surveys were flown to determ ne the chronology of mgration and
seasonal patterns of distribution at Izembek Lagoon. Radio-
tagged brant in 1987 and 1988 provided infornmation concerning
the arrival, departure, and duration of staﬁ of individual
birds. (Observations and counts made from shoreline points were
used to exam ne the influence of year, tide, season, and tinme
of day on the distribution and nunbers of geese.

The objectives were four-fold:
1) define the tine periods that are nost inportant for geese

2) determne if certain portions of Izembek Lagoon are nore
i mportant than other areas,

3) evaluate factors that influence distribution of geese
Wi t hin Izembek Lagoon, and

4)  conpare use by geese of Izembek Lagoon with use of other
adj acent |agoons to determne relative inportance.



METHODS

Aerial surveys were flown by personnel fromthe Ofice of
Mgratory Bird Managenent and INWR to determ ne total nunber
and distribution of geese between 1975 and 1988. Ceese were
counted during fall, winter, and spring seasons within the
entire conpl ex of Izembek Lagoon which included St. Catherine
Cove, Hook Lagoon, Kinzarof Lagoon, and Little, Mddle, and Big
| agoons (Figure 1.1). Hghest total counts during each season
were used to determ ne popul ation trends across years for each
species. Mean nunbers were cal culated for brant when nultiple
surveys were conducted between 20 Septenber - 24 Cctober, 1
January - 1 March, and 21 april - 15 May, the periods when peak
nunbers of brant are present during fall, wnter, and spring,
respectively.

The pilot and a second experienced observer counted geese
and recorded themw thin zones of the Izembek conpl ex.
Ceneral ly, surveys were flown to coincide with high tide within
Izembek Lagoon, a period when brant are nore concentrated and
visible for counting (Conant et al. 1984).

Surveys were conducted from various single-engine aircraft
between the altitudes of 61-91 m (200-300 ft) and air speeds of
155-165 kph (80-90 kts). The circuitous routes flown varied
anong surveys and pilots and depended on brant novenents and
distribution, but in all instances survey routes provided
conplete and systematic coverage of the area. On six surveys
the regul ar observer or an additional observer nmapped the
| ocation of all flocks. Kruskal-wallis one-way anal ysis of
variance (Spss 1986) was used to test differences in the
distribution of birds anong zones.

~Factors that influence diurnal distribution of geese were
studied at specific study sites along the shoreline of Izembek
Lagoon. Sites were selected for their abundance of geese,
accessibility, and shoreline elevation to allow for maxi mum
visibility of geese. (Observation blinds were constructed and
established at Applegate Cove (AC) , Norma Bay (NB), G ant
Poi nt - West (Gw), Grant Point-East (GE), Hal fway Point (HP),
Bandi ng Island (BI), Round Island (RI'), and Quter MNarker (oM)
(Figure 2.1).

Hourly counts were nmade from blinds 1-5 days per week and
from sunrise to sunset for up to 12 hr per day. The field of
view froma blind defined each study area. I'n nost cases study
areas were sem-circular extending to a distance of
approxi mtely 1.2 km (0.75 m) from shore (Appendix C, Figure
cl) . Areas were delineated by buoys, natural |andmarks, and
tidal channels.
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Figure 2.1. Location of observation blinds, telemetry stations, and
distribution zones at Izembek Lagoon, Al aska, 1985-1987. Study areas
i ncl uded Norma Bay (NB) , Applegate Cove (AC) , Banding Isl|and hBI) :
Grant Poi nt - West “(gw), Grant Pol nt - East , Hal fway Point (HP), Round
| sland (RI'), and Quter Marker (OM%:(.31 Tel'enetry antennas includéd Baldy
Mountain (BM), Frosty Road (FR), pe d azenap (cc), and Qutpost #1
(OP)..

Bristol Bay

BM e
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Tide heights were neasured at each study area by recording
water levels on marked tide staffs or in the case of Gant
Poi nt by a gas-purged pressure recordln% tide gauge provided by
NOAA (National Oceanographic and Atnospheric Adm nistration) in
1987 and 1988. Tide flow and height were also estinmted based
on interpolation fromthe predicted tide tables at Gant Point
(usbc 1985, 1986, 1987, 1988). Differences between actual and
predi cted heights at Gant Point were |less than 0.2 mand the
timng of predicted peak high or | ow water was usually w thin
15 m nutes of observed (D.H. Ward, unpubl. data). To provide
consi stency among years, we used predicted flow and heights of
tide in all analyses.

Miul tivariate analysis of variance (MANOVA, SPSS 1986) was
used to test the influence of year, tide stage (flow and
height), time of day, and date on the total nunber of geese
present at each study area. Tide stage was categorized as | ow
(<0.3m, flood (0.3 to 0.9 m, high (0.9 m, and ebb (0.9 to
0.3 m. Tine of day was converted into three periods: early
(<1230 h), mdday (1230-1630), and evening (>1630). Date was
cate%?rized as early (<25 sep), peak (25 sep-8 Ot), and late
(>8 Ot). Differences in the nunber of geese during different
stages and heights of the tide were tested with one-way
analysis of variance (ANOVA, SPSS 1986).

Femal e brant were nest trapped at the Tutakoke River
col ony on the Yukon-Kuskokwi m Delta (YKD) in 1987 and 1988 and
several areas in the western Canadian arctic in 1987. In 1988
nonbreedi ng or fail ed-breeders were captured at one nolting
area on the North Slope of Al aska near Teshekpuk Lake. Each
bird was outfitted with a 26-33 g radio transmtter using a
nodi fi ed Dwyer harness (Dwyer 1972).

Tracking of radio-tagged birds at Izembek Lagoon occurred
both from aircraft and ground locations. Radio telemetry
antennas (4~ or 5-el enent stacked, dual Yagi) were |ocated at
some shoreline blinds and established at additional ridge top
sites on Baldy Mountain (BM) , Qutpost #1 (op) , and Frosty Road
(FR) (Figure 2.%). Radio telenetry checks for all birds were
made from BM and sonme other sites every day with a few
exceptions beginning 3 September until 17 Novenber in 1987 and
28 August to 15 November 1n 1988.
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RESULTS

Timing and nunbers
Br ant

The first brant were observed at_Izembek_La?oon during the
| ast two weeks of August. The nean first arrival date was 21
August with a range of 5 to 30 August durin% our study. Most
brant arrived in a three-week period fromthe first to the
third week of Septenmber. In 1987, 62% of the fall popul ation
arrived during a 19-day period between 3 and 22 September
(Figure 2.2). Arrival was about 7-10 days earlier in 1988 wth
53% of the total number of brant immgrating before 12
Septenber and 90% by 26 Septenber (Figure 2.2). Nunbers slowy
continued to increase as brant from peripheral breeding areas
arrived (Reed et al. 1989) . Peak nunbers were recorded by 9
Cctober 1n 1987 and 3 Cctober in 1988. Arrival of radio-ta%ged
brant from the Tutakoke nesting colony on the YKD averaged
Septenber in 1987 and 8 September in 1988 (Table 2.1). Arriva
of YKD birds in 1988 was earlier than in 1987 (Mann-\Witney U
test; P<0.005) .

The mean peak counts of brant ranged froma |ow of 115, 200
in 1986 to a high of 143,100 in 1987. The peak count in 1987
was the highest since 1983 (137,200) (Figure 2.3) and was
clearly related to extrenely high nesting success (90% of
brant on the YKD (Yukon Delta NWR , unpubl. data) where
approximately 33 to 50% of the Pacific Flyway brant nest (King
and Lensink, 1971) . The proportion of juveniles in the fall
1987 popul ation at Izembek was 31% conpared to 14%in 1985, 15%
in 1986, and 19%in 1988 (c.p. Dau, USFWS, unpubl. data).

It has been speculated that the entire Pacific Flyway
popul ation of brant stages at Izembek each fall (Bellrose 1976,
and others) . W conpared the peak fall counts of brant at
Izembek from 1975 to 1988 to the nunmber of brant on the
Pacific coast mdwi nter waterfow survey (J.c. Bartonek,
USFWS, unpubl. data) and found that the number of brant did not
differ significantly (paired t-test, P>0.90) between the two
counts (Figure 2.3%. However, little correlation in annua
variation existed between the two counts (1982-1988 data,
r=0.02, P>0.5). Since 1982, the nunber of surveys conducted at
Izembek has increased and the techniques for surveying have
been i nproved.
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Table 2.1. Arrival

radi o- tagA?ed brant marked on the yukon-Kuskokwim Delta (YKD) ,

16

and departure dates at Izembek Iagoon, Al aska, of

North Sl ope

NS) of aska near Teshekpuk Lake, and on the western Canadi an arctic
Canada) in 1987"and 1988.

Year 1987 1988
Breeding location YKD Canada YKD NS
Date of arrival

Mean 18 Sep 20ct 8 Sep 5 Sep
SD + 7 + 4 + 10 + 3
n 14 12 23 3
First 4 Sep 22 Sep 31 Aug 2 Sep
Last 3oct 8 Oct 8 Oct 7 Sep
Date Of departure
Mean 8 Nov 18 Nov 3 Nov 6 Nov
SD +9 + 4 + 9 + 4
n 9 8 22 3
First 23 Ot 6 Nov 20 Ot 1 Nov
Last 17 Nov 27 Nov 19 Nov 8 Nov
Duration of stav in days
Mean 52 45 56 62
SD + 12 + 9 + 11 +5
n 9 8 14 3
Range in Days 37-68 29- 56 29-71 57-67

“Data from Reed et al.

(1989) .



17

Figure 2.3. Annual peak counts of brant using Al aska's Izembek
Lagoon and adj acent |agoons during spring (e), wWnter o and
fall (m), 1975-1988. Counts from annual mdw nter surveys (a)
of brant on mﬁnterin% grounds are also included. Mean nunbers
were cal cul ated for brant at Izembek when nultiple surveys were
conducted between 20 September and 22 COctober, the tine when
peak nunbers of brant are present during fall. No survey was
conducted at Izembek in fall of 1978. Because the timng of
the Mexico survey was interrupted in 1987, it was not

included. Nunmber of nultiple fall surveys listed above the
mean count. 2- count made fromthe ground. 2= tount includes
only Izembek Lagoon.
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First departures of brant were observed during the third
week of October with a nean first departure date of 24 Cctober
with the range. from 20 to 30 Cctober. In 1987 small flocks of
20-200 birds were observed at dusk and heard at n|%ht during
each of the last 10 days of October. Mst of the brant
emgrated in tw |arge novenents of approximately 93,000 on 3
November and 31,000 birds on 5 Novenmber 1987. Departures of
smal | flocks continued over the next two weeks. Similarly, in
1988 brant emigrated in small flocks during the last half of
Cctober with the |argest nunber of birds, about 30,000,
departing 2 and 3 Novenber. Average departure of radio-tagged
brant fromthe YKD was 8 Novenmber in 1987 (n=9) and 3 Novemnber
in 1988 (n=13) (Table 2.1). In all years of our study over 90%
of the fall population had departed by 1 Decenber (c.p. Dau
pers. comm.) .

The duration of the period when at |east 10% of the brant
popul ati on was present at Izembek Lagoon was simlar in both
1987 and 1988. Brant occurred approxinately between 1
Septenber and 23 November (83 days) in 1987 and between 25
August and 18 Novenber (84 days) in 1988.

The duration of stay for individual radio-tagged birds
fromthe YKD averaged 52 days in 1987 and 56 days in 1988
(Table 2.1). Brant from the Canadian arctic stayed slightly
shorter (45 days) than YKD birds in 1987 and brant from the
North Sl ope of aska stayed slightly longer (62 days) in 1988.

Since 1981 an average of 5,400 brant have overw ntered at
Izembek W th counts ranging froma [ow of 2,100 in 1981 to
9,900 in 1982 (Figure 2.3). Prior to 1981, only about 100
brant wintered at Izembek (Cc.P. Dau, pers. comm.). MId
winters in the 1980s may have contributed to the increased
number of winter resident brant.

The average spring arrival date for brant was 18 April
(c.P. Dau, USFWS, unpubl. data; n=8, SD=8 days). During our
observations of spring staging beginning 20 April 1987, nore
than 17,000 brant were already present. Small flocks of |ess
than 300 brant each were observed arriving over Cold Bay every
day from 20 April through 3 May. Arrivals continued for nost
days through the end of May. The nunber of brant present
peaked at 41,100 by 29 April and |evels remained between
30, 000- 40,000 for the next two weeks despite steady daily
influxes of brant. On 18 May the population was reduced to
26,100 birds. The majority (>90%) of the total population had
moved through the |agoon by approximtely 20 June (c.p. Dau
pers. comm.). Small numbers of brant are sometines observed at
Izembek Lagoon in md-June.



Figure 2.4. Annual peak counts of Canada geese and enperor
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Lower peak numbers of brant were counted during spring
conpared with fall (Figure 2.3) . Since 1985, the spring
poPuIat|on of brant has ranged from a high of 74,000 in 1985 to
a low of 40,500 brant in 1987. Overall number of brant in
spring at Izembek La%oon has markedly decreased since the first
estimates in 1981. t is not known,” however, to what extent
this trend reflects a decrease in total population size, a
decreased proportion of birds using Izembek, or an artifact of
survey timng and the continuous turnover of brant through the
area.

Canada geese

The first observation of Canada geese at Izembek averaged
23 August, only sljghtlg | ater than brant, with a range from 21
to 30 August. “Arrival date was about one week earlier in 1988
than in 1987. Numbers of Canada geese increased gradually in
Septenber and early COctober reaching an estimated peak by 28
Cct ober (44,800) in 1987 and 18 Cctober (45,200) in 1988
(Figure 2.2). These dates were 3 and 1.5 weeks later than
correspondi ng peak nunbers for brant, respectively. A delayed
agg%ng of peak nunbers of Canada geese was al so observed in

Total nunbers of Canada geese have fluctuated from a high
of 70,000 in 1975 to a low of 27,900 in 1977 (Figure 2.4).
Bet ween 1985 and 1988, the nunber of Canada geese has averaged
45,000 birds and ranged from a high of 52,200 in 1985 to a |ow
of 42,000 in 1986. ince 1985, the trend in the popul ation
usi ng the Izembek conplex appears to be stable.

I ncreased numbers of cackling Canada geese were observed
in 1988 conpared to other years. Earlier treezing of estuaries
further north along the Alaska Peninsula that are traditionally
used in fall was believed to have forced birds to other areas
(R.E. G| pers. comm.). The increased nunber of sightings of
cackl ers, however, my be due to an expansion of the search
area. In 1988 we intensified observations adjacent to Mffet
Bay of Izembek Lagoon in areas not searched in other years.
Morfet Bay contained a high proportion of the Canada goose
popul ation at Izembek (see bel ow. "Distribution" section) .

Departure of Canada geese coincided with em gration of
brant. First departures of Canada geese were observed on 21
Cctober in 1987 and on 22 COctober in 1988. In all years of our
study, all geese had departed by the | ast week of Novenber. In
1987 and 1988 timng of nmjor novenents of Canada geese were
simlar to brant.

The period when at |east 10% of the Canada goose
popul ation was present at Izembek Lagoon occurred approxinately
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between 6 Septenber and 23 Novenber (78 days) in 1987 and
between 28 August and 23 Novenber (86 days) in 1988. Peak
nunbers of Canada geese occurred fromearly Cctober to the
third week of QOctober in both years.

Canada geese are not observed at Izembek during w nter and
very rarely during spring mgration

Enperor geese

Enperor geese were the |east abundant goose species during
fall in all years. Unlike populations of brant and Taverner's
Canada geese that depend al nost exclusively on Izembek Lagoon,
fall staging of enperor geese is spread anong Nel son Lagoon
(35-50%, Port Heiden (1/7-19%, G nder River (14-24%, and Sea
I'slands (10-12%, all located further north on the Al aska
Peninsula. Izembek is used by about 4% (range 3-7% of the
enperor goose popul ation (R. King and W Eldridge, USFWS,
unpubl. data). The nunbers of enperor geese using the Izembek
conpl ex have declined steadily since the first survey (Figure
2.4) and probablﬁ reflect the decline observed for the entire
popul ation. Wthin our study period the nunber of enperor
geeig8éluctuated froma high of 7,300 in 1987 to a | ow of 4,000
In :

M grating enperor geese were first observed at Izembek the
| ast week of August (nean=23 Aug, range=21-25 Aug) during our
study .  Inmmgration of enperor geese was gradual through
Sept enber and peak nunbers were reached on 9 Cctober (7,300) in
1987 and on 18 QOctober (3,400) and 29 Novenber #4,000) in 1988
(Figure 2.2). Direct observations of arriving tlocks of
enperor geese were not made. Aerial counts indicated that nore
arrivals occurred in late Cctober. It is expected that nuch of
the fall population using Izembek has a relatively high
turnover rate as the geese continue westward to scattered
wintering areas on the Aleutian Islands. The period when at
least 10% of the enperor goose popul ation was present at
Izembek Lagoon occurred approxi nately between 15 Septenber and
23 November (68 days) in 1987. Because no counts were nade
late in fall of 1988, the period of stay was not determ ned
but was at least 91 days.

_ Aerial counts of enperor geese have been made during
winter only in the last tive years. These surveys indicated
that an average of 1,500 birds, ranging from 800 to 3,200, were
found within the Izembek conpl ex.

_ Spring use has averaged 5,000 birds, ranging from 18, 300
in 1982 to 1,100 in 1986. Since 1985 the popul ation has
averaged 2,300 birds. 1Izembek Lagoon was used by 5% (range= 2-
8% of the total enperor population observed during spring
surveys between 1984 and 1987 (R.J. King, USFWS, unpubl. data)
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Distribution of geese Wi thin Izembek Lagoon

Br ant

The proportion of geese of each species observed within
zones of Izembek Lagoon (Figure 2.1) did not differ between
years (Kruskal-Wallis ANOVA; P<0.05), therefore observations
were conbined across years to conpare distributions of geese.
Aerial survey data were also conbined within each of five tine
periods. These were: 1) fall arrival up to 20 Septenber, 2)
peak nunbers from 20 Septenber to 24 Cctober, 3) fall departure
followi ng 25 Cctober, 4) winter, and 5) spring.

~ Izembek Lagoon, the Iar?est of the seven |agoons surveyed
(Figure 1.1), has consistently been used to the greatest extent
by all species in spring and fall in all years (Table 2.2).

Table 2.2. Average percent (range) of brant (B), Canada (C),
and emperor (E) geese observed in Al aska s Izembek Lagoon, and
adjacent® | agoons during aerial surveys flown between 1975 and
1988.

_ Izembek Adj acent
Season Speci es nb Lagoon | agoons
Fal | B 12 83 (88-93 17 (3-31
c 11 88 (81-97 12 (2-19
E 11 67 (58-81 33 (9-42
W nt er B 7 42 (0-100 58 (0-100)
E 7 43 (1-1o00 57 (0-99)
Spring B 7 99 (98-100 1 (0-2)
E 7 91 (84-100 9 (0-14)

a@ |ncludes Hook Lagoon, St. Catherine Cove, Kinzarof Lagoon

and Big, Mddle, and Little |agoons.
b Years m?th count s. g

In fall 83%of the brant, 88% of the Canada geese, and 67% of
al |l enperor geese were counted in Izembek Lagoon. In spring
t he Izembek segnent was used by the greatest proportion of
n1?rant br ant %99@6 and enperor geese (96%. The pattern
differed in winter when only.42% of all brant and 43% of
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of geese using Izembek Lagoon in winter may in part be
explained by the presence of ice. During nost winters, ice
covers the entire lagoon and forces brant to use ice-free

| agoons on the southern side of the A aska Peninsula (c.p.
Dau, pers. comm.).

Wthin Izembek Lagoon the distribution of geese varied
both anong species and anmong seasons. Brant were found in all
zones (Table 2.3) during all seasons, but the majority used
either the southern or the north-central zones. Brant tended
to use areas in the northern portion of the |agoon early in
fall and then as nore birds arrived, brant noved into the
southern end where predom nant (>40% use occurred. During the
period of departure, the proportion of brant using the north-
central zone changed (increased) dramatically from the arrival
period. W observed this shift about the mddle of Cctober in
each year of our study. The reasons for the shift in brant
distribution prior to mgration are unclear but appear to be
related to an increase in flock size, |less frequent daytine
| ow tides, and increased nunbers of bald eagles (Haliaeetus

leucocephalus ).

During winter the distribution of brant was highly
variable. Brant were observed primarily within the north-
central (64% zone. Typically, they were observed at the tip
of the barrier islands at the mddle and northern channe
entrances between the |agoon and Bering Sea. This area often
remai ned open during periods when the [agoon would freeze
(c.P. Dau pers. comm.).

The pattern of use by brant in spring was simlar to fal
wth a mayority of brant observed in the southern (46% and
north-central zones (41%. One difference fromfall, however
was the reduced use of foraging areas within the south-centra
zone (5% . In 1986 and 1987 ground observations from G ant
Poi nt indicated <1,000 birds were present on any given day in
April and May.

Canada geese

~The distribution of Canada geese observed by aerial survey
was inconplete because at high tide, when nost aerial surveys
were flown, Canada geese were nore likely to be using adjacent
tundra habitat. Nevertheless, we feel the surveys provide a
good index to their distribution.

Al t hough Canada geese were found in all zones, the
southern (54% and northern (24% zones received predom nant
use during the peak period (Table 2.3). Except for an increase
of birds in the south-central zone, the pattern of use did not
change during fall staging. . Typically, geese were nore



Table 2.3. Average percent of total geese observed within four zones of
Izembek Lagoon during aerial surveys Tlown from 1975 to 1988. Fall was
subdivided into three periods regresenting magration arrival before 20
September, peak numbers from 20 Septenber to 24 October, and d
following 24 Cctober. For canada and enperor geese the fall peak peried
was from 1 Octcber to 30 October. Wnter surveys were flown between 1
December and 1 March. Spring surveys were between 2 March and 31 May.

one
Season sout hern South- Nor t h- Nort hern
central central
% Range N % Range N % Range N % Range n
Brant
Fal |
arrival 50 (32-73) 5 23 (11-40) 5 12 (O-23) 5 16 (10-21) 5
peak 60 (48-80) 20 15 (4-29) 12 18 (8-40) 12 7 (1-16) 20
depart 41 (O-69) 8 23 (0-100) 7 34 (o-loo) 7 10 (O29) 7
wi nt er 23 (0-100) 9 13 (0-91) 7 64 (0-100) 8 2 (0-17) 8
Spring 46 (096) 12 5 (0-100) 8 41 (8-100) 6 14 (o-54) 14
Canada
Fall
arrival 35 (14-54) 7 7 (0-17) 7 19 (5-43) 7 39 (26-51) 7
peak 54 (30-79) 15 9 (2-23) 11 16 é8-26) 11 24 (13-44) 15
depart 39 (15-68) 4 19 (8-40) 3 21 (16-26) 3 19 (0-45) 5
wi nter o - 9 o - 9 0 - 9 0o - 9
Spring 0o - 14 0o - 14 0o - 14 0o - 14
Emperor geese
Fall
arrival o - 5 4 (0-13) 5 23 (O-36) 5 73 (60-100) 5
peak 9 (072) 19 27 I-75% 15 14 (o0-44) 15 51 20-8323 18
depart 5(024) 6 31 (0-46) 5 21 (o-77) 5 43 (18-66) 6
W nt er 54 (0-100) 7 0 (G2 6 23 (0-1000 7 13 (O35 8
Spring 21 (0-75) 11 7 (043) 6 11 (029 5 58 (099 12

24



25

concentrated during the arrival and peak periods than during
the departure.

Enperor geese

Enperor geese were the | east w despread of all geese
(Table 2.3). They were observed in the south-central and
north-central zones, but were concentrated primarily in the
northern (>43% zone (Table 2.3). Enperors occurred |east
often in the southern (<10%) zone and when observed were found
only in a few specific areas. The pattern of use was
consi stent throughout the fall staging periods.

The winter distribution of enperor geese differed from
fall with the |argest concentration of birds using the southern
(549% and north-central (23%) zones. During spring enperor
geese were again concentrated (58% in the northern zone.

Factors affecting the distribution of geese

Br ant

The distribution of geese within Izembek Lagoon during
fall was influenced by four primry factors: 1) year,
2) stage and height of tide, 3) date, and 4) distribution of
foraging and roosting habitat.

Brant were present during all days of observation and at
97% (n=1033) of the hourly counts at study areas (Table 2.4).
only at the evstudy area were brant absent (14%: n=14) during
any of the diurnal observations. Geatest nunbers of brant
occurred at NB (mean=6,700, SD=4,100), HP (mean=5,200,
sb=4,300), GV (nean=4, 400, sp=8,200), and AC (nean=4, 400,
SD=4, 100 study areas (Table 2.4). The average number of brant
at each study area for each year is listed in Appendix Cin
Tables O to c3.

Only the HP study area received consistent observation
effort in all three years. The average nunber of Dbrant
increased from1,500 in 1985, to 3,100 in 1986, and 7,700 in
1987 (Duncants multiple range test, pP<0.05). Because total
popul ation size was simlar in 1985 and 1986 and not much
increased in 1987, other factors such as disturbance, weather
availability and quality of food, and age structure of the
popul ati on nmust influence the use of specific areas and the
distribution of brant in the |agoon

In all years, the average number of brant counted each
hour within study areas was influenced by tide stage (MANOVA,
F=2.9, P<0.001) and date (F=2.6, P<0.02), but not by tinme of



Table 2.4, Frequency Of occurrence and mean number of brant (B), Canada

(C), and emperor (E) geese cbserved at six Study locations On Izembek
Lagoon, Al aska, (bet):ween 1985 and 1987. y

_ % days % counts Mean Geese in study area
Speci es Days with Counts wth geese nean SD nax.
geese geese

Halfway Point st udvarea- 4.2 kmé

B 70 100 281 87 1200 5200 4300 20100

C 70 87 275 74 290 1200 1300 6300

E 70 79 281 55 20 100 150 630
Nor ne_Bay study area- 5.5 kmé

B 40 100 225 100 1200 6700 4100 21200

C 40 93 224 86 230 1300 1300 9000

E 40 5 225 1 0.01 0.01 0.03 5
Aoplegate Cove st udYm- 5.4 ke

B 40 100 163 92 810 4400 4100 22500

Cc 40 95 151 80 220 1200 1300 6400

E 40 5 146 1 0.08 0.4 4 50
Grant Point Fast study area - 2.3 kmé

36 100 211 98 650 1500 1300 7800

C 36 19 211 5 4 10 50 400

E 36 25 211 10 2 4 20 200
Outel Marker studvYara3- 4.1 kmé

B 20 100 84 98 680 2800 3000 12200

C 20 90 84 74 120 500 800 4000

E 20 80 84 56 20 100 100 500
Grant _point West studYarea- 23.3 kmd

B 14 86 69 87 190 4400 8200 40000

C 14 12 71 4 0 2 12 100

E 14 64 62 63 10 200 200 900

conbi ned studvareas- 44.8 kmé
B 54 100 1033 97 90 4000 4500 40000
C 54 75 1016 57 20 900 1200 9000
E 54 39 1004 25 10 50 120 1050

26



Figure 2.5.
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Figure 2.6.

aerial surveys at

Sept enber

Distribution of brant flocks observed during
| ow tide on 22 Septenber and high tide on 25

1987, Izembek Lagoon, Al aska.
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Figure 2.7. Distribution of brant flocks observed during

aerial surveys at high tide on 26 Septenber and low tide on 4
Cct ober 1988, 1Izembek Lagoon, Al aska.
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Figure 2.8. Mean nunbers of brant counted at study areas
during different stages of the tide at Izembek Lagoon, Al aska,
bet ween 1985 and 1987. Study areas included Norma Bay (NB),

Appl egate Cove. (AC), Halfway Point (HP), Gant Point-East (GE),
G ant Point-West (GW), and Quter Marker (oM).
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day (F=1.3, P> 0.30). The general influence of tide on the
distribution of brant was evident fromaerial surveys flown at
low and high tides. Flocks of brant observed at |ow tide were
wi dely distributed within the south and north-central zones and
not concentrated in nearshore areas (Figures 2.5-2.7). At high
tide, flocks were found closer to shore and al ong outer
peninsul as and barrier islands (Figures 2.5-2.7).

Tide did not have a uniform effect on the nunber of geese
present in study areas (Figure 2.8). At NB, AC, and oM brant
were present in large nunbers during all tide stages, but
greatest nunbers of brant occurred during flood or high tide
(P<0.001). During lowtide, flocks of brant could sometimes be
seen foraging far offshore and then as the flooding tide
submerged these beds of eelgrass, brant noved closer to the
nearshore study areas. Brant would sonetimes nove severa
mles with flooding tides toward the end of a bay or cove
NB, AC, and OM study areas were | ocated near the ends of bays
furthest from the |agoon entrances. Timng of slack |ow and
highc&}de at NB, AC, and OM averaged 45 mn |later than at GE
an

Brant tended to use GE and GWNonly at specific stages of
the tide. At GE, brant occurred in greatest nunbers during | ow
tides (P<0.05). As incomng tide flooded the offshore foraging
areas, the nunmber of brant decreased by 50% from 2,300 to 1,100
birds. At GN brant were present nost often during high or ebb
tides (P<0.05). A small nunber of brant (nmean=700, sD=195,
n=6) were observed feeding on eelgrass beds during |ow tide,
but greatest use occurred during high tide when brant
(nmean=6, 300, sp=5,300, n=33) were found at the periphery of the
study area on the mudflat of the barrier island. Brant were
observed flying to this roost site at tides >0.8 nkg2.6 ft)
fromforaging areas in many parts of the |agoon. e of
barrier island mudflats and spits as roost sites during high
tide was common throughout the |agoon.

The HP study area was exceptional in that use by brant
occurred at all stages of tide. The presence of a variety of
foraging sites and partial protection fromthe wnd my have
affected the pattern of brant use of this area.

The influence of date on the nunbers of brant differed
anong study areas. Brant at AC and NB increased steadily to
peak |evels between 9 and 22 Cctober (Figure 2.9). After 22
October, nunbers of brant using these areas were highly
vari abl e between counts. The number of brant using GE and HP
was constant through the study period. At GW greatest
nunbers were observed between 25 Septenber and 8 Cctober after
whi ch brant decreased their use of the area except as a
roosting site at the highest high tides (>1.0 m). As the use
of GW decreased, a sinmultaneous increase at OM was observed.
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Figure 2.9. Mean nunbers of Canada and enperor geese present
at study areas during different height of the tide at Izembek
Lagoon, Al aska, 1985-1987. Study areas are Norma Bay (NB),
Appl egate Cove (AC), Halfway Point (HP), and Quter MNarker (oM).
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Average number of brant counted at OM increased from 1, 600
(SD=1,000) to 5,100 (sp=2,300) after 8 Cctober.

Canada geese

Canada geese occurred regularly (>50% of daily
observations) at four of six study areas and at 57% (n=1,016)
of the hourly counts. Geatest nunbers were found at NB
(mean=1,300, SD=1,300), AC (mean=1,200, SD=1,300), and HP
(mean=1,200, SD=1,300) (Table 2.4). The average nunber of
Canada geese at HP at low tide (<0.2 n) was greater in 1986

(1,900) than in 1987 (900? or 1985 (400) (Duncan’s multiple
range test, p<0.05). Differences are probably related to
annual fluctuations in abundance of berries. In 1986
crowberries (Empetrum nigrum) and lingonberries (Vaccinium
vitis-idaea) were l[ess abundant than in other years (D.H. Ward,
pers. ohs.). Canada geese were |ess often observed foraging on
tundra habitats and apparently made greater use of nearshore
eel grass beds for food.

In all years, the average number of Canada geese w thin
study areas was influenced by the stage and height of the tide
(MANOVA, F=5.5, P<0.001) and date (F=20.9, P<0.001). Ti ne of
day, which was slightly nore inmportant for Canada geese than
brant, had an interacting effect with tide (F=2.0, P<0.04).
Canada geese were nore abundant during low tides at all study
areas where they foraged on nearshore eelgrass beds (P<0.001)
(Figure 2.9). t high tides Canada geese were observed flying
to upland tundra areas where they roosted or foraged on
berries. Date had a consistent 1nfluence on the nunber of
geese at each study area. The average nunber of Canada geese
Increased daily at each of the study areas until emgration was
initiated the third week of Cctober (Figure 2.10).

Enperor geese

Enperor geese were the |east abundant goose at all study
areas. They occurred regularly (>50% of daily observations) at
only three of seven study areas, and were observed on 25%
(n=1004) of the hourly counts. Geatest nmean nunbers of
enper or %eese were observed within ew (nmean= 180, SD=200), HP
(mean= 100, sbD=150), and OM (nmean= 100, SD=100).

The average number of enperor geese at HP during the peak
was greater in 1986 (150) than in 1987 (90) or 1985 (20)
(Duncan’s nultiple range test, P<0.05). Changing use of HP was
probably due to annual fluctuations in populations as well as
the relative abundance of alternative foods such as berries and
clams. In all years, the average number of enperor geese
within study areas was influenced by tide stage (MANOVA,
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Figure 2.10. Mean nunbers of brant, Canada and enperor geese
during different tine periods of the fall at rzembek Lagoon,
Al aska, 1985-1987. Study areas are Norma Bay (NB), Applegate
Cove (AC), Halfway Point (HI\FZ, Grant Point-East (GE), G ant
Poi nt - West (cw), and Quter rker (oM) .
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F=4.7, P<0.000) and date (F=12.7, P<0.000), but not by time of
day (F=0.6, P>0.7). Enperor geese, |ike Canada geese, were
nmore nunerous in study areas during low tides (ANOVA, P<0.001)
(Figure 2.9). At high tide enperors were often observed on
mudflats of the barrier islands or occasionally observed
foraging on berries in tundra habitat. Date also had a

consi stent influence on counts with greater nunbers of enperor
geese occurring after 8 Cctober (Figure 2.10).

DI SCUSSI ON

Br ant

The entire Pacific Flyway brant population stages within
the Izembek conplex in the fall making it an ideal place to
nmonitor its popul ation status and enphasizing the area’s
critical inportance to brant. No alternative fall staging area
exi sts: although nearby | agoons are used, they do not contain
adequate habitat for mass staging.

The period of use of the |agoon, as defined by the
presence of at |east 10% of the Bopulation, Is 12 weeks in the
fall. Use by individual marked birds varied fromsix to nine
weeks and may be influenced by breeding origin, breeding status
(failed or non-breeder), and physical condition. Breedi ng
brant fromthe YKD and Canada have an overl| appi ng but staggered
Berlod of stay. Failed or nonbreeders arrive earlier than

reeding birds and nmay remain |onger than the breeding

popul ations. Jones [1964) also noted that early arriving
flocks contained fewer juveniles. Age ratio counts before 15
Septenber in 1987 and 1988 were |lower than after this date
(D.H. WArd, unpubl. data).

Period of use in spring is approximtely five weeks. Mbst
brant do not remain at Izembek over the entire period, but
instead move north to breeding areas. Breeding birds arriving
early on colony sites have an advantage for selecting nesting
sites (MLandress and Raveling 1981). The average duration of
stay for individual marked birds has not been observed in
spring. The inportance of spring staging at Izembek may al so
varﬁ_annng breedi ng popul ati ons and depend on age or breeding
condi ti on.

- The timng of arrival and departure of brant at Izembek
defined three periods of fall use: the arrival period from 21
August to 21 Septenber, the peak period from 22 Septenber to 24
Cctober, and the departure period beginning 25 Cctober. up to
one week variation in timng was noticed in different years.
The period with peak numbers could be subdivided into two equal
periods, the first half characterized by few eagle and hunter-



rel ated disturbances followed by two weeks beginning 9 Cctober
with increased nunber of eagles and hunters. ~The effects of

eagl e disturbance were pronounced (see “Disturbance” section) ,
and influenced both the distribution and flock sizes of brant.

Distribution of brant within nearshore study areas of
Izembek Lagoon is dynamic, varying between sites and years.
Brant were highly influenced by the stage of tide and date,
but not time of day, although time of day interacted with tide.
Despite the constant shifting of birds wthin study areas,
brant did have favored zones of use. During fall and spring
more brant used the southern and north-central zones (Table
2.3). Areas that received the greatest intensity of use during
fall are shown in Figure 2.11. In winter brant also have
favored areas of use but their distribution is nmore linked to
weat her conditions.

Tide clearly influenced the distribution and habitat use
of brant. During low tide brant generally foraged on eel grass
beds offshore (>0.8 km, usually at the ends of tidal channels
or in areas inaccessible at higher tides. Nearshore (<0.8 km
foraging sites are used by the greatest number of brant during
fl ooding and high tides. ~Some birds remain at these areas
through the daytinme high tide rather than nmove to nmore typica
[oost|n?.area5 on barrier islands and peninsulas. This trend
intensifies as diurnal food availability and weather
conditions deteriorate as fall progresses. Flocks of brant
renainin% through a high tide have the opportunity to feed on
mats of floating detrital eel grass until ﬁreferred eelgrass
beds are again available for foraging. These sanme birds also
reduce energetic costs associated wth f[i%ht_(kbrt and Bur ger
1972) to and fromroost sites. During high w nds, nearshore
areas bordered by shoreline bluffs nmay provide partial
protection by reducing wind flow and energetic costs of
I ncreased thernoregul ati on (Wwooley and Onen 1978).

~ Any overflights or planned human activities at Izembek
prior to September 1 and after 30 Novenber would avoid
interactions with nearly all the fall population of brant
(based on counts in years 1986 through 988?. During spring
mgration, activities on either side of April 15 to 1 June
woul d safely avoid the period of brant use. Wnter use is
variable and often restricted to small portions of Izembek oOr
ot her nearby |agoons depending on ice conditions and nunbers of
birds. Specific guidelines to avoid disturbance of w ntering
birds should be based on field observations nade at the tine.

If flight lines (Figure 2.12) were established over or
around the lagoon while brant were present in fall, the nunber
of birds potentially influenced within a 3.2-kmwde (2 m)
flight corridor would vary dramatically with the |ocation of
the flight line (Table 2.5). Assumng uniform density of brant
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Figure 2.11. Intensity of use by brant at Izembek Lagoon,
Alaska, in fall, 1985-1988. Distribution and intensity of use
based on Figures 7-9.

—greater than 7500 birds
- 2500-7500 Bristol Bay

-Iess than 2500

55" 3¢

V4 183 00 162°30

37



38

wi thin each of the four zones of Izembek Lagoon, and assum ng
a_constant zone of influence by an aircraft (1.6 km on either
side of a flight line; see “Disturbance” section) , flights
potentially inpacting the fewest number of birds would use a
path at least 1.6 kmaway fromthe shoreline of Izembek Lagoon
(l'ines 1 and 14 in Figure 2.12). The greatest potential effect
woul d occur fromflights crossing or close (<1.6 km) to the
shoreline of the southern zone, lines 2-4. Flight |ines 5-13,
whi ch includes the existing IFR (Instrunent Flight Rules)

flight path, would influence fewer birds as they go over or
around ot her zones of the lagoon. The actual density of birds
encountered within these flight corridors nmay be higher or

| oner depending on tide, date of flight, and the specific

|l ocation of the flight line. Although density (110 birds/km?2)
of brant in the northern zone is |ower than any other zone, flight

Table 2.5. Average mmber of brant expected to be within 14 hypothetical
flight Corridors®situated over or around Izembek Lagoon, Al aska.

Corridor distance

Fl i ght over water (km) Mean density® Mean nunber of birds
lineP length  width of brant/xm? within the corridor
1 0 0 690 0
2 0 1.6 690 17,500
3 12. 4 3.2 690 27,600
4 9.2 3.2 690 20, 300
5 400 3.2 270 3,500
6 6.8 3.2 270 5,900
7 6. 4 3.2 270 5, 600
gd 6.4 3.2 290 6, 000
9 8.1 3.2 290 7,500
10 8.8 3.2 290 8, 200
11 8.1 3.2 290 7,500
12 3.2.6 3.2 110 4,500
13 0 1.6 110 1,400
14 0 0 110 0

@ Assumes a distance of potential influence to be 1.6 km on either side
of the aixrsft

" Location of flight lines shown in Fiqure 2.12.

‘ Density of brant based on the average number of birds counted duri ng
the fall peak period of use (20 September-22 October) on aeri al
surveys i n 1985 through 1988.

IFR (Instrument Flight Rules) corridor.



Figure 2.12. Location of 14 hypothetical
relative nunbers of birds that "potentially
overflights of the lagoon
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lines here are likely to influence a small (20, 000) _
subpopulation of brant (B.b. horta) that nest in the Canadian
high arctic and tend to use only this portion of the |agoon
(Reed et al. 1989).

Canada geese

The large nunber (approxinmately 75% of the tota
popul ation) of Taverner’s Canada geese using Izembek Lagoon in
fall stresses the inportance of the |agoon to this subspecies.
O her popul ations of Canada geese make | ess use of Izembek, but
the lagoon nay serve as an alternative staging area for
cackl ing Canada geese, especially during years when unfavorable
weat her conditions exist to the north and east.

Canada geese only used Izembek Lagoon in fall. Al though
the timng of peak nunbers of Canada geese was slightly later
(1.5-3 weeks) than for brant, the period of use by Canada
geese, when at |east 10% of the popul ation was present at
Izembek Lagoon, was simlar to brant (11-12 weeks)

The distribution of Canada geese within Izembek Lagoon was
simlar to that of brant except for the greater and |esser use
of northern and south-central zones, respectively. Nunbers of
Canada geese also varied with stage and height of tides, date,
year, and relative abundance of alternative tundra foods.
CGeneral |y, Canada geese used tundra habitats immediately
adj acent (<1.6 km to the |lagoon but occasionally geese were
observed foraging >3.0 km away. Jones (USFWS, unpubl. ns) al so
reported Canada geese at simlar distances from the |agoon.
When Canada geese were found on the |agoon they used nearshore
eelgrass beds and were rarely observed >0.8 km from shore even
durin% the lowest tides. Flocks of Canada geese often foraged
near brant and on occasion Canada geese and brant forned m xed
speci es flocks.

Use of marine and terrestrial habitats was conmon for
m grating Canada geese (Weller 1975). Burger et al. (1983)
found that the nunber of Canada geese on a bay along the south
coast of Long Island, N.Y. was not influenced by tides. There
geese preferred terrestrial habitats and fresh water ponds. At
Izembek, Canada geese used both tundra and marine habitats.
Although we did not study use of all habitats, our observations
indicated that the |agoon not only provided an abundant source
of food but also served as a diurnal roost site. Geatest use
of eelgrass beds occurred during low tides and increased |ater
in the fall as alternate foods on tundra habitats becane |ess
avai | abl e. Fresh water ponds with energent vegetation and
estuarine or fresh water marshes with grasses and sedges--
habitats that provide foods comonly eaten by Canada geese
(Weller 1975)-- are a mnor portion of Izembek's total area
(USFws 1985). We suggest that Izembek Lagoon is inportant to
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Canada geese because it provides both a stable food source and
a relatively safe habitat for roosting.

Enperor geese

Izembek Lagoon was used in fall and spring by a smal
proportion (approx 5% of the enperor goose population. Few
renmain at Izembek during winter. The duration of stay of >10%
of the peak population in fall appeared to be simlar to brant
and Canada geese but in some years may extend through November.
In spring the duration of stay has not been determ ned but is
believed to be less than fall (c.P. Dau pers. comm.).

Enperor geese preferred specific locations within Izembek
Lagoon that differed from areas used by brant and Canada geese.
During high tides enperors used roost sites on the barrier
i slands or peninsulas. Geatest concentrations of enperor
geese occurred in the northern zone. Use of nearshore
foragi ng areas was influenced by simlar factors (year, stage
of tide, date) as brant and Canada geese.
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CHAPTER 3: DI ET AND NUTRI TI ON

During fall staging geese increase their intake of high
energy foods to accunul ate body fat (Wpekma and Ankney 1979,
Brackney et al. 1986) in preparation for an energetically
costly mgration. Fat is the primary fuel for magration
flights and the anmount of stored lipids greatly influences the
theoretical maximum flight range of a bird (Wypekma and Ankney
1979, Vangilder et al. 1986). Birds with insufficient energy
reserves for magration are likely to stop nore often on their
mgration route (King and Farner 1963, Barry 1967) and may
surfer increased nortality (Cooch 1958).

Food plant availability, abundance, and quality can affect
sel ection by geese which in turn influences their body weight
and lipid gain (Sedinger and Raveling 1984, Coleman and Boag
1987) . Weight gain in |lesser snow geese (Chen caerul escens
caerulescens) during staging at James Bay, Canada, prior to
fall mgration (Wypekma and Ankney 1979) was attributed to
their selection o? plants high in carbohydrates (Prevett et al.
1979) . Col eman and Boag (1987) showed that weight gain in
Canada geese foraging on tundra in southern Yukon Territory,
Canada resulted from selection of plants higher in
digestibility and soluble carbohydrates. Canada geese in
M nnesota maxim zed their energy intake and body weight by
foraging on younger nore proteinaceous grass prior to nesting
(McLandress and Ravelin? 1981). Ceese tend to select plants or
forage in areas where plants contain higher |evels of
nutrients.  Sedinger and Raveling 31984) found that plants
sel ected by forag|ng cackling Canada geese were higher in
protein and carbohydrates than hand-clipped sanmples of the sane
plants. Ceese may al so choose nore nutritious parts of plants.
Snow geese sel ected bel owground stem bases richer in
carbohydrates conpared to |eaves (Brackney et al. 1986)

Brant are herbivorous |ike nost geese (Owmen 1980).
Eelgrass is the main food item consunmed throughout the year,
except in northern breeding and nolting areas (Einarsen 1965,
Kramer 1976, Henry 1980). Studies have indicated that brant
are not as dependent on eelgrass as was once thought (Cottam et
al. 1944), and that other marine plants and some terrestrial
grasses are inportant in their diet (Penkala 1976, Onen 1980,
Kirby and Corecht 1982). Still, along nost of the fall and
wi nter range of Pacific Flyway brant, eelgrass is the
predom nant food in their diet. During winter, brant were
observed foraging only on eelgrass at %an Quintin Bay, Mexico
(Kramer 1976). In Oregon and California eel grass conprised
over 75%of the diet of brant (Cottamet al. 1944) . Eelgrass



43

IS believed to be their only food at Izembek Lagoon (Jones in
Pal mer 1976), however detail'ed studies of diet have not been
conducted.

Qur objectives were to assess the diet of brant staging
at Izembek Lagoon, to analyze the nutritional quality of “brant

foods , to determne selection patterns for both plants and
plant parts, and to determne the distribution and abundance of
eel grass.

METHODS

Diet of brant was determned from gut contents of birds
coll ected at Izembek Lagoon fromearly Septenber to late
Cct ober of 1985-1987. peci mens al so” provided data on weight,
nutrition, and body conposition. Sone birds shot by hunters
were used for food habits and weight data. Wen possible birds
were collected from actively feeding flocks. Foods of Canada
geese were determned only frombirds shot by hunters between
1985-1988. The upper digestive tract (esophagus,
proventricul us, and gizzard) was renoved fromeach bird and
frozen for later processing. In the laboratory, food itens
from the esophagus and proventriculus, hereafter referred to as
esophageal contents, were conbined and sorted byvﬁlant speci es
and by | eaves, shoots (sheaths) , and rhizones. ole eelgrass
pl ants containing unbroken outer |eaves attached to sheaths
were neasured for leaf length and leaf width. Sanples were
dried at 25° C to constant weight and each type of food item
was wei ghed to the nearest 0.001 g. Geese wth [ess than 0.01
g of total dried material were excluded from the analysis.
Contributions of foods to the diet are reported as a percentage
of aggregate (conbined) dry weight and percent occurrence
across individuals (Prevett et al. 1979) .

Eel grass for chem cal analyses was collected in fall of
1985 and 1986. Sanples consisted of green |eaves, |eaf
sheaths, and rhizomes of rooted plants taken from eelgrass beds
exposed at low tide. Bimonthly collections were nade at the
sane location from 19 Septenber to 20 Cctober in 1985.
Addi tional sanples of above ground portions (l|eaves plus
sheath) of plants were collected in 1986 along five transects
in brant foraging areas. Eelgrass sanples were taken at 200 m
intervals for neasurenents of |eaf length and width, and for
nutrient analysis. From each collection site, the |ongest
| eaves of 20 representative plants were measured to determ ne
the average leaf length and width for that site.

~ Sanples saved for nutrient analysis were washed of
eF|phytes and sedinment, and all dead material was renoved.
Pl ants were frozen within 24.hr. Later the sanples were oven-
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dried at 60° C to a constant weight and ground in a Wley mil
to pass through a 20-nmesh screen. Sanples were analyzed for
nitrogen, total nonstructural carbohydrates (TNC), neutral
detergent fiber (NDF), acid detergent fiber (ADF), nitrogen
contained in the NDF, crude fat, ash, and mnerals by the

Pal mer Agricultural Experinent Station, University of Al aska.
Ni trogen, phosphorus, and nitrogen in NDF were determ ned using
a bl ock digestor (Isacc and Johnson 1976) and nmeasured on a
Technicon Autoanal yzer |l System (Anon. 1976). The cations

cal cium potassium and magnesi um were exam ned bY atom c
absorption spectrophotonetry. Analysis of TNC followed
procedures by Smith (1969) and was nmeasured colormetrically oOn
the Autoanalyzer |I. ADF and NDF were determned by Van Soest
met hod (Goering and Van Soest 1970) and crude fat by ether
extraction using a Randall Extractor (Randall 1974). Total

ash was exam ned by combustion for 4 hr at 500° C. Analysis of
variance (ANOVA, SPSS 1986) was used to determ ne differences
between nutrient content of plant parts.

Habi t at

The coverage and distribution of eelgrass W thin Izembek
Lagoon was estinmated from LANDSAT scene 30145-21103 taken at
| ow tide of approximately -0.15 m (-0.5 £t) on 28 July, 1978.
Regi stration of the scene was acconplished by geonetrically
correcting to a Universal Transverse Mercat or (UTM)_?rojection
and matching selected control points from the LANDSAT scene to
a 1:250,000 scale U S. Defense Mapping Agency topographic nap.
The control points were used to define a second-order, least-
squares polynonial transformation, relating UTM northing and
casting to the line and sanple of the scene. The nean residual
errors associated with the second order transformation
indicated a registration accuracy of + or - 1.5 pixels (75 nf).
Digital processing and analysis were conducted at USGS/ERCS in
Anchorage using Interactive Digital Inage Mnipulation System
software (ESL Incorporated 1981).

_ To guide interFretation of the LANDSAT spectral data,
field data were collected from 14-20 Cctober, 1986. A variety
of sites were selected that represented the major habitat types
(eelgrass, water, nud) found in the |agoon. thin areas
cont ai ning eelgrass, Sites were selected that contained the

di fferent norphol ogi cal types (long, w de-|eaved plants versus
short, narrowl|eaved plants) to determne if these

di stinctions would be apparent in the LANDSAT i mage.
(bservations nade at each site included percentage of tota
surface area covered with plants, leaf length and w dth, water
depth, drainage characteristics, grass zonation, and proximty
to major |and or mudflat areas.

Training sites containing representative spectral
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variability of the data were derived fromthe scene using the
clustering function 1SOCLS (ESL Incorporated 1981). The
cluster function Froduced discrete clusters of pixels based on
the brightness value of each pixel in each of four spectra
bands. The clustered pixels were further separated from
overlapﬁ|n? clusters (i.e. those with redundant statistics)
using the function DI VERGE (ESL Incorporated 1981) . A final
statistical file was produced by a maxi mum |ikelihood al gorithm
(CLASSFY, ESL Incorporated 1981) to provide an independent
estimate of the spectral properties of the scene. Each pixel
was then assigned to a specific spectral cluster which produced
a Erelininary classification where each pixel was assigned to a
habi tat cl ass.

Accur aci es of prelininary classifications were revi ewed
with data collected fromthe field. Areas incorrectly
classified (i.e. areas outside the l|agoon classified as

eel grass) were renoved. Once the spectral analysis was
finalized, it was applied to the entire LANDSAT scene.

RESULTS

Diet of brant

O the 63 brant collected, 39 contained adequate (>0.009 g
dry weight) foods for analysis. The sanple of brant was
conposed of 9 adult males (23%, 10 hatching-year nales (26%,

8 adult females (21%, and 12 hatching-year fenmales (31%. The
hi gher proportion of juvenile brant in the sanple conpared wth
the proportions in the population [14% in 1985, 15% in 1986,
31%in 1987 (c.P. Dau, USFWS, unpubl. data)] was due to greater
susceptibility of juveniles to hunting (Einarsen 1965, Penkal a
1976) and their higher use of nearshore areas (D.H. Wrd,
unpubl. data). Although sample sizes were small, no aspect of
food item size, frequency, or nutrient quality differed by age
or Ssex.

The diet of brant was conposed al nost entirely (99% of
eel grass. Leaves and sheaths of eelgrass were the principa
parts of plants consunmed, accounting for 98% of the aggregate
percent of all foods (Table 3.1). The rhizomes (1% of the
diet) found in brant were al nost always attached to the above
ground plant. The remaining 1% of the brant diet contained
grit, sand granules, and a small (<2.0 nm) epiphytic bival ve
(Turitonia minuta) that is conmmon on eel grass | eaves.

The contribution of animal foods in the diet of brant
could be greater than what we report if soft-bodied
Invertebrates were under represented because of postnortem
di gestion and autolysis (Swanson and Bartonek 1970). However,
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we did exam ne esophageal contents of 10 brant whose upper
digestive tracts were renoved inmediately and preserved in a
10% formalin solution to stop post-nortem digestion of food.
The esophageal contents still contained only eelgrass with very
few epiphytic invertebrates. Only Turitonia mnuta (n=5) and
an amphipod (Caprella al askana) (n=1) , were found despite often
observing these aninals on |eaves of plants in the sane bed
where brant had been foraging. The ingestion of aninmal foods
probably occurs incidenta I% to fora?ing Oon eelgrass and i s

?oh a significant part of the diet of brant at Izembek in

all.

Table 3.1. Aggregate percent and percent of occurrence of
eel grass plant parts in the diet of 39 brant (B) and 17 Canada
(C) geese at Izembek Lagoon, Al aska.

Aggr egat e Per cent
Pl ant part Speci es per cent occurrence

Leaves B 84 100

C 71 100

Sheat hs B 14 56

C 17 77

Rhi zones B 1 2

C 12 39




Diet of Canada geese

Seventeen- of the 39 Canada geese col |l ected contai ned
ade%uate foods for analysis. Eelgrass was the predoni nant
(99% food itemin their diet (Table 3.1). As in brant, |eaves
of eelgrass were the principal part of the plant consumed and
accounted for 71% of the aggregate percent of all eelgrass
consumed. Unlike that of brant, the diet of Canada geese
contained a higher aggregate percent of rhizones (12% vs. 1%
and the rhizonme pieces were not attached to above ground plants
as they would be if they were taken incidentally while
consunm ng whole plants. = All Canada geese that consuned
rhi zomes were collected in Cctober

The contribution of berries and other terrestrial plants
to the diet of these staging Canada geese was not investigated
in our study. Canada geese were often observed foraging In
upland tundra habitat primarily on lingonberries and
crowberries during periods of high tide. These plants
presumably form an inportant conponent of their total diet.

The hunter-killed geese we exam ned represented birds noving
from | agoon feeding areas to tundra roosting and feeding sites.

Type 0f eelgrass consuned

Whol e plants were found in the esophageal contents of 82%
of the brant and all of the Canada geese. The |ongest outer
| eaf of these whole plants indicated that |eaf |engths were
relatively short and widths were narrow (Figure 3.1). Few
whol e plants found in the esophageal contents were greater than
30 cm (<3% long and 2.1 mm (<5% w de, and none were |onger
than 80 cmor wider than 2.5 nm  All of the larger plants were
in the esophageal contents of only 2 of 39 birds. The
distributions of plant |lengths and widths in brant diet
differed fromsize distributions of plants found alon%
systematic transects of eelgrass beds (Figure 3.1). he
majority of plants on transects were |onger than 30 cm and
wi der than 1.8 nm

Nutrient content of eelqrass

Concentrations of nutrients did not vary between years or
bet ween binmonthly sanpling periods in 1985, therefore data were
combined to conpare nutrient concentrations anong parts of
plants. Nutrient content did vary anong plant parts (Table
3.2). Nitrogen, which reflects protein content, was higher
(1.8% of dry weight) in above ground plant parts (l|eaves and
shoots) conpared with the rhizome. Crude fat concentration was
low in all parts of eelgrass although fat was slightly higher
in rhizonmes (1.1% of dry weight) than in |eaves (0.9% of dry
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wei giht) Above %round portions of plants contained |ess cell
wall (41.7 vs. 8% of dry wei ght) and ash (14.6 vs. 30.0% of
dry wei ht) than rhizones. ohydrate |evels (TNc) varied

w del y armng r‘rPI es of above ground portions of plants ranging
fro 5 2 to 26.5% of dry weight. TNC was higher in |eaves

(19. 5% of drF/ wei ght) than in rhizomes (14.6% of dry weight)
but this difference was not found to be significant (pP>0.1).

Table 3.2. Mean nutrient content (% dry weight) of eelgrass plant parts.
Values with a different letter across each row are significantly different
from one anot her (ANOVA, P<0.05).

Above cround Leaf sheat h Rhi zone
mean SE n man S Enmean SE n mean SE n

Nitrogen 2.02 0.1 35 1.8°0.1 3 1.82 0.1 8 1.0 0.7 9

NiitnrON%I%n 2.4°0.1 9 3.4°0.2 8 0.9 0.1 9
NG 15.2 1.1 35 195 1.9 3 14.6 2.3 4
Fat 0.9 0.19 0.5 0.23 1.1 0.18
Ash 14.6°1.6 34  14.8°1.3 8 25.4°1.9 9
NDF 41.7°0.8 14 52.80 1.8 9
ADF 27.0 0.7 14

Phospharus 0.4 0. 122
Cal ci um 0.7 0.6 22

Potassium 1.7 0.3 22
Magnesium 0.6 0.2 22

TNC- total nonstructural carbohydrates
NDF- neutral detergent fiber
ADF- aci d detergent fi ber
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Col I ections of eelgrass taken fromsites where brant
foraged showed plants from these foraging |ocations had a
hi gher (P<0.004) concentration of TNC (mean=19.9%) than plants
collected at other l|ocations systematically placed along the
transect (nmean=12.5%.

Levels of TNC and nitrogen in above ground portions of
plants varied with leaf length. Concentrations of TNC in short
plants (<40 cm) were 30% higher than levels in the |onger
plants (>80 cm (Table 3.3). These shorter plants also
provi ded nost of the diet of brant. In contrast, |evels of
nitrogen were greater in longer plants than in the shorter
| eaved eel grass. Levels of ash and NDF did not differ with
plant length. This suggests that brant selected plants higher
I n carbohydrates rather than plants higher in protein.

Table 3.3. Ntrogen and total nonstructural carbohydrates
(TNC) expressed as percent of dry wei ght found in stens and

| eaves of eelgrass plants of different length at Izembek
Lagoon, Alaska. Values with different letter within a colum
are significantly different from one another (ANOVA, P<0.05) .

Plant |ength Nitrogen TNC
(cm n mean SE mean SE
> 80 13 2.2° 0.1 12.02 0.8
40 - 80 12 2.0 0.1 15.5 1.7
< 40 12 1.7P 0.1 18.9P 1.7

Distribution and abundance of eelgrass

Al though detailed verification of major habitat classes
(mud, eelgrass, water) of the 1978 LANDSAT image has not been
undertaken, field observations indicate the classified image is
an accurate representation of the lagoon. The lack of suitable
color or color infrared aerial photography, which has been used
to corroborate patterns in seagrass comunities (orth and More
1983) , prevented conparison of LANDSAT data w th photographic
I mges. Inaccurate U S. Ceol ogical Survey topographic nREf
al so prevented precise geographic registration of the LANDSAT
data. Consequently, it was not possible to ground truth the
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data and verify the coverage of the mjor classes. Instead,
the relative accuracy of the classes was determned from
numerous field. observations conducted over the four year study.

The location of tide channels and eel grass beds on the
1978 LANDSAT scene was renmarkably stable over time when
conpared with an ol der (1959) conposite of aerial photographs
and a nore recent (1987) nosaic of black and white aeria
photos . Mst of the differences were found in size and shape
of non-vegetated sand bars and spits near the entrances to the
| agoon.

LANDSAT data indicated the total area of the |agoon was
34,302 ha. The lagoon was conposed of 45.7% eel grass, 36.5%
mudflat, and 17.8% water (Figure 3.2). Mst of the eelgrass
occurred in the south (40.6&% and north-central §28.39© zones.
These zones al so contained the greatest nunber of geese (see
previous chapter).

Total area of the lagoon and proportion of eelgrass
coverage from the 1978 LANDSAT scene were conparable to
estimates made by C.P. McRoy (unpubl. data) of a 1959 black and
whi t e photograph: 34,302 vs. 33,688 ha and 46 vs. 53%
respectively.

The estimated standing stock of eelgrass |eaves of 650
g/ mdry weight (McRoy 1966) was used to estimate the total
eelgrass stock of Izembek Lagoon at 101,894,091 netric tons.
If brant consune an average 270 ? dry weight of eelgrass per
day (Drent et al. 1981), the fall population of brant would
consune 1.8 billion g dry weight of eelgrass, or 1.8% of the
standing stock of leaves. This assumes that an individual
brant remains at Izembek Lagoon for 54 days (average stay of
radlo-ta%ged brant 1987-1988) and an average fall popul ation of
125,700 birds (average peak fall count from 1985 to 1988).

DI SCUSSI ON

Brant feed al nost exclusively on eel?rass whil e staging at
Izembek Lagoon in fall. Although only a few factors that may
control food selection were studied, our data indicates that
certain parts and types of eelgrass were chosen. Brant and
Canada geese preferred the above ground (l|eaves and sheat hs)
portion of eelgrass. Rhizones were not Inportant in the diet
of brant and only slightly more inportant in Canada geese.
Short plants domnated the diets despite their less frequent
occurrence in the lagoon conpared with |onger, wider-I|eaved
plants. Short (1981) described two norphol ogical types of
eel grass at Izembek Lagoon. Plants growng closer to shore in
tidepools occurred in dense stands and had generally shorter
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and narrower leaves. Plants farther from shore and in deeper
water or along tidal channels were |onger, w der, and occurred
in sparser stands. Shorter and narrower plants grow in areas
whi ch are higher in elevation (Short 1981) and thus they are
more often available for foraging than |onger plants.

- Geese have sinple gastrointestinal tracts that limit their
ability to digest plant fiber (Denmment and Van Soest 1983) .
Due to this constraint, instead of holding the food for nore
conplete extraction of nutrients, geese maximze their
i ngestion and turnover rate of food (Owmen 1972, 1975) and
utilize only the rapidly extracted portions of plant
nutrients. ~The short, narrow|eaved eel grass plants may be
more easily gathered and ingested by brant conpared with | onger
broader plants. Digestion may also be facilitated due to a
| arger surface to volune ratio of small plants.

_ The predom nance of shorter and narrower plants in the
diet of brant could be a result of only collecting brant from
nearshore feeding areas where these plants occur. W
attenpted to collect birds fromoffshore eel grass beds but
those birds were too wary to be aPproaghed by boat. W did
col lect birds nmoving to and fromforaging sites but the
mpjority of these birds (54% n=24) |acked esophageal contents.
Those birds with food, however, contained only short and narrow
plants. It is possible that |ong, wde-leaved plants may be
more |ikely broken in the esophagus or proventriculus of the
geese. However, we observed no esophageal contents containing
wi de | eaf fra?nents whi ch woul d suggest breakage of |ong-|eaved
plants, and of the two birds which contained [ ong, w de-|eaved
pl ants nost EGOWQ of these plants were whole. t hough nore
extensi ve unbi ased sanpling of esophageal contents of brant are
needed, the available data indicate brant predom nantly eat
eelgrass plants with short and narrow | eaves

Results of eelgrass nutrient analyses fromour study were
conparable to levels reported by Roth {{1986) and Mrehouse
(1974) also made in fall at Izembek Lagoon. Roth (1986) found
hi gher levels of nitrogen and carbon in |eaves than in rhizones
of eelgrass in early fall. N trogen concentrations were

reatest in |eaves of eelgrass in md-Novenber and again in

rch and April when level's increased from2-3%to 4-6% ash
free dry weight. Short, narrow|eaved plants contained
S|gn|f|cantl¥ hi gher |evels of carbon than |ong, w de-Ieaved
plants. Differences in levels of nitrogen between plant types
were due to age of plants: younger flants have higher |evels of
nitrogen (Thayer et al. 1976, Roth 1986). It is likely that
di fferences between short and long plants were also related to
a?e Per haps beds of short plants contained a greater number
of younger plants. Mrehouse (1974) rﬁgorted simlar |evels of
nitrogen (1.7-2.3% of dry weight) for whole plants. Lipid
l evel s also were | ow (<1.5% of dry weight). One exception



bet ween Mrehouse (1974) and this study was the two-fold
difference in |levels of soluble carbohydrates §34-35960f dr

wei ght vs. 5-26% this study). Morehouse (1974) collected whol e
(above and belomhgrqund} plants, especially those with
"attached Organi sns-t he added nutrient ‘content of epiphytes
(plant and aninmal) along with the spatial and tenporal
variation in TNC may account for the higher |evels.

Brant preference for the above ground portion of eelgrass
may be associated with |ower ash, |lower cell wall content,
hi gher protein, or higher carbohydrate content conpared with
rhizomes. Lower cell wall and ash content allows greater
mechani cal breakdown of the plant and facilitates digestion and
assimlation of nitrogen and carbohydrates (Buchsbaum et al.
1986) . Rhi zomes may become increasingly inportant in late fal
as growt h of eelgrass declines and carbohydrates are
transl ocated from shoots to rhizome in preparation for wnter
st orage (McRoy 1970b). The occurrence of rhizomes in the diet
of Canada geese in Cctober may be due to this seasonal increase
I n carbohydrates in rhizones.

Brant selected short, narrow|eaved plants that contained
hi gher levels of TNc than longer plants (Table 3.3). Brant are
relatively efficient at utilizing sol uble carbohydrates
(Buchsbaum et al. 1986, Sedinger et al. 1989) and thus they
benefit from the higher ener?y content of shorter |eaves even
if protein content s slightly reduced (Table 3.3). Higher
concentrations of carbohydrates will help meet energetic costs
and allow for deposition of |ipids needed for mgration.

Al though brant staging at Izembek Lagoon have an abundant
total supply of eelgrass, Its availability and quality is
highly variable. The amount, location, and access to shorter,
narrow| eaved plants are all nuch nmore restricted than the
total quantity and distribution of eelgrass. Net energy intake
dePends on both quality and quantity of food. A reduction in
caloric content of foods may dramatically influence the tine
needed to gain and replenish fat reserves. Fredrickson and
Drobney (1979) hypothesized that with a 19% (390 kcal/day)
reduction in daily caloric intake, a mallard would have to
double its tine feeding to replenish fat reserves. Brant
sel ected specific foraging locations within |arger eelgrass
beds where plants contained higher carbohydrate levels.
Selection” of individual |leaves within a certain size range or
of higher nutrient quality may also occur. These preferences
alon? with the high variability in nutrient content and
avai lability of eelgrass underscores the conplexity of foraging
adaptations and the probable need for brant to have
unrestricted access to |arge areas of the lagoon in order to
neet their foraging requirenments. This need for brant to be
free-ranging has also been indicated by Drent et al. (1981).
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Body weight of brant collected from early September to
| ate October 1ndicated that nal es gai ned 13% and Temal es gai ned
11% of their weight at Izembek Lagoon (D.v. Derksen, USFwS,
unpubl. data) . ese in better condition may be capabl e of
m grating sooner and thereby avoi d harsher weather conditions
conpared with those in poor condition. Large endogencus fat
reserves can increase the distance birds can mgrate (Blem
1976) and influence post-mgration over-w nter survival
(Haramis et al. 1986).



CHAPTER 4: BEHAVI OR

. The time budget and energetic of staging brant are

I nportant conponents in evaluating the inpact of increased
aircraft disturbance at Izembek Lagoon. Behavioral adjustments
and flexibility in nmeeting energy denmands determ ne whet her
brant can obtain adequate food and gain enough wei ght before
mgration in spite of disturbance. In order to evaluate
possible effects, the extent and duration of behaviora
response caused by natural disturbance and by increasing

| evel s of aircraft disturbance were conpared with undisturbed
behavior. The proportion of time brant spend in foraging,
resting, flight, and other behaviors during_natural condi tions
proyldesdthe basel i ne agai nst whi ch added di sturbance is to be
eval uat ed.

Fall staging is a critical period for brant. The fat
stored in body tissues at Izembek before fall mgration
provides the energy for their non-stop flight to wntering
grounds.  Species that forage on aquatic vegetation, which is
general ly high in water and fiber content, spend a high
proportion of their tinme feeding (Paulus 1988). Also, geese
?ra2|ng on low quality forage require considerable time for

eedin?u Bar nacl e geese (Branta leucopsis) required over 80%
of daylight hours for feeding on grass (Ebbinge et al. 1975)

Brant spent 78% of their tinme feeding on eelgrass in wntering
habitat at San Quintin in Baja California (Kraner 1976). The
amount of time required to obtain adequate forage could be an
i mportant consideration for brant staging at Izembek
particularly if the interruption of feeding behavior caused by
di sturbance is of long duration or if disturbance events are
frequent.

Foragi ng conditions change at Izembek from optinmal in
early Septenber to poor in November. Decreasing air and water
temperatures, shorter daylight periods, and |ess frequent low
tide periods during daylight hours (Figure 4.1), all conbine
ei ther to decrease the opportunity for feeding or to increase
rate of energy expenditure during foraging. By Qctober when
sal non runs are exhausted, bald eagles congregate at the |agoon
and cause frequent disturbance to brant flocks. Brant seemto
reduce foraging tine on preferred eelgrass beds |ocated near
shore. The conbination of these late season factors linits the
opportunity for brant to acquire additional energy reserves
sinply by extending their stay at Izembek. As a result,
adequat e accunul ation of weight depends on sufficient tine for
foragi ng on eelgrass throughout the fall staging period at
Izembek.
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_ Casual observation of brant flocks suggests that
di sturbance may not greatly affect their foraging behavior.
Wien flocks of birds are disturbed they often circle in fl[?ht
and return within mnutes to resume prior behavior. Even i
fl ocks are displaced, they can nove and forage el sewhere in the
lagoon. If nore energy is needed because of increased flight,
brant could perhaps spend greater time foraging or increase
rate of food intake in order to conpensate. Food itself is
probably not limting because there is a trenendous bionass of
eel?rass present (see previous chapter) , although forage
quality, duration of food availability, and limtations on rate
of intake and assimlation nay be inportant.

Deterninin% realistic 24-hr tine budgets for behavior of
both adult and hatching year brant were the objectives.

I dentification of factors that account for differences in
behavi or observed at different tines and | ocations was

I nportant because brant frequently noved to different areas of
t he | agoon.

METHCDS

The sanpling procedures necessary to objectively estimte
the behavioral tinme budget of brant at Izembek presented a
series of problens. Procedures successful for sone purposes or
under some observation conditions became [imted and inpossible
to use for other situations. Sanpling foraging behavior
required quite different observation techniques conpared with
determning the percent of time brant spent in flight. Age
specific sanmpling was possible for those flocks |ocated wthin
300 m (0.2 m) of shoreline blinds but not possible for those
flocks on large central eelgrass beds or barrier island
mudflats nore distant from shore. A series of sanpling
procedures and sonme assunptions were used to build a reasonable
tinme budget. Different sanpling procedures were cross-checked
whenever possible to verify results and to exam ne biases.

Four |evels of observation intensity and sanpling nethods
wer e used:

1)  Continuous behavioral observations made on individuals
within a flock estimated the average flock behavior.
Thi's ﬁroylded detailed data on the duration and sequence
of behaviors and permtted separation of the behavior of
adult and hatching year birds.

2) Instantaneous scan sanpling allowed classification of the
behavi or of many individuals within a flock. Scans were
| ess time consuming and coul d be conpleted on flocks at
greater di stances. This reduced dependence on shoreline

linds and specific study |ocations.
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3) Special techniques estimated time spent in flight based on
elther a) frequency and duration of flight behavior, D)
I nst ant aneous scanS to determne the average proportion of
birds in flight, or ¢) mninumtime required to account
for novenents of radio-tagged individuals sanpled at 20
mnute intervals. The data obtained from instantaneous
scans were nost numerous and representative, therefore
only these results are presented.

4)  Frequency of locations on individual brant in foraging
versus roosting habitat areas were determned by radio
telenetry. This provided a nethod to determne the
relative inportance of foragin?_and roosting behaviors

that were not limted by shoreline observations.

ntin havi or al recording and analvysis

Most observations were made from pl ywood blinds | ocated on
shoreline bluffs (Figure 2.1). Solidly constructed encl osed
blinds with moveable plexiglass w ndows were necessary for
t el escope observations under the often windy and rainy
conditions. The 10 to 40 m observation hei'ght above the water
al so inproved the ability to accurately age individuals and to
follow 1 ndividuals during continuous behavior sampling

Alimtation of observations fromblinds was that
essentially all the continuous behavior data collected were
from flocks foraging nearshore. No random selection of flocks
or flock locations could be made. Flocks that were close
enough to be observed were sanpl ed when conditions permtted
data to be collected.

A small portion of sone of the study areas included an
i sl and beach or a mudflat that brant would occasionally use as
a resting or gritting area. Brant flocks that used these snall
areas were included when they coul d be observed, but the
proportion of birds engaged In resting or maintenance activity
was under sampled. Wen tidal flooding made beds of eelgrass
unavai l abl e at a study area, nost birds either noved to other
foraging areas or roosted on the shallowgradient nud (sand)
flats inside the barrier islands.

Conti nuous behavi oral observations on individual brant
were recorded on a handheld computer (Hew ett-Packard 71B) . It
was programmed to record the sequence and duration to the
nearest 0.4 second of each of 10 behaviors recorded by key
strokes.I This conmputer program al so guided the sanpling
prot ocol .

A bird was selected fromwithin a flock and then, the
fifth bird to the right of that bird was selected for
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observation. Age was determ ned by ?Iunage characteristics
(Harris and Shepherd 1965). Entry of the brant's current
behavi or started the conputer timng a 60-second sanpling
period. \Wile keeping constant watch on that sane bird, an
observer kezed in any change in behavior as soon as it was

seen. At the end of 60 sec or whenever the brant was | ost

from view, the individual sanﬂlln%_perlod was ended. The scope
field of view was noved, another Dbird selected, the fifth bird
to the right aged, and then it was observed for 60 sec. |f
possi bl e, behavior of 30 individuals in each flock was sanpl ed.

Data anal ysis of the continuous behavior recorded on the
conputer followed the suggested nmethods of Bradley (1985) that
i ncl uded exami nation and correction for bias caused by
differential probability for the detection or [oss of specific
behavior patterns. A considerable portion of our data set,
16.5% of all events, consisted of first or [ast observed
behavi ors because each brant was observed for only 60 see or
less. This short sanpling tinme was necessary because constant
foragi ng nmovements of individuals within the flock resulted in
the sel ected individual being hidden from view behind other
birds even before the end of the brief sanpling period.

Exam nation of detectability bias is also particularly
inmportant to verify interpretation of the data collected by
I nst ant aneous scan sanpling of flocks (see below).

The unbi ased proportion of time spent in each behavior
was obtained by a two-step calculation. First . a transition
matri x was established to summarize the observed probability by
whi ch each behavior was followed by another behavior (Bradley
1985) . The stable proportions across any row, obtained by
mul tiplying the transition matrix by itself 64 times and
d|V|d|n? each term by the sum across a row, gave the expected
stable frequency distribution for all behavior events.  Next,
an estimate of the proportion of tine engaged in each behavi or
was obtained by nultiplying expected frequency distribution by
a&%)average duration of each type of behavioral event (Bradley

I'n our data, the recorded duration of the first and |ast
behavi oral events for each individual were shortened (right
censored) by the sanpling procedure. Therefore, the average
duration of all events in the sanple was an underestimate
because of thls_censorln?. Average duration of all md-events,
excluding the first and [ast events, was also an underestimte
because the probability was greater that |onger behavior events
woul d be those censored by the end of the sanpling period.
Product limt estimation techniques (SAS procedure LIFETEST)
for censored data were used to obtain |ess biased estinmates of
average behavioral event durations.

Conti nuous behavioral data from all adult and hatching
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year brant observed by three of the principal observers were
examned in detail to investigate detection and loss bias in
the behavioral sanpling procedure. Wth the intention to keep
analysis as sinple as possible, and to provide independent

sets of data to verify that sources of bias were consistent,
the data fromthree observers and two age classes of brant were
kept separate. The number of individual's sanmpled ranged from
55 to 413, and the nunber of behavioral events varied from
1,009 to 5,439 in the six different sets.

The exBected proportion of time for each behavior was
cal cul ated based on the long termtransition matrices and
product |limt estimtes of event durations calcul ated _
separately for each data set. Frequency distribution of first
and | ast observed behaviors was tested agai nst expected
proportions using a Gtest with WIllians'correction (sokal and
Rohlf 1981) with any cells having expected frequency <4 being
conmbined. In order to test if differences were consistent,
devi ati ons between observed and expected proportions of each
behavi or were averaged across the six data sets and tested to
?et?rn1ne if the average differed significantly fromzero (t-
est, n=6).

Fl ock scan behavi oral sampling

_I'nstant aneous scan sanpling of individuals in flocks
permtted behavioral data to be collected at greater distance
and under nore diverse weather and |ight conditions because
i ndividual birds did not have to be carefully followed for 60
seconds. In 1986 and 1987, scan sanples of flock behavior were
conducted systematical |y during every hour of observation at
the blinds. ~ The relationship of flock behavior to variables
such as tine of day, tide height, and date is best represented
in these data. Some bias associated with nearshore foraging
| ocations was still present but this problemwas reduced
because flock behavior could be scan sanpled at distances up to
about 1,000 m (0.6 m).

_ Behavi or data were not collected on days with frequent
aircraft overflight disturbance. Disturbance caused by eagles
or hunters was also under represented because flocks were
usual Iy displaced away fron1studY areas by these events and the
scan sanmpling procedure was usually initiated by selection of a
stable, undisturbed flock. The sanpled behavior reflects
undi sturbed and presumably normal conditions for brant at
Izembek.

Flock scan data collection was also aided by the handheld
computer. A programwas witten to tally counts of each of the
10 behavior types and to produce a netronome beep to ensure
systematic random sampling of behavior. Proceeding
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systematically across a scoBe field of viewfromright to left
or fromback to front, an observer watched each individua
(usually a 2-see interval was sufficient) and the ong0|n? _
behavi or at the beep was tallied by keystroke. Data collection
wi thout the conputer and timer was al so possible as individual
behaviors could be identified and counted in any systematic
manner.  Sel ection of 200 to 500 birds fromall portions of a
flock was an inportant consideration because brant near the
periphery are nore likely to be young in famly groups and
perhaps woul d exhibit slightly different behavior.

The proportion of individuals engaged in each behavi or
was taken as the estimate of tine spent by the flock in that
behavior. Average proportions of each behavioral type were
cal cul ated giving each flock equal weight regardless of flock
size or sanple size. Data were not transformed. Analysis of
variance (SAS procedure GIM) was used to determ ne significance
of tide stage, flock size, date categories, tine of day, year
study area, and observer.

Tine in flight behavi oral sampling

_ Three sanpling procedures were used to determ ne average
time in flight. In the first method, flocks were selected,
counted, and watched continuously for 10-min intervals. The
nunber of birds that initiated any flight behavior was recorded
and a sanple of flight duration tines was measured. The
probab|I|ty_of_fI|ght for a single brant within a given tine
period nultiplied by the duration of flight was used to
estimate the proportion of tinme in flight.

A second nethod was based on sanpling an entire section
of the lagoon rather than a discrete tlock. Followi ng an
initial count of all the birds present in the selected area,
the majority of which were flocks on the water, repeated scans
and rapid counts were made of only those brant in the air.
These were made by slowy sweeping the field of view of
bi nocul ars from one edge of the selected area to the other
Usual |y 20 scans were systematically nmade at 30- or 45-see
intervals. The average nunber of birds in the air at any
instant divided by the total nunber of birds present in the
area estimated the proportion of time spent in flight. Each
set of repeated scans over an area represented a cluster
sanple.  The estimation of variance of proportions in cluster
sanpling was determned using a ratio estinmator (Cochran
1963:64).

~ Athird sanmpling nethod relied on sequential |ocations of
i ndi vi dual radio-tagged brant as determned by triangulation
from fixed antennas. The mininumtine to account for straight
line flights between each change of position gives a m ninmm



estimate of flight tine per 20-min interval. This nmethod was
the only suitable procedure to estimate flight tine at night.

Prelimnary anaIKsis and comparison of all three data
sets indicated that the second nethod seened reliable and
yielded the nost data. Therefore, analysis of the repeated
I nst ant aneous scans for proportion of birds in flight is
presented here.

Foraging Versus roosting behavi or

~ Most roosting areas could not be observed except by
aerial survey. The |large expanse of shallow water and sand
(mudflats) on the inside of the barrier islands provided
roosting habitat used by thousands of brant. Roosting occurred
mainly at high tides with roosting duration dependent on
weather, tinme of day, and tidal height. The shallow water
di m ni shed wave heights, allowing birds to stand rather than
swm and making grit easY_to obtain. Brant may also favor
t hese locations because little disturbance occurs on these sand
flats. The |ack of nearby bluffs or vegetation assures high
visibility of eagles and foxes. On a few occasions we were
successful in approaching to within about 400 m of these
flocks . After sitting and waiting for at |east 15-min, we
sanpl ed behavior by flock scans.

The tinme spent at roosts and the nunber of brant using
roosts were inportant to determne. Roosting time could not be
adequately estimated with data from shoreline blinds. At the
one | arge roosting area on operl |sland which could be
regul arl'y observed from Gant Point, only approximte counts of
birds present could be made because of the 2,200 m (1.5 m)
observation distance. Therefore, the proportion of time that
brant used the non-feeding roosting areas was indicated
indirectly based on frequency of use by radio-tagged birds.

The |agoon was divided into two broad habitat zones,
ve%Ftated versus non-vegetated, based on aerial photography and
LANDSAT i nmagery. Foraging behavior, except for scattered
feeding on detached floating eelgrass | eaves, was restricted to
eelgrass beds. Resting and maintenance behaviors predom nate
in the non-vegetated sand flat roosting areas. Resting and
mai nt enance behavi ors al so occurred in flocks using portions of
the vegetated zone such as small sand bars and shorelines of
islands. Al'so many brant rest and preen while floating in
| arge dispersed rafts in deep water over grass beds. These
cases were appropriately sanpled bK and included in the
continuous and scan sanpling of behavior conducted from
shoreline blinds.
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Radi o-tagged brant were tracked usin% 4- or 5-el ement
0

tw n yagi antennas |ocated on ridges or shoreline bluffs
éFlgure 2.1?. The 340 m el evation of Baldy Muuntain, which was
km (3 m) tfromthe edge of the |agoon, enabled radios to be
detected up to 28 km (17 mi). Antennas on shoreline bluffs
tyP|caIIy coul d detect birds at distances up to 11 km (7 m).
| border azinuths on radio signals were taken synchronously

within a few mnutes) at two to four antenna [ocations at 20-
mn intervals. Locations were based on azinuth intersections
or maxi mum | ikelihood triangulation calculations (Wite 1985).
The azinmuth data were anal yzed, brant |ocations determ ned, and
points plotted on a map of the |agoon using TrueBasic conputer
prograns. Locations were categorized as a) associated with
eelgrass beds, b) non-vegetated mudflats, or c¢) undeterm ned
for borderline |ocations or obvious errors.

RESULTS

Behavi or _patterns

The behavioral patterns observed were categorized into 10
separate types, five associated wth foraging, plus alert,
mai nt enance, rest, agenistic, and flight behaviors.

Foragi ng behavior predomnated. Brant ate the above
ground portion of rooted eelgrass plants or detrital flow of
eel grass | eaves in the tidal currents of the |agoon.
Qccasional ly standing and wal ki ng brant would graze on exposed
beds of eelgrass at which tine some grubbing and breakin? of
rootstock occurred, but this was exceptional. Nearly a
forag|n8 occurred in shallow water while brant swam over grass
beds and reached to the water surface for floating |eaves or
bel ow the surface to grab leaves. This posture was called head
down feeding and ranged fromthe bird s bill being inclined
downward often al nost touching the water surface to the bird
ELung|ng the entire head and neck beneath the water surface.

ad down invol ved active novenents to obtain eel grass.

Cccasional [y when the inconming tide flooded part of a
grass bed, in order to reach deeper for |eaves, brant woul d
show a tip up posture. Brant were not observed to dive
conPIeter bel ow the surface to obtain food. However, they
woul d dive when pressed to escape an eagle or gyrfalcon (Falco
rusticolus) .

Alternatin% with head down feeding was head up feeding
posture. This behavi or connnnly appeared to invol ve searching
for suitable grass |eaves as well as swallowing them On rare
occasi ons when light was sufficient and the bird was relatively
cl ose, the observer could see that this sane head up posture




invol ved the actual intake of grass leaves. A long blade of
grass hanging fromthe bill was pulled into the mouth

probably by repeated tongue noverments. Esophageal contents
showed many entire |eaf blades folded in a zigzag pattern (see
El narsen 1965:47).

- Head up posture graded into swim behavior when the head up
swi mm ng was prolonged and the speed and direction of travel
was constant. Simflarly, in situations where the water was not
deep enough for swimmng, head up graded into walk behavior

Swi nming was necessary to counteract tide currents or wind and
to stay over a particular grass bed or to nove with incom ng or
receding tides to maintain an appropriate water depth for
feeding. Myvement during head up and head down was not
categorized as sw m behavi or.

For data analysis, head up, swim and wal k were grouped
together as an inactive or pause part of foraging behavior
Head down and tip up were grouped as the intake or active
portion of foraging. Both head down and head up behaviors were
ﬁart of feedln%. Al though brant constantly alternated between
ead down and head up, the relative durations of the two phases
of foraglng behavi or aPpeared to be a good indication of rate
of intake of eelgrass |eaves.

~ Spacing within a foraging flock was maintai ned both by

i ndi vi dual di stance and enforced guarding of famlies by

adults. A short burst of rapid swming with head and neck
extended far forward, probably acconpani ed by vocalization, was
used to repel offending or_|ntrud|ng birds. This agonistic
behavi or, both the aggre35|ve attacks and the sinple retreats,
was not el aborate and never prol onged.

~ Reaction to disturbance and watching for predators were
typically associated with an exaggerated alert posture with
head held high and neck straightened. Specific vocalizations,
or the lack of the constant chattering heard during foraging,
usual Iy acconpanied the alert posture. Vocal conmunication
may be el aborate and very inportant for brant, a gregarious
species found in flocks or colonies throughout the year. The
di stance at which our observations were nade, as well as high
anbi ent noise | evels caused by wind and waves, prevented data
coll ection on vocalization behavior of brant.

Preening, w ng stretchin%, bat hing, and a variety of
confort novenments were grouped as maintenance behavior

Resting and sleeping either with the head tucked or held

wi t hout novenment in a | ow position, whether the bird was
gtﬁnd]ng, sitting, swnmmng, or floating, were grouped as rest
ehavi or .

Al t hough continual readjustnent and sonme |ocal novenent
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occurred by swi nmmng, flight was used for nearly all novenents
around the lagoon. Brant are efficient and strong flyers and
make frequent flights under anﬁ_mnnd conditions. Short flights
to adjust feeding location within the same flock were the nost
frequent novenents and occurred several times per hour
Flights of 200 to 2,000 m between flocks were observed several
times within each tide period. Flights between foraging areas
or between roosting and foraging areas at distances up to 10 km
al so occurred several tines a day.

Detection and 10ss bhias in sampling

_ The presence of bias in sanpling behavior was

i nvestigated using six subsets of the continuous data.
Detection bias is ﬁresent_mhen frequency of the first observed
behavi ors from each individual brant do not correspond to the
proportion of total tine engaged in those behaviors. First
observed behaviors were not representative (Gtests, P<0.01) in
three of the six data sets (Table 4.1). The |argest

di fferences were due to under representation of head up
foragi ng behavior and this pattern was consistent over the 6
data sets (Table 4.1). Head up foraging occurred as the first
behavi or 10% | ess frequently than expected (t=-4.7, P<0.01).
Al observers tended to start their tinmed observations on an
individual with a nore defined category of behavior, such as
head down feeding. Also flight behavior was seldomthe first
observed behavi or (t=-4.0, P<0.05), a bias that was partially
caused because flocks in flight werenever chosen to be
sanpled. Al sanpling bePan with relatively stationary flocks
| ocated fairly close to blinds. Al other first observed
behavi ors, besides head up and flight, were not significantly
different in frequency than expected (Table 4.1).

_ Loss bias occurs if certain behavior patterns are nore
likely to be the last one observed for each individual. O the
six data sets, four had different frequency distributions for
the | ast behavior observed conpared to expected proportions (G-
tests, P<0.01). Rest and maintenance behaviors were over
represented as |ast behaviors (Table 4.1) because of the
frequent censoring of these |ong duration events by the end of
the sanpling period. The only significant bias (t=3.3, P<0.05)
found across all data sets was that flight behavior was |ast
observed “wth 1.3% frequency conpared to an expected frequency
of 0.5% Extended observation of brant in flight was usually
not possi bl e because the individual bird, and often the fl ock,
was |ost from view.

Detection and | oss bias were uninportant for nost types
of behavior. Although some differences in proportions occurred
for feeding, head up, rest, and flight behaviors gsee bel ow,
Table 4.4), these deviations had either a small effect on bias
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Table 4.1. Frequency of first and |ast observed behavioral events compared
to the e:qnectedci)roporuons based on transition matrix frequencies and
average event durations. Behavioral observations were made by 3 observers
(obs) recording 60-second samples of continuous behavior on individual
adult (ad) and hatching year (by) brant in nearshore foraging flocks at
Izembek Lagoon, 1985-1987. Gtest statistic at =0.01 indicates the
observed frequency distribution departs from expected proportions. T-test
indicates signif icant average difference fram 0.0 across the 6 data sets.

Feed TipUp HedUp Swim WAl k Maint Rest Alert agr Fly G

obs=FB, age=ad, n=2, 208 events

first event .374 .000 .206 .084 .008 .099 .214 .008 .008 .000 *
| ast event .275 .000 .275 .069 .008 .122 .229 .008 .008 .008 *
exp.prep.time.268 . 000 . 402 .093 .003 .122 .087 .020 .002 .003

obs=PB, age=hvy, nr=1, 009 events

first event .273 .000 .236 .036 .018 .236 .182 .018 .000 .000 ns
| ast event .164 .000 .309 .109 .000 .200 .200 .000 .000 .018 *
exp.prep.time.238 . 000 . 359 .068 .004 .250 .075 .002 .000 .004

obs=W, age=ad, N=2, 704 events

first event .526 .009 .248 .057 .013 .091 .022 .017 .017 .000 ns
last event .465 .013 .309 .048 .013 .104 .026 .004 .000 .017 ns
exp.prop.time.503 . 011 . 300 .047 .009 .094 .010 .013 .006 .006

obs=DW, age=hy. n=1,785 events

first event .673 .000 .185 .060 .006 .054 .006 .012 .000 .006 ns
last event . 536 .018 .226 .066 .012 .089 .006 .012 .012 .024 *
exp.prop.time.605 . 009 . 253 .062 .003 .044 .001 .014 .001 .009

cbs=RBS, age=ad, n=5,439 events

first event .579 .002 .119 .189 .017 .061 .007 .017 .005 .005 *
| ast event .548 .012 .217 .123 .002 .053 .014 .012 .002 .014 *
exp.prop.time.553 . 007 .198 .145 .013 .059 .001 .010 .004 .010

ocbs=BS, age=hv, r=1,672 events

first event .620 .007 .080 .160 .007 .093 .013 .013 .007 .000 *
last event . 624 .007 .181 .094 .013 .067 .007 .007 .000 .000 ns
exp.prop.time.643 (012 . 164 . 092 .010 .069 .002 .008 .000 .000

first - expected

avg.diff. .039 -.004 -.100 .013 .005 -.001 .045 .003 .004 -.004
t-val ue 22 -2.6 -4.7 .9 2.0 -.1 1.9 .8 2.1 -4.*(*)
P<0.05

| ast - expected

avg.diff., -.033 .002 -.026 .000 .001 -.000 .051 -.004 .002 .008
t-val ue -2.4 .8 -1.2 .0 .4 -.0 1.9 -1.8 .6 3.*:§

&0 .05
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or they were not consistent across all data sets. Because head
up behavior was frequent and of short duration, even with sone
bras in detection, the total tinme spent in head up behavior was
still accurately neasured. The |onger duration of flight and
rest behaviors caused nmore of a problem

For both flight and rest, the product limt nethod could
not produce ?ood estimtes of average event duration because
t he nunmber of censored cases greatly exceeded the nunber of
uncensored cases, and all of the |onger duration events were
censored. Therefore, because average duration of flight and
rest were underesti mated, the expected proportions for these
behavi ors were known to be under assessed, and consequent |
expectation for other behaviors were slightly overesti mated.
The transition matrix and event duration approach (Bradley
1985) can not be conpletely reliable if average event duration
Is not accurate. However, for the flocks observed, rest and
flight behaviors were infrequent and therefore these had a
small influence on total tine and proportions of behavior

Behavioral tine budget

The observed total time that brant were engaged in each
behavi or provides an unbiased estimte of proportions even if
event durations are censored by a short sanpling period,

rovi ded that detection and |oss bias are not inportant. The

requency of behavior events and the average duration of events
were estimated only to exam ne whether significant detection or
| o0ss bias exists (see above). The observed proportions of tinme
for each behavioral pattern (Table 4.2) were tabulated fromthe
conpl ete continuous observation data set for all adult and
hatching year brant. These proportions were alnobst identica
to expected proportions derived fromthe stable frequency of
the transition matrix nultiplied by the average duration of al
events.

The relative proportions of intake foraging and pause
foraging was strongly related to tide stage ?Ta le 4.3) and to
date, but not influenced by time of day (SAS procedure GIlI,
main effects) . The sane relationships held for both adult and
hatching year birds. Intake foraging was observed 15% nore of
the time at |ow and flood tide stages conpared with high and
ebb stages (Table 4.3). Total foraging tinme (intake plus
intervening head up, swim and wal k behaviors) did not change
with tide or tine of day. However for both adult and hatching
year birds, total proportion of time foraging was 10% hi gher
(91 and 93% respectively) between 9 and 22 COctober just

bef ore departure (see "Diet and Nutrition" section) conpared
wWith 79-83% for the other dates examned. Age class

i nfluenced the proportion of four behaviors ?SAS procedure
GlM) . Intake foraging accounted for 8% nore tinme and pause
foraging was 6% less In hatching year conpared to adult brant.



Table 4.2. Freguency Of occurrence and propertion Of time engaged in
various behavi ors by adult and hatching year brant as recorded by
continuous sanpling of nearshore foraging f |eeks (n=199) at Izembek
Lagoon, Al aska.

__Behavior
Feed TipUp HedUp SWi m WAl k Maint Rest Alert aggr Fly

Ault . 1,706 individuals, 21,022 behavioral events, 98, 530 sec

obs prop time .516 .010 .208 .105 .006 .070 .059 .015 .003 .008
mm. events 9409 426 8358 1442 140 654 211 243 102 37
avg. duration 5.4 2.4 2.57.2 4.3 10.5 27.5 5.9 3.2 21.5
transit. matx .439 .021 .419 .063 .006 .028 .006 .011 .005 .002
exp prop time . 528 . 011 .229 .100 .006 .064 .034 .015 .004 .009

Hatching vear: 840 individuals, 9,388 behavioral events, 49,182 sec
obs prop time . 557 .014 .189 .090 .004 .068 .064 .005 .001 .oos
mm. events 4288 225 3693 664 45 300 94 48 10 21
avg. duration 6.4 3.0 2.5 6.7 4.6 11.2 33.4 5.4 3.1 19.4
transit. matx .444 . 025 .418 .067 .005 .029 .004 .005 .001 .002
exp prop time . 570 . 015 . 212 .090 «004 .065 .029 .005 .001 .009

Comparison of flock scan and conti nuous sampling

Flock scan sanpling was conpared to continuous behavi or
sanﬁl|ng by two methods. First, for 33 flocks, both sanpling
met hods were used in sequence. Average paired differences did
not differ fromzero for any of the behaviors gt-tests,
P>0.05). Slopes did not significantly differ from1.0 and the
intercepts did not differ from0.0 (t-tests, P>0.05) in linear
regressions used to predict scan data based on continuous data.
An exception was head-up foraging which regression indicated as
significantly |less frequent by scan sanpling nethods. The
direction of this bias was the same as seen earlier when head
up foraging was under represented as the first observed
behavi or conpared wth expected proportions. However, the
results of this particular regression were greatly influenced
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Table 4.3. Average proportion of time for various behaviors summrized
b)r/ tide stage. Behavior was sampled by continuous 1 mnute observations
of individuals in foraging flocks in September and Octcber, 1985-88 at
Izembek Iagoon. The flock was the sampling unit. Unwei ghed averages
were cal cul ated using al | flocks that had more than tw adults, or two
hat ching year, or more than 2 individuals of either age. Intake included
head-down and tip-up foraging. Pause included head-up, swm and walk
foraging behaviors.

Ti de stage Behavior
(In) n | nt ake Pause Maint Rest  Alert Aggres

Adult
low <0.3 17 0. 60 0.27 0.10  0.016 0 .007 0.003
flood 0.3-0.9 39 0. 59 0.24 0.12  0.006 0.015  0.004

high >0.9 78 0.45 0.40 0. 04 0.088 0.013 0.002
ebb 0.3-0.9 33 0.43 0.38 0.07 0.073 0.027 0. 005
Hatching Year

low <0.3 14 0.68 0.20 0.11 0.000  0.007 0. 000
flood 0.3-0.9 28 0.68 0.20 0.09 0.006  0.017 0. 000
high >0.9 58 0.53 0.31 0.04 0.109 0. 004 0. 001
ebb 0.9-0.3 28 0.50 0.34 0.06  0.070 0. 001 0. 001

Ages combined

low <0.3 21 0.60 0.23 0.14 0.021 0. 009 0. 002
flood 0.3-0.9 45 0.59 0.25 0.11  0.009 0.019 0. 002
high X3.9 84 0.46 0.37 0.05 0.100  0.013 0. 002
ebb 0.9-0.3 37 0.45 0.39 0. 06 0.061  0.014 0. 005




by two data points and the rest of the data points indicated
good agreenent.

The high degree of scatter observed in all regression
rel ationships indicated that behavior of a flock can shift
rapidly in the time between two sequentlajlg t aken sanpl es or
during the 30-mn continuous sanpling period. Also the
variation in behavior annn% 30 individuals of a flock nakes the
estinmate of average flock behavior rather inprecise because of
sanpling error result|n? fromthe selection of only 30, _
individuals. Although flock scan and continuous behavior did
not usually differ, this test based on paired data for 33
flocks was not particularly convincing.

A second conparison between the two sanpling nethods was
made by exam ning average proportions for the various behaviors
using all the data collected by each nethod. The continuous
data were reanalyzed ignoring age classes (Table 4.3). Data
sets were divided by the four tide stages. The average
proportion for intake foraging, pause foraging, naintenance,
rest, alert, and agonistic behaviors were conpared and
i ndi cated remarkable agreement between flock scan and
continuous sanpling at all tide stages except high (Table 4.4).
From t hese 24 conpari sons of means, the only two that were
significantly different (t-test, P<0.05) were intake and pause
foraging at high tide. he continuous data at high tide showed
18% greater intake and 6% | ess pause foragi ng behavior
conpared to scan sanples

Rat her than a bias caused by the nethod used for behavi or
sanmpl i ng, which was sonehow only inportant at high tide, the
difrerence was nore likely due to bias in the selection of
fl ocks being observed. Wth continuous sanpling nethods
observed flocks had to be closer to blinds and viewed under
better weather and |ight conditions than with scan sanpling.
Those flocks that do not fly to roosts but instead continue to
feed at high tide nust forage nearshore, and these were nore
easily observed from blinds. In contrast, flock scans were
able to sanple flocks at greater distances fromshore and
;nclyded flocks roosting or feeding at low rates in open water

ocations.

Because detection and | oss bias were usually not inportant
and because of the agreenent between continuous and flock scan
sampling, flock scan methods were accepted to accurately
identify behavior events and to provide unbiased estimates of
proportions of time spent in each behavior. Because sanple
sizes of individuals per flock and the number of flocks
observed were both larger for flock scan data, and because scan
sanples were |ess restricted to nearshore |ocations, flock
scan data (Table 4.4) provided better estimtes of behavior
time budget. It was, however, limted by the lack of age
specific data.
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Table 4.4. Average proportion of tine engaged in various behaviors as
determined by flock scan sanpling of brant flocks in September and
Cctober, 1985-88, at Izembek Lagoon, Al aska.

Tide stage Behavi or
n | nt ake Pause Maint Rest Al ert Aggres
ore foraqing flocks
low <0.3 74 0.59 0. 26 0.10 0.02 0.025 0. 007

flood 0.3-0.9 125  0.58 0.28 0.10 0. 02 0.012 0. 005
hi gh >0.9 188 0.28 0.43 0.07 0. 20 0.013 0. 005
ebb 0.9-0.3 98 0.38 0.33 01.2 0.16 0.011 0.005

Barrier island roosting f [ocks
high >0.9 3 0.003 0. 04 0.42 0.51 0.029 0. 004

Factors influencing behavior

Ti de stage influenced the nean proportions of intake
foragi ng, pause forag|nF, mai nt enance, and rest behaviora
events tallied during flock scan observations (SAS procedure
GIM) . At high tide, the decrease (-32% in intake behavior
from59%to 27% was bal anced by changes in pause foraging
Eﬁ}ﬁf)ﬂifﬁt behavi or (+18%), and nmai ntenance (-3%) behaviors

able 4.4).

Alert and agonistic behaviors were not influenced by tide
stage. Date, tine of day, and year were not significant
factors (SAS procedure GIM) for any behavior

Study areas showed simlar patterns of intake foraging and
| arger flocks, particularly those over 1,500 birds, showed
hi gher intake foraging at all tide stages. Study area and
flock size factors, nested within tide staﬁe,_mere significant
(SAS procedure M) for intake foraging behavior, but not
significant for other behaviors.

Tine in flight

Repeat ed instantaneous scans of sections of the [agoon
were conducted at intervals of 30 or 45 sec to determne the
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average nunber of brant in the air. The proportion of birds in
flight at any instant out of the total number present

estinmates the average proportion of time an individual spends
in flight if |large enough sanples can be obtained to integrate
over tinme, individuals, "and conditions. A total of 6,6 651 scans
were obtained during 300 sets of sanples. Sanples with fewer
than 150 brant at either the beginning or end were excluded
(n=30, avg=8.9% flight) as these small sanples have greater
bias involved in calculating ratios. Al so excluded were
periods having aircraft or human related disturbance (n=8,
avg=4.3% flight). In contrast, those periods having natural

di sturbance from eagl es or unknown causes were included (n=22,
avg=5.9% flight) in the overall sanple.

The total sanple recorded 268,110 brant in flight. An
average of 40.3 brant were counted in flight and an average of
2,279.4 total birds were present. The tife spent in flight was
1. 77% (n=300, SE=0.44%). Brant passing through sections of
the lagoon in flight but that never landed in the area
accounted for an additional 0.11% (SE=0.26%) in flight.
However, because these birds were not part of the sanpled .
Eopulat|on, they were excluded. If all sanpling periods wth

nown or suspected di sturbance events were excluded, the
estimated percent of tine in flight was 1.26% (n=278,
SE=0.34%) .

Some flight occurs at night. Radio-tagged brant shifted
| ocations and occasional flocks were heard calling while flying
at night. Cear weather and noonlight may increase flight but
insufficient data were collected to document this. An
arbitrary assunption of the percent of time spent in flight at
night was nade at 0.9% half of the daylight estimate.

Behavi or _and frecuency of use of roosting areas

The behavior of brant at high tide using the shall ow
water sand flats inside operl |sland was sanpled on three
occasions. Behavior observed by flock scans averaged 51%
resting and 42% nmai nt enance behaviors (Table 4.4). In
contrast, nearshore flocks were rarely observed to show as much
as 50% rest and maintenance behaviors. Brant using the
roost|ng area inside the barrier islands consistently displayed
rest and’ maintenance behaviors. The |ack of eelgrass
precl udes intensive feedlnP, therefore presence of brant at
these roosting sites was clearly related to rest and
mai nt enance behavi ors.

The proportion of radio telemetry locations of brant in
roosting énon-vegetated) areas versus eelgrass foraging areas
was an I ndirect neasure of behavior that was not biased by the
shoreline locations of observation blinds. Brant were



classified as located either in foraging or roosting areas.

The frequency of these |ocations were grouped by categories of
tide height at- Grant Point and daylight versus night periods.
During daytime low tide and flooding tides nearly all brant

(98 and 92% respectively) were in foraging areas (Table 4.5)

At high and ebb tide 47% of the birds noved to roosting areas
(Table 4.5). At night the pattern was simlar but the nunber
of locations in foraging areas was reduced. During flood tides
at night, 64%were in foraging areas [tides below 0.3 m(1.0
ft) did not occur on the night sanpled]. At high and ebb tides
at )nl ght most brant (60-64% noved to roosting areas (Table
4.5).

Table 4.5. Number of [ocations of radio-tagged brant determined to be
either on foraging areas associated with eelgrass beds or on roosting
areas on non-vegetated mdflats. Al| determind | ONS based On

triangul ations of 2 to 4 azimths taken systematically at 20-mnute
internals fromshoreline or ri d%et Op antennas. Iocations are grouped by

four tidal stages and day ornighttimeperiods.

Ti de( rrhSt age Eelgrass Mudflat Undet. Total
Daylicht peri 0d (0830 - 2030)

low <0.3 128 98% 3 2% 7 138
flood 0.3-0.9 280  92% 23 8% 53 356
high >0.9 316 53% 280  47% 124 720
ebb 0.9-0.3 96 54% 81  46% 23 200

Night peri od (2030 - 0830)

low <0.3 0 0 0 0
flood 0.3-0.9 4 3 64% 24 36% 2 69
hi gh >o0.9° 22 36% 39  64% 1 62

ebb 0.9-0.3 68 40% 105  60% 0 173




Construction of 24 hour behavioral tinme budget

Data col l ected on behavior of brant was dom nated by
nearshore foraging flocks. Behavior varied with age of the
i ndividual and tide stage. Adjustment to obtain a 24-hr
behavioral time budget incorporated three additional factors:
percent of time in flight, relative number of birds usin
roosting versus foraging habitats at each tide stage, and the
relative duration of each of the daylight and night tide stage
periods (Figure 4.1).

Fl ock scan data (Table 4.4& provided the best estimates of
average time engaged in each behavior type. In foraging areas
behavior varied wth each tide period. Based on the average
di fference between behavior of adult and hatching year brant
(Table 4.3), the behavior of hatching year birds showed 8% nore
intake, 6% |ess pause, 1% less rest, and 1%/ ess maintenance
conpared to adults. Differences were simlar at all tide
stages, therefore they were added to all the flock scan
EehSV|or rates to obtain behavior estimtes for hatching year

i rds.

The flock scan data closely reflects behavior of adults as
approxi mately 80% of the population was adult birds in nost
ears. Nevertheless, for the two dom nant behavior types,
efore the adjustnent of flock scan data for hatching year
brant, the flock scan data was adjusted by -1% (20% of 8% for
intake and +1% (20% of 699 for pause to correct for the
i nfluence of the 20% hatching year birds observed in the flock
scan data. Resting and maintenance behavi or observed at
roosting sites (Table 4.4) was assuned to be independent of
tide stage and age of the bird. Follow ng these adjustments
for age, a time in flight of 1.8% during daylight and 0.9%
during night was al so added to the behavior flock scan data,
and consequentlg al | other behavior proportions were adjusted
by nultiplying by (1-0.018) or (1-0.009).

The nunmber of radio-tagged brant |ocations in each habitat
the (Table 4.5) determ ned a weighting factor proportional to
the total nunber of brant using each habitat at each tide
stage. Behavior proportions for each habitat were weighted to
conbine brant in the two habitats at each tide stage period for
bot h adult and hatching year birds (Table 4.6). Nocturna
behavi or was assuned to be equival ent to behavior observed
during the day for each habitat type. Thus, the reduced .
feeding at night reflects the increased use of roosting habitat
rather than a decreased rate of feeding in foraging habitat.

No data exist to show that brant |ocated on eelgrass beds at
night are not foraging.
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Table 4.6. Construction of 24-hour behavioral time budgets for adult and

year brant staging in September and October at

Izembek ILagoon,

hatching
Alaska . The proportion of time spent in each behavior was determined by

f lock scans at various tides (Table 4.4) and weighted by

t he proportion’ of

| ocations of radio-tagged brant within each habitat (Table 4.5) for both

daylight and night periods.

Ti de _ Behavi or Tide stage
stage Intake Pause Maint Rest Alert aggres Fly per 24 hrs
ADULT:
Daylight
low 0.555 0.261 0.105 0.029 0.025 0.007 0.018 0.138
flood 0.515 0.265 0.123 0.058 0.013 0.005 0.018 0. 096
hi gh 0.142 0.248 0.230 0.340 0.020 0.004 0.018 0.181
ebb 0.198 0.198 0.253 0.315 0.019 0.004 0.018 0. 081
Night
low 0.339 0.186 0.213 0.195 0.026 0.006 0.009 0. 051
flood 0.363 0.198 0.213 0.195 0.018 0.005 0.009 0. 057
hi gh 0.098 0.182 0.291 0.395 0.023 0.004 0.009 0. 252
ebb 0.148 0.159 0.297 0.367 0.022 0.004 0.009 0.143
24-hr behavi or weichted by habitat and tide stage
0.254 0.21.2 0.228 0.270 0.021 0.005 0.013
HATCHING YEAR
Daylight
low 0.635 0.203 0.095 0.020 0.025 0.007 0.018 0.138
flood 0.588 0.211 0.114 0.049 0.013 0.005 0.018 0.096
hi gh 0.184 0.216 0.225 0.334 0.020 0.004 0.018 0.181
ebb 0.240 0.167 0.248 0.310 0.019 0.004 0.018 0.081
Night
low 0.420 0.147 0.207 0.188 0.026 0.006 0.009 0. 051
flood 0.413 0.160 0.207 0.188 0.018 0.005 0.009 0. 057
hi gh 0.127 0.161 0.288 0.391 0.023 0.004 0.009 0.252
ebb “0.180  0.135 0.293 0.363 0.022 0.004 0.009 0.143
24-hr behavi or weighted by habitat and tide stace
0.300 0.178 0.222 0.264 0.021 0.005 0.013
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Fi nal adjustments were made by wei ghting these behavior
rates determned for each tide stage by the overall proportion
of time at each tide. Tide tables for Gant Point and sunrise
tabl es (uspe 1985, 1986, 1987, 1988) were used to generate the
average time at each tide stage during daylight and night
peri ods éFlgure 4.1). Tabled data were used from four years,
1985-1988, and from 13 September to 5 Novenber each year. This
54 day Per|od represented the average arrival and departure
dates of radio-tagged brant from the Yukon-Kuskokwim Delta in
1987 and 1988. Daylight was defined as extending from 30 min
before sunrise to 30 mn after sunset. Tide height was
interpol ated between tabled high at |low tide height values for
any tinme using a sine wave function over 180 degrees, thus
assigning a snooth sigmoid shape for change in tide height.
The tabulation of a systematic sanmple every 20 mn (n=16,128)
determ ned the overall frequency and proportional duration of
each tide period (Table 4.6). The average 24-hr behavior was
then calculated for adult and hatching year brant _
appropriately weighting and combi ning each tide stage period
(Table 4.6).

DI SCUSSI ON

The nunerous steps and factors incorporated into the

derived 24-hr behavior enphasize the need to carefully
consi der sanpling design and potential biases in behavioral and
energy budget studies on waterfow (Baldassarre et al. 1988,
Jorde and n 1988). The tide-dom nated patterns and the
constant novenent of brant anong eel grass beds and roosting
?reas t hroughout the [ agoon conplicated data collection at

zembek.

Radio telemetry was used to determne time spent in each
habi tat and these proportions were then used to weight the
behavi oral observation data. Similar techniques have been used
in determning tine budgets of wintering black ducks (Anas
rubripes) (Morton et al. 1989).

Rapi d scan sanmpling for behavior of flocks proved tobe
essentially unbiased and was a nore efficient and |ess
restrictive method than recording continuous behavior
Repeat ed 'scan sanples to quantify flight behavior was an
important and particularly useful sanpling nethod.

Wien actively foraging on eelgrass at [ow tide, adult
brant spent 60% and hatching year birds spent 68%of their time
actively feeding head down plus an additional 27% and 20%
respectively, handling food itens, searching for suitable
plants, and constantly swnmng to maintain position over the
grass beds.  Conbined,” these intake and pause phases of
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foragin? behavior represented 83 to 88% of total time observed
during low and flooding tides (Tables 4.3, 4.4). The high rate
of feeding during flooding tide was related to the continued
availability of eelgrass beds covered by shallow water as brant
shifted their foraging locations fromcentral beds near |agoon
entrances to nearshore beds at the periphery.

In areas farthest from the |agoon entrances, the timng of
tidal cycles is also delayed by slightly over an hour conpared
with Gant Point. By constant novenment brant can forage at low
tide conditions throughout the period of [ow and flooding tide
Because assimlation rate of natural forage by brant is quite
| ow (Buchsbaum et al . 1986L , they nust consune |arge amunts of
food in order to gain weight (Osen 1972, 1975) and a large
fraction of the total time is needed for brant to meettheir
nutritional requirenents.

This intensity of foraging is greater than reported for
other species of geese at fall staging areas. Lesser snow
geese staging at the end of August on the northern coastal
?Ialn of Al aska were observed grubbln? and searching for food
for an average of 59-47%of the time for adults and 76-67%for
juveniles (Brackney et al. 1986). These averages were derived
dur}ng 4-hr time periods throughout the day with the m dday
ggr|o s having the lower rates. Snow geese observed Qctober to

cenber in Nebraska showed 22% feeding for adults and 39%
feeding tines for juveniles (Frederick and Klaas 1982).
(oservations of cackling Canada geese on the Al aska Peninsul a
in Cctober indicated that adults spent 53% and juveniles spent
83% of the time feeding (Sedinger and Bollinger 1987).

A simlar behavioral tinme budget was observed in w nter at

San Quintin, Mexico (Kramer 1976), where brant feed on
eel grass.  Behavioral observations indicated that brant foraged
90% during ebbing tides, 80% at |ow tide, and 70% just before
and after high trdes. This study did not include estimtes of
flight time or roosting tinme on the ocean inmediately adjacent
to the estuary. Oher behaviors observed such as maintenance

10% , rest 8%@&, swm (3%, alert (0.8%, and aggression

0.19? were simlar to those made by brant at Izembek. The
sane or%§|ng postures were observed at Izembek as reported by
Kramer (1976). Tip-up, grazing, and detrital feeding were nore
frequent for brant at San Quintin conmpared with birds at
Izembek. This would support the contention (Kraner 1976) that
di sturbance from hunting and boats caused limtation and
di sruption of optimal feeding behavior

The ability of brant to conpensate for [ost feeding tine
caused by disturbance is linmted because the observed intensity
of foraging behavior during low and flooding tide stages is
already high. For instance, if during all Tow and flooding
tides during daylight brant increased their foraging behavior



to 100% (instead of 83-88% of the time, and if no birds
(instead of 2-8% used roosting habitat, brant would only

I ncrease the proportion of 24 hr spent at intake foraging to
0.290 for adults and to 0.337 for juveniles. These increases
are only 14% and 12% above current |levels for adult and
hatching year brant. As an upper linit of conpensation, brant
could forage continuously day and night. This change woul d

i ncrease intake foraging to 0.508 of the total time (100%
Bnigease) for adults and 0.587 (96% i ncrease) for hatching year
i rds.

The ability to further increase foraging above this
al ready sonewhat inprobable 100% i ncrease depends on a series
of increasingly 3uest[onable assunptions concerning rate of
food intake, food availability, food qgallty, assimlation
rate, equal foraging efficiency at night, and no requirenent
for maintenance or rest behaviors. An upper limt for intake
feeding woul d be double the current rate.

This exploratory anal ysis of reducing sone observed
behaviors (Table 4.4) and habitat use (Table 4.5) proportions
and maxi mal |y increasing foraging behavior to conpare wth
Table 4.6 results was based on maintaining the observed ratio
of |ntake.éhead down) versus pause (head up plus swm foraging
at each tide stage. Total foraging time was increased but this
ratio that presumably reflects actual intake rates was the
same.  This assunption was reasonabl e because limts nust exist
in the rate that brant can find and ingest eelgrass With
I ncreasing water depth.

Sonetines at high tide flocks were observed in an unusua
pattern characterized by widely scattered, evenly spaced
I ndividuals. These flocks were apparently feeding on floating
detrital eelgrass fragnents This flock pattern was usually of
short duration (less than an hour& as brant continually
departed such flocks to join flocks at roosting areas. One
interpretation is that this indicated it was energetically nore
costly to continue foraging at low intake rates than to stop
foraging and nove to shallow (non-vegetated) roosting habitat.
The assunption that brant could successively forage all the
time in order to conpensate for |lost time and energy during
di sturbance responses is unrealistic.
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CHAPTER 5: BEHAVI ORAL RESPONSE TO DI STURBANCE

The relative intensity of various man-caused di sturbance
stimuli and the influence of disturbance on the birds’ time
budget were indicated b% the behavioral responses of geese.
This section conpares observed responses anobng various types of
di sturbance stinuli.

Fl ock behavior was a useful quantitative measure of
di sturbance because it was observed froma distance and
unbi ased by factors that m ght be caused bY mani pul ation or
restraint of animals. The percentage of flocks responding
and/or the duration of their response may provi de good nmeasures
of stinulus intensity. Conparison of responses can determne
types of aircraft that provoke the |east response from geese.
Factors associated with the aircraft (en%lne type, size,
distance fromthe flock, flight speed, altitude) or correlated
with the stimulus situation %t|de stage, date, species,
| ocation) provide information useful to mnimze inpacts and
establish guidelines for regulations.

_ Di sturbance to avian species, particularly waterfow , by
aircraft and other human activities has been frequently
observed and studi ed (pahlgren and Korschgen 1988, Herter and
Koski 1988). Mich of the information is presented without
sufficient quantitative detail for conparisons between studies,
however, it seens that response to disturbance is unique for
each species, time, and location. Results from other studies
may not apply for brant at Izembek.

Brant have been observed to respond to aircraft at nost
stages of their annual cgcle including molting (Sinpson et al.
1980, Derksen et al. 1982, 1988, 1989), mgration (Jonesand
Jones 1966, Jones 19733 and wintering (Kraner et al. 1979,

Onens 1977, Henry 1980). Durin nest|nﬂ, brant are nore
tolerant of aircraft or at |east they show a reduced tendency
for flight response (D.H. Ward pers. ohs.? per haps because they
are attentive to incubation and defense of nest territories.
Most observations of disturbance have been made on brant during
winter. “Owsens (1977) found that aircraft disturbance caused
twice as many wi ntering European brent geese to fly when
conpared with human disturbance. At San Quintin, Mexico, brant
took flight while lowflying aircraft passed over the |agoon

Kramer et al. 1979). Henry (1980) observed flocks of brant

i sturbed by aircraft flights over Hunboldt Bay, California.

Brant respond to many types of aircraft but appear to be
most alarmed by helicopters (Gollop et al. 1974, Derksen et al.
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1979, Murphy et al. 1989). Aircraft werethe nost frequent
cause of disturbance to nolting brant on the North Sl ope of

Al aska (Sinpson et al. 1980) and helicopters tended to disrupt
flocks of Dbrant longer than fixed-wing aircraft. However, on
the North Sl ope of aska and Yukon Territories, Davis and
Wiseley (1974) observed that flocks of |esser snow geese were
Brone to flush equally in response to experinental overflights
y swﬁ | fixed-wing (Cessna 185) and rotary-w ng (Bell 206- B)
alrcraft.

The duration and frequency of response affects energetic
bal ance through | oss of feeding time and increased energetic
expenditure due to alert and flight behaviors. D sturbance by
aircraft can reduce brant foraging efficiency by causing
interruptions in feeding bouts and displacenent from preferred
habitats. Aircraft overflights prevented flightless brant from
feeding 2.4% of the time (Sinpson et al. 1980). Davis and
Wiseley (1974) estimated that experinental overflights by
fixed-wing aircraft at a rate of 0.5/hr woul d cause staging
| esser snow geese to decrease feeding tine by 8.6% which coul d
result in a 20%reduction in energy reserves.

_ Specific objectives of our research on goose response to
di sturbance at Izembek were four-pronged:

1) determ ne frequency and distribution of disturbance
events and human activities,

2) conpare the responses of brant, Canada and enperor
geese to disturbance

3) quantify factors such as aircraft type, lateral distance,
and altitude that deternm ne both the nagnitude of response
and the distance at which flocks show response,

4) determne the relative inportance of other factors (e.g.
tide stage, tine of day, flock size, social facilitation)
that influence the nagnitude of the disturbance response.

METHODS

Two"categories of stimuli were used to investigate the
response of geese to disturbance at Izembek Lagoon. These were
terned incidental and experimental disturbances defined by
whet her the stimuli occurred I ndependent of our project or were
specifically introduced as part of this study. |Incidenta
di sturbance stimuli were caused either by human activities or
by other animals such as eagles or falcons. Sources of
incidental human-rel ated disturbance included hunters, boats,
commercial aircraft, US. Coast Guard helicopters, and USFwWs
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survey aircraft conducting aerial counts. Experinental

di sturbances were initiated by aircraft chartered to fly al ong
pl anned routes. This procedure allowed greater precision in
measuring the distance and altitude to the aircraft at the tinme
of a flock’s response.

The behavioral response of geese was measured in the sane
way regardless of the type of stinmulus. The intensity of the
response was quantified using a system adapted fromwork on
snow geese by Davis and wiseley (1974). In increasing order of
energy expenditure these behavioral responses could be
observed:

1) No change - ongoi ng behavi or continued.

2) Alert - head raised, neck straightened

3) Mss - swimming into tight group wthout flying.
4) Flight - subdivided into three categories:

rise flights of short duration within the foraging
area originally occupied by the flock;

circle flights up to a few mnutes duration with
birds returning to the same foraging area; and

depart flights when birds noved to a new |ocation
outside the study area.

The percent of birds in the flock exhibiting each |evel of
beha%|oral response was estinmated for a potential disturbance
stimul us

- Flocks were the sampling unit. A flock was a spatially
distinct group usually including several hundred to a few
thousand rndividuals. In sonme cases flock menbers were
di spersed or spread across an eelgrass bed for over 1 km
therefore an arbitrary subdivision of the flock was selected
for observation before experinental or incidental disturbance
events.

Response of a flock could be influenced by the behavior of
other nearby flocks. Such social facilitation was indicated in
observations of adjacent flocks taking flight before the
stimulus reached the flock under observation

[ nci dental disturbance

Al potential disturbance factors including aircraft,
avian and mammalian predators, people, boats, and gunshots were



moni tored at each study area in fall of 1985-1987. For each

di sturbance event the followng information was recorded: 1)
cause of disturbance, 2) distance fromflock to stinulus when
the flock first reacted, or if there was no reaction, then the
di stance at closest approach, 3) altitude of aircraft, 4) tide
hei ght, 5) tinme of_day, 6) wind direction in relation to the
anroach of the stimulus toward the flock, 7) species, 8)
flock size, 9} dom nant behavior of the flock prior to

di sturbance, 10) distance of the flock fromshore, 11)
direction of stinulus approach either towards or nostly lateral
to the flock, 12) percent of the flock exhibiting each
behavi oral response, 13) duration of flight response if it
occurs, and 14? total duration of the response. Flight
duration was defined as the tinme required fromflight
initiation until 50% of the flock returned to the water, and
total duration of the response was the tinme required for 90% of
the birds to return to their pre-disturbance behavior.

Observations were recorded on cassette tape which enabl ed
behavi oral response and duration to be determ ned for severa
flocks during a single disturbance event. VHF radios were
sonetimes used to monitor aircraft conmunications. Know edge
of approaching aircraft and information on altitude, direction
of travel, and weather conditions were gathered from
conversations between pilots and Cold Bay flight service
personnel. Aircraft altitude and distance between the aircraft
and the flock were estinmated for the non-experinental aircraft.
Al t hough cloud ceilings, maps, |andmarks, and experience of the
observer hel ped, the altitude and distance estimates for non-
experinental aircraft were not precise.

_ Di sturbance stinuli were not equally detectable. For
distant flocks, the cause of natural disturbances (e.?. eagl es
fal cons) sonetimes was not identified until after a flock
responded and the area was carefully searched with binocul ars.
In some instances no stinulus was detected. These disturbances
were classified as an unknown stinmulus type. W suspect these
represented unobserved eagl es or instances when a few
i ndi vidual birds became agitated and the flock responded to
social cues despite the lack of an external stimulus. In
contrast to the vagaries of natural disturbances, aircraft were
heard and visible to observers at considerabl e distances and
their detection was not conditional on brant response.

Experimental di sturbance

Aircraft altitude, lateral distance, and actual distance
fromthe aircraft to flocks of geese were nmeasured with greater
preci sion during controlled experimental overflights than
during incidental flights. Experinmental fliﬁhts wer e conduct ed
on 57 days in Septenber and Cctober during the four years of
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this study, 1985-1988 (Table 5.1). Five categories of aircraft
were used for experimental overflights: single-engine airplanes
£Ar ctic Tern, Piper 150 Super Cub on floats, Cessna 180, Cessna
06 on anphibious floats), tw n-engine ai rpl anes $P| per Navajo
twn, Gumman Goose, DeHavilland Twin Oter), nulti-engine
Lockheed C-130 Hercules), small helicopters (Bell 206-B Jet
nger, Hughes 500-D), and Iar?e hel i copters (Bell 205,
Si korsky HH-3F). Each flight followed established routes and
altitudes. Air speed was naintained at normal cruising speed
in level flight and differed anong aircraft types.

Table 5.1. Nunber of days of experinental aircraft overflights
at Izembek Lagoon, Al aska, 1985-1988, the number of flocks
observed, and the nunber of flocks with suitable data and sanple
sizes for response surface analysis.

Aircraft Year Tot al Tot al Fl ocks used
type 85 86 87 88 days flocks in analysis
Pi per 150 5 6 1 2 14 242 237

Cessna 180 2 2 45

Cessna 206 2 2 2 2 8 100 100

G umman Goose 1 1 25

Twin Oter 5 5 21

C 130 cargo 1 2 2 5 74 69

Navaj o twn 2 2 4 169 145

Bel | 206-B 3 4 1 8 417 387

Hughes 500-D 3 3 70 70

Aerosp. Puna 1 1 4

Si korsky HH 3F 1 1 45

Bel | 205 5 5 419 419

Total s: 12 22 11 12 57 1,631 1,427




Flightlines (Figures 5.1-5.7) were arranged to begin and
end at visible landmarks on | agoon or |ake shorelines, pass
over or near each study area, and maintain at least a 15- to
20-min interval between repeated passes. In a few cases,
unschedul ed aircraft radioed their flight line to an
observation blind prior to approach, and these flights were
used as experimental flights with accurate distance data.
Appendi x D (Tables D1~D4) is a sumary of sanples obtained for
various aircraft, altitudes, species, and numper of flocks
observed during experimental aircraft overflights for each
year.

Data col | ection procedures were devel oped for experinmental
overflights to inprove the accurately estimted di stance and
timng of response by geese. Maps of each study site were
drawn from aerial photographs and included start and end points
of experinmental flightlines. Prior to an overflight, the
observer at each study site sketched | ocations of flocks on the
map. During each passby, an observer in the aircraft announced
the exact time when the aircraft was over the start and end
Boints of the flight line. On the ground, observers in the

l'ind sinultaneously recorded these transm ssions on
continuously running tape and added their observations of the
fl ock reactions.

~ Wth straight and |evel overflights at constant speed,
this nmethod enabled later interpolation and mapping of aircraft
position at the P0|nt along the flight line that corresponded
to the time of flock response. Actual distance (aircraft to
flock) as well as the |ateral distance (perpendicular distance
fromthe flock to the aircraft flight line) were measured to
the nearest 160 m (0.1 m) fromstudy area maps. The distance
did not include altitude of the aircraft; two-dinensiona
cal cul ations rather than three-dinensional slant distances were
sufficiently accurate.

Dat a _analysis

Mat hematical functions were derived to express the
response of brant to disturbance stimuli. Two approaches were
used to find equations that best fit the data and reveal ed
consi stent patterns across the various aircraft types.
Response was neasured by (1) the Broport|on of birds in each
flock that showed a response, or by (2) the proportion of
flocks that exceeded a particular response level. Both data
sets yielded simlar values because the behavioral response
observed in flocks nost often involved 100% or O% of the
individuals (Figure 5.8). Averages were not weighted by flock
si ze.
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Fiaure 5.1. Number. position, and orientation of flight paths made by
cessna 180, 185, and 206 aircraft during experinental -overflights at

Izembek Lagoon,

Al aska, between 3 and 18 Cctober, 1985.

Bristol Bay
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Fi gure 5. 2.

a Bell 206-B Jet
Izembek Lagoon,

Nunmber ,

position, and orientation of flight paths made by

Ranger helicopter during experinmental overflights at
Al aska, between 30 September and 3 October, 1985.
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Figure 5.3. Number, position, and orientation of flight paths nade by

Arctic Tern, Cessna 206, Piper Navalj 0o, DeHavilland Tw n Otter, G umman
Goose fixed-wing aircraft, and a Befl 206-B Jet Ranger helicopter

during experinental overflights at 1zembek Lagoon, Al aska, between 1s
September and 31 Cctober, 1986.
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ﬁi_on of flight paths nade by

rient
I ghts at Izembek Lagoon,

Figure 5.4. Nunber, .position, and
over

a Si korsky HH 3F during experimenta
Al aska, on 26 Septenber, 1986.
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Figure 5.5. Nunber, position, and orientation of flight paths made by
Piper 150, Cessna 206 fixed-wing aircraft and Bell 206-B Jet Ranger and
overflights at Izembek Lagoon,

Bell 205 helicopters during experinental
Al aska, between 23 Septenber and 18 Cctober, 1987.
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Figure 5.
a rcul es G l%beJu“ %SIetxlpoenH menfjaf)r 13 Ht gf aIl 'Iggxtnbgatltl goor(lj,e by
Alaska, on 1 and 15 Cctober, 1987.
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Fi gure 5.7. Nunber, position, and orientation of flight paths
made by Piper 150, Cessna 206, and Piper Navajo tw n fixed-w ng
aircraft, and Hughes 500-D helicopter during experinental
overflights at Izembek Lagoon, Al aska, between 29 Septenber and
19 Cctober, 1988.
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Figure 5.8. Frequency distribution of the percentage of birds
s A Esamas, enended Phokgokn | AP of© (K. YE O 5 hGRBFE
alrcraft include jets and nulti-engine airplanes.
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Mat hematical analysis of the two data sets was different.
The first nethod used |l east squares |inear regression (REG
procedure, sas. 1986) to find variables that best predicted the
proportion of brant that responded in each flock. Response was
defined as any |evel of response (alert response or greater) or
as flight response (rise, circle or depart) . The equation
derived used the logit transformation, log(p/(1-P)), of the
ﬁroport|on (P) of individuals responding in each flock. One
undred percent response was assigned a value of 5.293
(=log (0.995/0.005)) and O% response a value of -5.293. Al
logs are natural logarithnms. The response proportion can be
obtai ned fromthe logit value by cal cul ating
P= exp(logit)/(1+exp(logit) ).

The second nethod invol ved anal ysis of a category variable
that related to whether or not a flock showed a response.
Alert (RESPOND) response was coded either 1 or O depending if
at least 10% of the flock showed any type of response. FLIGHT
response was either 1 or Oif at least 10%of the flock flewin
response to the aircraft. An equation was determ ned that best
predicted the frequency of RESPOND or FLIGHT categories; that
IS, the probability that a flock would show a response.
Logi stic regression (CATMOD procedure, SAS 1986) determ ned.
coefficients for these equations, also expressed in the logit
scal e, u3|ng_naX|nun1!|keI|hopd met hods for anal yzing factors
entered as direct variables with the M. and NOGS options (see
SAS 1986:222).

~ After nunerous trials with many conbinations of variables,
a single consistent set of variables was selected that was
often significant across aircraft types and meaningful in the
managenent context of the study. Lateral distance, lateral
di stance squared, altitude, and altitude squared were used to
determ ne a quadratic response surface to disturbance in the
logit scale. Lateral distance was nmeasured in mles and
altitude nmeasured in thousands of feet. Each aircraft type was
anal yzed separately.

Unexpl ai ned or residual variation was examned with
stepwi se linear regression (STEPWSE procedure, SAS 1986). The
residual was cal culated for each case as the logit of the
percent of brant responding mnus the predicted logit response
using the | east squares regression with the logit _
transformation. Variabl es considered included tide height
(ft), tide flow (ft/hr), tine of day (09 to 18 hr), flock
size, date (sept |st= 1), presence or absence of social
facilitation (1,0), presence or absence of feeding behavior
(1,0), tide stage of low, flood, ebb, and high (1 to 4),
presence or absence of stinulus upwind from flock (1,0),
nunber of consecutive days of stinulus presentation (days Oto
4), and year (1 to 4 for 1985-1988).
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Table 5.2. Frequency of potential incidental and experimental disturbance events

for all geese during fall at 1zembek Lagoon, Alaska, 1985-1987.

Total Mean number HUMAN DIsTURBANCES NATURAL D1 ST URBANCES
hours of Days of distur -
obser - in bances Fixed -wing aircraft Rotary-wing Other Bird
Year vat ion blind per hour A S A T AG AH AM AJ A HS HK HL B Gb pc E F e} M U Total
Incidental
1987 853.7 48 1.0 (2.0)8 n 127 60 0 19 72 140 67 - - - 19 32 11 193 36 31 8 56 871
X 14.6 6.9 0 2.2 8.3 16.1 7.7 - - - 22 3.7 13 222 41 3.6 0.9 6.4
1986 79a .6 32 1.1 (2.3) n 93 75 14 52 72 61 19 - - 7 24 23 23 275 30 10 1 77 856
x 10.9 8.8 1.6 6.1 8.4 7.2 2.2 - E 0.8 2.8 2.7 27 321 35 1.1 0.1 9.0
1985 259.5 25 1.2 (2.0) n 18 33 7 3 6 1 7 0 7 . . 10 13 62 11 8 6 1 1 311
X 5.8 106 23 01 196 225 23 . . 3.2 42 199 35 26 19 0.3 0.3
1.1 (2.1) n 238 168 21 74 205 27 93 - - 17 56 117 45 476 72 42 10 133 2038
Totals 1911.8 % 11.7 B.2 1.0 36 101 133 46 : : 0.8 2.7 5.7 2.2 23.4 35 2.1 0.5 6.5
Experimental
1988 n 9 7 7 8 - 13 2 - 161 - 4 - - - - - - - - 355
% 273 33.0 - 3.7 0.6 - 45.3 - 11
1987 n 76 - - 61 LR 562 - 813
X 9.4 - - 7.5 . . 14.0 69.1 -
1986 n 228 209 S8 37 404 - 61 - - 997
X 229 210 58 3.7 - - 40.5 - 6.1 - - -
1985 n 131 - - 6 9 N _ - 200
% 65.5 - - 345 - -
n 532 287 58 111 2 - 748 562 65 - - - . . . . : 2365
Totals X 22.6 121 25 4.7 0.1 - 31.6 23.3 2.7 : :

Fixed-wing aircraft: AS - Single-engine propeller (e.g. Piper 150, Cessna 206, Cherokee Chief);

Al - Twin-engine propeller (e.g. de Havilland
Iwin Otter, Piper Navajo); AG - Grumman Goose; AH -

Heavy tuwin-engine propeller (e.g.NAKMC YS-11, Douglas DC3y; AM -

Multi-engine propeller - (e.g. Lockheed c-130 Hercules, Electra L-188); AJ - Jet (e.g. Boeing 727.200, Gulf stream IlI);
A - Unidentified aircraft.

Helicopter: HS - Small (e.g. Bell 206-B, Hughes 500-0); HK - Large (e.g. Bell 205);

HL Larger (e.g. Sikorsky, HH-3F, Aerospatiale Daviphin).
Other: 8- Boats; G - Gunshots; P - Person.

Bird: E "Eagle (e.g. bald eagle); F - Falcon (e.g. gyrfalcon, peregrine fatcon); o

other birds (e.g. rough-legged hawk, northern harrier,
common raven) .

Mammal: M - Mammals (e.g9.wolf, red fox, river otter, brownbear).
U - Unidentified cause.
‘)= mean number of potential disturbances per hour including experimental

b Includes eight combined gunshot and Pefrson disturbances.
C

overflights.

Includes one vehicle disturbance.

G6
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RESULTS

Freaquency Of incidental disturbance

- During September to Novenber, 1985 to 1987, 2,038

i nci dental (independent) disturbance events were recorded in
1,911.8 hr of daylight observation (Table 5.2; see Appendix
Tabl es D5-D7 for annual summaries). An event is defined as an
observation of a flock’s behavioral response -- including no
det ect abl e change in behavior (no response) -- to a potentia
di sturbance stinul us.

Mean nunber of incidental disturbance events was sinmlar
inall years, averaging 1.07/hr of observation (Table 5.2).
Aircraft (53% n=1,070 of 2,038) caused the nost frequent
human-i nduced di sturbances and bal d eagl es (23% n=476) were
the nmost conmon natural stimulus each year (Table 5.2) and
among study areas. Aircraft accounted for 83% of all human-

i nduced disturbances and occurred at an average rate of 0.57
events/hr (Table 5.3) . Jets (25%, single-engine (229, multi-
engined (19% , and small tw n-engine (179 aircraft dom nated
the list. Helicopters accounted for 1.6%of all aircraft

di sturbance events. Qther human-induced events such as hunters
and/ or gunshots (6%, boating (3%, and persons on foot (2%
were of |less inportance during the study period.

~Mst hunman-rel ated di sturbance was confined to the centra
portion of the lagoon. Aircraft incidence occurred Prlnarlly
within the Instrunent Flight Rules (IFR) and Visual Flight
Rul es (VFR) corridors (Figure 5.9). Large aircraft (jet,
mul ti-engine, and heavY tw n-engine) used the IFR and VFR 1 and
2 corridors, while smaller commuter airplanes (Piper Navaho
Twin and Cherokee Chief) also used the VFR 3 corridor. Rates
of all other human-related events, including hunting, boating,
or people on foot, were greatest near GP, HP, and oM study
areas (Figure 5.10). These areas are within 1 kmof the road
fromCold Bay. On four occasions, large fishing boats from the
Bering Sea were observed notoring through the central portion
of the lagoon. None were present |onger than 24 hr

_ The study occurred during a tine of relatively few human-

i nduced disturbances. Mean frequency of aircraft take-off and

landings at the Cold Bay airport per nonth in fall during years

of the study (1985-198 R were 10 to 31% | ower than the 13-year

mean for 1976-1988 (Table 5.4). In fall of 1984 during a tine

of increased Petroleum exploration, aircraft traffic was 33-49%
reater than for any year of this study_and 27% hi gher than the
3-year nmean (Table 5.4). Spring traffic at the Cold Bay

airport was simlar to that of fall, and both levels were

hi gher than during wnter.



Table 5.3. Rate of potential disturbance events for all geese at
Izembek lagoon, Al aska, during fall from 1985 to 1987. No
experimental disturbances are included.

Disturbances per hour of ocbservation
Disturbance type 1985 1986 1987 Total
Human
Aircraft
si ngl e-engi ne 0.07 0.12 0.15 0.12
twin-engine 0.15 0.11 0.07 0.10
multi-engine® 0.25 0.16 0.11 0.15
Let. 0.27 0.08 0.16 0.14
elicopter 0. 04 0.01 0.00 0.01
uni denti fi ed 0.03 0.02 0.08 (0403
Subtotals 0. 81 0.50 0.57 0.57
Pecple 0N footP 0.28 0.06 0.05 0.08
Boats 0.05 0.03 0.02 0.03
Totals 1.14 0.58 0. 64 0.68
Natural
Eagl e 0.03 0.34 0.23 0.25
Fal con 0.02 0. 04 0. 04 0. 04
Cther animals 0.01 0.01 0.05 0.03
Totals 0. 06 0.39 0.32 0.32
Unknown 0.00 0.10 0.06 0.07
Grand totals 1. 19 1.07 1.02 1.07

‘I ncl udes heavy twin-engine aircraft.
Includes gwsho)tl:s and Oﬁe ve%l cle event.



Figure 5.9. Potential aircraft disturbance events recorded per
hour of observation at each blind and aﬁ)proxi mate | ocations of
I nstrument Flight Rules (1FR) and Visual Flight Rules (VFR)
corridors at Izembek Lagoon, Alaska, during fall of 1985-87.
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Figure 5.10. Approximate |ocations and frequency of potenti al
human-rel ated (excluding aircraft) disturbances per hour of
observation at 1zembek Lagoon, Alaska during fall of 1985-87.
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Table 5.4, occurrence Of aircraft landings and take-offs at Col d Bay
airport, Al aska, during fall (September-November) , winter (December-
February) , and spring (March- May) o? 1984- 1988 and cambined years of
1976-1988. Data campiled from Federal Aviation Admnistration records
(J. Yakal and J. Maxwel| pers. cam).

Year
Season
1984 1985 1986 1987 1988 1976- 88
Fall 1151 762 652 766 581 841
SE 261 248 152 254 140 153

range 849-1309  488-964  482-781  485-977  409-692 409-1309

Winter 708 476 449 ND ND 532
SE 90 104 60 93
range 604-763 383-589  381-491 316- 763
Spring 819 670 708 568 ND 738
SE 457 141 249 144 104
range 528- 1346 574-831  550-995  466-733 393-1346
ND No dat a.

Waterfow hunting at Cold Bay was reduced conpared with
years prior to the study. A 1982-3 survey of recreational
activities made at INWR indicated that 25% of the |ocal
popul ation and up to 2,000 non-residents participated in
waterfow hunting (USFWS 1985). The closure of enperor goose
hunting in 1986 and the shorter hunting season and snaller bag
limts for brant in 1987 may have reduced hunting efforts by
locals, as well as decreased nunbers of non-resident hunters.
G her human activities near the |agoon were mnimal during the
study period and were believed to be lower than in other years
(Usrws 1985, c.p. Dau pers. comm.).

Bal d eagles were the nost frequent cause of disturbance
unrelated to human activity, accounting for 79% (Table 5.2) of
al | known natural disturbances and occurred at an average rate
of 0.25/hr of observation (Table 5.3). Bald eagles preyed on

eese both fall and spring. The highest rate of eagle _
I sturbances occurred in the, southern end of the |agoon which
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contained the greatest concentrations of geese (Table 5.5).
Eagl es were present in |ow nunbers (cl1O birds) 1 n Septenber and
increased to nmore than 25 birds by md- to late-Cctober. The
rate of eagle disturbances per hour of observation rose from
0.11/hr before 9 Cctober to o0.52/hr after that date.

Table 5.5. Rate of eagle disturbances per hour of observation
within study areas of Izembek Lagoon, Al aska, during fall of
1985-1987. ~ Location of study areas are shown in Figure 2.1

Mean nunber of eagle disturbances

Study area per hour of observation
Nor ma Bay 0. 57
Appl egate Cove 0.34
Bandi ng | sl and 0.17
Gant Point*® 0.05
Hal f way Poi nt 8.%%

Round ‘1 sl and’

@ |ncludes observations from GNand GE (see Figure 1.2 for
. locations). _ _
| ncl udes observations fromR and oM (see Figure 1.2 for
| ocati ons)

Gyrfal cons and peregrine falcons (Falco pereqrinus
pealei) were the next nost numerous (12% cause of known
natural disturbance. They were sonetines seen attacking brant,
al though actual predation by falcons was not observed. Brant
were wary of any large animal or potential predator, including
brown bear, river otter (Lutra canadensis) , sea otter, red fox,
wol f (canis lupus) , wal rus (odobenus rosmarus) , tundra swan,
rough-l egged hawk (Buteo lagopus)_, northern harrier (Crcus
cyaneus) , and common raven (Corvus corax).

Response 0of brant to disturbance

Wien” brant reacted to a stimulus their initial response
was a raised head and stretched neck alert posture. This nmay
be an orienting response to |locate and identify the stimulus
(Gabrielsen et al. 1985). As brant becane nore disturbed, they
began to call and wal k or swimtogether in a tight group. \hen
more al arned, geese flew fromthe stimulus. Sonetines flocks
returned to the original location if the stinulus passed
rapi dly; however, approach of slow noving stinuli, such as
peopl e on foot or boats, often caused geese to | eave the area.
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Table 5.6. Response (%of individuals in a flock that reacted) of brant,
canada, and enperor geese to incidental disturbances at Izembek Lagoon,

Al 'aska, 1985-1987. Response includes experinental aircraft overflights for
Canada and emperor geese but not brant.

Average Aver age
Average % duration (s) Average % duration (s)

Disturbance respord of response f licht of f light
Type avg SE n avg SE n avg SE n avg SE n
Brant
single-eng 52 3 223 131 12 76 38 3223 82 6 55
twin 25 3 221 99 12 35 14 2 221 92 25 6
milti-engine 19 2 243 94 15 15 9 2 243 60 15 6
| et 21 3 243 94 9 36 16 2 243 78 11 17
elicopter 57 9 26 266 150 4 39 9 26 93 39 2
boat 7% 6 52 223 21 22 69 6 52 138 14 17
person 45 4 146 139 20 15 3% 4 146 89 17 14
eaﬁle _ 92 1 339 213 13 157 83 2 339 116 9 =81
other animal 67 4 116 111 20 23 45 4 116 64 12 21
unknown 91 3 95 175 17 45 88 3 95 116 18 31
Canada geese
single~eng 29 3 165 108 9 28 9 2 165 68 25 4
twin 15 3 157 80 12 17 4 1 157
milti-engine 14 4 73 56 11 6 73 13 55 25 2
et 12 5 31 40 20 2 6 4 31

elicopter 31 2 339 93 5 97 8 1339 92 29 9
persoboat 85 6 28 48 14 3 66 9 28

le' 95 1 232 164 11 102 79 2 232 71 7 60
other animal 61 11 20 114 39 6 31 10 20 45 1

unknown 83 6 34 84 15 10 7 17 34 116 59 5
Emperor deese
single~eng 53 8 35 229 29 15 32 8 35 202 22 9

twn 25 8 27 64 17 4 4 4 27
milti-engine 27 11 15 48 13 2 20 11 15 35 1
| et 29 18 4 46 14 2 0 0 4
elicopter 68 5 73 143 12 26 47 6 73 136 13 14
boat 8 5 6 8§ 5 6
person 43 23 3 40 20 2 0 0 3
ea%le 64 10 22 100 19 8 45 10 22 49 14 6
other animal 50 29 4 251 2 5 4

unknown 90 10 3 9 0 3
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Response of geese to aircraft included three increasing
levels of flight duration. R se flights lasted an average 21
sec. Circle tlights averaged 90 sec before the flock |anded in
the sane area or a short distance away fromthe origina
location. After landing the birds continued to call and nove
around for a few m nutes before resum ng normal behavior.

Birds that departed the area were considered to show the

hi ghest level of response. Depart flights averaged 126 sec

al though this was underestinated because some flight tines were
censored when birds were lost from view.

The entire flock (>95% responded to 48% of all events and
took flight in 35% of these (Figure 5.8). Eagles caused the
greatest response in flocks of brant. ‘Over 90%responded to
ea%les with an average duration of 213 sec response including
116 sec in flight (Table 5.6). The percent of birds that
responded to eagles is |ikely overestimated because the
observer could not always detect eagles until birds were
disturbed. Eagles often evoked such a strong reaction in a
flock of brant that other nearby flocks also reacted. As
eagl es soared on updrafts along shoreline bluffs, they often
di spl aced large flocks of geese from nearshore eel grass beds.

_ Boats caused a simlar high |evel of response from brant
with 75% of the individuals in a flock responding for an
average 223 sec and 138 sec of flight (Table 5.6). Like
eagles, boats tended to cause displacenent of flocks. Qher
avian and nmammal i an causes of disturbance also alarmed a
mpjority (67% of the birds, but a smaller proportion took
fl'ight compared with the response to eagles or boats (Table
5.6). This was in part due to the fact that brant renained on
the water in reaction to falcons instead of flying as they do
in response to eagl es.

Peopl e on foot caused a 48% response for an average =
duration of 139 sec with 89 sec flight. W observed a shifting
of brant away from nearshore (<0.5 kn) areas at Hal fway Poi nt
study area. Prior to the beginning of hunting on 1 Cctober,

70% (n=66) of the flocks were found <0.5 km from shore, but
aﬁter 1 October, 42% (n=72) of the flocks occurred close to
shore.

~ Aircraft caused |ess response frombrant than other
incidental stimuli; however, response was hlﬁhly_dependent on
aircraft type and proxinity to the flock. The distance at
whi ch brant responded to aircraft was greater t han response

di stance for any other stinmuli (Table 5.7). First reaction by
brant to incidental aircraft occurred at 1.9 km conpared to 0.9
km for boats, 0.7 kmfor eagles, 0.4 kmfor people on foot, and
0.2 km for other natural disturbances.



Table 5. 7. Distance (km fromthe fleck to various types of disturbance
stimuli at the tinme of first response and flight response compared among
brant, Canada, end emperor geese at Izembek Lagoon, Al aska.

Disturbance Br ent Canada Emperor
type mean SENn mean SE n nmean SEn

DISTANCE AT FIRST RESPCNSE .

Human

All aircraft 1.9 0.2 48 1.7 0.2 184 1.3 0.2 60
People On foot*® 0.4 0.2 2

Boats 0.9 0.1 9

Natural

Eagl e 0.7 0.2 u 0.7 0.2 10

ot her 0.2 0.1 5

DISTANCE AT FLIGHT:

Human

All aircraft 1.1 0.2 36 2.0 0.2 21 1.7 0.2 29
People on foot® 0.2 0.2 4

Boat s 0.7 0.1 9

Natural

Eagl e 0.6 0.2 27 0.6 0.2 23

Other 0.4 0.1 5

“Includes gunshots and one vehicle event.

G ven the observed frequency of incidental disturbance
events at Izembek, the total time brant were interrupted from
normal Dbehavior per hour of observation was cal culated for each
di sturbance type. The rate of disturbance events per hour was
mul tiplied by the proportion of events that caused a response
and then multiplied by the average duration of response.

Brant were interrupted by all disturbance tyges for a total of
89 secs/hr, 2.5% of the observed tine (Table 5.8). Tine in
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flight averaged 43 sec/nr. Disturbance by eagles (49 sec/hr)
caused the greatest interruption of normal behavior conpared
wWith all other. incidental disturbance types. Arcraft (20
sec/hr) caused the greatest interruption of all hunman

di sturbance stinuli (Table 5.8).

Table 5.8. average interruption tine (rate x %responding x duration) by
brant per hour Of cbservation for various incidental disturbance types
at Izembek Lagoon, Al aska.

Aver age Aver age Aver age
percent duration (s)  interruption
> ratenr alere Ty My meeThy
Human
Aircraft 0.57 31 19 116 81 20 9
Pecple on foot® 0.08 45 35 139 89 5 2
mat s 0.03 75 69 223 138 5 3
Total 0.68 35 24 129 90 31 15
Natural
Eagl e 0.25 92 83 213 116 49 24
ot her 0.07 67 45 111 64 5 2
Total 0.32 86 73 200 105 55 25
Unknown 0.07 91 88 175 116 11 7
Grand total 1. 07 51 40 164 100 89 43

a Includes gunshots and one vehicle event.

Response of Canada and emperor geese to di Sturbance

Li ke brant, Canada and enperor geese were disturbed by
eagl es, other animals, people, and aircraft [Table 5.6).
Eagl es caused | ess of a response in enperor geese (64% of
individuals in a flock) as conpared to brant (92% and Canada
geese (95% . Canada geese showed greater response at 85%to
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Bersons on foot (hunters and gunshots) conpared to 45%f or

rant and 43% for enperor geese. This may be related to the
8reat er hunting pressure on this species _at 1zembek conpared to
rant (c.p. Dau, USFWS, unpubl. data). Enperor geese, which
were off limts to hunters after 1985, were nore tol erant of
?eople on foot. Using data grouped by aircraft altitude and
ateral distance, brant and enperor geese reacted simlarly to
a(uTr (t:”r aft5 g)verfl ights and were nore disturbed than Canada geese

able 5.9).

Tabl e 5. 9. Percent of geese (Canada geese, emperor geese and brant) t hat
responded Or flew to aircraft overflights at standardized |ateral distance
(ID) and altitude (ALT). Lateral distance of 0 included 0.0 to 0.3 km (0.0
to 0.2 mi), ID of 0.8 km (0.5 mi) i ncl uded 0.5 to 1.1 km (.3 to .7 mi), and
ID of 1.6 km (1.0 mi) ranged from 1.3 to 1.9 km (0.8 to 1.2 mi.).

Canada Emperor Brant
response f | iS(I]:'ht response flight response f| j %ht

ID AIT % (SE) % (SE) n % (SE) % (SE) n % (SE) % (SE) n
simile-emne

O 500 80 88 40513 13 96 (2) 76 (6) 50
0 1000 39(12 21 14 75(25) 63(24; 4 72 (5) 41 (6) 65
0.8 1000 8 (5 1(1) 23 100 (o) o (0 3 44 (6) 15 (5) 54
1.6 1000 11 (9) 11 (9) u 100 0 1 25 (9) 3 (2) 25
Twin-engine

0 500 31(10 0 %o 17 73 (21; 0 Eog 4 79 25; 32 (7) 42
0 1000 18(10 0 (o) 11 21(27 0 (0 3 64 (6) 14 (6) 31
0.8 1000 22(15) 12(11 9 100 0 1 39 (1) 6 (6) 17
1.6 1000 0 (o) o (o 5 1(1) o (o) 10
Multi-engine transport

0 500

0 1000 60(25) 60(25 5 100 éZ)) 100 %2; 2 100 (o) 88(11) 9
0.8 1000 41(15 0 (0 8 50 (o 0 (0 2 62(12) 47(12) 17
1.6 1000 20(20) 20(20 5 55(20) 50(22) 6

Helicopters
0 500 57(10) 24 (9) 20 83(12) 83(12 10 92 (4) 84 (5) 53
o 1000 31 (9 4 (4) 25 83(17) 37(20 6 90 (3) 74 (5) 82
0.8 1000 24 (&) 714 4 69(12) a0y 1 73 (4 47 (4) 120
161000 7(5 5(5 19  98(3) 50(29) 4 38 (7) 15 (5) 43
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Response t 0 experimental aircraft overflights

The regression equations for legit of response (Table
5.10) and |l ogistic regression equations for probability of 10%
response (Table 5.11) produced similar results. Both nethods
were able to explain about the sane percent of the variation,
at least as measured in the logit scale. The logistic
regression was |ess useful in that the equations did not
estimate the actual percent of response above the 10% I evel.

In effect, the ﬁrocedure assunes elther 100% or O% response.
Consequently, the proportion of total variance explained by the
| ateral distance and altitude factors was slightly less for the
|OgI$tIC regressi on approach (r*2 in Table 5.11 conpared with
r2 in Table 5.10). For the larger fixed-wing aircraft, the
poorer fit of logistic regression was particularly noticeable.

The response surface equations (Table 5.10) produced
reasonably consistent shapes. This allowed conparisons of
aircraft tyPes even when experimental flight distances and
altitude ditfered anong aircraft. Gaphs drawn in three
di mensions (front and side views in Figures 5.11-5.12) show
the response surface transformed back fromthe logit scale for
each stimulus type. The network of intersecting lines
represents the percent response on the vertical axis at 0.4 km
(0.25 mi) increments of l|ateral distance and 76 m (250 ft)
increments of aircraft altitude.

For the smaller fixed-wing aircraft, goose response was
|ow both at greater lateral distances and greater altitudes.
Response was |east to the Navajo tw n-engine aircraft and
?reatest for the Bell 205 helicopter. For fixed-wing aircraft,

|'i ght response declined nore rapldIY with increasing altitude
than did the alert response. For all rotary-wing aircraft,
increasing altitude did not appreciably decrease alert or
flight responses. In fact, for Bell 205 and Hughes 500-D
hel ' copter overflights the probability of flight response
increased with altitude over the range of nost of the data from
152 m (500 ft) to 610 m (2,000 ft).

The equations representing the percent alert response did
not differ as nuch anong types of fiXxed-wing or types of
rotary-wing aircraft as did the flight response. ~Fl ight
response to the Cessna 206 was greater than response to the
smal l er fixed-wing aircraft and the Navajo twin even though
alert response neasures were simlar. e Bell 205 differed
slightly fromthe other helicopters in the shape of its
response surface showi ng increased response at greater
altitude. Response to the Bell 205 was greater than for al
ot her types.
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Table 5.10. Coefficients of |east squares regression equations that
predi ct logit transformation Of the response Of brant to overfl |?hts by

various aircraft based on |ateral ~distance (mles) and aItitu?g 1000
feet) . standard errors of the coefficients and significance (*) al P<0.05
are indicated.

coef SE coef SE Coef SE Coef SE

10GIT TRANSFORMATION FOR THE PROPORTION OF BRANT THAT sHow ANY RESPONSE:

Piper 150 Cessna 206 Navajo t W n G130 cargo
= 237 100 145 69
r“2 = .413 . 354 . 496 444
intercept  6.38* (0.94 8.28* (1. 91; 5.78¢ (1.02) 3.05 (4.46
|at. dist -8.03* (1.34 -8.67% (1.48 -15.35% (2.13) -6.73* (1.89
lat. aist2 2.03* (0.61 1.71* (0.36)  6.56* (1.62) 1.08 (0. 66)
al ti -3.35% (1.85)  -7.33* (3.33) -3.80* (1.87) 2.86 (5.59)
alti” 2 0.21 (0.82 1.87 (1.07 0.98 (0.68)  -0.89 (1.56)
Bel | 206B Huches 500D Bell 205
n = 387 70 419
r“2 = . 298 . 195 . 561

intercept  2.90% (0.67)  6.59* (1.76)  4.77* (0.40
lat. dist -5.00¢ (0.41) -3.68 (4.67) -6.61* (0.50
lat.dist'2 0.57* (0.07) -2.13 (4.91 0.71* (0.20
al ti 0.68 (1.09) -1.85 (3.25 1.92* (0.53
alti“2 -0.14 (0.31 0.52 (1.51) -0.38* (0.16

IOGIT TRANSFORMATION FUR THE PROPORTION OF BRANT THAT TAKE FLIGHT:

Piper 150 Cessna 206 Navaio twi n G130 cargo
n = 237 100 145 69
r“2 = . 322 . 455 . 251 . 336
intercept 5.25% (0.92 8.79* (1.83 1.87 (1.00 8.14 (4.78
lat. dist -4,98* (1.30 -8.36% (1.42 -8.76* (2.08 -5.93% (2.02
lat.@ist™2 1.47* (0.59 1.72* (0.34 4,64 (1.58 0.98 (0.71
alti -9.83* (1.80 -9.81* (3.18 -6.70* (1.82 -6.49 (5.99
alti"2 3.04* (0.80 2.26% (1.03 1.81* (0.67 1.52 (1.67
Bell 206B Huches 500D Bell 205
n &= 387 70 419
. r'2 = . 207 . 222 . 527
I ntercept 2.17% (0.71 4.10 (2.58) 4,34* (0.48
lat.dist -4.00* (0.43) -11.55 (6. 83) -8.95% (0.60
lat.dist*2  0.42* (0.07 2.88 (7.19) 1.57* (0.24
alti -2.58* (1.16 -1.30 (4.75) 1.59* (0.63
alti®2 0.70* (0.33 0.80 (2.22) -0.29 (0.19
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Table 5.11. Coefficients (coef) of logistic regression equations that
predict the response of brant {0 overflights by various aircraft based on
lateral distance (mles) and altitude (1000 feet). standard errors (SE) of
coef f icients and significance based on chi-square tests at P0.05 are
indicated. Proportion of variance explained by the regression model (r*2)
was calculated in the same logit scale as in Table 5. 10.

Coef SE Coef SE Coef SE Coef SE

PROPORTION OF FIOCKS | N WHICH AT ILEAST 10% OF THE INDIVIDUALS SHOW RESPONSE:

Piper 150 Cessna 206 Navajo tW n C- 130 cardo
= 237 100 145 69
-2 = . 343 212 251 . 307
intercept  4.12* (0.83 4.88* (1.43 3.95% (1.38 1.98 (3.28
lat .aist  -3.94* (0.99 -4.34* (1.09 -9.67F (2.16 -2.27 (1.48
lat.dist*2 0.72 (0.50 0.82* (0.23 3.85% (1.62 0.20 (0.56
alti -2.56 (1.44 -4,33% (2.23 -1*00 (3.17 0.86 (4.31
alti®2 0.43 (0.62 1.15 (0.70) -0.04 (1.91 -0.46 (1'.32
Bel | 2068B Bughes 500D Bell 205
n = 387 70 419
. r2 = . 150 .159 . 483
I nt er cept 1.74* (0.40 6.41* (2.94 3.90* (0.76
lat.dist  -3.31* (0.45 -7.80 (7.59 -4.67% (1.09
lat.dist*2  0.63* (0.13 3.82 (6.59 0.45 (0.47
alti 0.50 (0.62 -3.79 (4.19 0.91 (1.27
alti “2 -0.08 (0.18 1.64 (2.01 0.25 (0.55

PROPORTION OF FLOCKS IN WHICH AT IEAST 10% OF THE INDIVIDUALS TAKE FLIGHT:

Piper 150 Cessna 206 Navaio tw n C- 130 carao
n = 237 100 145 69
r'2 = . 265 424 . 063 . 088
intercept 2.68* (0.65 6.10¢ (1.70 3.59*% (1.26 3.02 (3.85)
lat.dist 2.78% (0.96 7.88% (1.94 -8.56% (4.43 0.19 (2.59)
lat.dist*2 0. 50 (0.53) 1.59* (0.39 1.45 (7*75 -1.79 (1.82)
al ti -3.57F (1*37 -6.37% (2.54 -7.59% (3.47 -2.75 (5.33)
alti*2 0.69 (0.69 1.49 (0.79 2.66 (2.19 0.62 (1.72)
Bell 206B Huches 500D Bel | 205
= 387 70 419
r‘2 = . 165 .175 . 458
intercept 1.63* (0.41 2.88 (1.54 2.50* (0.44
lat.dist -3.46* (0.60 -6.76 24. 25; -5.23* (0.76
lat.dist*2 0.51 (0.29 2.X2 (4.61) 0.75% (0.37
alti 1.17 (0.63 -1.58 (2.58) 1.35* (0.59
alti*2 0.34 (0.18 0.81 (1.20) -0.21 (0.19
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Figure 5.11 Response surfaces depicting the percentage of
brant responding to aircraft overflights at various conditions
of altitude and |ateral distance. The flat area in the
foreground indicates conbinati ons where no response occurs.
Response increases towards 100% as altitude and/or |atera

di stance decreases.
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Figure 5.12 The same response surfaces as in Figure 5.11
viewed froma different side deﬁ| cting the percentage of brant
responding to aircraft overflights at various altitude and

| ateral distance conbinations.
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_ Conparisons between aircraft types can be exam ned nore
directly in two dinensions by conparing lines drawn to
represent |ateral distance and altitude conbinations that
result in a particular |level of response (Figure 5.13). A
series of these |ines would construct a contour plot of the
t hree di mensi onal response surface viewed froma perspective of
| ooki ng_straight down towards the altitude and |ateral distance
axes. The size and orientation of the [ateral distance and
altitude defined area between the axes and the 50% response
line (solid line for fixed-wng, dashed line for rotary-w ng)
provi des another method to visualize conparisons among aircraft
types éFlgure 5.13). AMK conbination of lateral distance and
altitude that falls to the right of and above the line
indicates |ess than 50% response would be expected. Points to
the left and below the 50% line indicate conditions with a
greater than 50% probability of response.

Stepwi se regression on residuals identified a variety of
other factors in addition to altitude and |ateral distance that
wer e S|%n|f|cant predi ctors of response to the various aircraft
types (Table 5.12). None, however, were entirely consistent
and none explained a large proportion of the varration. For
the seven aircraft and two response neasures, 14 stepw se
regressi ons were run.

The factor that was nost often significant ﬁ8 tines, Table
5.12) was social facilitation. That is, prior flight response
by adjacent flocks correlated with an increased percent o

birds responding to aircraft overflights. Aso, flocks of
brant engaged in foraging were nore [ikely to respond
(significant 4 tines, Table 5.12) to aircraft conpared with
flocks with nore birds engaged in resting or maintenance
behaviors. Flock size, tide stage, date, and tine of day did
not often enter as significant correlates.

The nunber of consecutive days of repeated aircraft
overflights correlated with residual response for two of the
three helicopter types (Table 5.12). Habituation to stinuli
could not be tested for fixed-wing aircraft because schedul es
did not include |arge enough sanples on sequential days of
stinulus presentation. Repeated fixed-wing overflights were
usual Iy separated by six or nore days. In contrast, the
chartered helicopter overflights were conducted intensively for
three to six day periods. The Hughes 500-D was flown on three
consecutive days, the Bell 205 over6 days including one
ski pped day, and the Bell 206-B was flown on three consecutive
days one year, and six days with two skipped days in another
year.

The greatest habituation was shown for percent flight
response to Hughes 500-D overflights. Average value of
observed mnus predicted response decreased for successive days
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Figure 5.13 Lines indicate the conbination of latera

i Stance and altitude that is expected to cause 50% response or
50% flight response in flocks of brant exposed to overflights
The equations are based on data

of various types of aircraft.
mainly in the range from500 to 1500 ft altitude and 0.0 to 1.2
m lateral distance shown at the left central portion of the
graph. Extrapolation of the lines to the periphery of the
raph is not reliable and conparisons should be limted to the

?eft central portion.
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Table 5.12.
aircraft

rtion Of brant respending
glﬁ’éx:oe, altitude, and aircraft tsepe (Table 5.10) .

facilitation, tide stage, an

overfli g?ht S.
(forward entry 0

Variables correlated with brant response to experinental

minus

redi cted response based on

ays of habituation.

~ Analysis invol ved stepwise multiple regression
variabl es at m0.05) t0 explain residuals o
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, _ _ per cent
response. Residuals were calculated in the logit scale based on cbserved

| at eral

Vari abl es avail ak
entry to predict the residuals i ncl uded lateral distance, altitude, tide
height, tide flow time of dagl,dflock size, year, date, behavior, social

balle for

Aircraft Behavi or Variabl e Coeff 2 P>F

Piper 150 response ear 1. 07 0.040 0.01

ﬁ:237 time Of yday -0.62 0. 060 0.01

flight behavior 1.26 0.016 0.05

upwind -1.93 0.026 0.02

Cessna 206 - - soci al 1.81 0. 046 0.03
=100 ,

flight soci al 1.51 0.035 0.06

Navaj o response . days -0. 32 0.083 0.01

n=145 tide stage 1.48 0.031 0.03

flight soci al 1.90 0.030 0.04

C-130 response soci al 3.93 0.126 0.01

n=69 behavior 2.76 0.3.25 0.01

days -0. 12 0.046 0.04

flight upwind -3.93 0.111 0.01

Bel | 206B response year -1.82 0 .057 0.01

=387 soci al 1.09 0.014 0.02

flight year -2.02 0. 064 0.01

social 1.08 0.012 0.03

Hughes 500 respanse behavi or 2. 89 0.082 0.02

=70 (hab) days -1.56 0.106 0.01

flight (hab) days -2.42 0.136 0.01

Bell 205 - - soci al 1.71 0.096 0.01

=419 hab days -0.31 0.017 0.01

flight soci al . 1.90 0.089 0.01

(ha) days -0.35 0.019 0.01

behavi or -0. 89 0.015 0.01

tide flow -0. 68 0.012 0.02
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of overflights for the Hughes 500 and the Bell 205 helicopters
(Figure 5.14). The Bell 206-B residual response was dom nated
by a | ower response in 1987 conpared with other years, an

i nfluence we can not explain, and average changes with repeated
days were opposite but not significant.

DI SCUSSI ON

[ ncidental disturbance

The rate of all potential disturbance events, averaging
1.1 per hour of observation, was simlar in all years of the
study (Table 5.2). There was, however, annual variation in
rates of disturbance between specific disturbance types. Mbst
noti ceabl e of these was the ditference in rates of persons on
foot (0.30 vs 0.06 and 0.05/hr) and eagle (0.03 vs 0.34 and
0.23/hr) di sturbance events between 1985, and 1986 and 1987,

respectively (Table 5.3) . Differences can be explained, for
the nost part, by changes in the |ocation of study areas and
length of the obServation period. [In 1985 all observations

were nmade primarily from | ocated in the central portion of

t he | agoon, the area of greatest human di sturbance (Figure
5.10) and fewest eagle disturbances (Table 5.5), whereas in
1986 and 1987 observations were made from several areas in the
central and southern portions of Izembek Lagoon (Appendix D
Tabl es ps5-p7). Slight variation in rates of aircraft

di sturbance between years was probably due to changes in the
freguency and scheduling of aircraft traffic in and out of the
Cold Bay airport (Table 5.4) and time of day of observations.

Di sturbances were prinmarily confined to diurnal periods.
Human disturbances were curtailed or non-existent at night.
Aircraft traffic in and out of Cold Bay was rare at night (less
than two per week) (J. Maxwel| pers. comm.). Night vision
scopes were ineffective for observing birds at night, due to
the | ow magnification (7-9X), Eoor | rghting, and I nclenent
weather conditions. Wen f|ocks of brant were detected
(generally heard) taking flight at night, it was not possible
to separate natural flight nmovenents tfromflight caused by a
di sturbance stimul us.

~The”observed rate of aircraft events (0.57/hr) at Izembek
was influenced by the |ocation of the IFR corridor which
concentrated the flight paths of larger aircraft over the
Round Island and Quter Marker area g igure 5.9). Mobst
commercial flights remained above 457 m (1,500 ft) over the
| agoon. Degart|ng jets were at greater altitudes of 605 to
1,524 m (3,000 to 5,000 ft) b¥ the tine they cross the |agoon
and most comercial jet flights did not greatly disturb geese
(Table 5.6). Cargo aircraft that gained altitude nmore slowy
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after |eavi n% t he cold Ba){_runvvay caused nore disturbance
response alt hough cargo flights were infrequent during the

study .

~ Table 5.13 conpares the rates of disturbance for brant in
this study with |evels reported in other studies. Frequency of
di sturbance events per hour of observation at Izembek Lagoon
was between levels reported for nolting brant on the North
Slope of Alaska (Sinpson et al. 1980) and wintering dark-
bellied brant in England (Onens 1977). Simlar |low rates of
di sturbance on the North Slope of Al aska and Yukon Territory,
Canada were found for fall staging |esser snow geese (Davis and
Wiseley 1974). Rates of disturbance to greater snow geese (c.
c. atlanticus) observed duri n%] fall staging at Montmagny,
Quebec, were nearly double the rates at Izembek (Belanger and
Bedard 1989).

Tabl e 5. 13. _Oonﬁ_ari SON of rates of disturbance Of brant and Ot her waterfowl
as reported in this and other study locations.

Events per hour

Speci es Season Location Source total? f£lightP
Brant Fal | Izembek LagCon, 2k This report 1.07  0.50
Brant winter south eastern England -1979 0.70
Brant sumer  North Sl ope of Simpson et al . 0.35

Al aska 1980
Lesser Fall North Slope of Davis and wiseley 0.35
snow Al aska and yukon T. 1974
geese
G eater Fall Montmagny, Quebec Belanger and Bedard 1.46
snow 1989
geese
Geater Spring Montmagny, Quebec Belanger and Bedard 1.02
snow 1989
geese

kf’lEvents defined as all detectable potential disturbances
Events defined as only those causing flocks to showa fiight response.
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_ Izembek Lagoon differed fromall the areas mentioned_above
in the frequency of disturbances not related to humans. The
rate of disturbance caused by eagles and other animals (0.3/hr)
at Izembek Was three times greater than for brant on the North
Sl ope of Alaska (o0.i/hr) (Sinpson et al. 1980). Non-human
di sturbances caused the | ongest average duration of response in
flightless brant (Sinpson et al. 1980) ; and at Izembek Lagoon,
natural disturbances also caused the greatest duration of
response and accounted for 62%of the total interruption of
normal behavior (89 sec/hr of observation). Eagles were the
most inportant source of disturbance for all geese.

Despite the higher rate of disturbance at Izembek, the
duration of time that brant were interrupted from nornal
behavi or at Izembek (2.5% of 1,912 hr observed) was conparable
to nolting brant on the North Slope (3% of 198 hr). This
sug?ests that staging brant are nore tolerant or show a |ess
prol onged (but perhaps energetically nore costly) response to
di sturbance than flightless birds. ~Selection may work to favor
certain traditional nolting areas because predators are scarce
when brant are flightless. However, at staging and w ntering
areas, natural predators can be avoi ded and al t hough eagl es
elicited flight response in brant, they caused little direct
mortality to brant.

The presence of existing disturbance, either by natural or
human causes, does not nmean additional disturbance can be
tolerated. The ability of geese to adjust to any additional
energetic costs or displacement caused by aircraft disturbance
Is not ensured by their ability to tolerate existing |evels of
di st ur bance.

(bserved rates of disturbance from boating (o.03/hr) and
persons on foot (0.08/hr) were |ow, but because these events
caused a consistent and prol onged response in brant, they have
potential for causing severe inpacts should their frequency
Increase. Disturbance can have nore pronounced effects
(displacenent) on the distribution of birds gTU|te et al. 1983,
Korschgen et al. 1985, Norriss and WIson 1988). The nunber of
ducks (non-breed|n? birds) using |akes decreased in the
Mackenzie valley of Canada as fixed-w ng overflights and
| andi ngs increased (Schweinsberg et al. 1974). n Geat
Britain, increased human pressure has been |inked to declines
%Q%)desertlons of white-fronted geese (Anas albifrons) (Ogilive

Sone tolerance of non-threatening activities (vehicles)
has been noted (Murphy et al. 1986), and birds adjusting their
patterns of use to periods of decreased disturbance, such as
ni ght feeding, has been docunmented (Madsen 1985, Morton et al.
1989) . At San Quintin, Mexico, brant generally avoided areas
with frequent disturbance, caused mainly by boats and hunters,
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until forced to use these areas because of food depletion
el sewhere (Kraner et al. 1979)

I ncreased fleht caused bg di sturbance may lead to
separation of famly nenmbers (Jones and Jones 1966) or
increased hunting nortality (Bartelt 1987). Qur data indicates
that disturbance at Izembek affects time spent feeding and tine
in flight. There is potential, however, for displacenent of
geese shoul d di sturbance increase above current levels.

It is not known whether brant would respond differently to
causes of disturbance in spring. Eagles are present in spring
and cause disturbance in brant. Belanger and Bedard (1989)
found t hat gyeater snow geese at Montmagny, Quebec, were nore
frequently disturbed in fall than in spring. They suggested
that the greater number of geese and larger flock size in fal
may facilitate increased disturbance responses observed during
this period. Oaens (1977) and Madsen (1985) al so found that
larger flocks of geese reacted at greater distances than
smal l er flocks. Average number of brant present at Izembek in
spring is less than fall and nmay contribute to | ower response
to disturbance

Experinmental disturbance

~Sanpl e sizes of greater than 70 flocks were needed to
obtain significance in t-tests or chi-square tests on
regression coefficients relating lateral distance and aircraft
altitude to response by brant. Samples of over 200 fl ock
responses were needed to obtain small standard errors for
regression coefficients. It appeared that reasonable shapes
for resgonse surfaces were obtained for sanple sizes down to
about 70 flock; however, several smaller data sets could not be
reliably analyzed.

Nurmerous overflights and observations are necessary. The
use of data from many flocks, several study |ocations
different presentation tines, and a variety of conditions
seened to better fit the regression analysis. The npst
carefully controlled and repetitious series of stimulus
presentations at one study area using the Hughes 500-D produced
a data set that was mninally related to helicopter |latera
di stance or to any other predictive factors that we were able
to neasure.

~Questions of sanFIing design for aircraft overflight
studies were not conpletely resolved during our study. The
practice of starting overflights high and working down in
altitude until sone assuned threshold of sensitivity is
surpassed is clearly unworkable for helicopters because
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altitude either had little influence on the proportion of brant
that responded or the response was actually increased with
altitude. In future studies, stinulus presentation schedul es
shoul d probably be strictly random W adopted this strategy
as the study progressed.

The confounding factors of social facilitation and
behavi or prior to response were identified as inportant
effects. Al though our experinental overflights were not
designed to quantify the magnitude of these influences, future
study designs should either control for or attenpt to estimte
their influence. Habituation was identified as another factor
i nfluencing the response of brant. It was detectable as a 20%
decrease in average response after four or five days of Bel
205 overflights. The greater habituation for the Hughes 500-D
hel i copter iIs based on less reliable data.

The ability of brant to habituate to disturbance is |ikely
to depend in part on the predictability of the |ocation and
constancy of the source. Mirphy et al. (1989) reported that
brant nesting near an oil production area on the North Sl ope of
Al aska acconmodated to relatively predictable sources of
activity (i.e. oil pad activities or vehicular traffic), but
reacted nore strongly to | ess predictable sources of
di sturbance like aircraft or pedestrians. Simlarly, brant at
Izembek Lagoon were nore disturbed by |ess predictable sources
of disturbance such as eagles, boats, or aircraft. The extent
of habituation to repetitive aircraft overflights is unknown
and needs further research,

Tide-related factors were not very inportant. W had

t hought that brant flocks woul d show greater tendency to fly
during flooding tides since they soon had to nove to find nore
suitable forag|n% sites. This did not occur. Analytica
Problens exi st, however, with finding a suitable numeric val ue
o meani ngful Iy express a specific conmbination of tide height
and flow that ﬁerhaps depends as well on date, flock |ocation
relative tide height, and duration of prior feeding.

Results of data analysis using |ogistic regression and
| east squares regression using the logit transformation were
simlar. The agreement in the relative magnitude and
significance |evel of the regression coefficients between the
anal yses confirned that the [east squares procedure after logit
transformati on was reasonabl e and that the |ack of |inear
rel ationships and of normally distributed data did not nask
underlying patterns. The maxinum likelihood solutions for the
category of response (CATMOD) are nore robust and
mat hematically nore appropriate, therefore the standard errors
on coefficients from the |ogistic regression equations are
probably more reliable. Efforts to inprove response category
measures to include nore | evels of response caused nuneric
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overflow problenms for the CATMOD procedure program perhaps due
to sanple size limtations.
The main finding shown by the response surfaces was that

brant response to helicopters, unlike fixed-wing aircraft, was
not reduced with increasing altitude of the aircraft.
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CHAPTER 6: ACQUSTI CS OF Al RCRAFT OVERFLI GHTS

Noi se maybe an inportant factor influencing the response
of brant to aircraft overflights. Jenssen (1980) categorized
the effects of noise on animals as either prinary or secondary.
Primary effects ranﬂe fron1n0npntar¥ maski ng of auditory
signals that may inhibit an aninmal fromhearing calls from
anot her animal, “to physical inpairnment or conplete |oss of
hearing. Secondary effects are indirect non-auditory effects
causi ng behavioral or physiological change. Noise as a factor
modi fyrng and perhaps interferrng with normal brant behavior is
the concern of this study. At present, know edge and
understanding of the types of noise that may disturb free-
living animals is quite limted (Fletcher 1980). This is
partly because response of birds to noise is so variable anmong
species (Burger 198la)

The influence of aircraft noise on avian species has
recently received attention (Manci et al. 1988) . Research has
concentrated on observations of the behavioral response of
species to aircraft overflights or determnation of effects on
reproduction where a direct inpact of disturbance can be
measured by loss of eggs or young. Thick-billed nmurres (Uris
lomvia) on Svalbard |sland, Norway, flushed from nests when
exPpsed to Bell 212 helicopter flights or to tape recordings of
hel i copter noise (Fjeld et al. 1987). Although |oss of eggs
was not caused directly by murres flushing from their nests,
eggs and chicks were lost from increased predation by glaucous
%g | S (Larus hyperboreus). Burger (1981b), on a refuge near

W York's Kennedy International Airport, observed that nore
nesting herring gulls (Larus argentatus) flew from nests and
flew | onger from supersonic (108 dB) than subsonic (92 dB)
transports. Eggs were sonetines broken as birds flushed from
nests or unprotected eggs were eaten by other gulls. In
Arizona, Ellis (1981) found that nest|ng peregrine fal cons and
other raptors were disturbed bg noi se (82-114 dB) produced by
hets flg|ng at low altitudes, but no loss of eggs or young was

etected.

Behavi oral response of brant to overflights was dependent
on the aircraft type as well as altitude and |ateral distance
(previous chapter). Helicopters caused nore disturbance than
smal | single-engine aircraft. The intensity, duration, and
frequency of noise generated by aircraft may be inportant
factors 1nfluencing the response. For brant or other related
species, few studies were found in the literature that have
quantified both specific characteristics of noise stinuli and
the intensity and duration of behavioral response to noise.
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If aircraft noise is a major determ nant of the behaviora
response of brant, then the noise produced by an aircraft,
measured at standardized conditions of altitude and |ateral
di stance, may be useful for predicting the amunt of
di sturbance a specified aircraft will have on staging brant.

Research was initiated in 1987 to investigate effects of
aircraft noise on brant. Noise produced by various types of
aircraft was measured and correlated with the observed
behavi oral response of brant. Noise neasurenents in 1988
enphasi zed col | ecting noise data in s¥nchrony wi th observed
indi vidual flock responses. These data have not been
t horoughly anal yzed due to the conplexity of predicting noise
level at the flock for those |ocations away fromthe receiving
m crophone.  Wen anal yzed, these data may provide a nore
direct neasure of threshold |evel of noise correlated with
behavi oral response.

METHCDS

Aircraft noise was neasured at Izembek Lagoon on siXx days
between 5 COctober and 1 Novenber 1987 and seven days between 29
Septenber and 19 Cctober 1988. Noise levels were nmeasured for
2 types of single-engine propeller aircraft, a Piper 150 Super
Cub on floats and a Cessna 206 on anphi bious floats, and for
three types of helicopters, a Hughes 500-D, a Bell 206-B Jet
Ranger, and a Bell 205. Aircraft were flown at typica
crursing speed rangi ng between 41 nisee (80 kts) and 64 m see
(125 kts).

The three helicopters differed in size and carrying
caFaC|ty. The Hughes 500-D is a single engine 280 kw
helicopter with a five-blade main rotor and four-blade tai
rotor. The Bell 206-B is slightly larger than the Hughes and
has two-blade main and tail rotors. This 315 kw single-engine
aircraft is capable of carrying 725 kg. The |argest
helicopter neasured was a Bell 205 with two-blade nmain and tai
rotors-and a 1,045 kw engi ne capable of lifting 2,270 kg.

~ Acoustical neasurements were made fromtwo different
sites. In 1987 neasurenents were made on land at Grant Point
peni nsul a” approxi mately 18 m above the nmean high tide |evel
éFl ure 6.1). Aircraft were flown along four flight lines at
.92 km (0.5 m) intervals. In 1988 the m crophone was
situated 2 m above the water surface on a netal tower that was
0.7 km from shore. Overflights were conducted al ong fli ght
lines oriented in a variety of directions (Figure 5.7).

Noi se was received through a Bruel and Kjaer (3+K)ty8e
4921 outdoor m crophone and anal yzed on a Larson-Davis 310
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real time analyzer (rRTA). A 23 cn1&9 in) dianeter w ndscreen
made of pol yurethane foam was pl aced over the m crophone
element to attenuate |ow frequency wind noise. The RTA
measured a sanple of noise every 0.5 sec in 30 one-third

octave bands wth band centers extending from10 Hz to 10 kHz.
Noi se neasurenents consisted of Flat-, A-, and C weighted sound
pressure |levels (spL;j) averaged over the sanple tine for each
one-third octave freguency band. Background noi se |evels were
measured and stored in the RTA prior to an overflight. This
ensured the measured noise level was that of the aircraft.

For each passby overflight, the integrated total sound
energy (Leq) , MmBximum instantaneous sound energy (Imax) , and
sound exposure |evel (SEL) produced by the aircraft were
cal culated. Leq is a measurement of average sound |evel across
all one-third octave bands for a 0.5 s sanple. Imax iS maxinum
Leq neasured during the passby. SEL is the total noise
exPosure integrated over all one-third octave bands and over
all time intervals during the passby. Leq is cal cul ated as:

‘eq = 10 Logjg [sum of expip (SPLj/10)]

where the sumis over all i frequencies of the one-third octave
bands. SEL is defined as:

SEL = 10 Log,,[sum of expig (t) (Leqy/10) ]

where the sumis over all | intervals fromstart to finish of
the passby and t equals the sanple period.

Lack of information on the audible frequency range of
brant made selection of a gartlcular st andar d frequency
wei ghting scale (i.e. A, G, Flat-weighting) difficult. In
general , the audible fre%yency range of birds (40 Hz-21 kHz)
I's simlar to a human 52 Hz-16 kHz), although birds are |ess
sensitive to higher and |ower tones within their hearing range
(Schwartzkopff 1973). The range of hearing sensitivity of
brant may be conparable to the range of 3 Hz-8 kHz neasured for
mal | ards with a range of maxi mum sensitivity between 2 and 3
kHz (Schwartzkopff 1973). Al noise nmeasurenents in this
report are expressed as decibels in the A-weighted scal e,
unless otherw se noted. The A-weighted scale is the inverse
of human hearing and assigns |ower weights to | ower frequency
tones and” higher weights to higher frequency tones.

Cat egories of behavioral resEonse by brant were the sane
as those previously described. The average noi se neasurenents
of aircraft were conpared with the average behavi oral resPonse
by brant to these same aircraft for the same conditions o

| ateral distance and altitude. The behavioral data were
averaged fromall flocks over any date, time, or location in

t he | agoon.
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RESULTS

Noi se neasurenents of aircraft

The Bel |l 205 helicopter consistently produced nore noise
Lmax and SEL) than any other aircraft ?Flgure 6.2). The

ughes 500-D was the next |oudest aircraft. The Cessna 206 was
the loudest fixed-wing aircraft and generated noise |evels
(Lmax) simlar to the Bell 206-B helicopter. During flights at
157 m (500 ft) and 0.0 km | ateral distance to the m crophone,
the Bell 205 produced an average Lmax of 84.4 dB, which was 7-
10 aB higher and 5.4 times the acoustical energy of the Hughes
500-D. he Hughes produced 77.1 aB with 1.7 times the energy
of the Bell 206-B helicopter that neasured 74.9 dB. Average
noi se level of the Cessna 206 (76.6 dB) was 6-8 dB greater than
the Piper 150 (69.6 dB), the quietest aircraft tested. The
Bel | 205 produced 30 times the sound energy of the Piper 150.

_ Noi se fromaircraft decreased with increasing latera
di stance or altitude %F|gure 6.2). At greater |ateral
di stances, however, the noise level often increased with
increasing altitude rather than follow ng the expected decrease
(Table 6.1). This pattern was nost evident in aircraft that
enerated nore noise. At 0.9 kmlateral distance, Lmax for the
ell 205 at 152 mand 610 maltitude decreased from73.6 to
72.0 dB, whereas at 1.9 km for the sane increase in altitude,
Lmax i ncreased from65.4 to 72.0 4B (Table 6.1).

~ The distribution of one-third octave frequency bands of

noi se nmeasured from fixed- and rotary-wing aircraft overflights
at 305 mand 0.0 kmare shown in Figure 6.3. Helicopters
Produced greater noise across the |ower frequencies (<80 Hz)

han the single-engine aircraft. The md-range frequencies (80
Hz-1.6 kHz) were domnated by the Bell 205 helicopter. No
particular aircraft type was characterized by high frequency
noi se (>1.6 kHz). The Piper 150 produced the |east anount of
noi se at nost frequency bands.

Anbi ent noise ranged from 34 to 59 dB. Wnd velocity was
the dom nant contributor to anbient noise |evel (F|8ure 6. 3)
and had the ?reatest effect on frequencies below 100 Hz.
Noi se of surf along the barrier islands could al so have
consi derabl e influence on anbient noise levels (Johnson et al.
1989) . During overflights with wind speeds above approximately
10 m see (20 kts), anbient noi se nmasked | ow frequency noise of
nmost aircraft. Wth calmw nds of <3 nfsee (c6 kts),
background noise levels were low ranging from 34-40 dB.  During
these favorable conditions for sound nmeasurenments, aircraft at
any altitude were detectable up to 2.8 km (1.5 mi}. The | ouder
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Figure 6.3. Noise frequency distribution (1/3 octave bands) of
anbi ent noise and of various aircraft during passbys at 305 m
altitude and 0.0 to 0.3 kxm lateral distance fromthe

m crophone.  Height of m crophone was 18 and 2 m above the

wat er surface for noise neasurenents of the Cessna 206, Bell
206-B and 205 helicopters, and Piper-150 and Hughes 500-D
hel i copter, respectively. Noise neasurements are expressed in
Fl at - wei ght i ng.
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Table 6.1. Mean maxi mum noi se (Imax) , sound em?osuréelevel (SEL) , and
of a

Bercent attenuation (Att) from maximm | evels of a Cessna 206 airplane and
el | 205 helicopter at Izembek Lagoon, Alaska, during fall of 1987 and 1988.

Noi Se measurements are expressed iNn A-weighting.

Cessna 206 Bel | 205
Lateral

Altitude distance n Imax Attt SEL Attt n Imax Att SEL Att

(m (km) (dB) (% (@) (9 (dB) (%) (dB) (%)
152 0.0 2 76.6 84.9 3 84.4 95.0

305 0.0 2 72.1 6 82.7 3 2 78.2 7 927 2
610 0.0 2 64.0 16 76.3 10 1 77.9 8 91.3 4
152 0.8 1 61.0 19 75.7 11 4 73.6 13 84.0 12
305 0.8 1 62.3 19 76.1 10 2 70.7 16 828 13
610 0.8 1 <4728 <69 1 72.0 15 80.5 15
152 1.6 1 61.9 19 69.6 4 1 65.4 23 746 22
305 1.6 1 <472 <69 1 68.8 19 T77.9 18
610 1.6 1 <472 <69 1 72.0 15 84.4 11

‘Measurements could not be distinguished from background noise (Imax of
47.3 dBand SEL. of 69.1 dB).

Bel | 20swas nmeasured to 5.6 km(3 m) away. \hen flying over
water at altitudes >305 m and upwind of the mcrophone, the
Bel I 205 aircraft was detected at a distance of 7.4 km (4 mi).

Behavi oral response of brant

Average noise |levels (mmax and SEL) produced by aircraft
were correlated with several of the average behavioral
responses neasured at the sane conditions of altitude and
|l ateral distance. Lmax was positively correlated with percent
of response (Spearman's rank correlation, rg=0.83, P<0.001,
n=31) , with percent of flight response (rg=0.87, P<0.001,
n=31) , and with average total duration of response (rg=0.58,
P<0.001, n=31) (Figure 6.4).. For these responses, SEL showed
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very simlar correlations (Figure 6.5).

Average duration of flight was not correlated with Lnmax
(re= -0.004, P<0.49 ~This indicated that once brant
in?tiated £light, &ﬁendgggy|on of their response was not
I nfluenced by maximum noi se |evel.

Average distance between the aircraft and the flock at the
time of first response (rg=0.31, P<0.06, n=28) and the distance
at tinme of flight response (rg=0.32, P<0.06, N26) were also
not strongly correlated with Lmax. Brant did respond at
greater distance to the Bell 205, the l|oudest aircraft, than
other aircraft. Nevertheless, conparing response distance
within each aircraft type, the average distance of response
often increased with greater altitude and |ateral distance even
though noise level declined (Table 6.2). Before concluding
that sonething other than noise |level may therefore be causing
flocks to respond, it is particularly inportant to realize that
the average distance at first response is a biased neasure:

di stance at response is missing when the flock does not
respond.

As indicated by the behavioral response surfaces (Figures
5.11-5.13; previous chapter) and the average responses shown in
Table 6.2, the percent response by brant decreased with greater
| ateral distance and greater altitude for fixed-wing aircraft.
Noi se nmeasurements al so decreased with greater l|ateral distance
and greater altitude fromthe aircraft to the m crophone.

In the case of helicopters, the behavioral response by
brant decreased with greater lateral distance but it stayed the
same or increased with greater altitude. Noise |levels measured
fromthe Bell 205 or Hughes 500-D followed the same pattern
the noise level actually increased with increasing altitude.

For exanple, at 1.6 km lateral distance, flight response
increased from9 to 75% and noi se (Lmax) changed from 65.4 to
72.0 dB (Table 6.1) as altitude increased from 152 to 610 m
The correlation between the increased behavioral response and
noise level in spite of greater actual distance between the
flock and aircrart provides sone evidence that noise is a
causative factor in behavioral response.

|f brant respond prinmarily to an auditory stinulus then a
specific threshold noise |level may be associated with
response. A threshold level was estinmated by assumng a
l'inear relationship between noise and response |evel and
extrapolating to find the noise |level at O%response. The
threshold for alert response occurred at or above a Lmax of 49
dB or a SEL of 68 dB. Flight response occurred at a Lmax of 58
dB or SEL of 74 aB (Figures 6.4, 6.5).
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Figure 6.4. Conparison of aircraft noise Lmax neasurements to
average response by brant to the sane aircraft at simlar
altitude and lateral distance to the fl ock. Noi se measurenents
are expressed in A-weighting.
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Figure 6.5.
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Conparison of aircraft noise SEL measurements to
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Table 6.2. Comparison of average behavioral disturbance response by flocks of brant to the noise

levels produced by various aircraft

overflights at

certain categories of altitude and

lateral distance.

RESPONSE FLIGHT

Aircraft Lmax SEL n X response ‘duration distance 4 flight duration distance
type ds dB avg SE n avg SE n avg SE n avg SE n avg SE n avg SE n
152 m / 0.0 km

Piper 150 69.6 81.2 5 9%5 3 21 145 17 %1 09 02 8 58 10 21 8% 2 2 04 01 3
Cessna 206 76.6 84.9 2 100 0 18 145 16 16 09 01 3 100 0 18 81 10 14 0.6 0.0 14
Belt 206-B 74.9 83.41 73 11 16 119 17 6 11 01 6 68 12 16 717 18 4 04 0.1 4
Hughes 5000 77.1 88.7 5 100 0 8 219 31 8 09 01 8 72 16 8 177 13 6 05 0.9 6
gell 205 846.4 919 3 100 1 29 252 30 23 2.0 0.2 16 97 3 29 138 10 22 1.4 01 24
152 m 7 0.8 km

Piper 150 61.3 742 4 5410 .71 141 25 9 06 04 4 24 9 21 186 1 0.6 1
Cessna 206 61.0 75.7 1 51 15 12 110 37 4 09 01 3 50 15 12 65 14 2 05 00 4
Bell 206-8 55.4 705 1 66 13 13 70 15 6 09 04 5 31 13 13 61 6 2 08 03 2
Hughes 5000 704 85.4 2 100 0 13 180 12 11 1.00.1 13 59 14 13 174 16 8 06 01 9
Eel U 205 73.6 B4.4 4 84 7 26 238 40 14 1.7 0.2 19 64 9 26 92 11 9 1.1 0.2 14
305 m / 0.0 km

Piper 150 65.4 78.0 4 73 8 31 165 26 12 0.5 0.2 11 31 8 31 153 47 4 07 03 4
Cessna 206 711 82.7 4 89 7 21 155 35 11 0.9 0.2 11 65 10 21 106 20 10 0.6 0.1 14
Bell 206-B 70.0 814 2 84 5 51 1264 14 20 10 04 3 62 7 51 70 1 0.6 1
Hughes 500D 72.6 85.9 3 9 9 109 196 16 8 11 03 9 7% 14 9 173 9 6 08 01 5
Bell 205 782 927 2 100 0 22 272 37 15 2.1 0.3 11 100 2 22 100 20 13 1.3 0.1 18
305 m ¢ 0.8 km

Piper 150 553 713 1 50 7 43 103 13 13 14 04 4 17 5 43

Cessna 206 62.3 76.1 2 22 V% 9 93 25 3 15 03 3 11 11 9 101 1 0.9 1
Bell 206-B 61.6 72.8 1 61 6 62 88 13 20 14 02 5 27 6 62

Hughes 500D 64.6 78.0 4 70 15 10 168 28 9 0.9 0.3 10 38 16 10 247 60 4 05 0.2 4
Bell 205 70.7 82.8 2 08 4 47 167 15 40 2.0 0.2 26 7 6 47 100 9 29 1.30.1 36

£eT
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DI SCUSSI ON

Differences in noise were found anong aircraft. Each type
of aircraft engine generates a characteristic broad-band
spectrum of noise. Piston- and turbine-powered propeller
alrcraft produce the greatest noise during take off wth noise
energy concentrated in the lower frequencies. The turboprop is
tyP|caIIy qui eter than the piston engine (Manci et al. 1988).

Hel i copters generate noise from many sources including the main
and tail rotors, exhaust, gear train, and conpressor %hbmnan et
al. 1984) .  The whirl sound is produced by the interaction

between wi nd vortices and successive sweeps of the rotor bl ade.

The Bell 205 helicopter produced the greatest anount of
noise. One reason for the large difference in noise |evels
between the Bell 205 and the other helicopters was a |arger
noi se conponent of blade-vortex interaction comonly known as
“blade slap.” Blade slag makes its largest contribution at the
hi gher harmonics of the bl ade passage_frequencr (300- 600 Hz)
(Schmitz and yu 1986). Al though distinguishable in all the
hel i copters, blade slap was especially noticeable in the Bell
205. At low altitudes the blade slap was focused in front of
the helicopter. Sudden fluctuations of sound intensity (noise
bursts) were al so nost apgarent for the Bell 205 helicopter.
These were likely caused by turns or adjustnments in altitude
?uanP flight in conbination with effects of wind and

ur bul ence.

Under certain conditions the Bell 205 was observed to
cause considerable flight response in brant up to 2.5-3.5 km
away. Some snall (<100 birds) flocks even took flight and
| anded two or nore times during the approach of the Bell 205
helicopter, the only aircraft observed to cause that response.

The Hughes 500-D was quieter than the Bell 205 at simlar
altitudes and lateral distance. The anmount of noise (SEL)
Produced by the Hughes 500-D was 6-7 dB greater than reported

evels fromoverflights at simlar altitudes (152 and 305 rB
and lateral distances (0.0 kn) (Newran et al. 1984) . The Bel
206-B helicopter and Cessna 206 generated simlar |evels of
noi se (Lmax and SEL) . Noise levels (ser) of the Bell 206-B
were wthin 2 aB of levels produced by the slightly larger Bel
206-L Long Ranger at simlar altitudes (152 and 305 m) and

| ateral distances (0.0 kn) (Yoshikami 1985).

Wwind causing upward-refraction conditions for noise
transm ssion (Harrison et al. 1980) probably influenced the
perceived reduced attenuation of noise from aircraft at higher
altitudes. Wwind can cause shadow zones that reduce noise
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transm ssion of aircraft at low altitudes. Wen the altitude
of the aircraft increases the shadow zone effect is elimnated
and the perceived noi se maybecome |ouder even though the siant
di stance has become greater. Reduced attenuation of noise
fromthe larger aircraft (Bell 205, Hughes 500-D, Cessna 206)
at higher altitudes is probably nore noticeable due to the
reater noise produced by these aircraft. Noise measurenments
uring both wi ndy and overwater conditions possibly enhanced
the reduced attenuation of noise at greater altitudes, or the
increased attenuation at |ow altitudes.

itis possible that both visual and auditory stinuli from
aircraft 1nfluence the behavioral response of brant. A strong
positive correlation exists between response and noise |evel
Neverthel ess, the lateral distance and altitude of an aircraft
fromthe flock also correlate with response. The slant
di stance at the tine of response did not correlate well wth
response or noise level but was instead quite constant (Table
6.2). This suggests that visual detection or some distance
threshold could be an inportant factor. However, bias in the
sanpling exists and w thout sinultaneous neasurenent of both
noi se and behavior (as in 1988), it was not possible to make a
conclusion. The increased behavioral response and greater
noi se measured under the specific situation of reduced noise
attenuation provide the mostdirect evidence that noise is
i ndeed involved in the response. The rate of change in noise
| evel should be a consideration for future work.

The greater distance at first response for the Bell 205

helicopter and other aircraft is proba IY related to the

reater noise produced, particularly at lower frequencies. Low

requenci es show | ess atnospheric absorption than higher
frequencies and thus they propagate further. Madsen (1985)
found that pink-footed geese (Anser brachyrhynchus) reacted to
helicopters up to 20 km away. Fjeld et al. (1987) observed
response in a thick-billed murre colony froma Bell 212 up to 6
km away. Helicopters are potentially more disturbing than
fixed-wing aircraft because of the large amount of noise
produced at |ow frequencies. Fjeld et al. (1987) found that
thick-billed murres were disturbed b% the auditory stimulus of
hel i copters but that in sone cases the response depended on
whet her the aircraft was approaching with a direct heading or
at a non-threatening flight orientation approximately paralle
to the col ony.

Al though the response of geese or other birds to noise
during staging or non-breeding seasons has not been previously
studied, the studies of bird response to aircraft noise that
have been conpleted docunent nuch higher noise |evels at which
the birds’ respond. Threshold noise |levels for nesting birds
may be slightly higher than during other times in their annua
cycle (Dunnet 1977, Schrieber and Schrieber 1980, Mrphy et al.
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al. (1984) found that great egrets (Casmerodius albus, snowy
egrets (Egretta thula) , and cattle egrets (Bulbulcus IDis)
initiated alert novenents when noise generated from F-16
overflights reached 60-65 dBA and birds began changing their
position at 70-75 dBA. Bl ack-crowned ni ght herons (Nycticorax
nycticorax) and great egrets were not disturbed by Cessna 172
overflights (altitude 42-244 m) with noise levels of 61 dB to a
maxi mum of 88 dBA (Grubb 1978) . Fjeld et al. (1987) suggested
that the threshold of response for nesting thick-billed nurres
occurred at 72 dB.

All these values are much greater than approxi mate
threshold | evels of 49 aB for alert and 58 4B for flight
response in brant at Izembek. Further analysis of data
collected in fall of 1988 may provide a better definition of
threshold levels and contribute nore precise information on the
typgs of frequencies and |levels of noise that cause a response
in brant.
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CHAPTER 7: ENERGETI C COST OF DI STURBANCE

The objective of this chapter is to evaluate the effects
of aircraft disturbance on the bioenergetics of fall staging
Pacific black brant at Izembek Lagoon. Aircraft overflights
often cause tenporary alert and flight responses in flocks of
brant. |If sufficiently frequent, such responses wll cause
alteration of the normal pattern of behavioral activities and
average daily tinme and energy budgets of brant woul d be
altered. This chapter determnes the |ikely magnitude of such
changes and the extent to which disturbance can be tolerated at
Izembek W thout preventing brant from adequate preparation for
the energetic demands of mgration. Because direct experinents
were not feasible, a nodel was used to predict the energetic
cost of differing frequencies of disturbance.

The simulation nodel serves to better organize and
understand conponents that contribute to energetic bal ance and
allows a neans for assessing the inpact of disturbance on
brant. The accuracy of the nmobdel is highly dependent on the
data entered. This nodel is limted by lack of information on
several aspects of energetic intake and expenditure. The
anount of forage intake is assuned to be constant and
i ndependent of the weight of the bird. This assunption causes
heavier adult brant to be more influenced by disturbance than
lighter birds, a result which is probably not realistic. The
| ower critical tenperature and energetic cost of
thernmoregul ation for brant is unknown. The influence of wind
and role of water tenperature on heat loss in birds has
received little study. These factors could be of mgjor
I nportance at Izembek. Also, the energetic cost of
t hermoregul ation during body feather mplt which occurs at
Izembek has not been studied. Still, despite these
limtations, the nodel is a best estinmate of effects of
di sturbance on brant given the available data.

Izembek Lagoon provides the nost inportant food resources
for brant to gain nutrient reserves prior to their transoceanic
flight to wintering areas. Brant typically |eave Izembek On
weat her systens that provide the advantage of a tail wind (c.p.
Dau, USFWS, unpubl. data) and flocks fly nonstop, 5,000 km
from Izembek to W ntering areas beginning at San Quintin,

Mexi co (Voelzer 1987). Landfalls can occur in coastal areas of
southern British Colunbia, Washington, Oregon, and California,
but the nmajority of the population is believed to fly directly
to Mexico. The duration of flight to San Quintin is about 60
hr (Kramer et al. 1979) at a flight speed of 83 km/hr under
favorable conditions. Simlarly, Ebbinge (1989) estimted a
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4,000-4,500 km migration by European dark-bellied brant took 50
hr with an assuned flight speed of 90 km/hr.

METHODS

Model structure

A bioenergetic nodel (Figure 7.1), based on one proposed
by McKnight and Tayl or (1989) using program STELLA on a
Maci nt osh SE 20 conputer, allows energy intake and
expenditures to be traced graphically through a network of
paths.  The nodel sinulates energy flow from food resources
!ngested by a bird through allocation of that energy to
I ndi vi dual expenditures by the bird. \Wen the sum of energy
expendi tures exceeds energy gains, the bird's ability to gain
wel ght for mgration is reduced.

The nodel is structured as a series of equations and
operates on a daily tinme step. It contains three submodels:
one dealing with foraging and energy intake, another for adding
the daily energy costs, and a final submodel for deterninin%
conversion of the energy gained or |ost per day into kg of body
weight. A brief presentation of values, equations, and
conversions derived from published literature is included. The
series of equations of energy relationships incorporated into
the STELLA program were also witten in TrueBasic to
accommodate nodifications, provide conpact output tables, and
include a standard (10% increase) sensitivity analysis on each
par amet er

Model fornul ation

Body weight and body conposition

Data on body weight and body conposition of brant were
col l ected at Izembek Lagoon and San Quintin over the |ast 10
years (D.v. Derksen and L. Fredrickson, unpubl., data) . A tota
of 274 brant were collected for body meight from Septenber to
Novenber at Izembek, and 388 were weighed during Novenber at
San Quintin. Analysis of body composition was nmade on 28 brant
shot at Izembek and 33 collected from San Quintin. B
conmparing body weights and lipid reserves of brant collected
on various dates, an average pattern of physiological condition
could be determ ned.



Figure 7.1.

bi oenergetic nmodel for brant staging at Izembek Lagoon,

and the
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Di agram produced by the STELLA program show ng the

Al aska,

_ of equations that are conponents of the nodel from
Mckni ght and Tayl or (1989).

NDIST

] GE = GE + 4t " (-FECAL- SDE + FORAGE - NE)
INIT(GE)» FORAGE
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INIT(WEIGHT) -1.633
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(O CHANGE = GCONVERT

(O DEE = THERM+REST+FEED+MAIN+ALERT+HEADUP+FLY+AGGR+MFEEUE

(O OUR «NDIST “ 189/(60” 60" 24)

(O FECAL = GE'0.63

(Q FEED = (.254-DUR) * 1.7 “BMR

O FLY = (0,013 + 0.53 * OUR) “ 11.0 *8MA
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O THERM =34




140

Foragi ng and energy intake

G oss energy (GE) was estimated by nultiplying daily tota
intake (g dry wtyday) by the caloric content of the food
(kcal/g). Estimates of gross energy intake for geese vary
wi del y anobng species and seasons. Hi ghest ingestion rates have
been found during spring and fall mgration periods. During
spring mgration of dark-bellied brant in Europe, Drent et al.
(1981) determned that forage intake was 270 g dry wt of _
eelgrass/day. On the wintering grounds in Europe, dark-bellied
brant consuned between 100-122 g dry wt of eelgrass per day.
Kiera (1984) found that nolting brant on the North Sl ope of
Al aska consumed 305 g dry wt/day of sedges and grasses.

Because the estimate by Drent et al. (1981) involves intake at
a staging area during mgration this estimate was used for the
Izembek nodel. Ebbinge et al. (1975) estimated that wintering
barnacl e geese consuned 135-158 g dry wt/day. In the sane

study, conparison of grazed with ungrazed vegetation within an
exclosure resulted in an estimted maxi nrum food intake of 255-

340 g dry wt/day.

The diet of brant at Izembek Lagoon was entirely eel grass
during the fall staging period (see "piet and Nutrition”
section) . Caloric content of eelgrass taken from Izembek
Lagoon during Cctober was 3.9 kcal/g (Mrehouse 1974).  Thus
gross energy (GE) was determned as follows:

GE = gross energy _
Intake rate * caloric value of food
270 g dry wt/day * 3.9 kcal/g
1053 kcal/day.

For conparison, molting brant had a gross energy intake of 1100
kcaly/day while consuming salt marsh plants along the arctic
coastline (Kiera 1984).

Metabolizable energy (ME) represents the gross energy
consuned mnus the total anount of ener%y | ost in fecal and
urinary excretion, assumng a nitrogen balance. The efficiency
of assimlation varies anong bird species, primarily in
response to food quality (Ricklefs 1974). Morehouse g1974)
found that captive brant fed pelleted eelgrass collected in
fall at Izembek Lagoon retained 37% of the organic nmatter.

ME = GE * assimlation rate

1053 * 0.37
= 389. 6 kcal/day.

This is very simlar to the estimate of 44% determ ned by

Drent et al. (1981) for European brant feeding on eelgrass in
spring. Ebbinge et al. (1975) estimated captive barnacle geese
met abol i zed 33.2% while other birds netabolized 21.7%
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_ Specific dynam c energy (SDE) is the heat produced during
digestion and absorption of nutrients from foods. SDE is not
dependent on the species or the weight of the animal, but
rather on the anount of food ingested and the fat, protein,
and carbohydrate content of the ingested foods. SDE is energy
in food that is lost or unavailable for nost uses, although it
is valuable in providing a large share of the heat needed to
mai nt ai n bogE tenperature. McKnight and Tayl or (1989)
estimated SDE froma formula used by Brackney et al. (1986) ,
Ricklefs (1974), and Oaen and Reinecke (1979) .

SDE = GE * [ (% fat/100) * 0.13
+ (% protein/100) * 0. 31
+ (% TNC/100) * 0.23 ],
where TNC is total nonstructural carbohydrates.

Anal yses of eelgrass from Izembek Lagoon indicated 0.9%fat,
12.5% protein, and 15.2% TNC (see “Diet and Nutrition"
chapter) .  Thus ,

SDE = 1053 * [(0.009%0.13)+(0.125%0.31) +(0.152%0.23)]
= 78. 8 kcal/day.

Whittow (1986) reported that SDE is approximately 16% of
metabolizable energy. MKnight and Taylor (1989) determ ned
SDE was 22% and Brackney et al. (1986) found that SDE equal ed
18% of ME. In this nodel, SDE is 20.2% of M

_ Net energy (NE) is the balance of energy available to the
bird. NE determines the energy available for flight and al
other behavioral activities. If additional energy is required
to maintain body tenperature above the heat produced by SDE and
muscul ar activity, it is taken from NE. NE also accounts for
productive energy involved in the deposition of fat or growth
of feathers (Wittow 1986)

NE = ME - SDE
389. 6 kcal/day - 78.8 kcal/day
310. 8 kcal/day.

Eneravy expenditure. Daily energy expenditure has three
conponents.  These are the cost of behavioral activities (BE),
nmet abolic fecal and endogenous urinary energy (MFEUE) cost, and
cost of thernoregulation (TR) (King 1974, Oaen and Reinecke
ii;?, Drent et al. 1981, Brackney et al. 1986, Gauthier et al.

_ No value for basal netabolic rate was found in the
literature for brant therefore we used the equation of Aschoff
and Pohl (1970) for BMR of non-passerines at night:
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BMR = (307 * m@-734),4. 184
where, mis body weight in kg, and
BMR i s expressed in kcal/day.

Using the average arrival (Sept 13) body wei ght of an adult
mal e brant at Izembek Lagoon of 1.633 kg (Table 7.3) (D.v.
Derksen and L. Fredrickson, unpubl. data), basal netabolic rate
i's

BMR (307 * 1.633°7734) | 4.184
105. 2 kcal/day.

Daily energy costs of behavioral activity are constructed
as nmultiples of basal nmetabolic rate (Wooley and Onen 1978,
Morton et al. 1989) and the proportion of the 24-hr day spent
in each activity (Table 7.1). Because the estinates reported
by wooley and Owen included SDE (Gauthier et al. 1984), we
subtracted 0.1 times BMR from each cost (see Brackney et al.
1986) . wWooley and Oaen (1978) estinated the cost of several
behavioral activities in free-ranging black ducks by neasuring
heart rate with telenetry. W applied their estimates for
alert at 2.2 tines BMR rest at 1.0 times BVR feed at 1.7
times BVR, and agonistic at 2.2 tinmes BMR. The brant behavior
classified as head up (pause) fora?ing, whi ch occurs
alternately with head down active feeding, nostly involved
searching and slow smﬁnnin?. Its cost is estinmated as 2.0
times BVR, which is slightly bel ow wooley and Onen’s estimate
of 2.2 tinmes BMR for sw nm ng behavior. Mintenance behavi or
of brant includes preening, stretching, and bathing. Because
time spent preening is greatest, Wooley and owen's estimate of
preening at 1.6 tines BMR for naintenance was used.

~ Many nodel s have been proposed to estinmate the cost of
flight, which is by far the nost energetically expensive
behavioral activity. Allometric relationships predict the cost
of flight as a function of body weight (Raveling and Lefebvre
1967, Hart and Berger 1972, Kendeigh et al. 1977) or body
wei ght and wing length (Castro and Myers 1988). Mst of the
data on cost of flight has been collected on small passerine.
Wth the equations of Castro and Myers (1988), flight costfor
brant was unrealistically high at 16 to 32 tines BMR  The cost
of flight in the largest bird studied to date, the white-necked
raven ?ggrvus cryptoleucus), Was estimated at 11.0 times BMR

Hudson and Bernstein 1983). This value was used for brant.

he conversion factors used for flight costs in other studies
were 11.8 by Raveling and Lefebvre (1967), 11.9 by Kendeigh et
al. (1977), and 14.8 by Hart and Berger (1972).
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Table 7.1. Behavioral energetic costs and percent of time budget
spent by brant in daily activities at Izembek Lagoon, Al aska.

Met abol i ¢ cost Tinme activit cost

Activity multiple of BW as % of 24 kcal/day
Feed 1.7 25. 4 45. 4
Headup 2.0 21.2 44. 6
Mai nt enance 1.6 22.8 38.4
Rest 1.0 27.0 28. 4
Alert 2.2 2.1 4.9
Agoni stic 2.2 0.5 1.2
Fl i ght 11.0 1.3 15.0
Total = 177.9

“Basal netabolic rate (BMR)= 105.2 kcal/day where the weight of
an after second year nmale-is 1.633 kg.

Each behavioral activity is weighted by the proportion of
the 24-hr time budget and the above nultiples of BMR for the
energetic cost, and summed to estimate the total energetic cost
of behavioral activity.
BE = sum of proportions of 24 hr * energy_ cost * BM
= (feed + headup + maintenance + rest + alert +
agonistic + flight) * BMR

(0.254 * 1.7 + 0.212 * 2.0 + 0.228 * 1.6 +
0.270 * 1.0 + 0.021 * 2.2 + 0.005 * 2.2 +
0.013 * 11.0) * BMR

.1.69 * 105.2

178 kcal/day.

Met abolic fecal and endogenous urinary energy costs
(MFEUE) have not been neasured for brant and were estinmated at
3% of ME (389.6 kcal) or 11.69 kcal as suggested by MIler and
Rei necke (1984) and MKnight and Taylor (1989).

Thernoregulation (TR) is the nmost difficult parameter of
energy expenditure to quantify (Onen and Rei necke 1979,
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Brackney et al. 1986), and yet, it may play an inportant role
in the energy budget, especially for small birds fKendeigh_
1970, King 1974:22, Ricklefs 1974:169). Additional energetic
expenditure for generation of body heat is necessary only when
heat |lost to the environnent exceeds the heat produced by SDE
and muscul ar activity. Under standard l|aboratory still-air
conditions, the ambient tenperature bel ow which additional
energy is used for heat production to maintain body tenperature
is termed the lower critical temperature. Heat loss is
determ ned by air and water tenperatures, humdity, and w nd
conditions as well as insulation by feathers and body surface
area. ldeally the calculations would include seasonal changes
in thermal conductance due to fat deposition, variations in
body size, and differences in conductance with stage of nolt
(Onen and Rei necke 1979).

For brant, Irving et al. (1955) reported a lower critica
tenperature (T) of 6° C during summer and winter. During
sunmmer, enperor geese have a lower critical tenperature of -2°
C (West and Norton 1975). Owen and Reinecke (1977) estimated
that for a 1.5 kg duck acclinmatized to 10° C, T,would be close
to 0°c. Only in Novenber, after nost brant have mgrated, do
mean mninmumair tenperatures fall as low as 2° C (Appendix A) ;
however, if brant have a lower critical tenperature at 6° C
then brant would expend energy for thernoregulation for nost of
their stay at Izembek. The cost of thernoregulation was set at
1.4 kcal/h (33.6 kcal/day) as determ ned for black ducks
(Albright et al. in Morton et al. 1989). This estimate may be
an over estinmate of thernmoregul atory cost because brant are
about 500 g larger than black ducks (Bellrose 1976? ;  however,
weat her conditions at Izembek are ideal for heat |oss. Brant
spend nost of their tine in the water at tenperatures of 4-6° C
(D.H. W\ard, USFWS, unpubl. data) and with w nd speeds averaging
>15 kph (Appendix A). Adverse environnental factors require
i ncreased thernoregulation (WIlianms and Kendeigh 1982).

The total daily energy expenditure (DEE) is:

DEE BE + MFEUE + TR
177.9 + 11.7 + 33.6

223. 2 kcal/day

Drent et al. (1981) estimated DEE for a 1.350 kg brant at 201
kcal/day or 2.2 tines BMR  Qur estimate of 223.2 kcal/day at
2.1 times BMR is remarkably simlar. Gauthier et al. (1984)
reported DEE for fall staging greater snow geese was 2.3 times
BMR to 2.5 times BMR

Productive energy. Productive energy (PE) is the amount of
energy available when intake (NE) exceeds required expenditure
(DEE) . This energy is available for other processes such as
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accumul ation of fat, growth of feathers, and growth or
repl acenent of other fissues. Productive enefgy is estimated

by:

PE = NE - DEE
= 310.8 - 223.2
= 87.6 kcal

From exam nation of whole body conposition of brant at
Izembek Lagoon, their per cent total lipids increased between
early and Tate sampling periods, While percent protein and
percent water decreased (Table 7.2). This indicates that all
productive energies were put into storage of lipids, and in
addition, some weight of nmuscle and water content was al so
repl aced by lipids. Brackney et al. (1986) also observed no
evidence of growth (increased nuscle as indicated by increased
Rgrcent protein) in juvenile snow geese staging in tall on the

rth Slope of Alaska. The conversion of productive energy
into grams of fat deposition Hterned GCONVERT i n t he nodel
(Figure 7.1)] involves 13 kcal per 1 g fat. This was derived
by Drent et al. (1981) for fat accumulation in brant at
Terschelling, The Netherlands, using a 75% efficiency of fat

?glﬁsition having a stored energy of 9.5 kcal/g (Ricklefs

Table 7.2. Percent body conposition of brant at arrival (n=21)
and departure (n=7) from Izembek Lagoon, Alaska, in fall and
arrival (n=33) at San Quintin, Mexico (D.V. Derksen and L.
Fredrickson, unpubl. data)

Body Izembek lagoon San ouintin
conposi tion arrival departure arrival
f at 13.8 40. 6 16.5
protein 20. 4 14.1 20.5
wat er 61.7 41.2 58.4

Di sturbance. Behavioral response to aircraft was added to the
model in units of 189 sec based on the average duration
response to the approach of aBell 205 helicopter at 305 m
altitude and 0.0 kmlateral distance (see previous chapter) .
Behavi ors observed during disturbance included cessation of
feeding, alert stance, flight, and displacement activities.
Landing after a circling flight, brant readjusted their
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positions and engaged in displacement activities before
returning to normal foraging. The distribution of behaviors
during an average disturbance response was partitioned as 0.00
feeding, 0.00 headup, 0.10 maintenance, 0.00 rest, 0.36 alert,
0. 01 agonistic, and 0.53 flight.

The normal behavioral time budget was nodified by
increments of 189 sec for each disturbance event in 24 hr
(0.00219). For exanple, flight behavior normally occurred
0.013 proportion of the day, but with 10 disturbance
overflights it was estimated to be 0.024 of the day [0.013 * (1
- (10 * 0.00219)) + 0.53 * 10 * 0.00219]. Tinme budgets were
further nodified for each disturbance event by replacing a
proportion of time spent in feeding and simlarly reducing
I ntake energy available. This assuned that no conpensatory
feeding occurred. It may be possible for brant to nake up the
foraging time lost during disturbance by reducing tinme spent in
other behaviors. However, as explained in discussion of the
"Behavior" chapter, assumng an increase in prOpOtiOn of
feeding time from0.254 to as high as 0.508 was not realistic.
The actual anmount of or limts to conpensatory feeding either
by increased time or rate of intake are unknown.

RESULTS

Body weight and 1lipid reserves

Body weight was related to date using |inear regression
(Figure 7.2). Each sex and age group was anal yzed separately
to obtain average weight gain per day (Table 7.3). Average
wei ghts graphed for each 10-day period indicated that Iinear
i ncrease throughout the staging period at Izembek iS
reasonable (Figure 7.2). The regression equation was solved to
obtai n average body weight on 13 Septenber and on 5 Novenber
(Table 7.3), the mdpoint of average dates of arrival to and
departure from Izembek Lagoon for brant radio-tagged on the
Yukon Delta in 1987 and 1988. These data establish expected
average arrival and departure weights. Relatively constant and
much reduced body weights are found throughout Novenber for
brant collected at San Quintin, Mexico (Figure 7.2). Body
weights are quite variable in all groups wth standard
deviations of about 200 g (Tables 7.3, 7.4) and extrenes that
range from 1,000 to 2,200 g (Table 7.4).

The average lipid content of brant collected both early
and | ate at Izembek and San Quintin, when considered with body
wei ght data, allows change in total body weight and change in
grams of lipids to be calculated. Adult male brant gain 309 g
In body weight at an average rate of 5.7 g per day durln?_thelr
54-day stay at Izembek (Table 7.3). They gain 563 g in [ipids
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Table 7.3. Bodyweight(g)gainfOr adult (AD) and hatching year (HY)
brant during an avera(};]e 54 day fall staging period at Izembek Lagoon,
Alaska, and body weight loss following mgration to San Quintin, Mexico.
Data from D.V. Derksen and L. Fredrickson (unpubl. data) .

Izembek Iagoon San Quintin
Age/ sex W W g per SE wt wt avg wt
13 sep 5 Nov day slope n gain less Nov SD n

AD nal e 1633 1942 5.73 1.15 85 309 445 1497 135 114
AD female 1462 1754 5.42 1.11 81 292 403 1351 173 107
HY male 1476 1860 7.11 1.19 54 384 495 1365 144 88
HY female 1346 1593 4.57 1.67 47 247 325 1268 165 79

Table 7.4. Mnimm nmaxinum and average body weights (g) of adult (AD)
and hatching year (HY) brant at Izembek ILagoon, Alaska, during September
to November and at San Quintin, Mexico, during Novenber.

Izembek Iagoon San CQuintin
Age/sex min max avg SD n min max avg SD n

AD mal e 1125 2275 1727 222 87 1050 1775 1497 135 114
AD female 1080 2070 1537 203 84 900 1725 1351 173 107
HY male 1070 2130 1558 207 56 1000 1600 1365 144 88

HY female (760) °1786 1411 191 47  (725) *1600 1268 165 79
1025 900

aDeﬁi Pnat es a single extreme value wWith the next smallest recorded
erm

during this time (Table 7.5) . The average amount of lipid |ost
between departure from Izembek and arrival at San Quintin is
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541 g which conpares quite well with the expected cost of 494 g

of lipids for a 5 000 km f1ight at 83 km/hr for a 1,633 g bird
(Table 7.5) . Expected cost of migratory flight is calculated
ascost (g fat)= (1 g fat/ 9.0 kcal) tines (distance/flight
speed) tinmes [(341.4 times body weight -73)/ 1000] times 0.86
(Calder 1974 in vVangilder et. al. 1986) .
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D sturbance effects

The energetic nodel predicted an adult male brant weighing
1,633 g on 13 Septenber wll gain 310 g before departure on 5
Novenber (Table 7.6). If 10 disturbance responses occurred
daily for the 54-day period of stay, the adult male brant will
depart at 1,869 g or 0.962 of its expected departure wei ght of
1,943 g (24% | ess than the expected mei?ht gain). Each
addi tional da|IK di sturbance during daylight would decrease
total body weight at departure by 7.4 g (Table 7.6). The
decrease 1n weight was nearly linear wt increasing
di sturbance frequency (Figure 7.3). The loss of 7.4 g of
lipids is equivalent to 53 mnutes or 73 km of mgratory
flight. Any nunber over 11 daily disturbance flights would
cause average weight gain in adults to fall below 5 g/day
(Table 7.6). This arbitrary value of 5 g/day is a convenient
point for the conparison of nodel responses. It is equal to a
total weight gain of 270 g in 54 days which is 40 g bel ow
average wei ght gain shown by adult males.

Behavioral time budgets and periods of disturbance were
split into daylight and dark periods. [If all disturbances
occurred during the darkness, weight |oss was 24% | ess conpared
with only daylight disturbance, while |oss was 16% | ess if
di sturbances occurred both during day and night (Figure 7.3).
Adult brant with greater initial body weight showed 11% greater
i mpact from disturbance (Figure 7.3) conpared with hatching
year brant.

Sensitivity analysis

_ Sensitivity analysis assessed the magnitude of a 10%
increase in each of the 44 paraneters (taken one at a tinme)

used in the nodel. Paraneter values are |listed in Table 7.6
along with their relative influence on four of the output
measures of the nodel. Some (17 of 44) paraneters that always

resulted in mnor changes are omtted.

The total body weight gained by brant at Izembek wWith no
added disturbance was highly sensitive to assimlation rate,
total forage intake, and caloric value of eelgrass. A 10%
increase in assimlation efficiency from0.37 to 0.407 caused a
43.5% increase in total weight gain. It also predicted a 2.5
fold increase in the nunber of daily disturbance overflights
before brant will fail to gain at least 5 g/day (Table 7.6).
Increasing by 10% the total forage intake or the caloric value
of eelgrass simlarly caused |arge changes in weight gain and
flights tolerated (Table 7.6).



Table 7.5. Conparison of average body Weights and |ipid weights for brant

at Izembek Lagoon,

Alaska, and

energetic cost of mgration.

an quintin, Mexi co,

with the calcul ated

Tzembek Tadgoon Expected San___ouintin
mgration Differ-
arrive depart gain cost? to: Novermber enceP? Netc
5Q (PS)
$ lipid= 13.8% 40.6% 16. 5%
Adult Male:
body wgt (9) 1633 1942 309 1497
lipid wot (Q) 225 788 563 494 (287) 247 541 -47
Adult Fenmle;
body wgt (g) 1462 1754 292 1351
lipid wgt (Q) 202 712 510 458 (266) 223 489 -31
Hatching Year Male:
body wot ( 9) 1476 1860 384 1365
lipid wgt ( Q) 204 755 551 478 (278) 225 530 -52
Hatching Year Fenule:
body wgt (9) 1346 1593 247 1268
lipid wt (9) 186 647 461 428 (248) 209 438 -lo

* Calculated as cost= [(d/v)c) / K
(from Calder 1974 in Vangilder et al.
where k= 9.0 kcal fram burning 1 g of fat (Ricklefs 1974),

1986)

&= distance San Quintin(sQ)= 5, 000 km pPuget Sound (PS)= 2900 km
v= velocity= 83 km/h
c=cost of mgration, keal/h=[(341.4 * M"")/1,000] * (0. 86)

Me body wt ingrains.

"Difference in lipids between departure from Izembek and arrival at

San Quintin.

“Net bal ance of expected cost minus observed |ipid cost.
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Figure 7.3. Predicted change of body weight at departure on
Novenber 5 from Izembek Lagoon for adult and hatching (HY) %ear
brent responding to increasing frequency of helicopter flights
fromOto 70 every day. The influence of the timng of

di sturbance during the day or night or both is included.
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Table 7.6. Sensitivity of the energetic model relating to aircraft
overflight disturbance t0 a 10% increase in the values of each parameter in
the model changed one at a time. Sensitivity is expressed as the ratio of
each new output value to the original predicted output val ue.

Prop. of Wi ght
Total  depart wgt. |est per # flights

wgt gain w/ 10 dai lP]/ for gain of
54 days  flights flight <5 glday
output val ue 310 ¢ 0. 962 -7.4 ¢ 11
value >1.000 shins disturb.
ef fects are: | ess less greater | ess

paraneter and val ue increased by 10%:

initial body weight =1633 0. 855 1. 062 1. 036 0.401
%assimlation of forage =0.37 1.435 1. 069 1. 072 2. 565
max forage i ntake =270 1.344 1. 055 1. 057 2.252
kcal per dry g of forage =3.9 1. 344 1. 055 1. 057 2.252
BR constant =307 0.783 0. 963 1.032 0. 185
BMR exponent =0. 734 0. 905 0. 984 0.998 0. 691
thermorequlation kcal/day=33. 6 0.961 0.994 0.998 0. 848
excretory cost kcal/day =11.7 0. 987 0.998 0.998 0. 949
cost of storing 1 g fat =13. O 0.922 0. 990 0.919 0. 707
duration of disturbance =189 1.000 0. 996 1.099 0. 909
prop. flight in disturb. =0.53 1.000 0.998 1.061 0. 943
prop. alert in disturb. =0.36 1.000 1.001 0. 984 1.016
prop. mnt. in disturb. =0.10 1.000 1.000 0. 994 1. 006
cost of feeding behav =1.7 0.944 0.991 0. 987 0. 800
cost Of headup behav =2.0 0. 945 0.991 0. 988 0. 803
cost of maintenance behav =1.6 0.953 0.992 0.993 0. 829
cost of rest behav =1.0 0. 965 0. 994 0. 994 0.874
cost Of alert behav =2.2 0. 994 0.999 1.008 0. 970
cost of agenistic behav =2.2 0.999 1. 000 1.000 0.995
cost of flight behav =11. 0 0.981 0.994 1.063 0.874
prop.day feeding behav.  =0.339 0 .990 0.998 1.010 0.951
prop.day headup behav =0.247  0.989 0.998 0.993 0. 965
prop. day maintenance =0, 178 0.999 1..000 0.997 0. 999
prop. day rest behav =0,195 1.008 1.001 0.999 1. 030
prop. day alert behav =0.020 0.999 1. 000 1.000 0.998
prop.day agonistic behav =0, 005 1.000 1. 000 1. 000 1. 000
prop.day flight behav =0, 018 0.989 0.998 0.997 0. 962
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Change of intake energy had little influence on weight
| oss per aircraft disturbance. This is because intake
increased for both disturbance and non-disturbance situations
and this output value nmeasured only the difference between the
two . Weight |oss per disturbance was nost sensitive to 10%
increases in duration of the disturbance response (+9.9%) , cost
of 1 g stored fat (-8.1% , percent assimlation of forage
(+7.29%, netabolic cost of flight (+6.39 and_yroport|on of
flight 1 n disturbance response (+6.1%) (Table 7.6).

Sensitivity analysis showed the proportion of departure
wei ght (0.962) attained when exposed to 10 daily overflight
di sturbances was further reduced by 10% i ncreases in basal
metabolic rate (-3.7% , cost of storing fat (-1.0%, and cost
of feeding behaviors (-0.9% . Increases of 10%in initial body
wei ght, percent assimlation, forage intake, or caloric value
of Torage each caused about 6% gains in proportion of predicted
body weight at departure (Table 7.6) and nore than nade up for
the cost of 10 disturbance responses.

DI SCUSSI ON

Average body weight and lipid reserves anong brant during
fall staging at Izembek Lagoon and arrival at San Quintin were
used to determne the average wei ght gain needed by brant to
conpl ete transoceanic migration to San Quintin. Although
m ni num val ues for these reserves have not been determi ned, our
i nvestigation of disturbance effects using energetic nodels
made the assunption that depression of average weight gain or
reduced body weight at departure were not desirable.

The nodel requires a bal ance between energetic intakes and
costs . Anythin? that upsets the balance, such as increased
di sturbance, wll change the expected weight gain. As shown by
the sensitivity analysis, any inaccuracy in paraneter estimates
that change total energy intake, whether by increased anount,
higher caloric content, or greater percent assimlation of
forage, had the largest influence on the results. Certain
paranmeters affecting energy expenditure were next nost
sensitive. O these, the npost inportant were BMR, cost of
storing lipid, and costs of feeding behaviors.

The amount, quality, and assimilation of eelgrass had a
surprisingly large effect on nodel output values.” Small
i ncreases in forage intake caused large differences in weight
gain. One consequence of this high sensitivity is that it is
not useful to nmake definitive statements predicting the nunber
of disturbances brant are able to tolerate. Sone nodels are
relatively insensitive (robust) to changes in input parameter
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values and if so, stronger predictions can be made. Wth the
brant energetic nodel however, this was not the case.

Anot her inportant consequence of nopdel sensitivity to

forage intake is that if brant are able to adjust their
behavi or and conpensate for lost feeding time or increase
forage intake, the detrimental influence of disturbance on
energetic balance will readily be mnimzed. A 10% increase in
forage intake caused a 34% increase in weight gain and a 2.25
fold increase in nunber of disturbances tolerated. Although
nearly a doubling in feeding time was argued to be unlikely
éseekﬁiscussion of “Behavior" chapter) , a 10% i ncrease may be
easi bl e.

Several additional factors that make the nodel nore
realistic have not been included. Habituation of behaviora
response to disturbance was documented for repeated helicopter
overflights, therefore at |east some decline in response by
brant will occur over time. Also, only a portion of the brant
are influenced by a single aircraft flight across the |agoon.
If overflights are scattered over the total area of the I|agoon,
or better, if they are restricted to habitat areas used |ess
frequently by brant, each overflight will only disturb a small
fraction of the brant.

someval ues were assunmed for these factors to quickly
assess their influence. Using best estimates for all input
paranmeters, the nodel Fredicts 11 overflights can be tolerated
and still maintain 5 g/day weight gain (Table 7.6). Wth 20%
decreased response due to habituation, then 14 flights could be
tolerated. |f on average 10% of all brant in the lagoon are
affected by a single flight, then 140 overflights per day could
be tolerated. These assunptions denonstrate decreased
l'i kelihood that potentially harnful changes in behavioral tine
budget and energetic bal ance of an average male brant will be
caused by aircraft disturbance at Izembek Lagoon. The effects
?R_otheélage and sex classes of brant was not determ ned from

is nodel .
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Table Al. Sumary (f weather conditions at cold Bay, Al aska,
September - 21 Octcber, 1985.

and Atmospheric Admi ni stration weat her sunmmaries (U.S.

Data taken from Nati onal

APPENDI X A

T or ¢

1985) .
Septemberd October®
Tenmperature (°C)
Mean maximum 11 9
Mean minimum 4 3
Mean mean 8 6
No. days with:
Fog 8 8
Measurable I ai n 8 18
Measurable SNOW 0 3
Total precipitation (nun) 56 150
Wind
Mean velocity (kph) 27 34
Mean peak gust (kph) 84 76
No. days nmean velocity
Iess than 16.1 kph 6 1
Geater #an 32.2 kph 3 8
Greater than 48.4 kph 0 2
No. days Wnd from
Northeast 2 0
southeast 6 6
Southwest 1 6
Northwest 4 8
Mean cloud cover (% 83 90
No. days rated:
cl ear 0 0
Partly cloudy 3 2
cl oudy 13 19

“Incl udes data from 18-30 September.
*Includes data from 21-30 November.

170
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Table A2. sumary of weather conditions at Cold Bay, Al aska, 6
September - 31 October, 1986. Data taken frem National phic
?&%)At mospheric Administration weather sunmaries (U S. Dept o? Commerce

Sept ember October?
Temperature (°C)
Mean maximmm 12 9
Mean minimm 8 3
Mean mean | 0° 6°
No. days with:
Fog 13 9
Measurable I ai n 13 19
Measurable SNOW 0 0
Total precipitation (nn) 187 . 2a 77. 0P
Wind
Mean vel ocity (kph) 17 24
Mean peak gust (kgh) 84 63
No. days mean velocity
Less than 16.1 kph 9 11
G eater than 32.2 kph 9 4
Greater than 48.4 kph 2 0
No. days wind from
Nor t heast 1 3
Southeast 22 10
Southwest 2 2
Nor t hwest 6 16
Mean cloud cover (%) 88 91
No. days rated:
cl ear 1 0
Partly cloudy 4 3
Cloudy 25 28

a

Above average.
b Below average.
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Tabl e A3. Sumary of weather conditions at Col d Bay, Al aska, 20 August -30
Novermber, 1987. Data taken from National Oceanographi C and Atmospheric
Admini stration weather summaries (U S. Dept of Commerce 1988).

Auqustd September October November

Tenperature(C)

Mean maximm 16 11 8 2
Mean minimum 8 6 2 -
Mean mean 12P gc 5d -1d
No. days Wi th:
Fog 11 15 8 2
Measurable rain 2 25 29 6
Measurable snow 0 0 1 17
Total precipitation (m) 3d 106P 140P 794
wird
Mean wvelocity (kph) 15 29 27 24
Mean peak qust (kph) 42 63 60 51
No. days mean velocity
Iess than 16.1 kph 5 1 3 9
Geater than 32.2 kph 1 10 11 6
Geater than 48.4 kph 0 2 0 1
No. days wind from
Nor t heast 1 1 1 4
sout heast 3 6 10 2
sout hwest 0 7 10 5
Nor t hwest 8 16 10 19
Mean cloud cover (% 79 91 83 81
No. days rated:
cl ear 1 0 0 2
Partly cloudy 3 4 8 8
cl oudy 8 26 23 20

~Includes data from only 23-31 August.
"Includes data fromonly 1-16 Novenber.
° Above average.
d Near average.
‘Below average.
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Table A4 . Sumary of Weather conditions at Cold Bay, Alaska, 23 August - 16
November, 1988. Data taken from National Oceanographi ¢ and Atnospheric
Administration weather summaries (U.S. Dept of Commerce 1988) .

August?d September Octcber November®

Temperature (°C)
Mean maximum 13 11 8 5
Mean minimum 6 5 2 -2
Mean mean 9 gd oC e
No. days wi t h:
Fog 6 18 14 8
Measurable rai n 6 20 23 13
Measurable SNOW 0 0 0 6
Total precipitation (m) 2 3 99¢ 83° 599
w nd
Mean vel ocity (kph) 16 27 26 23
Mean peak gust (kph) 87 153 88 79
No. days mean velocity
Iess than 16.1 kph 4 5 5 3
Geater than 32.2 kph 2 7 6 4
Greater than 48.4 kph 0 2 1 0
No. days Wnd frem
Nor t heast 1 1 7 1
Sout heast 3 11 6 3
Southwest 3 5 5 3
Northwest 2 13 13 9
Mean cl oud cover (% 88 92 85 91
No. days rated:
cl ear 0 1 0 0
Partly cloudy 1 3 7 3
Cloudy 8 26 24 13

[ ncludes data from om{ 23- 31 Auqust
Includes data from only 1-16 Noverrber

Above aver age.
d Near average.

‘Below average.

a
b
c



APPENDIX B

List of bird species observed at [zembek Lagoon, 1986-1986. Timing of stay for each species can be
approximated from first and last dates of observation. The observation period was 23 August-15 November
in 1988, 20 August-17 November in 1987, and 7 September-31 October in 1986. Status indicates relative
abundance as A- abundant, vC- very common, C- common, U- unknown, and R- rare.

1988 1987 1986
First Last First Last First Last

Species observed observed observed observed observed oObserved Status
Common Loon

(Gavia immer) 25 Aug 15 Nov 29 Aug 16 Nov 14 Ott 18 Ott c
Pacific Loon

(G. pacifica) 200t 15Nov 07 Nov 07 Nov  10Sep 21 Ott u
Red-throated Loon

(G. stellata) 20 Ott 03 Nov 25 Ott 25 Ott R
Red-necked Grebe

(Podiceps grisegena) 12 Sep 14 Nov 19 Ott 01 Nov 09 Sep 26 oct c
Horned Grebe

(P. auritus) 24 Sep 13 Nov 23 Ott 25 Ott A
Short-tailed Shearwater

(Puffinus tenuirostris) 02 Sep 02 Sep 12 Ott 12 Ott 21 Sep 21 Sep R
Fork-tailed Storm-Petrel

(Oceanodroma furcata) 17 Sep 01 Oftt R
Pelagic/Red-faced Cormorant

(Phalacrocorax pelagicus/P.urile) 29 Aug 12 Nov 27 Aug 01 Nov 20 Sep 30 Ott c
Double-crested Cormorant

(P. auritus) 02 Sep 12 Nov 01 Sep 01 Nov 27 Sep 27 Sep u
Tundra Swan

(Cygnus columbianus) 26 Aug 10 Nov 21 Aug 03 Nov 15 Sep 15 Ott u
Aleutian Canada Goose

(Branta canadensis leucopareia) 23 oct 23 Ott

7L1



Table B1. Continued.

1988 1987 1986
First Last First Last First Last

Species observed observed observed observed observed observed Status
Cackling Canada Goose

(B. ¢. mimima) 02 sep 28 Ott 20 ott 20 Ott 17 Sep 02 Ott R
Taverner's Canada Goose

(B.c. taverneri) 23 Aug 14 Nov 23 Aug 17 Nov 08 Sep 31 Ott A
Brant

(B. bernicla) 23 Aug 15 Nov 20 Aug 16 Nov 08 Sep 31 Ott A
Emperor Goose

(Chen canagica) 02 Sep 15 Nov 28 Aug 17 Nov 08 Sep 31 Ott A
Snow Goose

(C. caerulescens) 12 Sep 04 Nov 25 Ott 26 Ott 23 Ott 23 oct R
Gr. White-fronted Goose

(Anser albifrons) 22 Sep 02 Nov 17 Sep 15 Ott 26 Sep 20 Oftt R
Mal lard

(Anas platyrhyncos) 2.4 Aug 14 Nov 24 Aug 12 Nov 14 Sep 31 Ott A
Gaduwa 11

(A. strepera) 22 Sep 10 Nov 03 Sep 01 Nov u
Northern Pintail

(A. acuta) 24 Aug 06 Nov 20 Aug 07 Nov 18 Sep 23 oct A
Green-winged Teal

(A. crecca carolinensis) 29 Aug 11 Nov 24 Aug 09 Nov 13 Sep 30 Ott vC
Common Teal

(A. crecca nimia) 13 Ott 13 Ott 15 Ott 28 Ott R
Eurasian Wigeon

(A. penelope) 27 Sep 24 Ott 25 Sep 25 Nov u
American Wigeon

(A. americana) 02 Sep 20 Ott 01 Sep 25 Ott 16 Sep 22 Ott o
Northern Shoveler

(A. clypeata) 11 Sep 02 Nov 11 Oftt 15 Ott R
Canvasbacks

(Aythya valisineria) 16 Nov 16 Nov R

SLT



Table B1. Continued.
1988 1987 1986
First Last First Last First Last

Species observed observed observed observed observed observed Status
Greater Scaup

(A. marila) 31 Aug 11 Nov 23 Aug 16 Nov 18 Sep 15 Ott vC
Bufflehead

{Bucephala albeola) 09 Ott 14 Nov 07 Ott 10 Nov C
Common Goldeneye

(B. clangula) 12 ott 15 Nov 01 Ott 17 Nov 22 Ott 30 Ott \e
Oldsquaw

(Clangula hyemalis) 12 ott 12 Nov 21 Ott 13 Nov 15 Ott 31 Ott ulc
Harlequin Duck

(Histrionics histrionics) 03 Sep 13 Nov 29 Aug 17 Nov 24 Sep 31 Ott vc
Steller's Eider

(Polysticta stelleri) 25 Aug 15 Nov 23 Aug 16 Nov 10 Sep 31 ott A
Black Scoter

(Melanitta pigra) 31 Aug 15 Nov 21 Aug 07 Nov 09 Sep 30 Ott C
White-winged Scoter

(M. fusca) 31 Aug 13 Nov 20 Aug 26 Oftt 21 Sep 15 Nov u
Surf Scoter

(M. perspicillata) 25 Ott 25 Ott R
Common Merganser

(Mergus, merganser) 24 Sep 14 Nov 17 Sep 07 ott 04 Ott 14 Ott u
Red-breasted Merganser

(M. serrator) 07 Sep 14 Nov 23 Aug 25 Ott 14 Sep 08 Ott u
Rough-legged Hawk

(Buteo agopus) 23 Aug 12 Ott 22 Aug 20 Sep 14 Sep 18 Sep u
Golden Eagle

(Aquila chrysaetos) 01 Ott 12 ott R
Bald Eagle

(Hyliaeetus leucocephalus) 29 Aug 15 Nov 20 Aug 17 Nov 18 Sep 28 Ott c
Northern Harrier

(Circus cyaneus) 25 Sep 07 Nov 10 Sep 24 Sep 27 Sep 11 Nov R

9/1



Table B1. Continued.

1988 1987 1986
First Last First Last First Last

Species observed observed observed observed observed observed Status
Osprey

(Pandion hyliaetus) 21 Ott 21 Ott R
Gyrfalcon

(Ealco rusticolus) 24 Aug 14 Nov 20 Aug 08 NOV 09 Sep 31 Ott C
Peregrine Falcon

(E. peregrinus) 02 Sep 15 Nov 02 sep 17 Nov 20 Sep 08 Ott u
Merlin

(FE. columbarius) 03 ott 24 Ott 18 Sep 28 Sep R
American Kestrel

(FE. sparverius) 15 Sep 15 Ott R
Willow Ptarmigan

(Lagopus_L agopus) 24 Au9 06 NoV 21 Aug 13 Nov 19 Sep 31 Ott c
Rock Ptarmigan

(L. mutus) 04 Sep 11 Nov 25 Sep 14 Nov R
sandhill Crane

(Grus americana) 25 Aug 03 Sep 21 Aug 29 Aug R
Semipalmated Plover

(Charardrius semipalmatus) 26 Aug 29 Aug 20 Aug 13 Sep 28 Sep 28 Sep R
Lesser Golden-Plover

(Pluvialis_dominica) 03 Sep 29 oct 21 Aug 17 Nov 10 Sep 20 oOftt c
Black-bellied Plover

(P. squatarola) 13 Ott 18 Ott 26 Sep 26 Sep R
Ruddy Turnstone

(Arenaria_interpres) 23 Aug 13 Ott 20 Aug 09 Qt 19 Sep 27 Oftt u
Black Turnstone

(A. melanocephala) 26 Aug 20 Sep 13 Sep 24 Sep 10 Sep 15 Ott R
Common Snipe

(Gallinago gallinago) 29 Aug 22 Ott 27 Aug 15 Ot 08 Sep 05 Ot u
Whimbrel

(Numenius phaeopus) 30 Aug 02 Sep 24 Aug 10 Ot R

LLT



Table B1. Continued.

1988 1987 1986
First Last First Last First Last
Species observed observed observed observed observed observed Status

Wandering Tattler

(Heteroscelus incanus) 30 Aug 08 Ott R
Lesser Ye[lowLegs

(Icinga flavipes) 25 Aug 17 Sep R
Greater Yellowlegs

(1. melanoleuca) 23 Aug 12 Ott 20 Aug 12 Ott 27 Sep 11 Ott u
Rock Sandpiper

(Calidris ptilocnemis) 23 Aug 14 Nov 20 Aug 17 Nov 18 Sep 24 Ott A
Sharp-tailed Sandpiper

(C. acuminata) 02 Sep 14 Nov 17 Sep 02 Nov 14 Ott 31 Ott u
Pectoral Sandpiper

(C. melanotos) 05 Sep 10 Nov R
bunlin

(C. alpina) 26 Aug 18 Sep 20 Aug 25 Ott C
Western Sandpiper

(C. mauri) 26 Aug 17 Sep 20 Aug 18 Sep u
Semipalmated Sandpiper

(C. pusilta) 26 Aug 26 Aug R
Sanderling

¢C. alba) 30 Aug 24 Ott 29 Oct 16 Nov 10 Sep 31 ott U/R
Long-billed/Short-billed Dowitcher

(Limnodromus scolopaceus/L.griseus)_25 Aug 06 Oftt 20 Aug 09 Ott 07 ott 18 Ott u
Marbled Godwit

(Limosa fedoa) 25 Aug 25 Aug R
Bar-tailed Godwit

(L. lapponica) 01 Sep 01 Sep R
Red Phalarope

(Phalaropus fulicaria) 04 Sep 05 Ott 15 Sep 22 Sep R

Red-necked Phalarope
(P. lobatus) 26 Aug 13 Ott 20 Aug 21 Ott 19 Sep 06 Ott u

8.1



Table EI. Continued.

1988 1987 1986
First Last First Last First Last

Species observed observed observed observed observed observed Status
Pomarine Jaeger

(Stercorarius pomarinus) 23 Ssep 23 Sep R
Parasitic Jaeger

(S. parasiticus) 21 Aug 01 Oftt R
Glaucous Gull

(Larus hyperboreus) 14 Nov 14 Nov 01 Ott 02 Ott R
Glaucous-winged Gull

(L. glaucescens) 23 Aug 15 Nov 20 Aug 17 Nov 08 Sep 31 Oftt A
Slaty-backed Gull

(L. schistisagus) 19 Sep 19 Sep R
Mew Gull

(L. canus) 23 Aug 15 Nov 24 Aug 07 Nov 18 Sep 27 oct u
Red-legged Kittiwake

(Rissa_brevirostris) 11 Sep 11 Sep R
Black-legged Kittiwake

(R. tridactyla) 04 Sep 12 Nov 15 Sep 29 Ott 21 Sep 31 Ott u
Tern spp.

(Sterna spp.) 23 Aug 04 Sep R
Common Murre

(Uris aalge) 19 Ott 02 Nov R
Pigeon Guillemot

(Cepphus_columba) 30 Aug 11 Nov 08 oct 13 Nov u
Marbled Murrelet

(Brachyramphus marmoratus) 18 Oftt 02 Nov 21 Ott 21 Ott R
Cassin's Auklet

(Ptychoramphus_aleuticus) 03 ott a1t R
Crested Auklet

(Aethia cristateila) 02 Ott 02 Ott 05 Nov 05 Nov R

Tufted Puffin
(Fratercula cirrhata) 18 Sep 18 Sep R

6.1



Table 61. Continued.

? 988 1987 1986
First Last First Last First Last

Species observed observed observed observed observed observed Status
Horned Puffin

(FE. corniculata) 03 Sep 28 Ott u
Snowy Owl

(Nyctea scandiaca) 25 Sep 25 Sep R
Short-eared Owl

(Asio flammeus) 04 Sep 05 Ott 21 Agg 16 Nov 08 Ott 08 Oftt *
Belted Kingfisher

(Ceryle alcyon) 25 Aug 20 Oftt 20 Aug 10 Ott R
Horned Lark

(Eremophila_alpestris) 21 Ott 21 Ott R
Black-billed Magpie

(Bica pica) 24 Aug 15 Nov 21Aug 14 Nov 22 Sep 23 Ott c
Common Raven

(Corvus corax) 23 Aug 15 Nov 20 Aug 17 Nov 07 Sep 31 Ott A
Black-capped Chickadee

(Parus atricapillus) 27 Sep 27 Sep 30 Aug 15 Ott R
American Dipper

(Cinclus mexicanus) 24 Aug 09 Nov 20 Aug 30 Sep 07 Sep 20 Sep R
Winter Uren

(Troglodytes_troglodytes) 27 Oftt 27 Ott R
Hermit Thrush

(Catharus guttatus) 16 Sep 16 Sep R
Gray-cheeked Thrush

(C. minimus) 12 Sep 12 Sep R
Swainson's Thrush

(C. ustulatus) 10 Sep 10 Sep R
Water Pipit

(Anthus spinoltetta) 23 Aug 27 Sep 20 Aug 24 Sep c

Northern Shrike
(Lanius excubitor) 03 Sep 15 Nov 23 Aug 13 Nov 03 ott 25 Ott c

081



Table B1. Continued.

1988 1987 1986
First Last First Last First Last

Species observed observed observed observed observed observed Status
Yellow Marbler

(Dendroica petechia) 04 Sep 06 Sep 01 Sep 02 Sep R
Wilson's Warbler

(Wilsonia pusitla) 24 Aug 29 Aug 30 Aug 30 Aug R
Rosy Finch

(Leucosticte arctoa) 30 Ott 13 Nov 25 Ott 14 Nov 30 Ott 30 Ott u
Common/Hoary Redpotil
(Cardeulis flammea/C. hornemanni) 24 Aug 11 Nov 22 Sep 05 ott c
Go[den-crowned Sparrow

(Zonotrichia atricapilia) 24 Aug 20 Sep 26 Aug 26 Aug R
Song Sparrow

(Melospiza melodia) 23 Aug 09 Ott 17 Sep 17 Nov 22 Ott 22 Ott R
Fox Sparrow

(Passerella iliaca) 25 Aug 13 Ott 20 Aug 01 Nov u
Savannah Sparrow

(Passerculus sandwichensis) 23 Aug 24 Sep 20 Aug 26 Ott 08 Sep 20 Oftt A
Dark-eyed Junco

(dunco hyemalis) 17 Ott 17 Ott R
Lapland Longspur

(Calcarius lapponicus) 26 Aug 29 Ott 20 Aug 08 Oftt 08 Sep 20 Ott A
Snow Bunting

(Plectrophenax nivatis) 13 Sep 14 Nov 21 Aug 17 Nov 12 Sep 31 Ott c

* Short-eared Owls were rare in 1986 and 1988, but very common in 1987.
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APPENDIX C

Table C1. Frequency and mean number of brant (B), Canada (C) , and enperor (E)
geese within five study areas of Izembek Lagoon, Al aska, from 23 Septenmber to 21
October, 1985.

Total % of $ of Mean
days days count no. of No. of geese present
Si ze with with Total. with geesel

area  (km?) Species geese geese count geese km® Mean SD Range

G ant B 18 100 130 98 640 1500 1200 0- 7000
Point 2.3 Cc 22 4 40 100 10 0-1loo0
(East) E 17 4 10 7 4 0-1o

Hal f way B 13 100 42 98 390 1600 1200 0- 6000
Point 4.2 c 62 40 220 9oo0 700 0- 2800

E 62 26 20 100 90 0- 250

Outer B 12 100 41 98 590 2300 2000 0- 8100

Mar ker 3.9 Cc 25 15 10 50 40 0- 100
E 33 22 5 20 15 0-50

Applegate B 3 100 14 100 480 1890 605  400-2375
Cove 3.9 Cc 67 64 600 2350 459 0- 3050
(North) E 0 0 0 0

Quarter B 4 100 17 59 100 300 300 20- 800
Point 3.5 Cc 75 53 40 100 100 0- 340

E 50 47 10 40 20 0- 80

B 20 100 244 95 90 1600 1400 0- 8100
Total 17.7 C 65 19 50 800 1000 0- 3050

E 50 13 3 40 60 0- 250
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Table C2. Frequency and mean number of brant (B), Canada (C), and enperor gE)
geese at seven study areas at Izembek Lagoon, Alaska, from 18 September t0 31
Cct ober, 1986.
Total % of % of Mean
. days days count  no. of No. of geese present
Size with  with Total wth geese/
Area (km?) Species geese geese count geese Mean SD Range
Norma B 22 100 121 100 600 6800 3500 600 1910C
Bay 10.9 C 95 120 97 130 1400 1100 0-5000
E 9 121 2 0 0 1 0-5
Applegate B 26 100 110 88 600 3000 3000 0-1470C
Cove 5.4 c 100 98 85 300 1400 2300 0- 6400
E 0 93 0 0 0 0 0-0
Hal f way B 21 100 95 63 400 3100 2600 0-11800
Point 7.0 c 100 96 93 300 1900 1200 0- 5600
E 95 95 66 20 150 180 0- 1030
Round B 17 76 103 55 400 800 1500 0-11100
Island 2.1 c 12 79 5 5 10 40 0- 200
(East) E 47 80 19 5 10 30 0- 160
Banding B 12 92 77 66 530 900 1300 0- 5800
Island 1.8 Cc 0 17 0 0 0 0 0-0
E 0 77 0 0 0 0 0-0
G ant B 14 86 69 87 190 4450 8200 0-4000C
Point 23.3 C 14 12 71 4 0 2 10 0- 100
(West) E 12 64 62 63 10 180 220 0-900
Round B 10 70 43 44 90 160 510 0-3200
Island 1.8 C 7 0 30 0 0 0 0 0-0
(west) E 8 13 31 3 0 0 2 0-9
Totals B 122 92 618 81 61 3200 4300 0-4000(
52.3 C 115 62 571 52 16 850 3.200 0- 6350
E 111 36 559 22 1 50 130 0-1030
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Frequency and Mean mumber Of brant (B), Canada (C), and emperor (E)

geese within six study areas of Izembek Iagoon, Al aska, from 3 September to 7

November 1987.
Total % of % of Mean
days days count  no. of No. of geese present
Si ze wth with Total with geese/
Area (km?) Species geese geese count geese km?® Mean SD Range
Hal f way B 37 100 144 100 1900 7700 4300 400-20000
Point 4.2 c 70 144 72 200 1000 1300 0- 6250
E 65 144 57 20 100 140 0- 650
Norma B 18 100 104 100 1200 6500 4730 400- 20800
Eay 5.5 c 89 104 75 200 1100 1400 0-9000
E 0 104 0 0 0
Applegate B 14 100 53 100 1240 6700 4900 500- 22500
Cove 5.4 c 86 53 70 150 800 1100 0- 4500
E 14 53 4 0.1 1 10 0-50
Banding B 12 100 48 85 1400 2500 2900 0- 10800
Island 1.8 C 0 48 0 0 0
E 0 48 0 0 0
Grant B 18 100 81 99 700 1500 1500 0- 7800
Point 2.3 c 17 81 7 10 20 80 0- 400
(East) E 39 81 20 5 20 30 0-200
Outer B 20 100 84 98 680 2800 3000 0- 12200
Marker 4.1 c 90 84 74 120 500 800 0- 4000
E 80 84 56 1 100 100 0-500
Total B 45 100 514 98 220 5200 4600 0- 22500
23.3 C 80 514 56 30 600 1100 0- 9000
E 84 514 29 1 30 90 0- 650




Appendi x Figure d. Location of observation blinds and study areas
under view during hourly counts of geese at Izembek La%oon, Al"aska.
Study areas included Norma Bay (nB), Appl egate Cove (AG)E, Bandi ng
| sl and ABI)' G ant Point West (cw), Grant Point East (GE), Halfway
Point (HP), Round Island (RI), and Quter Marker (oM) .

Bristol Bay

§81



APPENDIX

Tabl e D1. Summary of experimental ajircraft overfli

D

ts flown at Iz

LagCon, Al aska, from 30 Septenber to 13 october, 1985.

shown in F|gures 5.1 and 5.2

embek
Flight paths are

196

_ No. of No. of flocks observed
Altitude flight
Aircraft type (m lines Brant Canada Emperor
Fixed-w “ aircra
Cessna 150/ 180/ 185 76 1 1 0 0
91 2 2 2 2
152 7 30 2 2
250 2 3 0 0
305 8 35 5 2
457 4 17 0 0
610 4 12 1 0
762 2 5 0 0
subtotal s 30 105 10 )
Cessna 206 250 1 1 0 0
305 1 2 1 0
610 1 2 1 0
762 2 5 0 0
Total s 35 115 12 6
Rotary-w ing aircraftP
Bell 206-B 500 2 13 3
1000 6 31 3 0
2500 1 1 0 0
3000 4 14 4 0
Totals 13 59 10 0
Al |l aircraft G and Totals 48 174 22 6

See F| aure 5‘3 %
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Table D2. Summary of experimental aircraft overflights flown at Izembek
Lagoon, Al aska, from 18 September to 31 Cctober, 1986. Flight paths are
shown in Figure 5.3 unless otherwise noted.

No. of No. of flocks cbserved
Altitude  flight
Aircraft type (m | ines Brant Canada Enperor
Fixed~wing aircraft
Singl e-engi ne 46 22 7 1 0
Arctic Tern 61 42 10 1 0
Cher okee Chi ef 91 72 14 0 0
Cessna 185/ 206 152 123 25 15 1
243 1@ 4 2 0
305 16 49 32 2
365 12 1 0 0
457 3a 3 3 0
610 52 13 12 6
760 9a 21 5 0
Subtotals 60 147 71 9
Pi per Navajo 152 19 17 32 7
305 10 54 12 1
Subtotals 29 131 44 8
b 152 1 4 3 1
G uman Goose 305 A 7 8 ]
610 4 8 8 1
914 4 6 10 1
Subtotals 13 25 29 4
Twin OtterC 91 6 18 1 0
305 1 3 0 0
Subtotals 7 21 1 0
Hercul es c-130° 305 1 14 6 2
517 1 6 3 0
610 3 5 1 0
Subtotals 5 25 10 2

Total s 114 354 155 23
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Tabl e p2. Conti nued.

No. of No. of flocks observed
Altitude  flight
Aircraft type (m | i nes Br ant Canada Emperor
Rotarv-wing aircraft
Bel | 206-B 91 13 84 15 3
213 22 3 3 0
258 1d 0 1 0
274 1d 4 0 0
305 30 139 48 15
457 1 3 3 0
610 11 57 14 7
subtotal s 59 290 84 25
Sikorsky HH-3F€ 457 3 45 15 1
Total s 62 335 99 26
Al aircraft Grand totals 176 689 254 49

@ same overflights did not follow the Standardized flight lines depicted in
Figure 5.3. One single-engine overflight at 91, 457 and 610 m, one Bell
206B hel i copter overfli ?ht at 213 m amd five single-engine overflights at
157 mwere flown along different flight paths.

b Flight paths were orrented east/west across most of |agoon.

C Flight paths were oriented north/south at 3.2 km “intervals across the
entire |agoon. _

d puring one overfl i ght the aircraft was ascerding when flocks were being
cbserved.

© Flight paths are shown in Figure 5.4.
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Table D3. summary of experimental aircraft overflights flown at Izembek
Lagoon, Al aska, from 23 Septenber to 18 october, 1987. Flight paths are
shown in Flgures 5.5 unl ess otherwise noted.

. No. of No. of flocks cbserved
Altitude  flight
Aircraft type (m | i nes Brant Canada  Emperor
Fixed-wing aircraft
Pi per - 150/ Cessna 206 76 1 1 0 0
152 8 27 2 0
305 152 52 0 0
subtotal s 24 80 2 0
Her cul es ¢c-130° 305 3 38 19 4
Total s 27 118 21 4
Rotarv-wing aircraft
Bell 206-B 91 7 23 11 4
152 10€ 26 11 5
305 8 17 7 1
457 2 7 2 0
subtotal s 27 73 31 10
Bel | 205 91 19d 92 30 0
152 302se,£ 98 24 3
305 25t 98 30 4
457 12° 55 18 1
610 14 53 22 0
671 2a 5 4 0
762 2 3 1 0
914 4 9 3 0
1,219 1 6 1 0
Subtotal s 109 419 133 8
Total s 136 492 164 18
All aircraft G ad totals 163 610 185 22
e on £1is g§t161.ne 14, Two on regul ar flightline 14.
‘One on fliahtline 16.

Che off regul ar f lightlines. f one on flightline 15.
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Table m. sSumary Of experimental gircraft overflights flown at Izembek
Lagoon, Al aska, from 29 September to 19 COctober, 1988. Flight paths are
shown N Flgure 5. 6.

. No. of No. of flocks cbserved
. Altitude  flight
Aircraft type (m lines Brant Canada Emperor
Fixed-wing aircraft
Pi per-150 76 1 3 3 2
152 6 15 8 4
305 4 13 8 6
457 2 8 6 3
610 1 2 1 1
subtotals 14 41 26 16
Cessna 206 152 4 4 0 0
305 2 6 2 1
Pi per Navajo 76 2 8 7 1
152 6 23 16 6
305 2 6 5 2
Subtotals 10 37 28 9
Totals 30 88 56 26
Rotary-wing aircraft
Hughes 500-D 76 2 7 1 2
152 7 23 14 8
305 7 22 17 10
457 5 14 16 5
610 1 4 7 4
Totals 22 70 65 29

Al aircraft G ad totals 52 158 121 55




Table D5. Frequency of potential (incidental and experimental) disturbance events for all geese at Izembek Lagoon, Alaska, from 23
September to 21 October 1985.

Total Mean Mean number HUMAN DISTURBANCES NATURAL

hours of Days hid of dis-
Study observa- i n in turbances Fixed-wing aircraft Helicopter Other Birds Mamma 1

area tion (%) blind blind per hour AS AT AM AT H G P B v E F M Total

Grant 120.7 23 4.1 2.2 (1.5)b n 96 24 29 30 9 43 8 10 0 5 5 2 261
Point E. (46.1) % 58.2 44.4 349 297 10.6 506  66.7 66.7 0 41.7 62.5 100.0 41.9
Hal fuay 44.4 14 3.2 29 (2.1) n 28 9 12 18 23 34 3 1 0 1 0 0 129
Point (17.0) x 17.0 16.7 145 17.8 27.1 40.0 25.0 6.7 0 8.3 0 0 20.7
Outer 54.7 15 3.7 20 (1.6) n 15 9 24 24 12 5 1 4 0 6 3 0 103
Marker (20.9) % 9.1 16.7 28.9 23.7 14.1 5.9 8.3 26.6 0 50.0 375 O 16.5
Applegate 12.9 3 4.3 11.0 (3.7) n 6 8 12 14 34 1 0 0 0 0 0 0 75
Covef (4.9) % 3.6 14.8 14.5 13.9 40.0 1.2 0 0 0 0 0 0 121
Grant 13.7 5 2.8 24 (19 n 18 2 1 5 7 0 0 0 0 0 0 0 33
Point U. (5.2) x 10.9 3.7 1.2 5.0 8.2 0 0 0 0 0 0 0 5.3
Quarter 15.3 4 3.8 1.2 (1.2) n 2 2 5 10 0 2 0 0 1 0 0 0 22
Point (5.8) %4 1.2 3.7 6.0 9.9 0 23 0 0 100.0 O 0 0 35
Total 261.7 25 37 - n 165 54 83 101 85 85 12 15 1 12 8 2 623

ot

266 87 13.3 16.2 13.6 13.6 19 24 0.2 1.0 13 0.3

Fixed-wing aircraft: AS - Single-engine propeller (e.g. Arctic Tern); AT - Small and heavy twin-enginepropeller (e.g. Piper Navaho
NAMC YS-11, Douglas DC3); AM - Multi-engine (e.g. Lockheed C-130, Electra L-188); AJ - Jet (e.g. Boeing 727)
Other: G - Gunshots; P - Person; B - Boats; V - Vehicle.
Bird: E - Eagle (e.g. bald eagle); F - Falcon (e.g. gyrfalcon, peregrine falcon); O - Other birds (e.g. rough-legged hawk,
northern harrier, common raven).
Mammal: M - Mammals (e.g. wolf, red fox, river otter, brown bear).
4 Includes eight unidentified aircraft.

°() = Mean number of disturbances per hour excluding experimental overflights.
Includes observations from Applegate Cove (South) and Norma Bay.
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Table D&6. Frequency of potential ( incidental and experimental combined) disturbance events for all geese atlzembek Lagoon, Alaska, from 18 September to
31 October 1986.
Total Mean Mean number HuMAN _DISTURBANCES NATURAL DISTURBANCES
hours of Days h/d of dis -
Study observe - in In turbances Fixed-ning aircraft Helicopter Other Bird
area tion (%) blind blind per hour AS AT A0 AG AH AM AJ A HS HL [:] Gd P E F o u Total
Grant 61.5 14 4.4 2.5 (1.2)a n 9 23 7 1 7 11 7 0 34 14 20 3 0 7 2 0 153
Point U. (7T.7) X 2.6 8.5 25.9 13 105 9.2 9.1 0 8.4 20.6 645 115 0 2.2 5.6 0 8.3 7.5
Round 108.6 14 7.8 1.5 (0.7) n 34 12 4 4 12 12 1M 2 36 3 0 9 4 6 3 0 14 166
Island E. (13.6) X 9.9 4.4 14.8 5.1 17.9 101 14.3 83 8.9 4. b 0 34.6 12.9 1.9 8.3 0 14.4 8.2
Halfuay 113.6 21 5.4 3.5 (1.6) n 55 53 19 10 49 37 0 91 6 0 6 21 18 14 1 20 401
Point (14.2) X 16.0 19.6 3.8 24.1 4.9 41.2 180 0 22.5 8.8 0 23.1 67.7 5.6 38.9 8.3 20.6 19.8
Applegate 151.1 23 6.6 2.3 (1.1) n S3 59 4 9 12 6 0 92 17 0 1 0 84 2 3 1 34LS
Cove (18.9) 15.5 21.9 14.8 V1.4 17.9 4.2 7.8 0 22.8 25.0 0 3.9 0 26.3 5.6 25.D 1.0 17.2
Banding 86.1 12 6.6 2.6 (1.1) n 3& 44 4 2 9 12 4 5 55 0 2 3 2 21 & 0 17 220
Island (10.8) x 10.5 16.3 14.8 2.5 13.4 10.1 5.2 20.8 13.6 0 6.5 115 6.6 6.6 1.1 0 18.6 10.8
Norma 196.6 22 8.9 2.9 (1.8) n 122 78 7 32 12 16 2b 13 73 164 10 8 31 571
8sy 124.6) %X 35.6 28.9 25.9 40.5 179 3.4 2.6 54.2 18.1 0 9.7 0 0 51.4 27.8 66.7 34.0 28.2
Other’ 81.1 23 3.5 2.1 (1.%) n 34 1 0 12 5 A\ 10b 4 23 20 6 4 4 19 1 0 3 168
(10.2) X 9.9 0.4 0 15.1 7.5 11.8 13.0 16.7 5.7 41.2 19.3 154 12.9 6.0 2.8 0 3.1 8.3
Total 798.6 32 6.2 -- n 343 270 27 79 67 119 27 24 404 68 31 26 31 319 36 12 94 2027
X 16.9 13.3 1.3 3.9 3.3 5.9 3.8 1.2 19.9 3.4 1.5 1.3 1.5 15.7 1.8 0.6 4.7
Fixed-wing aircraft: AS - Single-engine propeller (e.g. ArcticTern); Al - Small twin-engine propeller (e.g. Piper Navaho); AO-Twin Otter;
AG - Grumman Goose; AH - Heavytwin-engine (e.g. ¥$-11); AM - Hulti-engine (e.g. Lockheed C-130, Electra L-188):
AJ - Jet (e.g. Boeing 727); A- Unidentified aircraft
Helicopter: #§ - Small (e.g. Bell 206): HL - large (e.g. Sikorsky HH-3f3y,
Other: B - Boats; G - Gunshots; P - Person.
8ird: E - Esgle (e.g. bald eagle); F Falcon (e.g. 9yrfalcen, peregrine falcon); O - Other birds (e.g. rough-legged hawk,
northern harrier, common raven}.
u - Unidentif ied cause.
a () =Hean number of potential disturbances per hour excluding experimental overflights.
P Includes one or more disturbances caused by small jetaircraft (e.g. RockwetlSabreliner).
. [
¢ Includes Grant Point East, Round Istandvest, Applegate Cove North, Quarter Point, and Outer Marker study areas. NeJ
d (g%

Includes six combined gunshot and person disturbances.



Table D7. Frequency of potential (incidental and experimental combined)

disturbance events for all geese at lzembek Lagoon, Alaska, from 1
September to 2 November 1987.

Total Mean Mean number HUMAR D1 STURBANCES NATURAL DISTURBANCES
hours of Days h/d of dis -

Study observe- in in turbances Fixed -wing aircraft Helicopter Other Bird Hammal

area tion (%) blind blind per hour AS AT AH AU Al A HS HK B Gb P E F 0 M u Total
Halfway 201.3 38, 5.3 2.3 (1.1)2 n 42 8 0 64  so 1 43 125 4 3 0 79 15 8 0 28 470
Point (23.6) X 160 99 o0 41,0 27.2 1.3 37.7 22.2 14.8 21.4 0 26.7 37.5 222 0 50.9 23.9
Applegate 1S2.9 22 6.9 2.7 (1.1) n 28 19 0 25 22 19 33 184 2 4 2 5SS 3 7 2 6 411
Cove (17.9) % 107 23. S O 16.0 12.0 24.1 28.9 32.7 7.4 28.6 4.3 8.6 7.5 19.4 25.0 10.9 20.9
Grant 106.4 21 5.1 1.6 (1.3) n 18 9 1 18 47 7 8 20 13 s 7 6 1 1 3 3 167
Point E. (12.5) % 69 111 167 11. S 25 S 89 70 3.6 48.1 35.7 149 2.0 2.5 2.8 37.s 55 88
Outer 111.8 20 5.6 2.S (1.8) n 3 0 O 3 24 44 14 30 37 0 0 35 40 8 S D 4 274
Marker (13.1) % 115 0 SO. O 1S.4 23.9 17.7 26.3 66 0 0 74.5 13.5 20.0 13.9 o 7.3 13.9
Norma 142.6 18 7.9 2.9 (0.7) n 94 33 1 12 10 27 0 9% 0 2 1 105 9 1" 3 13 414
Bay (16.7) X 359 40.7 16.7 7.7 5.4 34.2 0 16.7 0 14.3 2.1 35.5 22.5 30.6 37.5 23.6 21.1
Bonding 75.1 1s 5.0 2.4 (0.7) n 43 11 0 9 1 2 D 99 2 0 0 9 3 2 0 1 182
Istand (8.8) % 16.4 13.6 0 5.8 0.5 25 0 7.6 7.4 0 0 3.0 7.5 5.6 0 1.8 9.3
Round 58.4 7 8.3 0.7 (0.7) =n 7 1 1 4 10 9 0 0 0 0 2 2 1 2 0 0 39
Island (6.8) X 2.7 1.2 16.7 2.6 5.4 14 0 0 0 0 4.3 0.7 2.5 5.6 0 0 2.0
Grant 5.4 4 5.4 1.7(1.1) n o 0 0 0 0 0 0 6 0 0 0 0 0 0 0 9
Point U. (0.6) % 0 0 0 0 0 0 0.5 22.2 0 0 0 0 0 0 0 0.s
Total 8S3.9 48 6.2 n 262 81 6 156 184 79 114 S62 27 14 47 296 40 36 8 55 1967

% 133 [ | 0.3 7.9 9.4 4.0 S.8 28.6 1.4 0.7 2.4 1s.0 2.0 1.8 0.4 2.8

Fixed- wing aircraft: AS - Single-engine propeller (e.g. Arctic Tern); AT-Small twin-engine propeller (e.g. Piper Navajo); AH Heavy twin-

engine (e.g. Y$-11); AM - Multi-engine (e.qg. Lockheed C-130 Hercules, Electra L-188);
Sabreliner); A - Unidentified.

Helicopter: HS - Small (e.g. Bell 206); HK Large (e.g. Bell 209).

Other: B - Boats; P - Person; G - Gunshots.

AJ - Jet (e.g. Boeing 727. Rockwell

Bird: E - Eagle (e.g. bald eagle); F - Falcon (e.g. gyrfalcon, peregrinefalcon);
northern harrier, commonraven).
Hamma | : M

O Other birds (e.g. rough-le gged hawk,

- Mammals (e.g. wolf,red fox, river otter, brown bear).
U - Unidentified cause.

£61

‘() "'mean number of potential disturbances per hour excluding experimental overflights.
b Includes 2 combined gunshot and person di sturbances.
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