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Diurnal time budgets and habitat use patterns of breeding Ugashik marbled godwits

(Limosa fedoa beringiae) were studied on the north-central portion of the Alaska Peninsula

during spring and summer 1995-1996. Marbled godwits were observed from blinds and

behaviors were described for the four phases of the breeding season: pair-formation, egg-

laying, incubation and post-hatching. During pair-formation, males spent the majority of

time performing flight displays (40.2%), most notably the ceremonial flight (30.7%).

Males spent 34.3% of the egg-laying period guarding their mates probably to reduce the

threat of cuckoldry. Females incubated during the daytime and males incubated at night.

Off-duty males were engaged in maintenance activities (49.4%) or were alert/erect

(22.7%). Four marbled godwit nests and the first newly hatched, downy marbled godwit

chicks ever recorded in Alaska were found within the study site. One parent guarded the

chicks which allowed the other to forage in nearby wetlands. Males performed male-exit

flight as they prepared to depart for coastal staging lagoons approximately three weeks after

their chicks hatched. Interspecific and intraspecific hostility peaked during the post-

hatching period although aggressiveness towards neighboring shorebirds decreased.

Godwits may benefit from the aggressive nature of some neighboring shorebirds and more

timid species may receive a similar benefit from nesting close to godwit semi-colonies. The
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scattering of nests in loose semi-colonies may reduce predation by offering both nest

concealment and group defense.

Cover types and microhabitat characteristics were compared between sites used by

marbled godwits ("present") and paired sites where no godwits were observed throughout

the breeding season ("absent"), and among sites used for broodrearing, foraging, ground

display and nesting. Logistic regression models predicted the probability of godwit

occurrence or the probability of a godwit broodrearing, foraging, displaying or nesting

based upon significant site features. Results indicate that different cover types were used

for broodrearing, foraging, ground display and nesting, and cover types differed between

present and absent sites. Microhabitat characteristics were different between present and

absent sites, and they varied among the different use sites. The odds of finding a godwit at

a site or the odds of finding a godwit broodrearing, foraging, displaying or nesting

changed with changes in the significant microhabitat characteristics. As the percent shrub

cover increased the odds of finding a brood or a nest increased 2.65-fold and 1.95-fold,

respectively. The vegetation at broodrearing sites was taller (1.6 dm) than the vegetation at

the other use sites, while the vegetation at nest sites was considerably shorter (1.3 dm) and

denser. The probability of finding a godwit foraging increased with increasing forb cover

and water depth, and decreasing shrub and moss cover and site roughness. Godwits used

the periphery of wetlands for ground display. These grassy areas were typically transition

zones between the wetland itself and the drier shrub communities.
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Time Budget and Habitat Use Patterns of Marbled Godwits
(Limosa fedoa beringiae) Breeding on the Alaska Peninsula

1. Introduction

There are three geographically separated populations of marbled godwits (Limosa

fedoa) in North America. The largest is the mid-continent population which breeds from

central Alberta and Saskatchewan south to central Montana and northern South Dakota. A

second breeding population is concentrated in the southwestern James Bay region. The

third population breeds on the north side of the Alaska Peninsula between Ugashik Bay and

south to Port Heiden (Gibson and Kessel 1989). This third population was the focus of

this study.

Alaska's marbled godwits were recently described as a new subspecies (L. f.

beringiae) by Gibson and Kessel (1989). Gibson and Kessel found that the Alaska

population of marbled godwit was morphologically distinct from mid-continent and James

Bay populations. Morphological distinctions include: shorter tarsi, wings and culmens,

and more massive bodies. Due to its limited breeding distribution, North (1992) proposed

the subspecies be referred to as the Ugashik marbled godwit.

1.1 Background

Marbled godwits were first recorded in Alaska in 1881 at Ugashik Bay (57 °35'N,

157 °42'W) on the Alaska Peninsula, however, they were not observed in the state again

until 1967 (Gibson and Kessel 1989). Marbled godwits were rediscovered 15 years later at

Ugashik Bay during annual aerial waterfowl counts and again in 1983, but no nests, eggs

or flightless young were observed. The only prior evidence of potential breeding consisted

of two barely fledged marbled godwits that were collected from a flock in flight at Ugashik
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Bay and approximately 100 km north at Nushagak in 1881, but these were speculated to

have accidentally wandered there from their northern prairie breeding grounds (Gabrielson

and Lincoln 1959). North et al. (1996) erroneously stated that this view was accepted by

ornithologists for nearly two decades and that Kessel and Gibson (1978) were the first to

speculate that marbled godwits were breeding near Bristol Bay in 1978. In fact,

Williamson and Smith (1964) further examined these immature birds in 1964 and

determined that they were in the latter stages of the postjuvenal molt and could only have

flown weakly if at all. Considering this evidence, Williamson and Smith believed that

these birds constituted the first breeding record for marbled godwits on the Alaska

Peninsula. However, Ugashik marbled godwit nests, eggs and flightless young remained

to be discovered.

Gibson and Kessel (1989) hypothesized that marbled godwits were nesting

somewhere above the lower reaches of the King Salmon and Dog Salmon Rivers, and the

tidal flats of Ugashik Bay (Fig. 1.1). Gibson and Kessel, and North and Tucker (1992)

made numerous observations of godwits in this general area, but definitive proof of nesting

(nests, eggs or flightless young) was still lacking. Gibson and Kessel (1989) speculated

that the breeding range for the Ugashik marbled godwit could extend from Ugashik Bay at

least 30-40 km southwest to Cinder River Lagoon (57 °22'N, 158 °03'W) and possibly 100

km to Port Heiden (56 °55'N, 158°41'W) (Fig. 1.2).

On 23 June 1992, breeding pairs and the first egg shell fragments from a successful

nest were discovered at the study site (Godwit Valley) just above the reaches of the Dog

Salmon River, providing the first nesting confirmation in the state (North et al. 1996). No

chicks or flightless young were observed but two eggshell fragments were found next to

the nest on a grassy tussock adjacent to a flooded stand of buckbean (Menyanthes trifoliate

L.) and horsetail (Equisetum L. spp.). These fragments were later confirmed by L. Kiff of

the Western Foundation of Vertebrate Zoology to be those of marbled godwit. Although



Figure 1.1. Breeding grounds for the Ugashik marbled godwit above the lower reaches of the King
Salmon and Dog Salmon Rivers, and the tidal flats of Ugashik Bay on the north-central portion of
the Alaska Peninsula (adapted from North and Tucker 1992).



Figure 1.2. Speculated breeding grounds for the Ugashik marbled godwit on the Alaska Peninsula.
.4.
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breeding was suspected to be occurring in Alaska since 1964, the discovered nest and

eggshell fragments finally provided unequivocal, physical evidence that marbled godwits

were breeding near Bristol Bay.

Marbled godwits are rare but regular spring migrants in May to southern Alaska and

numerous observations have been recorded since 1969 (see North (1992) for complete

accounts). The L. I beringiae population is estimated to number upwards of 3,000 birds.

Most marbled godwits stage in the Ugashik Bay and Cinder River Lagoon areas in early

spring and late summer and fall, along with larger numbers of bar-tailed godwits (Limosa

lapponica) (North 1992). The highest count of 700 - 1,000 marbled godwits was made at

Ugashik Bay on 12 June 1982 and a maximum of 500-1,000 was counted at Cinder River

Lagoon on 6 May 1995 (Gibson and Kessel 1989, Mehall-Niswander 1995). Marbled

godwits depart from these areas as late as mid October (Gill et al. 1986, Gibson and Kessel

1989). Observations of marbled godwits during fall migration are rare but migration may

begin in mid to late August (North 1992). Limosa I beringiae is thought to winter along

the northern Pacific Coast from San Francisco to Washington State possibly with large

flocks from the mid-continent population (Gibson and Kessel 1989, North 1992).

General breeding habitat characteristics have been described at Godwit Valley by

North and Tucker (1992) based on observations of suspected breeding birds. While no

actual marbled godwit nests were located, fifteen birds were observed on the ground,

flying or vocalizing among several types of habitat. Three major types of habitats,

excluding open water, were used: (1) super-saturated Carex/dwarf-shrub expanses; (2)

moist Ca/amagrostis/dwarf-shrub expanses in the valley, and; (3) glades containing moist

Ccdamagrostisl dwarf -shrub expanses within tall shrub habitat of hillsides, and containing

more scattered willows than the former habitat type. The majority of marbled godwits were

observed on the ground in the moist Calamagrostisl dwarf -shrub habitat expanses. No

attempt was made to determine habitat preference nor were any quantitative measurements

taken to describe habitat requirements.
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The social nature of godwits is easily observed on the breeding grounds and is

reflected in constant interactions and pursuits among birds, the almost constant flocked

state, and the loose colonial nesting habits (Nowicki 1973). Marbled godwits are

semicolonial nesters and breeding bird densities of 0.32 to 4.97 pairs km-2 have been

recorded for godwits nesting in the prairies of North Dakota (Ryan et al. 1984, Stewart and

Kantrud 1972). While a detailed behavioral study of marbled godwits in North Dakota

exists (Nowicki 1973), there has been no documentation of behavior for either of the two

tundra nesting populations. In addition, extensive data on habitat selection, time and

activity budgets of postbreeding birds, nest and territory distribution, period of egg-laying,

duration of incubation, clutch size, and nest success is available for the mid-continent

population, but no such data exists for the Alaska population.

The primary objective of this study was to identify.cover types, vegetative

microhabitat characteristics and physical microhabitat characteristics of marbled godwit

breeding habitat on the Alaska Peninsula. I was primarily interested in comparing features

between sites used by marbled godwits (for ground display, foraging, nesting and

broodrearing), and paired sites where no godwits were observed throughout the breeding

season. These features were also compared among the sites used for ground display,

foraging, nesting, and broodrearing activities. A secondary objective was to describe

breeding behaviors during the four phases of the breeding season: pair-formation, egg-

laying, incubation and post-hatching. Time and activity budgets of prebreeding, breeding,

nonbreeding summer resident, postbreeding and broodrearing godwits were determined by

making intensive observations of godwits on their breeding grounds.

1.2 Research Significance

The speculated breeding range of L. f. beringiae lies within the State of Alaska Oil

and Gas Lease Sale 41 (Deis 1984). This area has a high potential for future oil and gas



7

development (USFWS 1985, North 1992). Past sales have resulted in the lease of over

275,000 acres of Lease Sale 41 (North 1992). Primary land uses for this area (identified

by the Bristol Bay Regional Management Plan) include fish and wildlife habitat and

harvest, recreation, and oil and gas exploration and development (North 1992). The

speculated breeding range that extends from Ugashik Bay to Port Heiden lies entirely on

state and private lands. The state has designated areas at Cinder River and Pilot Point (on

Ugashik Bay) as Critical Habitat Areas for migrating waterfowl and shorebirds; therefore,

the critical staging areas may be protected from future development (North 1992). Another

possible threat includes a transpeninsula transportation corridor from Pilot Point to Wide

Bay, which has the potential of running through the Ugashik marbled godwit breeding

grounds (North 1992).

North (1992) proposed evaluating L. f. beringiae for listing as a threatened or

endangered species. He believed that the listing was justified because of: 1) the taxonomic

status of the bird, 2) the restricted breeding range, 3) low total population counts, 4) direct

potential threats to its breeding range, 5) inadequate federal regulatory oversight, and 6)

lack of population monitoring.

It is important to gain a better understanding of the biotic and abiotic components

that distinguish marbled godwit breeding habitat. It is equally important to determine the

basic reproductive parameters for this subspecies for which very little is known. A more

thorough description of habitat requirements and nesting chronology will enable land use

planners to make better management decisions regarding development and impact on the

Alaska Peninsula.

1.3 Site Description

The suspected breeding ground for L. f. beringiae lies on the north-central portion

of the Alaska Peninsula. It extends as an approximate 100 x 50 km strip from Ugashik

Bay to Port Heiden. This region can be described as the coastal plain province which
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includes those lowland areas from the coast inland to the rolling foothills of the Aleutian

Mountain Range. The landscape is low and flat with little elevational relief. Elevations

vary from sea level to a few hundred meters. Many large rivers and streams traverse the

plain and have low grades, are seasonally sluggish, and follow meandering courses with

extensive braided networks (Britton 1966). Surface drainage is poor with internal drainage

blocked by permafrost resulting in a variety of permanent and intermittent bodies of water,

from small pools to lakes several miles in length (Britton 1966). Wet tundra dominates this

region with numerous ponds, floating bogs, and extensive microtopographic relief. Soil

surface irregularities of only a few centimeters often produce steep environmental gradients

that yield distinguishable communities of plants (Peterson and Billings 1980).

Two main soil types dominate the landscape: tundra soils (Inceptisols) and bog

soils (Histisols). Tundra soils underlie cottongrass-dwarf shrub heath and some sedge

communities of imperfectly drained habitats (Bliss 1988). Bog soils are dominated by

sedge-moss or grass-moss plant communities (Bliss 1988). These poorly drained areas

remain saturated all summer and accumulate large quantities of both sedge and moss peat.

The study site (Godwit Valley) selected was the same as that used by North and

Tucker (1992) to describe general godwit breeding habitat characteristics (Fig. 1.3).

Godwit Valley is situated between two low parallel ridges dominated by medium to tall

stands of willow (Salix L. spp.), sitka alder (Alnus crisps (Ait.) Pursh ssp. sinuata (Regel)

Hu lt.), and sparse black cottonwoods (Populus balsamifera L.). Large expanses of wet-

sedge and wet-shrub communities dominate the valley landscape forming sedge-bog

meadows and open low shrub bogs (Viereck et al. 1992). A mosaic of other habitat types

is interspersed including: large expanses of quaking bogs, fresh herb marshes, herb-bog

meadows, open tall scrub, ericaceous dwarf scrub, bluejoint (Calamagrostis canadensis

(Michx.) Beauv.)-shrub meadows, ponds and lakes, streams, grass hummocks, and dry

ridges with scattered willows. Other common species include: wet sedge (Carex L. spp.),

dwarf willow, dwarf birch (Betulanana L.), bog rosemary (Andromeda polifolia L.),
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Key:
III = quaking bog

= open water

X = observation blind

Figure 1.3. Location of the five observation blinds and four marbled godwit nests
within the Godwit Valley study site, Alaska Peninsula, 1996.
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sweet gale (Myrica gale L. var. tomentosa C. DC.), crowberry (Empetrum nigrum L.),

Sphagnum spp., horsetail (Equisetum arvense L. and E. fluviatile L. ampl. Ehrh.),

buckbean, marsh fivefinger (Potentillapalustris (L.) Scop.), and nagoonberry (Rubus

arcticus L.) (Table 1.1). The study area was delimited in the northern end of Godwit

Valley by a bog that ran from the northern edge of Godwit Lake to ponded areas just south

of Mew Lake. It was delimited in the southern end by the edges of 10 Scaup and Swan

Lakes.
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Table 1.1. List of plant species found in Godwit Valley, Alaska Peninsula, 1995-96

Scientific Namea Common Name

Trees
Populus balsamifera L.

Shrubs and Subshrubs
Alnus crispa (Ait.) Pursh ssp. sinuata (Regel) Hu lt.
Andromeda polifolia L.
Betula nana L.
Empetrum nigrum L.
Ledum palustre L. ssp. decumbens (Ait.) Hult.
Myrica gale L. var. tomentosa C. DC.
Oxycoccus microcarpus Turcz.
Salix spp. L.
Spiraea beauverdiana Schneid.
Vaccinium uliginosum L. ssp. alpinum (Bigel.) Hult.
Vaccinium vitis-idaea L. ssp. minus (Lodd.) Hult.
Viburnum edule (Michx.) Rat

Forbs
Achillea borealis Bong.
Aconitum delphinifolium DC.
Angelica lucida L.
Athyrium filix-femina (L.) Roth
Caltha palustris L.
Cardamine pratensis L.

ssp. angustifolia (Hook.) 0. E. Schulz
Cerastium spp. L.
Cornus canadensis L.
Cryptogramma crispa (L.) R. Br.
Drosera rotundifolia L.
Epilobium angustifolium L.
Epilobium latifolium L.
Equisetum arvense L.
Equisetum fluviatile (L.) Ehrh.
Fritillaria camschatcensis (L.) Ker-Gawl.
Galium boreale L.
Geranium erianthum DC.
Gymnocarpium dryopteris (L.) Newm.
Heracleum lanatum Michx.

black cottonwood

Sitka alder
bog rosemary
dwarf birch
crowberry
narrow-leaf Labrador tea
sweetgale
bog cranberry
dwarf willow
Alaska spiraea
alpine blueberry
low bush cranberry
high bush cranberry

Northern yarrow
monkshood
sea coast angelica
lady fern
yellow marsh marigold
cuckoo flower

mouse-ear chickweed
dwarf dogwood
parsely fern
round-leaved sundew
fireweed
dwarf fireweed
meadow horsetail
swamp horsetail
chocolate lily
Northern bedstraw
wild geranium
oak fern
cow parsnip
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Table 1.1. (Continued.)

Scientific Namea Common Name

Iris setosa Pall.
Lupinus nootkatensis Donn
Menyanthes trifoliata L.
Parnassia palustris L. ssp. neogaea (Fern.) hult.
Pedicularis capitata Adams.
Pedicularis parviflora J. E. Sm.

ssp. pennellii (Hu lt.) Hu lt.
Petasites hyperboreus Rydb.
Platanthera convallariaefolia (Fisch.) Lindl.
Polemonium acutiflorum Willd.
Polygonum viviparum L.
Potentilla palustris (L.) Scop.
Pyrola asarifolia Michx.
Rhinanthus minor L. ssp. borealis (Sterneck) Love
Rubus arcticus L.
Rubus chamaemorus L.
Sanguisorba stipulata Raf.
Solidago multiradiata Mt.
Sparganium hyperboreum Laest.
Trientalis europaea L. ssp. arctica (Fisch.) Hu lt.
Valeriana capitata Pall.
Viola epipsila Ledeb. ssp. repens (Turcz.) Becker
Viola langsdorffii Fisch.

Sedges and Rushes
Carex spp. L.
Carex aquatilis Wahlenb. ssp. aquatilis
Carex sitchensis Prescott
Eleocharis palustris (L.) Roem. & Schult.
Eriophorum spp. L.
Juncus spp. L.
Juncus arcticus Willd.

Grasses
Calamagrostis canadensis (Michx.) Beauv.
Deschampsia beringensis Hult.
Festuca altaica Trin.
Festuca rubra L.

wild flag
nootka lupine
buckbean
Northern grass-of-parnassus
capitate lousewort
lousewort

coltsfoot
bog orchis
tall Jacob's ladder
alpine bistort
marsh fivefinger
pink pyrola
yellow rattle
nagoonberry
cloudberry
Sitka burnet
Northern goldenrod
Northern burreed
starflower
capitate valerian
marsh violet
Alaskan violet

sedge
water sedge
Sitka sedge
spike rush
cottongrass
rush
Arctic rush

bluejoint reedgrass
Bering hairgrass
fescue grass
red fescue
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Table 1.1. (Continued.)

Scientific Namea Common Name

Hierochloe odorata (L.) Wahlenb.

Submergent or Floating Aquatics
Hippuris vulgaris L.
Lycopodium annotinum L.

ssp. pungens (La Pyl.) Hu lt.
Lycopodium selago L.
Nuphar polysepalum Engelm.
Potamogeton spp. L.
Utricularia intermedia Hayne

vanilla grass

common marestail
stiff club moss

fir club moss
yellow pond lily
pondweed
flat-leaved bladderwort

a .scientific names taken from Hulten (1968)
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2. Methods

Marbled godwits were monitored from blinds, and the position and activity of the

birds were recorded. Nests were located by observation and by walking linear transects.

Cover types were described and mapped for Godwit Valley. Habitat characteristics were

described for specific microsites used by godwits for broodrearing, foraging, ground

display, and nesting. A variety of microhabitat features were measured including

vegetative structure, floristic composition, relief, roughness, water depth, and other site

characteristics. These features were compared between sites where godwits were observed

and sites where no godwits were present at any time throughout the breeding season, and

among sites used for broodrearing, foraging, ground display and nesting activities.

2.1 Time and Activity Budgets

In early May of 1995 and 1996, spring migratory flocks of marbled godwits were

observed at the Cinder River Lagoon staging area to determine flock sizes. From May

through July of 1995 and 1996, marbled godwits were observed at Godwit Valley during

daylight hours through binoculars and a 20-45 x spotting scope. In 1996, godwits were

observed from one of five non-randomly selected blinds setup within the study site. The

initial order of the rotation sequence for visiting the five blinds was made by using a

random permutation of five numbers, and this order was maintained throughout the entire

study period. In May and June of 1996, two maps were drawn from each of the five

blinds indicating the total area that could visually be assessed to the north and south of each

blind. These maps were used for recording the positions of birds under observation.

The daylight was partitioned into 4 equal time blocks: 0600-0900 hours (block 1),

0900-1200 hours (block 2), 1200-1500 hours (block 3), and 1500-1800 hours (block 4);

and observations were made for one hour within each block. Focal-switch sampling
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occurred during the hour interval within each block (Losito et al. 1989). The closest

readily visible godwit was selected as the first bird to be sampled in a flock (Altmann

1974). The position and activity of the bird were recorded at alternate 30-sec intervals

within the hour observation period. The location of the bird and the date it was observed

was recorded on the maps that were drawn from the blinds. Activity was classified as: (1)

foraging; (2) sleeping/resting; (3) preening; (4) walking/wading; (5) wing-up display; (6)

ground chasing; (7) threat display; (8) nest-scraping; (9) copulation; (10)egg-laying; (11)

incubation; (12) distraction display; (13) brooding; (14) perching; (15) alert/erect posture;

(16) aggressiveness; and (17) flying. Rights were further described as: directional,

pursuit, ceremonial, sexual pursuit, figure-8, joint, or vertical based on the descriptions of

Nowicki (1973). A seventh flight display was added called "male-exit" that resembles the

male departure flight briefly described by Nowicki. The alert/erect posture included both

erect courtship and erect threat (Byrkjedal et al. 1989). At the end of each time block,

boundaries were defined for areas determined to be broodrearing grounds, foraging sites,

and display grounds. Ground displays consisted of ground chasing (and crouched

courtship or forward bent threat), threat displays with ruffled feathers, and wing-up (and

fluttering courtship) displays as described by Nowicki (1973) for marbled godwits and

Byrkjedal et al. (1989) for bar-tailed godwits. Breeding status, sex of the observed bird,

territory distribution, interspecific and intraspecific aggressiveness, reactions to potential

predators, and flock size and movements were also recorded (Wishart and Sealy 1980).

Aggressiveness consisted of attacks or skirmishes with: (1) other marbled godwits

(intraspecific hostility), (2) potential predatorsor threats (interspecific hostility), or (3)

neighboring shorebirds (interspecific hostility).

Nest sites were located by watching pairs as they returned to the nest or by

dragging a length of rope between two observers walking linear transects. Each nest was
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marked in the field. No attempt was made to determine the total nest density for Godwit

Valley. To minimize disturbance to the birds, nest-site features were characterized after

hatching.

2.2 Cover Types

In May of 1996, cover types of Godwit Valley were determined from 1995 and

1996 aerial photographs and ground truthing, and were based on the classification system

of Viereck et al. (1992). This system allows for five levels of resolution for the

classification of Alaska vegetation. Vegetation within Godwit Valley was classified to the

Level IV cover type (dominants and codominants), and to the Level V cover type (plant

community level) at the sample points themselves (Table 2.1). Statistical analyses were

performed on the Level III and IV cover types at sample points.

2.3 Microhabitat Characteristics

Two sets of microhabitat measurements were made within the study area to

determine the habitat at sites where: (1) godwits were observed broodrearing, foraging,

ground displaying, or nesting (termed "present sites"), and (2) no godwits were observed

at any time throughout the breeding season (termed "absent sites"). Absence of godwits at

a site does not imply that they did not use that site, only that godwits were not observed at

that site at any time during the breeding season when that site was under observation. For

the first set of measurements (at present sites), sampling points were based on observations

made daily within each of the four time blocks. The position of a godwit observed

foraging, performing ground displays, or broodrearing was chosen at random from each

one hour observation period. One position was chosen for each activity thatwas observed.

Sampling took place at the location where the godwit was observed and recorded on the

cover type map. Once a position was located in the field, a flag stake was thrown over the



Table 2.1. Alaska vegetation classification types to Level IV found in Godwit Valley, Alaska Peninsula, 1995-1996, based on the
classification system of Viereck et al. (1992).

Level I Level II Level III Level IV

I. Forest
II Scrub

B. Broadleaf Forest
B. Tall Scrub
C. Low Scrub

(1)
(1)
(2)

Closed Broadleaf Forest
Closed Tall Scrub
Open Low Scrub

III. Herbaceous A. Graminoid Herbaceous (2) Mesic Graminoid
Herbaceous

B. Forb Herbaceous

(3) Wet Graminoid
Herbaceous

(2) Wet Forb Herbaceous

D. Aquatic Herbaceous (1) Freshwater Aquatic
Herbaceous

b. Black Cottonwood
a. Closed Tall Willow Scrub
d. Shrub Birch-Ericaceous Shrub Bog
e. Ericaceous Shrub Bog
j. Sweetgale-Graminoid Bog
a. Bluejoint Meadow
b. Bluejoint-Herb
c. Bluejoint-Shrub
d. Tussock Tundra
f. Subarctic Lowland Sedge Wet Meadow
g. Subarctic Lowland Sedge-Shrub Wet Meadow
j. Subarctic Lowland Sedge Bog Meadow
k. Subarctic Lowland Sedge-Moss Bog Meadow
a. Fresh Herb Marsh
c. Subarctic Lowland Herb Bog Meadow
a. Pondlily
f. Fresh Pondweed
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observers back to determine the exact location of the sample point. At nest sites, the

sample point was centered over the nest cup itself.

For the second set of measurements at absent sites, a paired sample point was

selected 50 m in a random compass direction. The absent site sample point was moved out

an additional 25 m if it was either: (1) inaccessible (i.e., in the middle of a pond or lake) or

(2) within 15 m of a nest site or a point where a bird was ever observed on the ground. If a

godwit was ever observed using an absent site during the breeding season, then these

paired sample points were not included in the analysis.

2.3.1 Vegetative Characteristics

Vegetation at sample points was characterized in a variety of ways. At each sample

point, the flora (life forms) and relative coverage of six canopy-coverage categories was

assessed using four 20 x 50 cm (0.1 m2) plots (Daubenmire 1959). Percent cover of

grasses, shrubs, sedges, forbs, clubmosses (Lycopodium spp.), and lichens was estimated

at seven canopy coverage categories: < 1%, 1-5%, 6-25%, 26-50%, 51-75%, 76-95%,

96-100%. The plots were placed at cardinal points 1 dm out from the sample point (Fig.

2.1). At nest sites, four additional 20 x 50 cm plots were placed 5 m out from the sample

point (Fig. 2.2). In addition, the percentage of ground covered by mosses was recorded at

sample points by determining the number of plot corners that came in contact with moss:

25%, 50%, 75% or 100%.

Four vertical density measurements were made at each sample point (with four

additional measurements made at nest sites) to determine the average height and density of

the vegetation. A 5 mm diameter rod, marked at 1-dm intervals was inserted vertically

through the vegetation at the central southern edge of each 20 x 50 cm plot. The number of

contacts made by grass, forb, moss, and shrubby vegetation at each 1-dm height interval

were recorded (Colwell and Oring 1988). Average vegetation height was measured as the
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Figure 2.1. Sampling scheme for microhabitat measurements made at marbled godwit
broodrearing, foraging and ground display sites, and paired (absent) sites in Godwit
Valley, Alaska Peninsula, 1996.

S

Key:

= 20 x 50 cm Plots
= Nest Cup

Figure 2.2. Sampling scheme for microhabitat measurements made at marbled
godwit nest sites in Godwit Valley, Alaska Peninsula, 1996.
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total number of contacts made by vegetation at each 1-dm interval, divided by the total

number of contacts made over the entire rod. Average vegetation density was measured as

the total number of contacts made over the entire rod, divided by the total number of

intervals that were contacted by vegetation.

2.3.2 Physical Characteristics

Physical features at sample points were characterized in a variety of ways.

Microhabitat relief (in centimeters) was determined by measuring the vertical distance from

the highest point of vegetation to the lowest point at the soil, water, or peat surface within a

2 x 2 m (4 m2) plot centered in random orientation on each sample point (Rodrigues 1994).

The variability of relief (or roughness) within the 2 x 2 m plot was assessed using a

subjective method adapted from Rodrigues (1994). Sites were assigned to one of three

roughness categories (low, medium, or high) based on visual assessment of the plot. Low

roughness refers to flat plots which were often inundated with water. Medium roughness

refers to plots with one to three ridges or tussocks. High roughness refers to plots with

more than three ridges or tussocks. The distance from the sample point to the nearest large

body of open water (10 Scaup, Mew, Godwit or Swan Lakes) was measured at 50-m

increments (< 50 m, 50-100 m, 100-150 m, or > 150 m). The distance (in meters) from

the sample point to the nearest wetland edge was measured. Since a significant proportion

of the study site was a bog, a wetland was determined to be any area > 2 m2 with standing

water. Depth (in centimeters) of standing water to the soil or peat surface was also

measured at each sample point. Table 2.2 lists and describes all of the microhabitat

variables measured in characterizing marbled godwit habitat in Godwit Valley.



Table 2.2. List and description of microhabitat variables measured in characterizing marbled godwit habitat in Godwit
Valley, Alaska Peninsula, 1995-1996.

Variable Description

Cover Type

Percent Cover, Grass
Percent Cover, Shrub
Percent Cover, Sedge
Percent Cover, Forb
Percent Cover, Clubmoss
Percent Cover, Lichen

Percent of Ground Covered
by Mosses

Vertical Density, Grasses
Vertical Density, Forbs
Vertical Density, Mosses
Vertical Density, Shrubs

Average Height

Average Density

Site Relief

Classification of plant communities, dominants and codominants (Viereck et al. 1992).

Percent coverage of six-canopy coverage catagories (1-5%, 6-25%, 26-50%, 51-75%, 76-
95 %, 96-100%) by plants in a 20 x 50 cm plot (Daubenmire 1959).

Number of 20 x 50 cm plot corners (1 = 25%, 2 = 50%, 3 = 75%, 4 = 100%) that come
in contact with mosses.

Number of contacts by plants at each 1-dm height interval along a 5 mm diameter rod
(Colwell and Oring 1988).

Computed from the total number of contacts made by vegetation at each 1-dm interval
divided by the total number of contacts made over the entire rod.

Computed from the total number of contacts made over the entire rod divided by the total
number of intervals that were contacted by vegetation.

Vertical distance (in centimeters) from the highest point of vegetation to the lowest point
at the soil, water, or peat surface within a 2 x 2 m plot (Rodrigues 1994).



Table 2.2. (Continued.)

Variable Description

Site Roughness

Distance to the Nearest Body
of Open Water

Distance to the Nearest
Wetland Edge

Depth of Water

2 x 2 m plots were assigned to low, medium or high roughness categories depending
upon the number of ridges or tussocks present (Rodrigues 1994).

Distance to Swan, 10 Scaup, Mew or Godwit Lakes measured in 50 m increments
(< 50 m, 50-100 m, 100-150 m, > 150 m).

Distance (in meters) to the nearest wetland > 2m2 with standing water.

Depth (in centimeters) of water to the soil or peat surface.
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2.4 Analyses

Analysis of the time and activity budget data was of a descriptive nature. Multiple

histograms were produced of the total proportion of time the marbled godwits spend in

particular forms of activities during the four different phases of the breeding cycle: pair-

formation, egg-laying, incubation, and post-hatching. Qualitative comparisons were also

made among the four different time blocks during each phase of the breeding season. The

breeding chronology of behavioral displays of marbled godwits was also determined.

The data collected at the sample points was analyzed using logistic regression. This

was a retrospective sampling design because sampling was specified at present and absent

sites. The response was treated as a binary random variable either taking on the value of 1

when marbled godwits were present at a site or 0 when they were absent at a site

throughout the entire breeding season.

The primary goal of this study was addressed retrospectively by looking at: (1)

how the odds of finding marbled godwits was dependent upon the cover type and

microhabitat characteristics, and (2) how the odds changed with changes in the explanatory

variables. Analyses were performed using drop in deviance F-tests to determine variable

combinations for answering the questions of interest. The cover types of present and

absent sites were compared to null models with no explanatory variables. Both cover type

groupings (Level III and IV) were added in separate tests to determine if either of them

explained a significant proportion of the deviance. The drop in deviance and drop in

degrees of freedom were compared to a chi-square distribution to determine significance.

Individual Level III and IV classification types were then compared with the Wald type III

test to determine significance. This same method was used to compare the cover types of

broodrearing, foraging, display and nest sites to one another.

The vegetative and physical microhabitat characteristics of present and absent sites

were also compared to null models with no explanatory variables. The microhabitat

variable that resulted in the largest significant drop in deviance was included in the final
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model. The additive model was then compared to each of the remaining variables, adding

those variables sequentially that resulted in a further significant drop in deviance. This

process was continued until no further variables resulted in a significant drop in deviance.

This same method was used to compare the microhabitat features of broodrearing,

foraging, display and nest sites to one another, and to compare the vegetative microhabitat

features of nest sites to sites just 5 m out. Whenever a variable was marginally significant

(at the 0.05 a level), the Wald Type III test was referenced to determine if the variable

should be included in the final model. The fit of the final models was assessed with the

Hosmer-Lemeshow goodness-of-fit test (Hosmer and Lemeshow 1989).
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3. Results

Marbled godwits were observed in Godwit Valley from 30 May to 7 July 1995 and

20 May to 15 July 1996. Observations were made from blinds for a total of 107 h (107

time blocks) in 1996. Males were observed for approximately 32 h and females for 28 h.

The remainder of the observations were either of unidentified godwits or no birds were

present. Spring migratory flocks of Ugashik marbled godwits were observed at Cinder

River Lagoon from 4 to 8 May 1995 and 6 to 10 May 1996. Approximately 500-1,000

marbled godwits were observed at Cinder River Lagoon in 1995 compared to only 200

observed there in 1996.

3.1 Time and Activity Budget

A total of 3,527 individual behavioral responses was used to estimate a diurnal (12

h) time budget (Fig. 3.1). There were approximately 10 breeding pairs that nested

semicolonially between the large, expansive wetland systems within the study site (and

numerous other breeding pairs outside the study site boundary). Like black-tailed godwits

(Limosa limosa), the pairs did not establish themselves synchronously on the breeding

grounds (Byrkjedal 1985). During the pair-formation phase, male marbled godwits spent

the majority of time performing flight displays (40.2%), most notably the ceremonial flight

(30.7%) (Fig. 3.1). In addition, males spent a considerable amount of time exhibiting

maintenance behaviors (32.3%), particularly resting (19.6%). Females also focused their

efforts towards maintenance activities (65.7%) and flight displays (20.9%). Females spent

17.9% of the time performing sexual pursuit flights. Both males and females spent the

bulk of time blocks 1, 3 and 4 performing display flights and time block 2 was primarily

spent resting (Table 3.1).
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Figure 3.1. Diurnal (percent of 12 h) time budget for male and female marbled
godwits breeding in Godwit Valley, Alaska Peninsula, 1996. Time budgets were
expressed as percentages of various activities performed by observed birds during all
stages of the breeding season.
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Table 3.1. Diurnal (percent of 12 h) time budget for male and female marbled godwits
nesting in Godwit Valley, Alaska Peninsula, 1996. Time budgets were determined for
each of the four time blocks (TB1-4) during the pair-formation period.

Activity
Males Females

TB 1 TB2 TB3 TB4 TB 1 TB2 TB3 TB4

Maintenance
Foraging 7.9 11.9 8.6 38.0
Resting 23.8 26.2 5.7 44.0
Preening 6.9 2.4 10.0 4.0

Sum maintenance 38.6 40.5 14.3 10.0 86.0
Ground displays

Wing-up 2.0 8.6
Ground chasing 2.9
Threat display 1.0

Sum ground display 3.0 11.4
Flight displays

Pursuit 1.0 2.4 5.7
Ceremonial 33.7 21.4 34.3 27.3
Sexual pursuit 5.0 11.4 27.3 50.0 100 100
Joint 1.0 2.4 10.0 2.0

Sum flight display 40.6 26.2 51.4 54.5 60.0 2.0 100 100
Aggressiveness

Intraspecific hostility 4.0 10.0
Interspecific hostility 3.0 2.4 9.1

Sum aggressiveness 6.9 2.4 9.1 10.0
Copulation 10.0
Alert/Erect 5.0 21.4 5.7 9.1 10.0 2.0
Directional flight 2.0 2.4 5.7 27.3 2.0
Walking/Wading 3.0 7.1 11.4 8.0

Observation time (min) 101 42 35 11 10 50 4 3
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During the egg-laying period, males spent the majority of time in the alert/erect

posture (34.3%), followed by maintenance activities (24.5%) (Fig. 3.1). Males mainly

spent time blocks 1 and 4 alert/erect, while mid-day activities focused on foraging or

resting (Table 3.2). Females, on the other hand, spent the majority of the time engaged in

maintenance activities (70%), which was consistent during all four time blocks (Table 3.2).

Although males were only engaged in ground displays 4.8% of the egg-laying period, this

represented the highest level of ground display activity for any of the four breeding phases.

Males spent 22.2% of time block 3 performing wing-up displays, which often proceeded

or was followed by copulation. Wing-up displays also tended to follow ceremonial flights

during all phases of the breeding season. The egg-laying period also represented the peak

for ground displays for females (1.1%) who were either ground chased by their mate or

neighboring males. Any contact or near contact by the female with neighboring males was

followed by pair copulation.

Males spent the majority of the incubation period in maintenance (49.4%), followed

by the alert/erect posture (22.7%) (Fig. 3.1). Although males spent the bulk of time

block's 1-4 engaged in maintenance activities, an almost equal amount of time was spent

alert/erect for time blocks 1, 2 and 4 (Table 3.3). The only exception was time block 3

when males spent 52.1% of the time foraging. Females spent 88.9 % of the daytime hours

incubating (Fig. 3.1). Females were responsible for incubating during the day and males

were responsible for night-time incubation. Therefore, the time allocated for incubation by

males would have been much greater had a 24 h time budget been determined. Time block

1 was the only time block that females did not spend exclusively on the nest, but was spent

foraging instead (Table 3.3). This was the result of the female flying back from adjacent

foraging areas prior to the nest exchange. Morning nest exchanges occurred between 06:00

and 09:00, while evening nest exchanges occurred between 17:00 to 20:00. The off-duty

parent often returned to the general nesting area but would land several meters away from

the nest to forage for 30 min to an hour before performing the nest exchange. The
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Table 3.2. Diurnal (percent of 12 h) time budget for male and female marbled godwits
nesting in Godwit Valley, Alaska Peninsula, 1996. Time budgets were determined for
each of the four time blocks (TB1-4) during the egg-laying period.

Activity
Males Females

TB 1 TB2 TB3 TB4 TB 1 TB2 TB3 TB4

Maintenance
Foraging
Resting
Preening

Sum maintenance
Ground displays

15.8 12.8
14.1
2.6

33.3
16.4
7.3

64.6

2.1

56.1
3.7
1.2

14.7
42.3
10.3

70.3
20.3

15.8 29.5 33.3 23.6 66.7 61.0 67.3 90.6

Wing-up 22.2
Ground chasing 3.5 1.3 2.6
Threat display 1.8 3.6

Sum ground display 5.3 1.3 22.2 3.6 2.6
Flight displays

Pursuit 1.8 1.3 4.5
Ceremonial 1.3

Sexual pursuit 3.5 14.1 4.2 14.6 3.8
Joint 1.8 1.3 2.1 2.4 2.6 4.7

Sum flight display 7.0 17.9 6.3 17.1 10.9 4.7
Aggressiveness

Intraspecific hostility 1.8 2.6 2.1 2.4
Interspecific hostility 3.8 5.6 5.5 0.6 4.7

Sum aggressiveness 1.8 6.4 5.6 5.5 2.1 2.4 0.6 4.7
Copulation 3.5 2.6 5.6 4.2 2.4 0.6
Alert/Erect 49.1 10.3 11.1 60.0 18.8 7.3 3.2
Directional flight 8.8 15.4 22.2 7.3 2.1 2.4 3.2
Walking/Wading 8.8 16.7 7.3 11.5

Observation time (min) 57 78 18 55 48 82 156 64
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Table 3.3. Diurnal (percent of 12 h) time budget for male and female marbled godwits
nesting in Godwit Valley, Alaska Peninsula, 1996. Time budgets were determined for
each of the four time blocks (TB1-4) during the incubation period.

Males Femalesa
Activity TB 1 TB2 TB3 TB4 TB 1 TB2 TB3 TB4

Maintenance
Foraging 10.5 2.5 52.1 44.4 9.8
Resting 17.7 33.1 15.1 47.3
Preening 0.8 6.6 10.9 1.8 8.2

Sum maintenance 29.0 42.1 78.2 49.1 44.4 18.0
Ground displays

Threat display 0.8
Sum ground display 0.8

Flight displays
Pursuit 6.5 3.3
Ceremonial 6.5 7.4 1.8
Sexual pursuit 1.7 3.3
Joint 1.8 5.6 0.6

Sum flight display 12.9 12.4 3.6 5.6 3.3 0.6
Aggressiveness

Intraspecific hostility 1.6 1.7 9.1
Interspecific hostility 8.1 3.4 3.6 5.6 0.6

Sum aggressiveness 9.7 1.7 3.4 12.7 5.6 0.6
Incubation 1.6 2.5 33.3 59.0 99.4 99.4
Alert/Erect 18.5 31.4 14.3 30.9 2.8 18.0
Directional flight 21.8 7.4 2.5 3.6 8.3 1.6
Walking/Wading 6.5 2.5 0.8

Observation time (min) 124 121 119 55 36 61 181 181

aalthough no females were actually observed incubating during time blocks 3 or 4, all nest sites
were under observation during this period and incubation was therefore assumed
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directional flights recorded for time block 1 for both males and females corresponded to

morning nest exchanges. Male aggression was highest during the morning and the evening

time blocks (1 and 4) corresponding to the nest exchanges (Table 3.3).

Males primarily spent the post-hatching phase alert/erect (29.8%). However, males

also spent a considerable amount of time performing elaborate flight displays (17.3%),

maintenance activities (17.3%), and aggressive attacks or skirmishes (10.9%) (Fig. 3.1).

The two primary flight displays performed by males were the male exit flight and pursuit

flights. The male exit flight was similar to the courtship flight but was different in that the

flight of one male appeared to induce flight displays in neighboring males (Byrkjedal et al.

1989), and it tended to be for a longer duration. The flight display consisted of tight circles

spiraling upwards until the bird was out of sight, followed by a noisy diving descent that

was the result of braking with the primaries. Males also performed ceremonial flights but

these were often incomplete and probably functioned more as a release of aggressive

tension (Nowicki 1973). The figure-8 display flight, which is unique to marbled godwits,

was only observed on three occasions during the post-hatching period and it appeared to be

performed between two fighting males of unknown breeding status.

Males were responsible for guarding the females and chicks while they foraged

nearby. Males were only observed perching during the post-hatching period and only one

female was observed perching in 1995. Although there were few high vantage points in

Godwit Valley, males would perch on top of willow trees 2-3 m tall.

Females were engaged in foraging activity 42.2% of the time during the post-

hatching phase (Fig. 3.1). Females were observed either foraging in wetlands several

meters away from the broods or foraging right alongside the chicks in taller vegetation.

Females also spent a considerable amount of time alert/erect (21.4%) and brooding

(11.4%). Females were primarily responsible for brooding. The bulk of time blocks 2, 3

and 4 were spent foraging (Table 3.4). In time block 1, females were primarily alert/erect.

Therefore, the only time the female was preoccupied with guarding (alert/erect) was when
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Table 3.4. Diurnal (percent of 12 h) time budget for male and female marbled godwits
nesting in Godwit Valley, Alaska Peninsula, 1996. Time budgets were determined for
each of the four time blocks (TB1-4) during the post-hatching period.

Activity
Males Females

TB1 TB2 TB3 TB4 TB1 TB2 TB3 TB4

Maintenance
Foraging 18.1 4.5 9.0 13.3 19.0 58.7 61.1 32.8
Resting 2.9 3.5 5.6 5.7 3.7 5.6 15.3
Preening 3.7 2.7 3.4 2.5 2.3 0.7 4.7 1.7

Sum maintenance 24.7 10.7 18.0 21.5 25.0 59.4 48.7 49.7
Ground displays

Wing-up 1.6 0.7 0.7 0.6
Ground chasing 0.8 0.7
Threat display 0.8 3.0

Sum ground display 3.3 4.5 0.7 0.6
Flight displays

Pursuit 3.3 4.5 1.5 5.7 0.5 0.9
Ceremonial 1.6 0.7 1.3

Sexual pursuit 5.8 6.5
Joint 1.2 1.4
Figure-8 7.0 4.2
Vertical 1.5
Male exit 3.3 10.9 7.5 5.1

Sum flight display 22.2 21.9 9.0 12.0 8.3 0.9
Aggressiveness

Intraspecific hostility 3.7 2.5 2.6 1.9 3.2 2.9 2.1
Interspecific hostility 7.0 9.5 10.5 3.2 0.9 2.9 2.8

Sum aggressiveness 10.7 11.9 13.1 5.1 4.2 5.8 2.1 2.8
Alert/Erect 22.2 23.4 46.1 30.4 30.1 19.6 15.4 20.3
Brooding 9.5 0.7 2.5 19.0 5.8 3.8 16.4
Perching 9.5 5.2
Directional flight 4.5 6.2 4.1 5.7 13.0 5.8 0.4 2.3
Walking/Wading 2.9 6.7 8.2 22.2 0.5 3.6 6.0 8.5

Observation time (min) 243 402 267 158 216 138 234 177
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the male was nearby foraging. From the division of labor, Byrkjedal (1985) suggests that

after hatching, female black-tailed godwits brood at night while the males keep guard. This

was probably the case with the Ugashik marbled godwit. Including this information in a

24 h time budget would result in considerably more time being spent brooding by females

and guarding (alert/erect) by males. The directional flight observed during the post-

hatching phase was the result of either (1) one parent flying to an adjacent wetland to feed,

or (2) the hovering or short flights the guarding parent took to keep up with and locate

their chicks in the tall vegetation.

In 1995 and 1996, several potential predators were observed in Godwit Valley and

actual incidents of predation were observed on several occasions. Godwits suffered

constant predation and harassment from aerial predators: common ravens (Corvus corax),

bald eagles (Haliaeetus leucocephalus), Northern goshawks (Accipiter gentilis), Northern

harriers (Circus cyaneus), parasitic jaegers (Stercorariusparasiticus), sandhill cranes (Grus

canadensis), mew gulls (Larus canes), glaucous-winged gulls (L. glaucescens) and short-

eared owls (Asio flammeus). The primary predator was the common raven followed by the

Northern goshawk and Northern harrier. Ravens preyed on chicks and eggs, while the

raptors primarily took chicks and adults. Gulls mainly took eggs and were not tolerated

during the incubation period, although they seemed to pose less of a threat to the chicks.

Sandhill cranes were only a threat to the chicks during the first two weeks after hatching.

Potential mammalian predators included: wolf (Canis lupus), brown bear (Ursus

middendorffi), red fox (Vulpes fulva), arctic fox (Alopex logopus), mink (Mustela vison),

shorttail weasel (Mustelaerminea) and wolverine (Gulo luscus). Marbled godwits were

observed attacking wolves and brown bear during the incubation period, and red fox after

the chicks hatched. Godwits only attacked caribou (Rangifer arcticus) and sandhill cranes

during the post-hatching period when they got too close to their chicks even though they

were present in Godwit Valley throughout the breeding season.
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The 118 interspecific attacks or skirmishes were distributed differently among the

various threatening species for each phase of the breeding season (Table 3.5). Common

ravens accounted for the majority of the attacks (36.4%), followed by caribou (10.2%),

Northern goshawks (9.3%), Northern harriers (8.5%), and sandhill cranes (7.6%). The

remainder of the 10 species accounted for less then 28% of the attacks by marbled godwits.

Intraspecific and interspecific aggression changed considerably throughout the

breeding season (Fig. 3.2). Aggression was highest during the post-hatching phase and

was lowest during the egg-laying phase. Both intraspecific and interspecific aggressions

followed a trend from medium levels during the pair-formation phase to low levels during

egg-laying, increasing levels during the incubation phase, and high levels during post-

hatching. However, it was found that this trend was only true for aggressiveness among

godwits, and between godwits and potential predators. A decreasing trend in

aggressiveness was observed between marbled godwits and neighboring shorebirds (Fig.

3.3).

The breeding chronology of behavioral displays of Ugashik marbled godwits were

compared to those of marbled godwits nesting in North Dakota (Nowicki 1973) (Fig. 3.4).

Although observations were made in both 1995 and 1996, most data was gathered in 1996

during an extremely early and dry spring on the Alaska Peninsula, which may have had an

effect on the start dates for many of the behaviors, particularly egg-laying and incubation.

In 1996, godwit chicks were observed 11 days earlier than in 1995. However, even with

the earlier, milder spring, the breeding season of the Ugashik marbled godwit lags that of

the prairie nesting marbled godwit by approximately two weeks. Several of the behavioral

displays were sustained for a longer duration including ground displays, flight displays

(pursuit, ceremonial, sexual pursuit, and joint), and copulation.

Males began departing the breeding grounds by 15 June. A female marbled godwit

nesting in Godwit Valley that was captured in 1995 and fitted with a tail-mounted radio

transmitter was monitored by aircraft on 6, 19, and 27 July, and 5 August (see Mehall-
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Table 3.5. Aggressiveness between marbled godwits and neighboring shorebirds or
potentially threatening species during different phases of the breeding season in
Godwit Valley, Alaska Peninsula, 1996.

Phase of the Breeding Season Percent
of TotalAvian Species Pair- Incuba- Post-Egg - layingformation - tion hatching

Total

Common raven 2 1 40 43 36.4
Caribou 12 12 10.2
Northern goshawk 1 3 7 11 9.3
Northern harrier 5 5 10 8.5
Sandhill crane 9 9 7.7
Red fox 7 7 5.9
Short-billed dowitcher 2 2 2 6 5.1
Red-necked phalarope 3 3 2.5
Parasitic jaeger 1 1 2 4 3.4
Bald eagle 2 1 3 2.5
Short-eared owl 3 3 2.5
Least sandpiper 1 1 2 1.7
Greater yellowlegs 2 2 1.7
Mew gull 2 2 1.7
Common snipe 1 1 0.9

Total 5 8 17 88 118 100
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Figure 3.2. Aggressiveness between marbled godwits and neighboring marbled
godwits or other species at different stages in the breeding season at Godwit Valley,
Alaska Peninsula, 1996. Calculated from 170 attacks or skirmishes observed over
3,527 minutes.
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Figure 3.3. Aggressiveness between marbled godwits and neighboring shorebirds or
potential predators at different stages in the breeding season at Godwit Valley, Alaska
Peninsula, 1996. Calculated from 118 attacks or skirmishes observed over 3,527
minutes.
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Figure 3.4. Breeding chronology of behavioral displays of marbled godwits nesting in North Dakota (from Nowicki 1973) andon
the Alaska Peninsula, 1995-96. The North Dakota breeding population is represented by gray lines and the Alaska breeding
population is indicated by black lines. Dashed lines indicate that observations were terminated but the behavior was expected to
continue. Alaska dates for spring flocks, and starting dates for ground displays and copulation were determined from
observations made at the Cinder River Lagoon staging grounds. Starting dates for egg-laying and incubationwere extrapolated
from known times of hatching.
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Niswander 1995). The female remained with her chicks in Godwit Valley until mid to late

July, at which time the brood would have been approximately 35-37 days old. The female

was recorded at Ugashik Bay on 27 July, and by 5 August the signal could no longer be

located.

3.2 Cover Types

Four Level III vegetation classes were used by marbled godwits within the study

site: open low scrub (OLS), mesic graminoid herbaceous (MGH), wet graminoid

herbaceous (WGH), and wet forb herbaceous (WFH). These vegetation classes were used

by godwits 40%, 10%, 39% and 18% of the 107 h observation time, respectively.

Additional vegetation classes were identified for Godwit Valley but they either fell outside

the boundaries for the study site or they were never sampled (Table 2.1). These included:

Closed Broadleaf Forest (black cottonwood) and ClOsed Tall Scrub (closed tall willow

scrub) along the ridges surrounding the valley, and Freshwater Aquatic Herbaceous

(pondlily (Nuphar polysepalum ) and fresh pondweed (Potamogeton spp.) within and

along the edges of the valley lakes. Additional small patches of the following were found:

Mesic Graminoid Herbaceous (tussock tundra) to the northwest of the study site and Wet

Graminoid Herbaceous (subarctic lowland sedge wet meadow) in deep water along the

edges of some valley lakes.

OLS vegetation was similar to both MGH and WGH, but was differentiated from

these two classes in having 25-74% shrub cover that was 20 cm to 1.5 m tall. Common

dominants included dwarf birch, dwarf willow, sweetgale, and numerous ericaceous

shrubs: crowberry, alpine blueberry (Vaccinium uliginosum ssp. alpinum ), lowbush

cranberry (V. vitis-idaea ssp. minus ), Labrador tea (Ledum plaustre ssp. decumbens ),

and bog rosemary. OLS sample points averaged ranges of 1-5% grass and forb cover, 6-

25% sedge cover, 51-75% shrub cover, and 75% ground coverage by mosses (Table 3.6).

Grasses included Calamagrostis canadensis, Festucarubra and Hierochloe odorata .



Table 3.6. Averages or average ranges for the vegetative microhabitat characteristics of the Level III cover types found in Godwit
Valley on the Alaska Peninsula, 1996. Based on 216 sample points.

Vegetative Microhabitat Measurement
Cover Type

Mesic Graminoid
Herbaceous Open Low Scrub Wet Forb

Herbaceous
Wet Graminoid

Herbaceous

Percent Grass Cover
Percent Shrub Cover
Percent Sedge Cover

76-95
1-5
1-5

1-5
51-75
6-25

< 1
< 1
1-5

< 1
1-5

51-75
Percent Forb Cover 1-5 1-5 26-50 1-5
Percent Clubmoss Cover 0 < 1 < 1 < 1
Percent Lichen Cover < 1 < 1 < 1 0
Number of Plant Species 5.3 7.0 3.3 4.3
Percent Ground Covered by Mosses 50 75 25 50
Height (dm) 2.1 1.7 1.3 1.4
Density (contacts/dm) 4.5 3.5 1.7 3.6
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Common forbs were nagoonberry, cloudberry (Rubus chamaemorus), marsh violet (Viola

epipsula ssp. repens), marsh fivefinger, and horsetail. The average height of the

vegetation was 1.7 cm and the average density was 3.5 contacts of vegetation per dm.

OLS sample points exhibited the highest species diversity with an average of 7 species

recorded per sample site. Compared to the other three Level III vegetation classes, OLS

sample points tended to be farthest from nearby wetlands (average distance = 29.1 m) and

therefore, had little to no standing water (average depth = 0.6 cm) (Table 3.7). OLS sites

averaged both high roughness and high relief (61.1 cm). The OLS cover type comprised

approximately 40% of the study site (Fig. 3.5).

Within the OLS classification type, three Level IV vegetation classes were used by

godwits: open low shrub birch-ericaceous shrub bog, open low ericaceous shrub bog, and

open low sweetgale-graminoid bog. These vegetation classes were used by godwits 24%,

7% and 7% of the 107 h observation time, respectively. Differentiation of the three

vegetation classes was based primarily on the type of dominant shrub(s) and the types of

codominant vegetation. Ericaceous and shrub birch-ericaceous shrub bogs both averaged

ranges of 1-5% grass cover and 51-75% shrub cover (Table 3.8), and only differed in the

presence or absence of dwarf birch. Ericaceous shrub bogs tend to be wetter, younger

bogs that may have not yet been invaded by dwarf birch (Viereck et al. 1992). Ericaceous

shrub bogs were the wettest of the three Level IV OLS cover types (Table 3.9). The shrub

birch-ericaceous shrub and sweetgale-graminoid bogs averaged a range of 6-25% sedge

cover, while ericaceous shrub bogs averaged a range of only 1-5%. Sweetgale-graminoid

bogs averaged a range of 6-25% grass cover and 26-50% shrub cover. Sweetgale-

graminoid bogs have a slightly thinner peat layer (15-20 cm) than ericaceous shrub or

shrub birch-ericaceous shrub bogs (Viereck et al. 1992). Ericaceous shrubs may invade

sweetgale-graminoid bogs as the peat thickness increases (Viereck et al. 1992). All three

Level IV OLS vegetation classes averaged approximately 7 plant species per sample point

and 75% ground coverage by mosses. Sweetgale-graminoid bogs averaged slightly taller
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Level III Cover Types
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Figure 3.5. Proportion of the study site made up by the Level III cover types
(MGH = mesic graminoid herbaceous; OLS = open low shrub; WFH = wet
forb herbaceous; WGH = wet graminoid herbaceous) in Godwit Valley, Alaska
Peninsula, 1995-1996.



Table 3.7. Averages or average ranges for the physical microhabitat characteristics of the Level DI cover types found in
Godwit Valley on the Alaska Peninsula, 1996. Based on 216 sample points.

Physical Microhabitat Measurement
Cover Type

Mesic Graminoid
Herbaceous

Wet ForbOpen Low Scrub Herbaceous
Wet Graminoid

Herbaceous

Site Relief (cm) 80.2 61.1 35.9 39.4
Site Roughness high high low medium
Distance to the Nearest Body of Water (m) 50-100 100-150 100-150 100-150
Distance to the Nearest Wetland Edge (m) 12.9 29.1 2.1 9.7
Depth of Water (cm) 0.1 0.6 11.2 4.8



Table 3.8. Averages or average ranges for the vegetative microhabitat characteristics of the Level IV cover types found in Godwit
Valley on the Alaska Peninsula,1996. Based on 216 sample points.

Vegetative Microhabitat
Measurement

Cover Type
Mesic Graminoid

Herbaceous Open Low Scrub Wet Forb
Herbaceous

Wet Graminoid
Herbaceous

BHa BM BS ESB SBE SGB FHM HBM SBM SMBM SSW

Percent Grass Cover
Percent Shrub Cover
Percent Sedge Cover
Percent Forb Cover

26-50
1-5
1-5

6-25

> 96
1-5
1-5
1-5

76-95
6-25
< 1
1-5

1-5
51-75

1-5
1-5

1-5
51-75
6-25
1-5

6-25
26-50
6-25
1-5

< 1
< 1
1-5

26-50

< 1
< 1
6-25

26-50

< 1
1-5

51-75
1-5

< 1
1-5

6-25
1-5

< 1
6-25

51-75
1-5

Percent Clubmoss Cover 0 0 0 < 1 < 1 < 1 < 1 < 1 < 1 1-5 < 1
Percent Lichen Cover 0 0 < 1 < 1 0 0 0 0 0 0 0
Number of Plant Species 5.8 4.1 5.5 6.8 7.1 7.1 2.9 3.5 4.3 4.0 5.0
Percent Moss Ground Cover 50 50 25 75 75 75 25 25 50 75 75
Height (dm) 2.0 2.1 2.1 1.6 1.7 1.9 1.5 1.2 1.4 1.1 1.5
Density (contacts/dm) 3.4 7.6 3.9 3.4 3.5 3.3 1.8 1.6 3.7 2.5 4.9

aBH = blujoint-herb; BM = bluejoint meadow; BS = bluejoint-shrub; ESB = ericaceous shrub bog; SBE = shrub birch-ericaceous shrub bog;
SGB = sweetgale-graminoid bog; FHM = fresh herb marsh; HBM = herb bog meadow; SBM = sedge bog meadow; SMBM= sedge-moss bog
meadow; SSW = sedge-shrub wet meadow.



Table 3.9. Averages or average ranges for the physical microhabitat characteristics of the Level IV cover types found in Godwit
Valley on the Alaska Peninsula, 1996. Based on 216 sample points.

Vegetative Microhabitat
Measurement

Cover Type
Mesic Graminoid

Herbaceous Open Low Scrub Wet Forb
Herbaceous

Wet Graminoid
Herbaceous

BHa BM BS ESB SBE SGB FHM HBM SBM SMBM SSW

Site Relief (cm)

Site Roughness"
Distance to the Nearest
Body of Water (m)

Distance to the Nearest
Wetland Edge (m)
Depth of Water (cm)

57.7
H

< 50

2.7

0.0

73.0 93.8
M-H M-H

50-100 50-100

17.5 16.5

0.0 0.2

60.2
H

100-150

31.3

0.9

62.2
H

100-150

28.5

0.5

58.2
M

100-150

28.9

0.5

37.9
L

100-150

3.2

12.8

34.7
L

100-150

1.5

10.3

40.1
M

100-150

10.7

4.8

35.9
M

100-150

5.1

7.9

40.5
M

100-150

11.2

0.6

aBH = blujoint-herb; BM = bluejoint meadow; BS = bluejoint-shrub; ESB = ericaceous shrub bog; SBE = shrub birch-ericaceous shrub bog;
SGB = sweetgale-graminoid bog; FHM = fresh herb marsh; HBM = herb bog meadow; SBM = sedge bog meadow; SMBM = sedge-moss bog
meadow; SSW = sedge-shrub wet meadow.
bL = low; M = medium; H = high.

t
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vegetation (average height = 1.9 dm). Shrub birch-ericaceous shrub bogs averaged slightly

denser vegetation (average density = 3.5 contacts/dm) and higher relief (average relief =

62.2 dm). The ericaceous and shrub birch-ericaceous shrub bogs had an average high

relief but sweetgale-graminoid bogs had an average medium relief (Table 3.9). All three

classes were found within an average range of 100-150 m from the nearest body of water,

28-31 m from the nearest wetland edge, and all averaged less than 1 cm of standing water

at the sample point. Of the three Level IV vegetation classes, shrub birch-ericaceous shrub

bogs made up 25% of the study site (Fig. 3.6).

Graminoid herbaceous communities were dominated by grasses or sedges. MGH

communities were found on dry to slightly moist sites and were dominated by

Calamagrostis canadensis (76-95%). Other grass species present in much lower quantities

include Bering hairgrass (Deschampsia beringensis ) and Festucaaltaica. Although dwarf

shrubs were often present, they provided < 25% cover. Forbs were often present and were

sometimes codominant. Typical species include sea coast angelica (Angelica lucida ), cow

parsnip (Heracleum lanatum ), tall Jacob's ladder (Polemonium acutifolium ), capitate

valerian (Valerianacapitata ), horsetail, lousewort (Pedicularis parviflora ssp. pennellii ),

and Sitka Burnet (Sanguisorba stipulata ). Lichens were found on large dry hummocks at

the edge of wetlands or at the base of ridges. MGH sample points averaged a range of 1-

5% shrub and sedge cover, and 50% ground coverage by mosses (Table 3.6). Among the

four Level III vegetation classes, MGH sites had the tallest vegetation (average height = 2.1

dm), the densest vegetation (average density = 4.5 contact/dm), the highest average relief

(80.2 cm), and tended to be the driest with an average water depth of 0.1 cm (Table 3.7).

The MGH cover type constituted the smallest proportion of the study site (10%) (Fig. 3.5).

Three Level IV vegetation classes were sampled within the MGH classification

type: bluejoint meadow, bluejoint-herb, and bluejoint-shrub. Marbled godwits did not use

bluejoint meadows. The bluejoint-herb and bluejoint-shrub cover types were used by

godwits 2% and 5% of the 107 h observation time, respectively. Bluejoint meadows were
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Level IV Cover Types

SSWBH BMSMBM
5% 2% 2% 2% BS
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13%
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SGB
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Figure 3.6. Proportion of the study site made up by the Level IV cover types (BH =
blujoint-herb; BM = bluejoint meadow; BS = bluejoint-shrub; ESB = ericaceous
shrub bog; SBE = shrub birch-ericaceous shrub bog; SGB = sweetgale-graminoid
bog; FHM = fresh herb marsh; HBM = herb bog meadow; SBM = sedge bog
meadow; SMBM = sedge-moss bog meadow; SSW = sedge-shrub wet meadow)
in Godwit Valley, Alaska Peninsula, 1995-1996.
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similar to bluejoint-herb communities with the only distinction being that bluejoint

meadows were more strongly dominated by Calamagrostis canadensis (Viereck et al.

1992). Sample points within all three classes had significant grass coverage but the

bluejoint meadow class had the most (> 96%) and the bluejoint-herb class had the least (26-

50 %). When the shrub component was minor the stand was considered a bluejoint-

meadow; otherwise, it was considered a bluejoint-shrub community (Viereck et al. 1992).

Both the bluejoint-herb and bluejoint meadow classes had an average range of 1-5% shrub

cover while the bluejoint-shrub class averaged a range of 6-25% (Table 3.8). The shrubs

of bluejoint-shrub communities could be short or tall but had to total < 25% cover (Viereck

et al. 1992). The two shrub species found in the bluejoint-shrub community were willow

and sweetgale. The bluejoint-herb class exhibited an average range of 6-25% forb cover,

while the bluejoint meadow and bluejoint-shrub classes averaged 1-5%. The bluejoint-herb

and bluejoint meadow classes averaged 50% ground coverage by mosses, while the

bluejoint-shrub class averaged only 25%. Bluejoint meadows had the tallest vegetation

(average height = 2.1 dm) and the densest vegetation (average density = 7.6 dm) of any of

the Level IV vegetation classes. The bluejoint-shrub class exhibited the highest amount of

relief of any Level IV vegetation classes with an average of 93.8 cm (Table 3.9). The

roughness of all three cover types averaged a medium-high to high level. Sample points

within the bluejoint meadow and bluejoint-shrub classes were located 17-18 m from the

nearest wetland edge, whereas sample points within the bluejoint-herb class were found an

average of 2.7 m away. Regardless of this close proximity, neither the bluejoint-herb nor

the bluejoint meadow classes had any standing water at the sample points. The bluejoint-

shrub class had an average water depth of only 0.2 cm.

WGH communities were on much wetter sites, usually consisted of floating bog

systems that varied from 1 cm to over 20 cm deep. The average water depth at these sites

was 4.8 cm (Table 3.7). Soils are saturated or underwater for most or all of the growing

season (Viereck et al. 1992). Carex spp. dominated these communities but forbs or
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mosses were often codominates, and dwarf shrubs were typically present but made up <

25% cover. WGH sample points averaged a range of 51-75% sedge cover, 50% ground

coverage by mosses, and 1-5% shrub and forb cover (Table 3.6). Typical forbs included:

buckbean, marsh violet, marsh fivefinger, marsh marigold (Calthapalustris ),

nagoonberry, round-leaved sundew (Droserarotundifolia), and horsetail. Typical shrubs

included: dwarf birch, dwarf willow, sweetgale, crowberry, bog rosemary, bog cranberry

(Oxycoccus microcarpus ), lowbush cranberry, and Labrador tea. Clubmoss coverage was

low but typical species included stiff club moss (Lycopodium annotinum ssp. pungens )

and fir club moss (Lycopodium selago). The average height and density of vegetation at

sample points were 1.4 dm and 3.6 contacts/dm, respectively. WGH sites had a medium

amount of relief (average relief = 39.4 cm) and roughness. The WGH cover type made up

approximately 30% of the study site (Fig. 3.5).

Within the WGH classification type, three Level IV vegetation classes were used by

godwits: subarctic lowland sedge-bog meadow, subarctic lowland sedge-moss bog

meadow, and subarctic lowland sedge-shrub wet meadow. These vegetation classes were

used by godwits 26%, 7% and 6% of the 107 h observation time, respectively. The

majority (48%) of the study site was comprised of subarctic lowland sedge-bog meadow

and open low shrub birch-ericaceous shrub bog (from the OLS vegetation class) (Fig. 3.6).

These two types, along with the sedge-moss bog meadow class constitute some of the

wettest bog communities found in Alaska and are characterized by their quaking mats

(Viereck et al. 1992). These mats are made up of peat accumulations (primarily of sedge

material or Sphagnum spp.) that is at least 30 cm thick and usually much thicker (Viereck et

al. 1992). Sedge bog meadows and sedge-moss bog meadows had average water depths

to the peat layer of 4.8 cm and 7.9 cm, respectively, and were presumably much deeper

(Table 3.9). Sedge-shrub meadows averaged less than 1 cm of standing water to the peat

layer at sample points. Sedge-shrub meadows have a conspicuous shrub element (typically

sweetgale or dwarf willow) but the shrubs still contribute < 25% cover (Viereck et al.
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1992). Sedge bog meadows and sedge-moss bog meadows exhibited an average range of

1-5% shrub cover, while sedge-shrub meadows averaged 6-25% (Table 3.8). Sedge-

shrub meadows are comprised of taller, coarser, more robust sedges rooted in sedge peat

than those found at sedge-moss bog and sedge bog meadows (Viereck et al. 1992).

Sample points at sedge-shrub meadows had the tallest and densest vegetation. Sedge bog

and sedge-moss bog meadows are dominated by smaller, more delicate, low peat-forming

sedges growing on bog peats (Viereck et al. 1992). Sedge-moss bog meadows averaged a

range of 6-25% sedge cover compared to 51-75% for sedge-bog and sedge-shrub

meadows. Sedge-moss bogs also tended to have slightly more clubmoss cover (1-5%),

and, along with sedge-shrub wet meadows, at least 75% ground coverage by mosses.

WFH communities were also on wet sites that had saturated or inundated soils

throughout the growing season. WFH communities represented the wettest sample points

within the study area with an average depth of 11.2 cm and a range of a few centimeters in

depth to over 50 cm (Table 3.7). These sites were dominated by broadleaf forbs

(Menyanthes trifoliata, Potentillapalustris, and Calthapalustris) or Equisetum

Also common were submerged aquatic plants such as common bladderwort (Utricularia

iniermedia ) and common marestail (Hippuris vulgaris ). WFH sample points had an

average range of 26-50% forb cover (Table 3.6). Graminoids and woody plants were

absent or scarce and the plant cover was generally open. The average percent grass and

shrub cover at these sites were negligible (< 1%). In addition, WFH sites tended to have

the lowest amount of moss coverage ( 25%), and the lowest species diversity of any Level

III classification type. On average, only 3 species were found at sample locations.

Typically, the plant communities were made up of buckbean, horsetail and sparsely

distributed Carex spp. These sites had the lowest amount of average relief (35.9 cm) and

roughness. WFH sample points were located closer to the nearest wetland edge (average

distance = 2.1 m) than any of the Level III classification types. This classification type is
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similar to subarctic lowland sedge-bog and sedge-moss bog meadows but it has few sedges

(Viereck et al. 1992). The WFH cover type made up approximately 20% of the study site

(Fig. 3.5).

Only two Level IV WFH vegetation classes were used by godwits: fresh herb

marsh and herb bog meadow. These vegetation classes were used by godwits 6% and

12% of the 107 h observation time, respectively. Fresh herb marshes were the wettest

Level IV vegetation class, followed by the herb bog meadows, with average water depths

of 12.8 cm and 10.3 cm, respectively (Table 3.9). Fresh herb marshes are permanently

flooded sites on well-decomposed organic mucks (Viereck et al. 1992). Herb bog

meadows are found on the wettest parts of the floating peat mats that sink to 20-50 cm or

more when walked on (Viereck et al. 1992). Fresh herb marshes and herb bog meadows

had negligible (< 1%) average amounts of grass and shrub cover, and 26-50% average forb

cover (Table 3.8). Herb bog meadows had slightly more sedge cover than fresh herb

marshes, but both cover types had 25% moss cover. Compared to fresh herb marshes,

herb bog meadows had slightly shorter vegetation (average height = 1.2 dm). This shorter

vegetation was related to the fact that herb bog meadows were characteristically dominated

by Menyanthes trifoliata, while fresh herb marshes were dominated (or codominated) by

Equisetumfluviatile. Herb bog meadows had the lowest vegetation density (average

density = 1.6 contacts/dm), lowest site relief (average relief = 34.7 cm), and were located

closer to the nearest wetland edge (average distance = 1.5 m) than of any of the Level IV

vegetation classes.

3.2.1 Comparisons Between Present and Absent Sites

The four Level III cover types were found to be significantly different between

present (n = 108) and absent sites (n = 108) (one-sided p-value < 0.0001 from drop in

deviance F-test) (Table A1). The highest change in probability of finding a godwit was

associated with the WFH cover type, followed by the WGH, OLS and MGH cover types
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(Fig. 3.7). The increase in probability of finding a godwit was not found to be

significantly different between the MGH and the OLS cover type (p-value >x2 = 0.07).

Increases in the probability were significant between the MGH and WGH cover types (p-

value >X2 = 0.0001) and the MGH and WFH cover types (p-value > x2 = 0.0001) (Table

3.10). I was 13.05 times more likely to observe a godwit in the WFH cover type than the

MGH cover type (95% confidence interval of 5.60 to 30.42).

The Level IV cover types were found to be significantly different between present

and absent sites (one-sided p-value < 0.0001 from drop in deviance F-test) (Table A2).

Probability comparisons could be made between all of the Level IV cover types except for

the bluejoint meadow. No godwits were observed using bluejoint meadows; therefore, no

probability could be determined. Odds ratio comparisons at the Level IV classification

scale reflected the same trends observed at the Level III classification scale (Table 3.11).

The lowest probability ratios were associated with those Level IV cover types that were

classified as MGH and OLS. The increase in probability of finding a godwit was not

found to be significantly different when comparing the bluejoint-shrub cover type to the

sweetgale-graminoid bog (p-value > x2 = 0.73), ericaceous shrub bog (p-value > x2 =

0.13), bluejoint-herb (p-value > x2 = 0.26), and shrub birch-ericaceous shrub bog (p-value

> x2 = 0.09) cover types. A significant increase in the odds of finding a godwit was found

between the bluejoint-shrub cover type and sedge-moss bog meadows (p-value > x2 =

0.02), sedge-shrub wet meadows (p-value > x2 = 0.01), sedge bog meadows (p-value >

X2 < 0.0001), fresh herb marshes (p-value > X2 = 0.0001), and herb bog meadows (p-

value > x2 = 0.0001). Moving from the bluejoint-shrub cover type to the sedge-moss bog

meadow cover type resulted in an increase in the odds of finding a godwit by a factor of
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Figure 3.7. Predicted change in the odds ratios associated with finding a marbled godwit using a site (n = 108) for each of the
Level III cover types in Godwit Valley, Alaska Peninsula, 1996. MGH = Mesic Graminoid Herbaceous; OLS = Open Low
Scrub; WGH = Wet Graminoid Herbaceous; and WFH = Wet Forb Herbaceous. Standard errors for the change in odds ratio are
indicated in parentheses. The change in odds ratio between the cover types that are underlined was not statistically significant at
the 0.05 a level.
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Figure 3.8. Predicted change in the odds ratios associated with finding a marbled godwit using a site (n = 108) for each of the
Level IV cover types in Godwit Valley, Alaska Peninsula, 1996. BS = Bluejoint-Shrub; SGB = Sweetgale-Graminoid Bog;
ESB = Ericaceous Shrub Bog; BH = Bluejoint-Herb; SBE = Shrub Birch-Ericaceous Shrub Bog; SMBM = Sedge-Moss Bog
Meadow; SSW = Sedge-Shrub Wet Meadow; SBM = Sedge Bog Meadow; FHM = Fresh Herb Marsh; and HBM = Herb Bog
Meadow. Standard errors for the change in odds ratio are indicated in parentheses. The change in odds ratios between the cover
types that are underlined were not statistically significant at the 0.05 a level.
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Table 3.10. Final logistic regression model for the predicted change in the odds ratio associated with finding a godwit
using a site and the Level III cover types (present sites = 108; absent sites = 108) in Godwit Valley, Alaska Peninsula, 1996.
The Mesic Graminoid Herbaceous cover type was the reference for comparisons with the other Level III cover types.

Level III
Cover Type

Model
Coefficient S.E.

Change in
Odds Ratio P-value

95% Confidence Interval
Lower Upper

Intercept -1.50
Wet Forb Herbaceous 2.57 0.43 13.05 0.0001 5.60 30.42
Wet Graminoid Herbaceous 1.84 0.41 6.30 0.0001 2.84 13.97
Open Low Scrub 0.74 0.41 2.09 0.07 0.94 4.65

Mesic Graminoid Herbaceousa

areference value held constant at 1



Table 3.11. Final logistic regression model for the predicted change in the odds ratio associated with finding a godwit using
a site and the Level IV cover types (present sites = 108; absent sites = 108) in Godwit Valley, Alaska Peninsula, 1996. The
Bluejoint-Shrub cover type was the reference for comparisons with the other Level IV cover types.

Level IV
Cover Type

Model
Coefficient S.E.

Change in
Odds Ratio P-value

95% Confidence Interval
Lower Upper

Intercept -1.61
Herb Bog Meadow 2.76 0.60 15.83 0.0001 4.93 50.89
Fresh Herb Marsh 2.53 0.62 12.50 0.0001 3.69 42.34
Sedge Bog Meadow 2.20 0.57 9.00 < 0.0001 2.97 27.25
Sedge-Shrub Wet Meadow 1.61 0.62 5.00 0.01 1.49 16.83
Sedge-Moss Bog Meadow 1.36 0.60 3.89 0.02 1.19 12.68
Shrub Birch-Ericaceous Shrub Bog 0.97 0.57 2.65 0.09 0.87 8.04
Bluejoint-Herb 0.92 0.82 2.50 0.26 0.50 12.51
Ericaceous Shrub Bog 0.92 0.61 2.50 0.13 0.75 8.30
Sweetgale-Graminoid Bog 0.22 0.64 1.25 0.73 0.36 4.35

Bluejoint-Shruba

areference value held constant at 1
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3.89 (95% confidence interval of 1.19 to 12.68). The change in probability of finding a

godwit was not found to be significantly different between the sedge-moss bog meadow

and the sedge-shrub wet meadow cover types (p-value > x2 = 0.51), but a significant 2.31-

fold increase was observed between the sedge-moss bog meadow and the sedge bog

meadow cover types (p-value > x2 = 0.004; 95% confidence interval of 1.32 to 4.07) (Fig.

3.8). The change in the odds ratio associated with finding a godwit was not found to be

significant between the sedge bog meadow cover type and the fresh herb marsh cover type

(p-value > x2 = 0.32), but a significant 1.76-fold increase was found when comparing the

sedge bog meadow cover type to the herb bog meadow cover type (p-value > x2 = 0.04;

95% confidence interval 1.03 to 3.00). The odds of finding a godwit was 15.83 times

more likely to occur in the herb bog meadow cover type than in the bluejoint-shrub cover

type (95% confidence interval of 4.93 to 50.89).

3.2.2 Comparisons Among Broodrearing, Foraging, Display, and Nest Sites

The first downy, flightless marbled godwit chicks ever recorded in Alaska were

observed on 21 June 1995 in Godwit Valley and numerous broods were observed in 1996.

A total of four Ugashik marbled godwit nests were found within the study site in 1996.

Different cover types were used for broodrearing, foraging, ground display and nesting.

3.2.2.1 Broodrearing Sites

Only two of the four Level III cover types were found to be significantly different

between sites used by marbled godwits for broodrearing (n = 31) and sites where godwits

were observed foraging, displaying and nesting (n = 77) (one-sided p-value < 0.0001 from

drop in deviance F-test) (Table A3). No odds ratios could be determined for the WFH and
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MGH cover types because no godwits were observed using these cover types for

broodrearing. A 10.59-fold increase in the odds of finding a godwit with a brood was

observed when comparing the WGH cover type to the OLS cover type (95% confidence

interval = 6.08 to 18.45) (Table 3.12).

The Level IV cover types were found to be significantly different between

broodrearing sites and the foraging, display and nest sites (one-sided p-value < 0.0001

from drop in deviance F-test) (Table A4). Analysis at the Level IV classification scale

revealed that increasing odds of finding a brood were not significant when comparing the

sedge-moss bog meadow to the sedge bog meadow (p-value > x2 = 0.52) and sedge-shrub

wet meadow cover types (p-value > x2 = 0.11) (all found within the Level III class WGH).

A significant 12-fold increase in the odds of finding a godwit with a brood was found

when the sedge-moss bog meadow was compared to the sweetgale-graminoid bog cover

type (p-value > x2 = 0.002; 95% confidence interval = 2.42 to 59.46) (Table 3.13).

Significant increases in the odds ratios were also observed when comparing the sedge-

moss bog meadow to the shrub birch-ericaceous shrub bog cover type (p-value >x2 =

0.0001) and the ericaceous shrub bog cover type (p-value > x2 = 0.0001). Increasing

changes in the odds ratios were not significant among the sweetgale-graminoid cover type

and the shrub birch-ericaceous shrub bog cover type (p-value > X2 = 0.69), and the

ericaceous shrub bog cover type (p-value > x2 = 0.40) (all found within the Level III class

OLS) (Fig. 3.9).

3.2.2.2 Forage Sites

Both the Level III and Level IV cover types were found to be significantly different

between sites used by marbled godwits for foraging (n = 53) and sites where godwits were



Table 3.12. Final logistic regression model for the predicted change in the odds ratio associated with finding a godwit
broodrearing and the Level HI cover types (broodrearing = 31; all other activities = 77) in Godwit Valley, Alaska
Peninsula, 1996. The Wet Graminoid Herbaceous cover type was compared to the Open Low Scrub cover type.

Level III
Cover Type

Model
Coefficient

Change in
S.E. Odds Ratio

Intercept
Open Low Scrub
Wet Graminoid Herbaceousa

-1.36
2.36 0.28 10.59

P-value

0.0001

95% Confidence Interval
Lower Upper

6.08 18.45

areference value held constant at 1

Table 3.13. Final logistic regression model for the predicted change in the odds ratio associated with finding a godwit
broodrearing and the Level IV cover types (broodrearing = 31; all other activities = 77) in Godwit Valley, Alaska Peninsula,
1996. The Sedge-Moss Bog Meadow cover type was the reference for comparisons with the other Level IV cover types.

Level IV
Cover Type

Model
Coefficient S.E.

Change in
Odds Ratio P-value

95% Confidence Interval
Lower Upper

Intercept -1.79
Ericaceous Shrub Bog 3.18 0.78 24.00 0.0001 5.23 110.11
Shrub Birch-Ericaceous Shrub Bog 2.75 0.60 15.60 0.0001 4.81 50.64
Sweetgale-Graminoid Bog 2.48 0.82 12.00 0.002 2.42 59.45
Sedge-Shrub Wet Meadow 1.10 0.69 3.00 0.11 0.77 11.65
Sedge Bog Meadow 0.37 0.58 1.45 0.52 0.47 4.51
Sedge-Moss Bog Meadowa
areference value held constant at 1
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Figure 3.9. Predicted change in the odds ratios associated with finding a marbled godwit broodrearing (n = 31) in each of
the Level IV cover types in Godwit Valley, Alaska Peninsula, 1996. SMBM = Sedge-Moss Bog Meadow; SBM = Sedge
Bog Meadow; SSW = Sedge-Shrub Wet Meadow; SGB = Sweetgale-Graminoid Bog; SBE = Shrub Birch-Ericaceous
Shrub Bog; and ESB = Ericaceous Shrub Bog. Standard errors for the change in odds ratio are indicated in parentheses.
The change in odds ratios between the cover types that are underlined were not statistically significant at the 0.05 a level.
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observed broodrearing, displaying and nesting (n = 55) (one-sided p-value < 0.0001 and <

0.0001, respectively, from drop in deviance F-tests) (Table A5, Table A6). No godwits

were observed using the OLS and MGH cover types for foraging, and the WFH cover type

was used exclusively by godwits for foraging. The odds of finding a godwit foraging

increased by a factor of 119.63 when the WGH cover type was compared to the WFH

cover type (95% confidence interval = 16.38 to 813.67) (Table 3.14). Analysis at the

Level IV classification scale revealed that no foraging by godwits was observed in any of

the following cover types: ericaceous shrub bog, shrub birch-ericaceous shrub bog,

sweetgale-graminoid bog, bluejoint-herb, bluejoint-shrub, and sedge-shrub wet meadow

cover types. The fresh herb marsh and herb bog meadow cover types were used

exclusively for foraging. Analysis of the sedge bog meadow and sedge-moss bog meadow

cover types revealed no significant change in the odds of finding a godwit foraging (p-

value > x2 = 0.88) (Table 3.15). Godwits were approximately 86.25 times more likely to

use herb bog meadows and fresh herb marshes for foraging than sedge bog meadows or

sedge-moss bog meadows (95% confidence interval = 10.50 to 708.54) (Fig. 3.10).

1.07 86.25
(1.07)SBM

(0.42)
SMBM HBM & FILM

Figure 3.10. Predicted change in the odds ratios associated with finding a marbled godwit
foraging (n = 53) in each of the Level IV cover types in Godwit Valley, Alaska Peninsula,
1996. SBM = Sedge Bog Meadow; SMBM = Sedge-Moss Bog Meadow; HBM = Herb
Bog Meadow; and FHM = Fresh Herb Marsh. Standard errors for the change in odds ratio
are indicated in parentheses. The change in odds ratios between the cover types that are
underlined were not statistically significant at the 0.05 a level.

3.2.2.3 Display Sites

Three of the four Level III cover types were found to be significantly different

between sites used by marbled godwits for ground display (n = 20) and sites where



Table 3.14. Final logistic regression model for the predicted change in the odds ratio associated with finding a godwit
foraging and the Level 111 cover types (foraging = 53; all other activities = 55) in Godwit Valley, Alaska Peninsula, 1996.
The Wet Graminoid Herbaceous cover type was compared to the Wet Forb Herbaceous cover type.

Level III Model Change in 95% Confidence Interval
Cover Type Coefficient S.E. Odds Ratio P-value Lower Upper

Intercept -0.03
Wet Forb Herbaceous 4.78 1.02 119.63 0.0001 16.38 873.67
Wet Graminoid Herbaceous'

areterm= value held constant at 1

Table 3.15. Final logistic regression model for the predicted change in the odds ratio associated with finding a godwit
foraging and the Level IV cover types (foraging = 53; all other activities = 55) in Godwit Valley, Alaska Peninsula, 1996.
The Sedge Bog Meadow was the reference for comparisons with the other Level IV cover types.

Level IV Model Change in 95% Confidence Interval
Cover Type Coefficient S.E. Odds Ratio P-value Lower Upper

Intercept 0.22
Fresh Herb Marsh & Herb Bog Meadow 4.52 1.02 92.00 0.0001 12.50 676.88
Sedge-Moss Bog Meadow 0.06 0.42 1.07 0.88 0.47 2.42
Sedge Bog Meadow'

areference value held constant at 1
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godwits were observed foraging, broodrearing and nesting (n = 88) (one-sided p-value <

0.0001 from drop in deviance F-test) (Table A7). No odds ratio could be determined for

the WFH cover type because no godwits were observed using it for ground display. The

MGH cover type was used exclusively for ground display. I was 2.22-times as likely to

observe a godwit displaying in the WGH cover type than in the OLS cover type (p-value >

)(
2 = 0.01; 95% confidence interval 1.20 to 4.10) (Table 3.16). I was 19.86-times more

likely to observe a godwit performing in the MGH cover type than the WGH cover type

(95% confidence interval = 2.43 to 162.45) (Fig. 3.11).

The Level IV cover types were found to be significantly different between display

sites and the broodrearing, foraging and nest sites (one-sided p-value < 0.0001 from drop

in deviance F-test) (Table A8). Analysis at the Level IV classification scale revealed that

increases in the odds ratios were not significant when shrub birch-ericaceous shrub bogs

were compared to ericaceous shrub bogs (p-value > 2 = 0.30), sedge bog meadows (p-

value > x2 = 0.20), sedge-moss bog meadows (p-value > x2 = 0.38), or sweetgale-

graminoid bogs (p-value > x2 = 0.05) (Table 3.17). The first significant increase in the

odds of finding a godwit displaying was observed when comparing the shrub-birch

ericaceous shrub bogs to the sedge-shrub wet meadows (p-value > )(2 = 0.0002). A

significant 8-fold increase in the odds of finding a godwit displaying was observed (95%

confidence interval = 2.70 to 23.71). The change in odds ratio was not significant between

the sedge-shrub wet meadow and the bluejoint-shrub and bluejoint-herb cover types (p-

value > x2 = 0.99) (Fig. 3.12). I was 8 times more likely to observe a godwit performing

a ground display in the sedge-shrub wet meadow, bluejoint-shrub or bluejoint-herb cover

types than I was in the shrub birch-ericaceous shrub bog cover type (95% confidence

interval of 2.70 to 23.71).



Table 3.16. Final logistic regression model for the predicted change in the odds ratio associated with finding a godwit
displaying and the Level III cover types (displaying = 20; all other activities = 88) in Godwit Valley, Alaska Peninsula, 1996.
The Open Low Scrub cover type was the reference for comparisons with the other Level III cover types.

Level III Model Change in 95% Confidence Interval
Cover Type Coefficient S.E. Odds Ratio P-value Lower Upper

Intercept -1.71
Mesic Graminoid Herbaceous 3.78 1.09 44.00 0.0005 5.15 376.23
Wet Graminoid Herbaceous 0.80 0.31 2.22 0.01 1.20 4.10
Open Low Scruba

areference value held constant at 1
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Figure 3.11. Predicted change in the odds ratios associated with finding a marbled godwit performing a ground display (n
= 20) for each of the Level III cover types in Godwit Valley, Alaska Peninsula, 1996. OLS = Open Low Scrub; WGH =
Wet Graminoid Herbaceous; and MGH = Mesic Graminoid Herbaceous. Standard errors for the change in odds ratio are
indicated in parentheses.

2.00 1.32 1.20 1.25 2.00 0.001

SBE 0.67) (0.46) SMBM (0.74) (0.ESB SBM SGB SSW 74) BH & BS

Figure 3.12. Predicted change in the odds ratios associated with finding a marbled godwit performing a ground display (n
= 20) in each of the Level IV cover types in Godwit Valley, Alaska Peninsula, 1996. SBE = Shrub Birch-Ericaceous Shrub
Bog; ESB = Ericaceous Shrub Bog; SBM = Sedge Bog Meadow; SMBM = Sedge-Moss Bog Meadow; SGB = Sweetgale-
Graminoid Bog; SSW = Sedge-Shrub Wet Meadow; BH = Bluejoint-Herb; and BS = Bluejoint-Shrub. Standard errors for
the change in odds ratio are indicated in parentheses. The change in odds ratios between the cover types that are
underlined were not statistically significant at the 0.05 a level.



Table 3.17. Final logistic regression model for the predicted change in the odds ratio associated with finding a godwit
displaying and the Level IV cover types (displaying = 20; all other activities = 88) in Godwit Valley, Alaska Peninsula, 1996.
The Shrub Birch-Ericaceous Shrub Bog was the reference for comparisons with the other Level IV cover types.

Level IV
Cover Type

Model
Coefficient S.E.

Change in
Odds Ratio P-value

95% Confidence Interval
Lower Upper

Intercept -2.08
Bluejoint-Herb & Bluejoint-Shrub 2.08 0.55 8.00 0.0002 2.70 23.71
Sedge-Shrub Wet Meadow 2.08 0.55 8.00 0.0002 2.70 23.71
Sweetgale-Graminoid Bog 1.39 0.72 4.00 0.05 0.98 16.34
Sedge-Moss Bog Meadow 1.16 0.56 3.20 0.38 1.06 9.62
Sedge Bog Meadow 0.98 0.42 2.67 0.20 1.17 6.09
Ericaceous Shrub Bog 0.69 0.67 2.00 0.30 0.53 7.48
Shrub Birch-Ericaceous Shrub Boga

areference value held constant at 1

z
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3.2.2.4 Nest Sites

The first nest was found on 12 June 1996 when a female was flushed off the nest

which contained four 24-48 hour old chicks. The nest was located on an elongated

Sphagnum / Carex hummock ridge with a large dwarf shrub component. There was

standing water between the nearby low ridges. The nest was sparsely lined with

Sphagnum, horsetail, Carex and dwarf shrub leaves, and contained eggshell fragments and

a body feather. The mat was 4-5 cm thick with standing water beneath it and it could be

lifted out. Two greater yellowlegs (Tringamelanoleuca), one least sandpiper (Calidris

minutilla), and one savannah sparrow (Passerculus sandwichensis) were nesting nearby.

The second nest was also found on a Sphagnum hummock ridge running west-east about

75 m from the first nest. The hummock was surrounded by supersaturated areas of

buckbean, sedge, horsetail and clubmoss. The nest was situated approximately 0.5 m from

the wetland edge. The nest was lined with horsetail, Sphagnum, sedges, and dwarf shrub

leaves, and the mat could not be lifted from the nest. The nest was more elevated than the

first nest and there was no standing water beneath it. There were at least three other

breeding pairs within a 150 m radius. Also breeding within a 100 m radius were two

greater yellowlegs (Tringamelanoleuca), one least sandpiper, one sandhill crane, and one

short-billed dowitcher (Limnodromus griseus). The third nest was found on a hummock at

the edge of a large sedge-bog meadow. It was lined with Carex, Sphagnum and dwarf

shrub leaves. Two down feathers and an eggshell fragment approximately 3 cm long was

found in the base of the nest cup. Like the first nest, the matted material could be lifted out

The mat was 6 cm thick with standing water beneath it. There was at least one other pair

nesting within 100 m and numerous other shorebirds nesting within a 100 m radius: one

snipe (Gallinagogallinago), two greater yellowlegs, three short-billed dowitchers, one

Arctic tern (Sternaparadisaea), one least sandpiper, two red-necked phalaropes

(Phalaropes lobatus), and two Lapland longspurs (Calcarius lapponicus). The fourth nest

was situated on a Sphagnum hummock surrounded by standing water on all sides. The
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nest site was located at the edge of a fresh herb marsh/sedge-bog meadow. It was lined

with Sphagnum, Carex, and dwarf shrub leaves. The nest was elevated and dry with

shrub roots forming beneath the mat. The mat could not be lifted from the nest. A godwit

eggshell that had been preyed upon was collected 75 m to the south. There were at least

three other breeding pairs within a 200 m radius. There were two greater yellowlegs

nesting within 150 m, one sandhill crane, one short-billed dowitcher and one Northern

pintail (Anas acuta) nesting within 100 m. The nests averaged a diameter of 16.9 cm and a

depth of 11 cm. The amount of aerial coverage of the nest averaged 10% and the average

vegetation height was 12.5 cm. All of the nests were situated on hummocks that ranged

from 20 to 35 cm tall.

Only two of the four Level III cover types were found to be significantly different

between sites used by marbled godwits for nesting (n = 4) and sites where godwits were

observed foraging, broodrearing and displaying (n = 104) (one-sided p-value = 0.001 from

drop in deviance F-test) (Table A9). No odds ratios could be determined for the WFH and

MGH cover types because no godwits were observed using either of these cover types for

nesting. I was 6.26 times as likely to observe a godwit nesting in the OLS cover type than

in the WGH cover type (p-value > x2 = 0.002; 95% confidence interval 1.97 to 19.94)

(Table 3.18). Of the Level IV cover types, only the shrub birch-ericaceous shrub bog and

sedge-shrub wet meadow were used by godwits for nesting (one-sided p-value = 0.94

from drop in deviance F-test) (Table A10). No significant change in the odds of finding a

godwit nest was determined between these two cover types (p-value > x2 = 0.94).

3.3 Vegetative and Physical Microhabitat Characteristics

Vegetative and physical microhabitat characteristics varied between present and

absent sites, and among sites used for broodrearing, foraging, ground display and nesting.



Table 3.18. Final logistic regression model for the predicted change in the odds ratio associated with finding a godwit
nesting and the Level III cover types (nesting = 4; all other activities = 104) in Godwit Valley, Alaska Peninsula, 1996. The
Wet Graminoid Herbaceous cover type was compared to the Open Low Scrub cover type.

Level HE Model Change in 95% Confidence Interval
Cover Type Coefficient S.E. Odds Ratio P-value Lower Upper

Intercept -3.87
Open Low Scrub 1.83 0.68 6.26 0.002 1.97 19.94

Wet Graminoid Herbaceousa

reference value held constant at 1
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3.3.1 Comparisons Between Present and Absent Sites

When comparing present (n = 108) and absent (n = 108) sites, the probability of

finding a godwit using a particular site was related to the percent coverage by grasses (one-

sided p-value 0.02), shrubs (one-sided p-value < 0.04), forbs (one-sided p-value =

0.0005), sedges (one-sided p-value = 0.001), clubmosses (one-sided p-value = 0.0001),

the amount of site relief (one-sided p-value < 0.0001) and roughness (one-sided p-value <

0.0001), distance to the nearest wetland edge (one-sided p-value < 0.0001), and depth of

the water to the peat layer (one-sided p-value < 0.0001) (p = 0.07 from the Hosmer and

Lemeshow goodness-of-fit test) (Table 3.19). The percent cover of lichens (one-sided p-

value = 0.85) and the percent of ground coverage by mosses (one-sided p-value = 0.63)

was not found to be significantly different between present and absent sites. The use of a

site by godwits was not related to the average height of the vegetation (one-sided p-value =

0.08), the average density of the vegetation (one-sided p- value = 0.10), the number of

plant species recorded at each sample point (one-sided p-value = 0.22), nor the distance to

the nearest body of water (one-sided p-value = 0.42) (Table Al 1).

As the percent grass cover increased by one coverage category (or "one unit"),

while holding all other microsite features constant, the odds of finding a godwit at the site

decreased by a factor of 0.78 (95% confidence interval of 0.62 to 0.97) (Table 3.19). The

percent grass cover was negligible (< 1%) at present sites and averaged a range of 1-5% at

absent sites (Table 3.20). Similarly, as the percent shrub cover increased by one unit,

taking into account all other site features, the odds of finding a godwit decreased by 81%

(95% confidence interval of 69% to 95%). The percent shrub cover was less at sites used

by godwits (1-5%) than sites where no godwits were observed (26-50%). A decreasing

trend in the odds ratio of 66% per one unit increase in clubmoss cover at the site was also

observed (95% confidence interval 51% to 86%). The percent clubmoss cover was

negligible at both present and absent sites but is was slightly greater at absent sites.



Table 3.19. Final logistic regression model for the vegetative and physical microhabitat characteristics of sites used by marbled
godwits (n = 108) during the breeding season in Godwit Valley, Alaska Peninsula, 1996. Hosmer and Lemeshow
Goodness-of-Fit Statistic = 14.49 with 8 d.f. (p = 0.07).

Parameter Model
Coefficient S.E. Change in

Odds Ratio P-value

95% Confidence Interval
Lower Upper

Intercept -0.07
Percent Grass Cover -0.25 0.11 0.78 0.02 0.62 0.97
Percent Shrub Cover -0.21 0.08 0.81 0.04 0.69 0.95
Percent Sedge Cover 0.11 0.07 1.11 0.001 0.97 1.28
Percent Forb Cover 0.37 0.37 1.44 0.001 1.17 1.78
Percent Clubmoss Cover -0.41 0.13 0.66 0.0001 0.51 0.86
Site Relief (cm) -0.49 0.01 0.61 < 0.0001 0.60 0.62
Site Roughness 1.19 0.18 3.27 < 0.0001 2.32 4.61
Distance to the Nearest Wetland Edge (m) -0.28 0.01 0.76 < 0.0001 0.75 0.77
Depth of Water (cm) 0.59 0.03 1.81 < 0.0001 1.70 1.92
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Table 3.20. Averages or average ranges of vegetative microhabitat characteristics
at sites used by marbled godwits (Present Sites) and sites where no godwits
were observed during the breeding season (Absent Sites) in Godwit Valley,
Alaska Peninsula, 1996.

Vegetative Microhabitat Measurement Present Sites Absent Sites

n =
Percent Grass Cover
Percent Shrub Cover
Percent Sedge Cover
Percent Forb Cover

108
< 1
1-5

26-50
6-25

108
1-5

26-50
6-25
1-5

Percent Clubmoss Cover < 1 < 1
Percent Lichen Cover 0 < 1
Number of Plant Species 4.7 5.7
Percent Ground Covered by Mosses 50 75
Height (dm) 1.5 1.6
Density (contacts/dm) 3.1 3.4

Table 3.21. Averages or average ranges of physical microhabitat characteristics
at sites used by marbled godwits (Present Sites) and sites where no godwits
were observed during the breeding season (Absent Sites) in Godwit Valley,
Alaska Peninsula, 1996.

Physical Microhabitat Measurement Present Sites Absent Sites

n = 108 108
Site Relief (cm) 39.9 58.6
Site Roughness medium medium
Distance to the Nearest Body of Water (m) 100-150 100-150
Distance to the Nearest Wetland Edge (m) 7.9 24.1
Depth of Water (cm) 4.7 3.4
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Two increasing trends associated with the odds of finding a godwit at a particular

site in relation to the percent cover of the different life forms was found for the coverage by

sedges and forbs. While holding all other microsite features constant, a 1.44-factor

increase in the probability of finding a godwit at a particular site was associated with an

increase in the percent forb cover by 1 unit (95% confidence interval of 1.17 to 1.78), and

a 1.11-factor increase was associated with an increase in the percent sedge cover by 1 unit

(95% confidence interval of 0.97 to 1.28). The mean range of percent sedge cover at sites

used by godwits was 26-50% compared to 6-25% at absent sites. The percent forb cover

averaged a range of 6-25% at present sites and 1-5% at absent sites.

As the amount of relief at the site increased by 10 cm, the odds of finding a godwit

decreased by a factor of 0.61 when all other physical features were held constant (95%

confidence interval of 0.60 to 0.62). The average relief at present sites was 39.9 cm

compared to 58.6 cm at absent sites (Table 3.21). An opposite trend was observed as the

level of roughness increased. When the microsite features were held constant, a 3.27-fold

increase in the odds of finding a godwit was observed as the roughness increased by 1

level (95% confidence interval of 2.32 to 4.61). When all other microhabitat features were

accounted for, the odds of finding a godwit decreased by a factor of 0.76 as the distance to

the nearest wetland edge increased by 10 m (95% confidence interval of 0.75 to 0.77), and

increased by a factor of 1.81 for each 5 cm increase in the depth of water to the peat layer

(95% confidence interval of 1.70 to 1.92). The distance to the nearest wetland edge was

7.9 m at present sites and 24.1 m at absent sites. The average depth of water to the peat

layer at absent sites was 3.4 m compared to 4.7 cm at present sites.

3.3.2 Comparisons Among Broodrearing, Foraging, Display, and Nest Sites

Microhabitat characteristics varied among broodrearing, foraging, ground display

and nest sites. General trends in the microhabitat features at broodrearing, foraging,

display and nest sites were observed (Fig. 3.13).



Shrub Birch-Ericaceous Shrub Bog

Ericaceous Shrub Bog

Sweetgale-Graminoid Bog Sedge-Shrub Wet Meadow Herb Bog Meadow

Bluejoint-Herb

Bluejoint-Shrub Fresh Herb Marsh

Broodrearing Nesting Ground Display Foraging

Figure 3.13. Schematic representation of typical marbled godwit broodrearing, nesting, ground display and foraging sites on the
Alaska Peninsula.

N
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3.3.2.1 Broodrearing Sites

The probability of finding a godwit with a brood (n = 31) was related to the percent

coverage by shrubs (one-sided p-value < 0.0001), sedges (one-sided p-value < 0.0001),

forbs (one-sided p-value = 0.0002), and clubmosses (one-sided p-value < 0.0001),

average height of the vegetation (one-sided p-value = 0.0001), number of plant species

recorded at each sample point (one-sided p-value < 0.0001), amount of site relief (one-

sided p-value 0.01), distance to the nearest wetland edge (one-sided p-value 0.01), and

distance to the nearest body of water (one-sided p-value = 0.03) (p = 0.83 from the

Hosmer and Lemeshow goodness-of-fit test) (Table 3.22). The percent cover of grasses

(one-sided p-value = 0.27) and lichens (one-sided p-value = 0.59) were not significantly

different between the broodrearing sites and the foraging, display and nest sites. The use

of a site by godwits for broodrearing was not related to the percent ground coverage by

mosses (one-sided p-value = 0.96), the average density of the vegetation (one-sided p-

value = 0.28), the amount of site roughness (one-sided p-value 0.99), nor the depth of

water to the peat layer (one-sided p-value = 0.63) (Table Al2).

The probability of finding a godwit with a brood tended to decrease with increasing

coverage by forbs (Table 3.22). After accounting for the other significant microsite

features, the estimated odds of finding a godwit with a brood changed by a factor of 0.44

for each 1 unit increase in percent forb cover (95% confidence interval of 0.26 to 0.74).

The mean range of percent forb cover at broodrearing sites was 1-5% and was 6-25% at the

remaining use sites (Table 3.23).

The probability of finding a godwit with a brood tended to increase with increasing

coverage by shrubs, sedges and clubmosses. Holding all other microhabitat features

constant, the estimated odds of finding a godwit with a brood changed by a factor of 2.65

(95% confidence interval of 1.74 to 4.02), 2.08 (95% confidence interval of 1.53 to 2.82),

and 2.94 (95% confidence interval of 1.77 to 4.86) for each 1 unit increase in percent cover

of shrubs, sedges and clubmosses, respectively. Broodrearing sites averaged a range of



Table 3.22. Final logistic regression model for the vegetative and physical microhabitat characteristics of sites used by
marbled godwits for broodrearing (n = 31) in Godwit Valley, Alaska Peninsula, 1996. Hosmer and Lemeshow
Goodness-of-Fit Statistic = 4.32 with 8 d.f. (p = 0.83).

Parameter Model
Coefficient S.E. Change in

Odds Ratio P-value

95% Confidence Interval

Lower Upper

Intercept -8.40
Percent Shrub Cover 0.97 0.21 2.65 < 0.0001 1.74 4.02
Percent Sedge Cover 0.73 0.16 2.08 < 0.0001 1.53 2.82
Percent Forb Cover -0.83 0.27 0.44 0.0002 0.26 0.74
Percent Clubmoss Cover 1.08 0.26 2.94 < 0.0001 1.77 4.86
Number of Plant Species 0.82 0.16 2.27 < 0.0001 1.65 3.13
Height (dm) 1.71 0.52 5.53 0.001 2.01 15.22
Site Relief (cm) -0.51 0.02 0.60 0.01 0.58 0.63
Distance to the Nearest Wetland Edge (m) 0.34 0.01 1.40 0.01 1.37 1.43
Distance to the Nearest Body of Water (m) -0.43 0.20 0.65 0.03 0.44 0.96
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Table 3.23. Averages or average ranges of vegetative microhabitat characteristics
of marbled godwit broodrearing sites compared to foraging, display and nest sites
in Godwit Valley, Alaska Peninsula, 1996.

Vegetative Microhabitat Measurement Broodrearing Sites Foraging, Display
and Nest Sites

n= 31 77
Percent Grass Cover 1-5 <1
Percent Shrub Cover 26-50 1-5
Percent Sedge Cover 26-50 6-25
Percent Forb Cover 1-5 6-25
Percent Clubmoss Cover <1 <1
Percent Lichen Cover <1 0
Number of Plant Species 6.5 4.0
Percent Ground Covered by Mosses 75 50
Height (dm) 1.6 1.4
Density (contacts/dm) 3.9 2.8

Table 3.24. Averages or average ranges of physical microhabitat characteristics of
marbled godwit broodrearing sites compared to foraging, display and nest sites in
Godwit Valley, Alaska Peninsula, 1996.

Physical Microhabitat Measurement Foraging, DisplayBroodrearing Sites and Nest Sites

n=
Site Relief (cm)
Site Roughness
Distance to the Nearest Body of Water (m)
Distance to the Nearest Wetland Edge (m)
Depth of Water (cm)

31
45.6

medium-high
50-150

17.3
1.9

77
37.3

medium
100-150

4.1
5.8
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26-50% shrub and sedge cover, while the other use types averaged ranges of 1-5% shrub

cover and 6-25% sedge cover. Clubmoss coverage was negligible (< 1%) at all of the use

sites but broodrearing sites tended to have slightly more than display, foraging and nest

sites combined. Therefore, we were three times as likely to find a godwit with a brood

when the percent clubmoss cover was 1-5% than when it was < 1% (holding all other

microsite features constant).

As the number of plant species increased at the site and as the average height of the

vegetation increased, the probability of finding a godwit with a brood tended to increase as

well. Holding all other microsite features constant, an increase in the plant diversity by 1

species resulted in a 2.27-fold increase in the likelihood of finding a godwit with a brood

(95% confidence interval of 1.65 to 3.13), and a 1 dm increase in the average height of the

vegetation resulted in a 5.53-fold increase in the likelihood of finding a godwit with a

brood (95% confidence interval of 2.01 to 15.22). Broodrearing sites averaged 6.5 species

per sample point and the remaining use sites averaged 4.0 species per sample point. The

average vegetation height at broodrearing sites was 1.6 dm compared to 1.4 dm at the

foraging, display and nest sites.

As the amount relief at the site increased 10 cm, the odds of finding a godwit with a

brood decreased by a factor of 0.60 when all other physical features were held constant

(95% confidence interval of 0.58 to 0.63). The average amount of relief at broodrearing

sites was 45.6 cm and 37.3 cm at foraging, display and nest sites (Table 3.24). When all

other physical features were accounted for, the odds of finding a godwit with a brood

increased by a factor of 1.40 as the distance to the nearest wetland edge increased by 10 m

(95% confidence interval of 1.37 to 1.43), but the odds decreased by a factor of 0.65 for

each 50 m increase in the distance to the nearest body of water (95% confidence interval of

0.44 to 0.96). Broodrearing sites tended to be an average of 17.3 m from the nearest

wetland edge compared to an average of 4.1 m for the other use types. The other use sites
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averaged a distance range of 100-150 m from the nearest body of water while broodrearing

sites averaged a range of 50-150 m.

3.3.2.2 Foraging Sites

The probability of finding a godwit foraging (n = 53) was related to the percent

cover of shrubs (one-sided p-value < 0.0001) and forbs (one-sided p-value < 0.0001),

number of plant species recorded at the site (one-sided p-value = 0.02), percent of ground

coverage by mosses (one-sided p-value 0.0001), amount of site roughness (one-sided p-

value 0.003), and depth of water (one-sided p-value < 0.0001) (p = 0.93 from the Hosmer

and Lemeshow goodness-of-fit test) (Table 3.25). The percent canopy cover of grass

(one-sided p-value 0.16), sedge (one-sided p-value 0.87), clubmosses (one-sided p-value

= 0.39) and lichens (one-sided p-value = 0.95) were not found to be significantly different

between the foraging sites and the other use sites. The use of a site by godwits for

foraging was not related to the average density of the vegetation (one-sided p-value =

0.90), the average height of the vegetation (one-sided p-value = 0.20), the amount of site

relief (one-sided p-value = 0.48), distance to the nearest wetland edge (one-sided p-value =

0.67), or distance to the nearest body of open water (one-sided p-value = 0.32) (Table

A13).

The probability of finding a godwit foraging increased with increased coverage by

forbs (Table 3.25). Holding all other site features constant, a 1 unit increase in the percent

forb cover resulted in a 7.35-fold increase in the likelihood of finding a godwit foraging

(95% confidence interval of 3.66 to 14.74). Foraging sites had the highest average range

of forb cover (6-25%) compared to any of the other use types that each averaged a range of

1-5% forb cover (Table 3.26).

The probability of finding a godwit foraging tended to decrease with increasing

coverage by shrubs. After accounting for all other site features, the estimated odds of

finding a godwit foraging changed by a factor of 0.73 for each 1 unit increase in percent



Table 3.25. Final logistic regression model for the vegetative and physical microhabitat characteristics of sites used by
marbled godwits for foraging (n = 53) in Godwit Valley, Alaska Peninsula, 1996. Hosmer and Lemeshow
Goodness-of-Fit Statistic = 3.00 with 8 d.f. (p = 0.93).

Parameter Model
Coefficient S.E. Change in

Odds Ratio P-value

95% Confidence Interval

Lower Upper

Intercept 1.67
Percent Shrub Cover -0.32 0.27 0.73 < 0.0001 0.43 0.94
Percent Forb Cover 1.99 0.36 7.35 < 0.0001 3.66 14.74
Percent of Ground Covered by Mosses -0.56 0.15 0.57 0.0001 0.43 0.76
Number of Plant Species -0.44 0.20 0.64 0.02 0.44 0.94
Site Roughness -0.95 0.34 0.39 0.003 0.20 0.75
Depth of Water (cm) 1.34 0.07 3.80 < 0.0001 3.32 4.35

00
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Table 3.26. Averages or average ranges of vegetative microhabitat characteristics
of marbled godwit foraging sites compared to broodrearing, display and nest sites
in Godwit Valley, Alaska Peninsula, 1996.

Vegetative Microhabitat Measurement Foraging Sites Broodrearing, Display
and Nest Sites

n =
Percent Grass Cover
Percent Shrub Cover
Percent Sedge Cover
Percent Forb Cover

53
< 1
< 1
6-25
6-25

55
1-5

6-25
26-50

1-5
Percent Clubmoss Cover < 1 < 1
Percent Lichen Cover 0 < 1
Number of Plant Species 3.6 5.9
Percent Ground Covered by Mosses 25 75
Height (dm) 1.3 1.6
Density (contacts/dm) 2.5 3.7

Table 3.27. Averages or average ranges of physical microhabitat characteristics
of marbled godwit foraging sites compared to broodrearing, display and nest sites
in Godwit Valley, Alaska Peninsula, 1996.

Physical Microhabitat Measurement Foraging Sites Broodrearing, Display
and Nest Sites

n = 53 55
Site Relief (cm) 34.1 45.7
Site Roughness low medium-high
Distance to the Nearest Body of Water (m) 100-150 100-150
Distance to the Nearest Wetland Edge (m) 2.6 13.2
Depth of Water (cm) 7.7 1.7
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shrub cover (95% confidence interval of 0.43 to 0.94). Foraging sites averaged < 1%

shrub coverage compared to an average range of 6-25% shrub coverage at the other use

sites.

As the number of plant species increased at the site and as the percentage of ground

covered by mosses increased, the probability of finding a godwit foraging tended to

decrease. Holding all other microhabitat features constant, the estimated odds of finding a

godwit foraging changed by a factor of 0.64 for 1 increase in the number of plant species

(95% confidence interval of 0.44 to 0.94), and by a factor of 0.57 for each 25% increase in

the amount of ground covered by mosses (95% confidence interval of 0.43 to 0.76).

Foraging sites consistently had a low species diversity of 3.6 species per sample point

compared to an average of 5.9 at the other use sites. Foraging sites averaged 25% ground

cover by mosses. Broodrearing, display and nest sites combined averaged 75% ground

cover by mosses.

Increasing site roughness was related to decreasing odds of finding a godwit

foraging. Each 1 level increase in the site roughness resulted in a decrease in the odds of

finding a godwit foraging by a factor of 0.39 when all other microsite features were held

constant (95% confidence interval of 0.20 to 0.75). Foraging sites averaged a low level of

roughness compared to a medium to high level at the other use sites (Table 3.27). When all

other microhabitat features were accounted for, the odds of finding a godwit foraging

increased by a factor of 3.80 for each 5 cm increase in the depth of water to the peat level

(95% confidence interval of 3.32 to 4.35). The average depth of water to the peat layer

was 7.7 cm at foraging sites compared to 1.7 cm at the remaining use sites.

3.3.2.3 Display Sites

The probability of finding a godwit performing a ground display (n = 20) was

related to the percent cover of grasses (one-sided p-value = < 0.0001), number of plant

species recorded at the site point (one-sided p-value < 0.0001), percent of ground coverage
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by mosses (one-sided p-value < 0.0001), amount of site roughness (one-sided p-value

0.001), distance to the nearest wetland edge (one-sided p-value 0.0002) and nearest body

of open water (one-sided p-value 0.0002), and depth of water (one-sided p-value <

0.0001) (p = 0.85 from the Hosmer and Lemeshow goodness-of-fit test) (Table 3.28).

The percent canopy cover of shrubs (one-sided p-value = 0.07), sedges (one-sided p-value

= 0.25), forbs (one-sided p-value = 0.30), lichens (one-sided p-value = 0.58), and

clubmosses (one-sided p-value = 0.20) were not found to be significantly different between

the display sites and the broodrearing, foraging, and nest sites. The use of a site by

godwits for ground display was not related to the average density (one-sided p-value =

0.30) or average height of the vegetation (one-sided p-value = 0.77), nor was it related to

the amount of site relief (one-sided p-value = 0.81) (Table A14).

Increased aerial coverage by grasses and ground coverage by mosses resulted in an

increased likelihood of finding a godwit performing a ground display (Table 3.28). After

accounting for the other microsite features, a 1 unit increase in the percent grass cover

resulted in a 2.22-fold increase in the likelihood of finding a godwit performing a display

(95% confidence interval of 1.45 to 3.40), and a 25% increase in the percent moss cover

resulted in a 2.26-fold increase in the likelihood of finding a godwit displaying (95%

confidence interval of 1.74 to 2.94). Display sites had an average range of 1-5% grass

cover compared to < 1% grass cover at the other use sites (Table 3.29). Display sites

averaged 75% moss coverage while the remaining use sites averaged 50%.

Of the vegetative features that were significantly different between sites used by

marbled godwits for ground display and sites used for broodrearing, foraging and nesting,

only the number of plant species recorded at the site were inversely related to the use of the

site. Holding all other vegetative features constant, the odds of finding a godwit

performing a ground display changed by a factor of 0.42 for each increase in the number of

plant species by 1 species (95% confidence interval of 0.32 to 0.55).



Table 3.28. Final logistic regression model for the vegetative and physical microhabitat characteristics of sites used by
marbled godwits for ground display (n = 20) in Godwit Valley, Alaska Peninsula, 1996. Hosmer and Lemeshow
Goodness-of-Fit Statistic = 4.03 with 8 di. (p = 0.85).

Parameter Model
Coefficient S.E. Change in

Odds Ratio P-value
95% Confidence Interval

Lower Upper

Intercept -2.23
Percent Grass Cover 0.80 0.22 2.22 < 0.0001 1.45 3.40
Percent of Ground Covered by Mosses 0.82 0.13 2.26 < 0.0001 1.74 2.94
Number of Plant Species -0.86 0.14 0.42 < 0.0001 0.32 0.55
Site Roughness 0.94 0.30 2.55 0.001 1.43 4.56
Distance to the Nearest Wetland Edge (m) -0.54 0.01 0.58 0.0002 0.57 0.60
Distance to the Nearest Body of Water (m) 0.78 0.21 2.18 0.0002 1.44 3.31
Depth of Water (cm) -1.73 0.08 0.18 < 0.0001 0.15 0.21



83

Table 3.29. Averages or average ranges of vegetative microhabitat characteristics
of marbled godwit display sites compared to broodrearing, foraging and nest sites
in Godwit Valley, Alaska Peninsula, 1996.

Vegetative Microhabitat Measurement Display Sites
Broodrearing,

Foraging and Nest
Sites

n= 20 88
Percent Grass Cover 1-5 <1
Percent Shrub Cover 6-25 1-5
Percent Sedge Cover 26-75 26-50
Percent Forb Cover 1-5 6-25
Percent Clubmoss Cover <1 <1
Percent Lichen Cover 0 <1
Number of Plant Species 4.8 4.7
Percent Ground Covered by Mosses 75 50
Height (dm) 1.5 1.4
Density (contacts/dm) 3.4 3.0

Table 3.30. Averages or average ranges of physical microhabitat characteristics
of marbled godwit display sites compared to broodrearing, foraging and nest sites
in Godwit Valley, Alaska Peninsula, 1996.

Physical Microhabitat Measurement
Broodrearing,

Display Sites Foraging and Nest
Sites

n=
Site Relief (cm)
Site Roughness
Distance to the Nearest Body of Water (m)
Distance to the Nearest Wetland Edge (m)
Depth of Water (cm)

20
44.7

medium-high
100-150

6.6
1.5

88
38.8

medium
50-150

8.2
5.4
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Increased odds of finding godwits performing ground displays was associated with

increased site roughness and distance to the nearest body of open water. Holding all other

microsite features constant, the odds of finding a godwit displaying increased by a factor of

2.55 for each 1 level increase in roughness (95% confidence interval of 1.43 to 4.56), and

by a factor of 2.18 for each 50 m increase in the distance to the nearest body of open water

(95% confidence interval of 1.44 to 3.31). Roughness averaged medium to high for

display sites and low to medium for the other use sites (Table 3.30). Display sites tended

to be 100-150 m from the nearest body of open water and the other use sites averaged a

distance range of 50-150 m.

Decreased odds ratios associated with godwits performing ground displays were

observed with increasing depth of water to the peat layer and distance to the nearest wetland

edge. A 5 cm increase in the depth of water to the peat layer resulted in a decrease in the

odds ratio by a factor of 0.18 as all other site features were held constant (95% confidence

interval of 0.15 to 0.21). Display sites averaged 1.5 cm of water at sample points

compared to 5.4 cm at broodrearing and foraging sites. As the distance to the nearest

wetland edge increased by 10 m, the odds of finding a godwit displaying decreased by a

factor of 0.58 when all other microsite features were held constant (95% confidence

interval of 0.57 to 0.60). Display sites averaged a distance of 6.5 m to the nearest wetland

edge compared to 8.2 m for the other use sites.

3.3.2.4 Nest Sites

The probability of finding a nesting godwit (n = 4) was related to the percent

coverage of grasses (one-sided p-value = 0.01), and shrubs (one-sided p-value 0.0001),

average height of the vegetation (one-sided p-value = 0.01), and amount of site roughness

(one-sided p-value = 0.02) (p = 0.99 from the Hosmer and Lemeshow goodness-of-fit

test) (Table 3.31). The percent cover of sedges (one-sided p-value = 0.48), forbs (one-

sided p-value = 0.06), clubmosses (one-sided p-value = 0.35), and lichens (one-sided p-



Table 3.31. Final logistic regression model for the vegetative and physical microhabitat characteristics of sites used by
marbled godwits for nesting (n = 4) in Godwit Valley, Alaska Peninsula, 1996. Hosmer and Lemeshow Goodness-of-Fit
Statistic = 1.84 with 8 di (p = 0.99).

Parameter Model
Coefficient S.E. Change in

Odds Ratio P-value

95% Confidence Interval

Lower Upper

Intercept -3.82
Percent Shrub Cover 0.67 0.27 1.95 0.0001 1.15 3.32
Percent Grass Cover -1.76 0.81 0.17 0.01 0.03 0.84
Height (dm) -2.35 1.06 0.09 0.01 0.01 0.76
Site Roughness 1.14 0.54 3.13 0.02 1.09 8.97
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value = 0.73) were not significantly different between the nest sites and the broodrearing,

foraging, and display sites. The use of a site by godwits for nesting was not related to the

percent ground layer coverage by mosses (one-sided p-value = 0.12), number of plant

species recorded at each sample point (one-sided p-value = 0.28), average density of the

vegetation (one-sided p-value = 0.23), amount of site relief (one-sided p-value = 0.10),

distance to the nearest wetland edge (one-sided p-value = 0.93) and nearest body of open

water (one-sided p-value = 0.92), nor depth of water (one-sided p-value = 0.99) (Table

A15).

As the percent shrub cover increased by 1 unit, while holding all other vegetative

features constant, the odds of finding a godwit nest increased by a factor of 1.95 (95%

confidence interval of 1.15 to 3.32) (Table 3.31). Nest sites averaged a range of 26-50%

shrub cover (Table 3.32). However, the odds of finding a godwit nest tended to decrease

with increased coverage by grasses. Holding all other vegetative features constant, the

odds of finding a godwit nest changed by a factor of 0.17 for each 1 unit increase in the

percent grass cover (95% confidence interval of 0.03 to 0.84). The odds of finding a

godwit nest also tended to decrease as the average height of the vegetation increased at the

site. The odds of finding a godwit nest changed by a factor of 0.09 as the average height

of the vegetation increased by 1 dm (95% confidence interval of 0.01 to 0.76). Nest sites

had the shortest vegetation of all sample points, averaging 1.3 dm versus 1.5 dm at the

other use sites.

When the percent shrub and grass cover and the vegetation height were held

constant, a 1 level increase in the site roughness resulted in a 3.13-fold increase in the odds

of finding a godwit nesting (95% confidence interval of 1.09 to 8.97). Nest sites had

slightly higher relief (47.8 cm), consistent high roughness levels, and no standing water at

the nest cup (Table 3.33).

When the vegetation at the nest cup was compared to the vegetation just 5 meters

out from the nest cup, the only vegetative features that were significantly different were the



87

Table 3.32. Averages or average ranges of vegetative microhabitat characteristics
of marbled godwit nest sites compared to broodrearing, foraging and display sites
in Godwit Valley, Alaska Peninsula, 1996.

Vegetative Microhabitat Measurement Nest Sites
Broodrearing,

Foraging and Display
Sites

n=
Percent Grass Cover

4
< 1

104
< 1

Percent Shrub Cover 26-50 1-5
Percent Sedge Cover 26-50 26-50
Percent Forb Cover 1-5 6-25
Percent Clubmoss Cover 0 < 1
Percent Lichen Cover 0 < 1
Number of Plant Species 6.0 4.7
Percent Ground Covered by Mosses 75 50
Height (dm) 1.3 1.5
Density (contacts/dm) 3.8 3.1

Table 3.33. Averages or average ranges of physical microhabitat characteristics
of marbled godwit nest sites compared to broodrearing, foraging and display sites
in Godwit Valley, Alaska Peninsula, 1996.

Physical Microhabitat Measurement Nest Sites
Broodrearing,

Foraging and Display
Sites

n= 4 104
Site Relief (cm) 47.8 39.6
Site Roughness high medium
Distance to the Nearest Body of Water (m 100-150 100-150
Distance to the Nearest Wetland Edge (m) 11.8 7.8
Depth of Water (cm) 0.0 4.9
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percent shrub cover (one-sided p-value < 0.0001) and the average density of the vegetation

(one-side p-value = 0.02) (p = 0.47 from the Hosmer and Lemeshow goodness-of-fit test)

(Table 3.34, Table A16). The average density at the nest was 3.8 contacts/dm compared to

3.2 contacts/dm 5 meters out from the nest cup (Table 3.35). The average percent shrub

cover at the nest ranged 26-50% compared to 1-5% just 5 meters out from the nest cup.

After accounting for all other site features, the odds of finding a godwit increased by a

factor of 14.69 as the percent shrub cover increased by 1 unit (95% confidence interval of

1.91 to 113.20), and the odds increased by a factor of 4.11 for each 1 contact of vegetation

per dm increase in the average density of the vegetation (95% confidence interval of 0.91 to

18.57).



Table 3.34. Final logistic regression model for the vegetative and physical microhabitat characteristics of sites used by
marbled godwits for nesting (n = 4) compared to sample 5 meters out (n = 4) in Godwit Valley, Alaska Peninsula, 1996.
Hosmer and Lemeshow Goodness-of-Fit Statistic = 7.64 with 8 d.f. (p = 0.47).

Parameter Model
Coefficient S.E. Change in

Odds Ratio P-value

95% Confidence Interval

Lower Upper

Intercept -10.96
Percent Shrub Cover 2.69 1.04 14.69 < 0.0001 1.91 113.21
Density (contacts/dm) 1.41 0.77 4.11 0.02 0.91 18.58



90

Table 3.35. Averages or average ranges of vegetative microhabitat characteristics
at marbled godwit nest sites compared to sites 5 m out from the nest cup in
Godwit Valley, Alaska Peninsula, 1996.

Vegetative Microhabitat Measurement Nest Sites 5 meters Away

n=
Percent Grass Cover
Percent Shrub Cover
Percent Sedge Cover

4
< 1

26-50
26-50

4
< 1
1-5

26-50
Percent Forb Cover 1-5 1-5
Percent Clubmoss Cover 0 1-5
Percent Lichen Cover 0 0
Number of Plant Species 6.0 4.6
Percent Ground Covered by Mosses 75 75
Height (dm) 1.3 1.3
Density (contacts/dm) 3.8 3.2
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4. Discussion

Ugashik marbled godwits arrived at coastal lagoons on the north-central portion of

the Alaska peninsula where they remained for a short period to forage before departing to

the breeding grounds. Some birds were already paired upon arrival; copulation's were

observed as early as 6 May, and many other males were observed ground chasing females

to break them out of flocks (Lind 1961, Nowicki 1973). Several hundred more marbled

godwits were observed at Cinder River Lagoon in 1995 compared to 1996 (Mehall-

Niswander 1995, 1996), but the number of pairs observed in Godwit Valley was about

equal if not greater. This indicates that marbled godwits arrived earlier in 1996 due to the

early spring conditions in which inland lakes and ponds were free of ice several weeks

earlier than normal. This early staging by marbled godwits was confirmed once I reached

Godwit Valley on 20 May and found many birds already nesting.

4.1 Time and Activity Budgets

During the pair-formation phase, male marbled godwits chased females and

performed elaborate courtship displays to either attract females to their respective territories

or to strengthen pair-bonds. Males also performed pursuit and sexual pursuit flights to

communicate territoriality to neighboring males. Once breeding pairs were formed, the

males tended to follow females around as the females foraged in nearby wetlands. The

males either guarded their mates against other males or foraged right alongside the females.

Byrkjedal (1985) found that mate-guarding by black-tailed godwits was the strongest

during the egg-laying period when the male was most vulnerable to cuckoldry. The

distance between the mates was the shortest and least variable during this time. In addition,

Byrkjedal found that 83% of the recorded copulation's took place less than 5 minutes after

conflicts with neighboring males. A similar trend was observed for the Ugashik marbled
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godwit during the egg-laying phase. Females also took on a very secretive nature during

the egg-laying phase and were rarely observed out in the open. Females tended to squat

down low in the tall vegetation while foraging, particularly when other godwits flew over

the site. This behavior was also observed by Nowicki (1973) for the prairie nesting

population and by Lind (1961) for black-tailed godwits for which he referred to females

taking on a "concealing attitude."

During the incubation phase, male marbled godwits were most often observed

foraging alone. The males fed at large wetlands alongside other shorebirds and

occasionally other male godwits. Bar-tailed godwits foraging singly spent more time alert

watching for predators and were less efficient at foraging (Smith and Evans 1973).

Foraging in a flock ensures that some individuals are always at the pause stage and are,

therefore, able to react to potential threats (Wishart and Sealy 1980). Marbled godwits may

receive a similar benefit while foraging near other shorebirds. Because males were

responsible for night-time incubation, the day-time was primarily spent foraging and

resting.

When males were not engaged in maintenance activities, they were in the alert/erect

posture guarding their territories, mates and nests against predators, potential threats and

neighboring godwits. This was supported by the fact that males tended to perform the

"erect threat" display instead of the "erect courtship" display that was observed during the

pair-formation and egg-laying phase (Byrkjedal et al. 1989). However, male intraspecific

aggression was still lower than early in the season during pair-formation and establishment

of the nest. A similar trend of decreased intraspecific aggression during the incubation

period has been observed for prairie nesting marbled godwits (Nowicki 1973), and low

levels of territoriality have been observed for black-tailed godwits (Lind 1961), and bar-

tailed godwits (Byrkjedal et al. 1989). Most male intraspecific aggression was observed

during the morning and the evening nest exchanges. Morning nest exchanges were

considerably more conspicuous than evening exchanges because females returning to
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nesting territories often elicited pursuits by unpaired or neighboring males. On numerous

occasions, the morning sky would be filled with 10-20 raucous godwits chasing and

calling after one another.

After the chicks hatched, females were primarily responsible for brooding as has

been observed for black-tailed godwits and lapwings (Vanellus vanellus) (Beintema and

Visser 1989). Both males and females were busy guarding chicks during the post-hatching

period. One parent would guard the chicks (alert/erect) while the other parent foraged

nearby. Biparental care may have allowed the parents to utilize more distant (and

presumably better) foraging grounds that were not good chick rearing habitats (Byrkjedal

1985). Distant foraging sites were often flat, open herb bog meadows or fresh herb

marshes that did not offer the tall, dense vegetation that typified broodrearing habitats.

Females were observed foraging away from the chicks more often than the males.

Nowicki (1973) found a similar division of labor for marbled godwits nesting in North

Dakota, where males guarded chicks 56% of the time and females 30% of the time. Like

the Ugashik marbled godwit, male black-tailed godwits were engaged in hostilities and

guarding (alert/erect) more than the females (Byrkjedal 1985). Male black-tailed godwits

spent 90.5% of the post-hatching period guarding chicks and 5.5% of the time foraging at

distant fields, and females spent 81.2% of the post-hatching period guarding chicks and

20.7% of the time foraging. However, one distinction between black-tailed and marbled

godwits involved the amount of time spent in flight display. Black-tailed godwits only

spend a small amount of time performing flight displays and no displays were observed

during the hatching or post-hatching periods (Byrkjedal 1985). Marbled godwits, on the

other hand, spend a significant portion of time performing elaborate flight displays during

all stages of the breeding season.

Aggressiveness peaked for both males and females during the post-hatching period.

Nowicki (1973) found that the adult marbled godwits were much more demonstrative

toward intruders during the post-hatching phase and aggressive dives were more common
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than during the incubation phase. Nowicki also found that females were usually the first to

approach predators, sometimes from as far away as a quarter kilometer. This early,

aggressive approach by females was observed for the Alaska population as well. The

female initiated a threat call that attracted numerous godwits and several other shorebirds to

the predator in a "clamorous erratic display" intended to confuse and distract the predator

(Nowicki 1973). Prairie breeding marbled godwits did not tolerate the presence of any

intruding godwits and their presence often led to pursuit flights (Nowicki 1973). Ugashik

marbled godwits were observed aggressively chasing intruding godwits that were probably

nonbreeders or failed breeders. These godwits probably posed a threat to the broods since

their large size could attract predators. Byrkjedal (1985) found that the number of

intraspecific attacks by black-tailed godwits was highest for godwits with chicks.

All of the godwit species share similar behavioral patterns and postures. However,

the duration and timing of these patterns and postures is different depending upon the

nesting latitude of the specific godwit species (Nowicki 1973). One distinction between the

prairie and tundra nesting populations was the arrival of spring migratory flocks. Nowicki

observed flocks for a short period on 18 May but the Ugashik marbled godwits were

observed on 6 May at Cinder River Lagoon. However, Nowicki states that the prairie

nesting population arrives at its nesting grounds around the end of April and departs for the

wintering grounds around mid-July. Fall migration for the Ugashik marbled godwit does

not begin until mid to late August and possibly as late as mid October. Another distinction

between the two breeding populations was the fact that no Ugashik marbled godwits were

observed performing nest scrapes. However, I may have missed this behavioral display

since many pairs had already established nests and were incubating by the time I arrived at

Godwit Valley on 20 May. Nest scraping has been observed in the two temperate nesting

populations: the prairie nesting marbled godwit and the black-tailed godwit (Lind 1961,

Nowicki 1973). Hagar (1966) did not observe nest scrapes in the Hudsonian godwit

(Limosahaemastica), a fact that he attributed to the shorter arctic breeding season.



95

Nowicki (1973) suggests that arctic nesting godwits may use depressions of other birds for

their nests. Bar-tailed godwits (Byrkjedal et al. 1989), and other arctic nesting shorebirds

such as dunlin (Calidris alpina), arrive at breeding grounds even farther north than those of

the Hudsonian godwit and perform nest scrapes (Nowicki 1973).

Some of the breeding behaviors exhibited by marbled godwits were similar to those

of other godwit species. For example, a similar pattern of nest exchange was observed for

the prairie nesting marbled godwit (Nowicki 1973), the Hudsonian godwit (Hagar 1966),

and the black-tailed godwit (Lind 1961). In addition, the ceremonial flight of the Ugashik

marbled godwit was similar to that of other godwit species including the noisy diving

decent that was the result of braking with the primaries. Byrkjedal et al. (1989) state that

wing sounds during descent have not been described for any godwit other than the bar-

tailed godwit, but Nowicki (1973) refers to noisy descents for prairie nesting marbled

godwits and Huxley and Montague (1926) for black-tailed godwits. Perching on top of

willow trees during the post-hatching period was observed for other godwit species as

well. Nowicki (1973) observed this pattern for marbled godwits nesting in North Dakota,

however, the perching was dependent upon the presence of man-made objects (hay stacks

or telephone polls) since trees were scarce. Byrkjedal (1985) found that male black-tailed

godwits guarded chicks chiefly from the top of fence poles, while females remained with

the chicks on the ground. However, Hagar (1966) observed female Hudsonian godwits

guarding from the tops of trees while males remained with the chicks on the ground.

Another breeding behavior that the Ugashik marbled godwit shared with another godwit

species was the aggressive response to potentially threatening species during different

stages of the breeding season. Black-tailed godwits have also been observed attacking

different predators in relation to the threat posed to eggs or chicks as the breeding season

progressed (Green et al. 1990).

Marbled godwits and black-tailed godwits are very similar species that share

numerous behaviors and postures during the breeding season (as discussed previously).
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However, two distinct behavioral strategies have been adopted by these species after the

chicks have hatched. The cooperative chasing and defense by neighboring black-tailed

godwits did not occur after hatching (Byrkjedal 1985). In addition, the interspecific

hostility between black-tailed godwits and lapwings increased significantly after hatching

( Byrkjedal 1985). Byrkjedal (1985) attributed the increased hostility between black-tailed

godwits and lapwings to spacing activities in order for the godwits to : (1) reduce detection

by predators, (2) increase potential control over the chicks in predator situations, (3)

decrease the risk of the chicks going astray, and (4) reduce competition for food resources.

Therefore, the biparental care may be more important than the benefits the black-tailed

godwits received from lapwing predator chases ( Byrkjedal 1985). However, after the

chicks hatched, interspecific hostility decreased between the Ugashik marbled godwit and

neighboring shorebirds, and neighboring shorebirds and godwits aided the Ugashik

marbled godwit in cooperative defense. Interestingly, both the male and female black-tailed

godwit remain with the chicks until they are ready to fly (Lind 1961). However, male

marbled godwit depart from the breeding grounds approximately three weeks after the

chicks have hatched leaving the females to care for the young until they are able to fly to

coastal staging lagoons. Perhaps the Ugashik marbled godwit benefited from having

aggressive neighboring shorebirds after their chicks hatched since only one parent remained

to care for the young.

Evans and Pienkowski (1984) suggest that two important factors that limit

shorebird productivity are weather and predation. Godwit chicks develop very rapidly and

have a strong thermoregulation (Visser and Beintema 1987) and, therefore, do not require

much brooding even during adverse weather conditions (Beintema and Visser 1989).

Hence, godwits are not as susceptible to exposure as more slowly developing species. The

chicks of five black-tailed godwit families that were studied through the breeding season

fledged successfully (Beintema and Visser 1989). This was a remarkable fledging rate

since the survival rate for godwit fledglings has been estimated at 21% (Beintema and Drost



97

1986). However, the godwits under observation were enclosed within 50 cm high wire-

netting that repelled predators, resulting in zero losses of eggs or chicks to predation.

Therefore, it appears that most egg loss and chick mortality were probably due to

predation. While studying the behavioral ecology of marbled godwits nesting in North

Dakota, Nowicki (1973) found that five out of the six nests located were destroyed by

predators, most notably the red fox.

Some bird species space their nests out in order to reduce losses to predation since

predatory search is more efficient at higher nest densities (Dyrcz et al. 1981). Bird species

that suffer the greatest losses from terrestrial predators may benefit from well-spaced nests

that are better concealed (Elliot 1982). At the other extreme are bird species that nest in

dense colonies, such as gulls and terns, who rely upon group defense to deter predators

(Goransson et al. 1975). Somewhere in the middle of these two strategies are species that

tend to breed in loose aggregations or semi-colonies, perhaps because of the benefits

accrued from group defense (Dyrcz et al. 1981). A certain degree of scattering of nests

offers protection against ground predators and semi-colonies offer protection against aerial

predators by a group defense of nests (Lind 1961). Lind (1961) describes the semi-colony

of the godwit as a result of the conflict between territorial aggressiveness and colonial

sociability. Losses from predation are lower in such semi-colonies compared to scattered

nests of the same species (Patterson 1965, Goransson et al. 1975, Dyrcz 1977, Elliot

1985). Avian predators are excluded from nesting aggregations when the protected zones

around each nest meet or overlap (Elliot 1985). Godwits do not have clearly defined

territorial boundaries that are aggressively defended (Lind 1961, Hagar 1966, Nowicki

1973, Byrkjedal et al. 1989). Once the chicks hatched, attachment to the nest was replaced

by attachment to the young that were constantly moving (Lind 1961, Nowicki 1973).

Marbled godwits and the numerous other shorebirds nesting in Godwit Valley

benefited from group defense associated with their colonial nature. Godwits defended their

breeding grounds against any potential avian or terrestrial predators in groups of five to 20
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birds, and typically defended their nests from over 200 m away. Predators were thwarted

in a spectacular effort put forth by marbled godwits and other shorebirds working in unison

to both alert of pending danger and in actual physical attack. Avian predators were mobbed

until they were forced away from the entire breeding area and over the ridge. A similar

pattern of defense against avian predators was described for the black-tailed godwit and is

referred to as "handing the harrier over" (Dyrcz et al. 1981). The benefit accrued from

colonial nesting and group defense was most evident later in the season after the majority of

male godwits had departed the breeding grounds for the staging lagoons. Extreme late

nesters were left to their own recognizance for protection of their vulnerable chicks as no

godwits responded to their distress calls. In addition, the females and broods took on a

most secretive nature and were rarely observed, and they were left to their own defenses

without the added protection of the males. Dyrcz et al. (1981) found that losses from

predation among aggressive shorebirds (or "bold waders") such as black-tailed godwits or

lapwings that attached predators collectively were lower in the middle of the breeding

season, when nest concentrations were at their highest compared to the end of the season

after many breeding pairs had left the area. They also found that the black-tailed godwit

bred at the highest densities but suffered the lowest predation. Because the black-tailed

godwit nests and adults were the most conspicuous due to their large size, the low

predation was attributed to boldness and group defense. Some species may benefit from

nesting in close proximity to other species that react more aggressively towards predators

(Colwell and Oring 1990). Some more timid species ("timid waders") may include more

aggressive species in their nest selection process (Goransson et al. 1975). Dyrcz et al.

(1981) found that the nests of timid waders situated closer to the aggregations of bold

waders suffered less from predation than more remote nests. As the season progressed,

and the number of bold waders decreased, predation on nests of timid species increased

(Dyrcz et al. 1981). The bold nature of black-tailed godwits formed a "protective umbrella"

for the more timid waders that bred close to the godwit semi-colonies such as common



99

snipe, redshank (Tringa totanus) and ruff (Philomachus pugnax) (Dyrcz et al. 1981).

Goransson et al. (1975) found that predation rates of artificial nests were greatly reduced

when the nests were placed within or near the territories of bold lapwings.

Timid species nesting within the Ugashik marbled godwit semi-colonies such as

snipes, short-billed dowitchers, least sandpipers, red-necked phalaropes, Lapland

longspurs and savannah sparrows all probably benefited from the bold nature of the

godwits. Marbled godwits probably benefited from nesting close to greater yellowlegs

which were one of the most aggressive shorebirds in Godwit Valley. Greater yellowlegs

were wary of mammalian intruders and were the first bird to sound the alarm, uttering a

loud ringing cry that brought many other shorebirds into the air (Terres 1991). Marbled

godwits may have nested in areas where yellowlegs were already present since yellowlegs

chicks were the first shorebird in Godwit Valley to hatch, and presumably yellowlegs

established breeding territories before the marbled godwits. Some timid waders and

passerines nest close to aggressive lapwings but lay their eggs several days later (Elliot

1985) as an adaptation to limit resource competition but also for the timid species to benefit

from the aggressive nature of their neighbors during the vulnerable incubation period. The

snipe and dowitchers nested close to marbled godwit aggregations but laid their eggs

several days later, and marbled godwits nested close to greater yellowlegs but laid their

eggs several days later. Black-tailed godwits seek the company of lapwings and probably

receive a similar benefit from the lapwings aggressive nature (Lind 1961). Other similar

attachments have been described for redshank to lapwing (Bub 1957), ruff to redshank and

snowy plover (Charadrius alexandrinus) (Mildenberger 1953), and piping plovers

(Charadrius melodus) (Burger 1987) and Wilson's phalaropes (Phalaropustricolor) (Huhn

1967) to terns.

Green et al. (1990) propose a relationship between nest defense strategies and body

size: small species are less efficient at driving off predators and are better able to conceal

themselves and their nests in ground vegetation (e.g., snipe, least sandpiper, red-necked
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phalarope, Lapland longspur). Large species are not able to conceal themselves or their

nests but are able to drive off predators (e.g., sandhill crane). Medium-sized species nest

in loose colonies and may rely partially on nest concealment and group defense.

Aggressive, bold shorebirds often nest in the open landscape as an antipredator adaptation

in order to detect predators as early as possible (Dyrcz et al. 1981), while timid species may

rely more on nest concealment. The Ugashik marbled godwit relies on both nest

concealment and group defense as has been described for marbled godwits breeding in the

prairie region (Colwell and Oring 1990), and for whimbrels (Numenius phaeopus) nesting

in the hummock-bog habitats near Churchill, Manitoba (Skeet 1983).

Marbled godwits that arrived in Godwit Valley were always alone or in pairs and no

spring flocks were observed. Post-breeding flocks were observed, however, in groups of

2 to 10, but these birds were often attacked by adults with broods and forced to leave. In

addition, males that prepared to depart from the breeding grounds approximately three

weeks after their broods hatched were never observed in post-breeding flocks. Therefore,

it appears that post-breeders headed for the coastal staging lagoons as quickly as possible

where foraging opportunities were presumably much better. Later in the breeding season,

the valley may not provide optimum foraging habitat for adults as the soil fauna retreat to

greater depths (Ryan 1982, Beintema and Visser 1989).

4.2 Comparisons Between Absent and Present Sites

Comparisons of the vegetative features between absent and present sites revealed

that as the percent forb and sedge cover increased, the odds of finding a godwit also

increased. However, as the percent shrub and grass cover increased, the odds of finding a

godwit tended to decrease. Generally, godwits used cover types with > 25% sedge or forb

cover and < 25% grass or shrub cover. The highest probability of finding a godwit was

associated with the WFH (dominated by forbs) and WGH (dominated by Carex spp.)

cover types, and the lowest probability was associated with the OLS (dominated by shrubs)
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and WGH (dominated by Calamagrostis canadensis) cover types. Godwits were much

more likely to use the WFH cover type (with woody plants and grasses being scarce or

absent) than the OLS cover type (with 51-75% shrub cover) or the MGH cover type (with

76-95% grass cover). The probability of finding a godwit decreased when the WFH and

WGH Level IV cover types were compared to the OLS and MGH Level IV cover types.

The change in odds ratios were highest within the Level IV cover types that were

dominated by either forbs or sedges, including herb bog meadows (26-50% forb cover),

fresh herb marshes (26-50% forb cover), sedge bog meadows (51-75% sedge cover),

sedge-shrub wet meadows (51-75% sedge cover), and sedge-moss bog meadows (6-25%

sedge cover). Decreasing odds ratios were associated with the Level IV cover types that

were dominated by shrubs or C. canadensis, including shrub birch-ericaceous shrub bogs

(51-75% shrub cover), ericaceous shrub bogs (51-75% shrub cover), bluejoint herb cover

types (26-50% grass cover), sweetgale-graminoid bogs (26-50% shrub cover), and the

bluejoint-shrub cover types (76-95% grass cover and 6-25% shrub cover). Overall,

godwits were about 16 times more likely to use herb bog meadows than the bluejoint-shrub

cover type.

As the site relief decreased, the odds of finding a godwit increased. The amount of

relief at sites used by godwits averaged almost 20 cm less than the relief at sites where no

godwits were observed. The significantly higher relief at absent sites can be explained by

the higher percent coverage by tall grasses and shrubs. The MGH cover type averaged the

highest amount of relief followed by the OLS cover type. Within the MGH Level III cover

type, the bluejoint-shrub Level IV cover type had the highest amount of relief at an average

of 94 cm and this cover type was used considerably less than any of the other Level IV

cover types. The WGH cover type averaged a medium amount of relief. Sedges at these

sites tended to be low growing and less robust than those associated with the ericaceous

and birch-ericaceous shrub bogs. The WFH cover type averaged the lowest amount of

relief at 36 cm due to the presence of low-growing broadleaf forbs.
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As the amount of site roughness increased the odds of finding a godwit increased.

This is interesting given the fact that an average low roughness was associated with the

WFH cover type, a medium roughness was associated with the WGH cover type, and the

OLS and MGH cover types both averaged high roughness but were used far less

frequently. Godwits may be selecting those sites within the WFH and WGH cover types

that had significantly more variability in relief. The WFH cover type was typically an

inundated, flat expanse with a fairly open canopy and few tussocks or ridges. The WGH

cover type had varying elevational relief due to the presence of tussock forming sedges and

Sphagnum peat. Grasses and some sedges that do not normally form tussocks will form

them under bog conditions (Viereck et al. 1992). This was observed in the WGH and

especially the MGH cover types. Calamagrostis canadensis tended to form tussocks when

a site was inundated or the soil was saturated and this accounted for the high roughness at

MGH sites. Wetter sites within the sedge bogs tended to have a "hummocky microrelief

pattern" (Viereck et al. 1992) and this accounted for the medium to high roughness at

WGH sites. As Sphagnum peat accumulates at these sites, ridges or hummocks form

which allows for the invasion by shrubs and upland plants in a bog environment. This was

observed in the WGH and especially in the OLS cover type which typically had the highest

species diversity, 51-75% shrub cover and at least 75% moss cover. Plants typically found

only on dry or slightly saturated sites at the wetland edge such as dwarf birch, dwarf

willow, crowberry, star flower (Trientalis europaea ssp. arctica ), parsley fern

(Cryptogramma crispa ) and valerian were found on hummocks surrounded by deep

standing water. Microrelief, in the form of hummocks or narrow elongated ridges, was

often present within the WGH and OLS cover types (Viereck et al. 1992). The OLS cover

type may in fact develop from WGH cover types, such as sedge meadows or sedge bog

meadows, as enough peat accumulates to provide a sufficiently dry surface for shrub

invasion (Viereck et al. 1992). For example, a sedge wet meadow may become a sedge

bog meadow as peat accumulates which, in turn, may advance to a sedge-moss bog with
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the invasion of Sphagnum mosses. Continued bog development and peat accumulation

may yield surface conditions that favor shrubbier bog communities such as ericaceous

shrub bogs (Viereck et al. 1992). Very often, the OLS and WGH cover types were similar

and difficult to distinguish from one another other than the fact that the OLS cover type had

25-74% shrub cover. For example, there were very few vegetative or physical microsite

differences between the sedge-shrub wet meadow and the sweetgale-graminoid bog except

the former was dominated by sedges (51-75%) and the latter by shrubs (26-50%).

When compared to absent sites, present sites tended to be considerably closer to

nearby wetlands and slightly wetter. Therefore, as the distance to the nearest wetland

decreased, the odds of finding a marbled godwit increased. Present sites were found about

16 m closer to nearby wetlands than absent sites due to the fact that sites used by godwits

usually fell within the wetland itself (sedge or herb bog, marsh, or wet meadow). Both the

WFH and WGH cover types were found an average of 6 m from the nearest wetland

whereas the OLS and MGH cover types were found an average of 20 m away. During the

breeding season, prairie nesting marbled godwits use a variety of wetland types including

semipermenant wetlands, and ephemeral, alkali and temporary ponds (Stewart 1975, Ryan

et al. 1984). Ryan et al. (1984) found that marbled godwits breeding in east-central North

Dakota frequently selected areas with greater wetland abundance and a greater variety of

wetland classes than were generally available, thereby increasing the likelihood of preferred

habitat components being available throughout the nesting period. The speculated breeding

range for the Ugashik marbled godwit is dotted with thousands of permanent and

intermittent bodies of water, from small pools to lakes several miles in length. This region

of the Alaska Peninsula is considerably wetter than areas to the North that have polygonal

patterned ground. The transition from drier, shrubbier regions with more variability in

topographic relief in the north to a flatter landscape composed of miles of marshes, bogs

and wet meadows is most evident from small aircraft. SPOT MSS Landsat spectral

imagery maps of major vegetation classes from the Alaska Peninsula reveal that much of
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the marbled godwit breeding range is composed of "Marsh/Very Wet Bog" and "Wet

Bog/Wet Meadow" types compared to "Open Low Shrub Graminoid" types that

predominate in the north. It is not surprising then that the odds of finding a godwit

increased as the depth of water increased, although godwits did not use sites with greater

than 19 cm of water. Therefore, the analysis was limited to water depths of 0-19 cm.

Godwits foraging alone or with broods consistently avoided the deep bogs since they could

not wade or forage there efficiently. North et al. (1996) found that the Ugashik marbled

godwit used more moist areas within Godwit Valley. Sample points that fell within the

MGH and OLS cover types tended to be dry compared to those that fell within the WGH

and especially the WFH cover types. The sites with high roughness had raised hummocks

or tussocks that were fairly dry but often had standing water between them that could be

deep in places. Nest and display sites were often limited to the tops or sides of dry

hummocks but these were adjacent to or surrounded by standing water. Paired sample

points for absent sites that were inaccessible, because they landed in a deep pond or lake,

were moved out an additional 25 m so that microsite measurements could be taken.

Therefore, the very deep sites (> 19 cm) may have been underrepresented in the analysis.

As the percent cover by clubmosses increased, the probability of finding a godwit

decreased. Although increasing clubmoss cover was associated with increasingly wetter

conditions, it was also typically associated with flatter sites. Godwits used wetter sites

more frequently, but they also used sites with increasing roughness.

4.3 Comparisons Among Broodrearing, Foraging, Display, and Nest Sites

Comparisons of vegetative and physical features among broodrearing, foraging,

ground display and nest sites revealed that godwits used different cover types within or

adjacent to individual territories for various types of activities (Ryan 1982). As the percent

shrub cover and number of plant species increased the odds of finding a godwit with a

brood or on a nest increased as well. Both broodrearing and nesting godwits tended to use



105

OLS cover types more than any other cover type. This cover type was typified by having

25-75% shrub cover and the highest plant species diversity of any of the Level III cover

types. The Level IV cover types used by godwits with broods also followed a trend in

increasing shrub cover and plant species diversity: sedge-moss bog, sedge bog, and

sedge-shrub wet meadows with < 25% shrub cover and fewer than 5 plant species to

sweetgale-graminoid, shrub-birch ericaceous shrub and ericaceous shrub bogs with > 25%

shrub cover and over 6 plant species recorded at sample points. Sites where shrubs

comprised > 25% coverage were typically drier and slightly elevated. The only sites used

by godwits that had > 25% shrub cover were nest and broodrearing sites.

The risk of egg predation has been shown to be high for nests near bushes

(Lemmetyinen 1971). However, the majority of the shrubs that make up the OLS cover

type were less than 40 cm tall and did not provide adequate perches for predators. Ryan et

al. (1984) found that marbled godwits breeding in North Dakota generally preferred more

moist habitats to the drier upland sites. However, they also found that godwit nests were

almost always situated on slightly elevated sites, typically grassy ridgetops and that broods

consistently preferred upland sites to wetlands. In Godwit Valley, hummocks and

tussocks were often associated with > 25% shrub cover. Nest sites were limited to the tops

or sides of dry, shrubby hummocks or tussocks that were adjacent to or surrounded by

standing water. The first marbled godwit nest found in Alaska in 1992 consisted of a

shallow depression 20 cm in diameter and 6 cm deep on a grassy tussock adjacent to a

flooded stand of buckbean and horsetail (North et al. 1996). Considering the fact that the

majority of the valley is a floating bog system, slightly elevated, considerably drier sites

may be desirable for nesting and may provide an elevated position from which breeding

pairs can search for potential predators. Whimbrels nesting in similar wet habitats in

Churchill, Manitoba were afforded protection from the wind when nest sites were located

on the side of or low in a large hummock or adjacent to (within 1 m of) a shrub (Skeel

1983). Whimbrels had higher nest success in the hummock-bog habitat than in either
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sedge-meadows or heath-tundra habitats (Skeel 1983). This higher nest success was

attributed primarily to the more complex structure of the hummock-bog habitat (crypticity

was enhanced) and the higher nest density where predation was reduced through joint

defense. Whimbrel eggs may have been conspicuous to avian predators in the relatively

monotonous sedge-meadow and heath-tundra habitats, and the shrubs may have provided a

disruptive effect that rendered nests less conspicuous to predators (Skeel 1983). Marbled

godwits may receive similar added benefits from the considerable shrub cover and high

variability in microrelief at nest sites. The fact that the vegetation at the nest cup was much

shrubbier and denser than sample points just 5 m out from nest sites seems to support this.

Bar-tailed godwits and Hudsonian godwits also nest on wet, hummocky tundra, and

Hudsonian godwits typically nest in or under the edge of dwarf birch or dwarf willow

(Hagar 1966). Hagar (1966) best described the nature of the seemingly monotonous

tundra landscape in his treatise on the Hudsonian godwit nesting in Churchill, Manitoba:

...as we examine the occupied habitat more closely, it appears that both its
surface and its vegetation are much less uniform than the first glance
suggested. This is not unusual on the tundra, where the rather forbidding
sameness of the whole landscape may mask an unexpected diversity in
detail, but here the variation becomes striking.... Within a vertical range of
four or five feet at the most, the surface is rough and hummocky beyond
description. Moreover, because permafrost retards the development of the
drainage system, every depression holds water. The result is a very great
number of ponds, from small to large, and no one of them at the same level
as others nearby; and over all the remaining surface, on sides which vary
from wet marsh to dry barren, is an intricate mixture of sedges, flowering
plants, low shrubs, mosses, and lichens.

Given this highly complex nature of the tundra landscape, locating nests of marbled

godwits or of any of the shorebirds, for that matter, was incredibly difficult. Nowicki

(1973) indicated similar difficulties in finding marbled godwit nests in the prairie region.

Nests in Godwit Valley were located only after the females flushed. These nests had to be

marked well because they could be quite difficult to relocate after the eggshell fragments

were removed. In addition, very little material or down was added to the nests other than a

few strands of grass, sedge or horsetail, moss fragments and a few dried birch leaves. The
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second godwit nest found in 1996 was located on a path between two observation blinds.

We walked next to the incubating female repeatedly before we found the nest, and only

after she flushed when we were nest searching with a pull-rope.

The probability of finding a godwit with a brood also increased as the percent sedge

cover and the distance to the nearest wetland increased, but it decreased with increasing

forb cover. The presence of shrub and sedge vegetation could benefit nesting godwits by

providing nest cover and cryptic enhancement, as well as, benefit broodrearing godwits by

providing a food source later in the breeding season (Rodrigues 1994). Food selectivity by

marbled godwits varies annually, seasonally and diurnally in responses to changes in food

availability (Ryan 1982, Wishart and Sealy 1980). Marbled godwits feed primarily on

mollusks, crustaceans, and worms, but switch to terrestrial and aquatic insects, and seeds

of pondweeds and sedges as these become available later in the season (Terres 1991).

As the percent clubmoss increased, there was a slight increased odds of finding a

godwit broodrearing. Clubmoss coverage was negligible at broodrearing, foraging, and

display sites, but broodrearing sites tended to have slightly less clubmoss than foraging

sites and slightly more than display areas. Increasing clubmoss cover was associated with

increasingly wetter and flatter conditions. Therefore, although godwits with broods were

found further from nearby wetlands than foraging, displaying or nesting godwits, the

amount of microrelief was also an important factor influencing the use of a site by broods.

As the amount of site relief increased, the odds of finding broods decreased. Predation

may have been highest in the large open wetlands where numerous shorebirds congregated

to feed. Although godwits with broods used sites farther from wetlands, they selected sites

closer to open water.

One distinction between broodrearing and nest sites was the average height of the

vegetation. The vegetation at broodrearing sites was taller than the vegetation at the other

use sites, while the vegetation at nest sites was considerably shorter. This was interesting,

given the fact that nest sites tended to have the highest amount of relief and roughness.
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Among the Level IV cover types, broodrearing godwits used ericaceous shrub bogs the

most. However, nesting godwits used shrub birch-ericaceous shrub bogs or sedge-shrub

wet meadows that typically had shorter vegetation than ericaceous shrub bogs. Shrub

birch-ericaceous shrub bogs also had higher relief than ericaceous shrub bogs. The high

relief and roughness at nest sites were attributed to the shrub cover and not to the percent

grass cover. In fact, as the percent grass cover increased, the odds of finding a godwit nest

decreased. Marbled godwits breeding in the northern prairie region nest in grassy areas

but, like the Alaska breeding population, they use shorter vegetation. Nowicki (1973)

found that marbled godwits breeding in North Dakota nested in short (< 30 cm), sparse

grass. Higgins et al. (1979) also found that marbled godwits breeding in North Dakota

usually nested in short, grassy cover < 15 cm tall and that the clutches were not well

concealed by adjacent vegetation. Carex was included as a type of grassy cover but it was

treated separately under percent sedge cover for this study. Had they been combined in this

study, similar findings of godwits nesting in short, grassy cover would have resulted. The

average height of the vegetation at nest sites was 12.7 cm and the average aerial coverage of

the nest cup was 15%. The appearance of the low arctic tundra is similar to that of

grasslands in which low to dwarf shrubs are common, except in wetter habitats (Bliss

1988). Comparing the nesting grounds of marbled godwits breeding in James Bay to those

of the prairie nesting population, Todd (1963) and Hagar (Morrison et al. 1976) state that

the level, wet meadows were very similar in appearance. Colwell and Oring (1990) state

that their description of nest site features of marbled godwits breeding in south central

Saskatchewan paralleled those of Higgens et al. (1979). However, Colwell and Oring

found that marbled godwit nest sites were characterized by tall, dense, homogeneous

vegetation dominated by upland grasses and that marbled godwits generally relied on

vegetation to conceal incubating adults and eggs. Some aggressive, bold shorebirds nest in

the open as an antipredator adaptation in order to approach predators as early as possible

while more timid species rely more on nest concealment (Dyrcz et al. 1981). Perhaps the
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Ugashik marbled godwit relied on adjacent vegetation to partially conceal the nest. The fact

that the vegetation at the nest cup was much denser than sample points just 5 m out from

nest sites seems to support this. Ryan et al. (1984) also found that marbled godwits

breeding in North Dakota nested in short grass areas at upland sites, but that broods and

post-breeding godwits selected slightly taller vegetation (15-60 cm tall), and Buker and

Groen (1989) found that black-tailed godwits breeding in the Netherlands preferred

grasslands with a mean height of 21-30 cm for raising broods. I found similar results at

broodrearing sites: as the vegetation height increased, the odds of finding a godwit with a

brood also increased. In fact, the vegetation at broodrearing sites was taller than the

vegetation at any of the other use sites (average height = 16.2 cm). This taller vegetation

may provide antipredatory, thermoregulatory, and foraging benefits, especially for chicks

(Jenni et al. 1982, Ryan et al. 1984). The tall Carex and Calamagrostis canadensis typical

of broodrearing sites may provide essential escape and protective cover (North and Tucker

1992). Chicks were rarely seen in the open and remained hidden in tall stands of Carex.

When approached by humans or threatened by aerial predators, the chicks immediately

headed for dense, tall cover and were extremely difficult to relocate. Hearing the distress

call of the parents, the chicks concealed themselves deep within the sedge tussocks. The

first flightless young discovered in 1995 were located after 4 hours of searching in a 20 m2

area until a little blue leg was found sticking out of a sedge tussock (Mehall-Niswander

1995). The remainder of the bird and the other chick were completely concealed and the

pair remained motionless until the threat disappeared and the female called the chicks back

to her for brooding. This successful concealment technique was observed the following

year during nest searches (Mehall-Niswander 1996).

Foraging sites were differentiated from broodrearing and nest sites because they

had the lowest amount shrub cover and the fewest plant species recorded at sample points.

Marbled godwits breeding in the prairie region also used wetlands with short, sparse

vegetation and open habitats (Ryan et al. 1984). Among the four use types, foraging sites
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had the highest amount of canopy coverage by forbs but the lowest amount of canopy

coverage by grasses, sedges, shrubs and the lowest amount of ground coverage of mosses.

Foraging sites tended to be wetter than any of the other use sites probably because foraging

sites were closest to the nearest wetland edge, with the lowest site relief and roughness.

Godwits concentrated their feeding efforts in localized areas. Wishart and Sealy (1980)

found that flocks of postbreeding marbled godwits spent most of their time foraging in a

small number of wetlands. Foraging sites were almost always located at the edge of large,

flat expansive wetlands. These features were all characteristics of the WFH and WGH

(sedge bog and sedge-moss bog meadows) cover types which were the only cover types

used by godwits for foraging. The WFH cover type was used exclusively for foraging by

godwits and foraging godwits were never observed using the MGH or OLS cover types.

As the amount of site roughness and the distance to open water increased the odds

of finding a godwit performing a ground display tended to increased. However, as the

distance to the nearest wetland edge increased the odds of finding a displaying godwit

decreased. Therefore, display sites were close to wetlands but far from large bodies of

water. Ground displays primarily took place early in the breeding season before the pairs

had established nest sites. Males were observed ground chasing females and attempting to

copulate with them while the females were foraging. Paired males were also observed

displaying threat postures to unpaired males that attempted to get too close to their mates

who were nearby foraging. Godwits used the periphery of wetlands for displaying. These

areas were typically transition zones between the wetland itself and the drier shrub

communities. Displaying godwits used the WGH cover type more frequently than the OLS

cover type and the MGH cover type was used exclusively by godwits for ground display.

Therefore, display sites had the highest amount of canopy coverage by grasses. Display

sites also had the highest amount of ground coverage of mosses, and consequently, these

sites tended to be dry. As the number of plant species increased at these sites, the
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probability of finding a godwit decreased. As these vegetative features were held constant

and the water depth decreased, the odds of finding a godwit performing a ground display

increased.
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5. Conclusions

Behaviors of marbled godwits nesting on the Alaska Peninsula were described

throughout the breeding season. A diurnal time budget was constructed based on the

behavioral observations. The activities of the males and females were compared during the

four stages of the breeding season: pair-formation, egg-laying, incubation and post-

hatching. During pair-formation, males spent the majority of time performing flight

displays (40.2%), most notably the ceremonial flight (30.7%). Males spent 34.3% of the

egg-laying period guarding their mates probably to reduce the threat of cuckoldry. Females

incubated during the daytime and males incubated at night. Off-duty males were engaged

in maintenance activities (49.4%) or were alert/erect (22.7%). Four marbled godwit nests

and the first newly hatched, downy marbled godwit chicks ever recorded in Alaska were

found within the study site. One parent guarded the chicks which allowed the other to

forage in nearby wetlands. Males performed male-exit flight as they prepared to depart for

coastal staging lagoons approximately three weeks after their chicks hatched.

Interspecific and intraspecific aggressiveness were compared during the different

stages of the breeding season. Interspecific and intraspecific hostility peaked during the

post-hatching period although aggressiveness towards neighboring shorebirds decreased.

Godwits may benefit from the aggressive nature of some neighboring shorebirds and more

timid species may receive a similar benefit from nesting close to godwit semi-colonies. The

scattering of nests in loose semi-colonies may reduce predation by offering both nest

concealment and group defense.

The chronology of breeding behaviors of the Ugashik marbled godwit was

compared to that of the prairie nesting marbled godwit. Several of the behavioral displays

were sustained for a longer duration by the Ugashik marbled godwit.

Cover types and microsite characteristics of marbled godwit breeding habitats were

described using logistic regression. Results indicate that different cover types were used
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for broodrearing, foraging, ground display and nesting, and cover types differed between

present and absent sites. Microhabitat characteristics were different between present and

absent sites, and they varied among the different use sites. The odds of finding a godwit at

a site or the odds of finding a godwit broodrearing, foraging, displaying or nesting

changed with changes in the significant microhabitat characteristics. Broodrearing and

nesting sites shared many common features. As the percent shrub cover increased the odds

of finding a brood or a nest increased 2.65-fold and 1.95-fold, respectively. The

vegetation at broodrearing sites was taller (1.6 dm) than the vegetation at the other use

sites, while the vegetation at nest sites was considerably shorter (1.3 dm) and denser.

Foraging sites were open, flat, expansive wetlands. The odds of finding a godwit foraging

increased with increasing forb cover and water depth, and decreasing shrub and moss

cover and site roughness. Ground display sites were located on hummocks along the

edges of the expansive wetlands. These grassy areas were typically transition zones

between the wetland itself and the drier shrub communities. The logistic regression models

generated from this study provide the foundation for predictive models basedon significant

site features. Further data collection could determine how well these models predict the

probability of godwit occurrence or the probability of findinga godwit broodrearing,

foraging, displaying or nesting based on cover type and microsite features.

Future work could involve mapping areas within the suspected breeding range of

the Ugashik marbled godwits. Cover types could be mapped at the Level II or III

vegetation classification scale. USGS maps generated from satellite imagery that depict

broad vegetation classes already exist for the Alaska Peninsula. Areas showing the same

spectral image as Godwit Valley (typically wet bog/wet meadow) could be spot checked to

locate other possible godwit breeding colonies.

Further attempts should be made to capture marbled godwits and attach tail-

mounted radio-transmitters in order to: 1) locate their wintering grounds, 2) determine their

migration routes, and 3) determine the timing of migration. Capturing efforts would best
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be directed at the Cinder River Lagoon staging grounds during the last week in April and

the first week in May. Methods other than mist-nets should be employed (rocket net guns

or other snap traps triggered by remote) to capture the godwits. The birds are not wary of

humans and are easily approached but their eyesight is impeccable and mist-nets on the vast

tidal flats are easily avoided.
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Table A 1. Drop in deviance F-test for the Level III cover types at sites used by marbled
godwits in Godwit Valley, Alaska Peninsula, 1996.

Model Deviance Drop in
Deviance

Degrees of Freedom Drop in
Degrees P valueFreedom

Reduced
Model

Full
Model

Null Model
Level III Cover Types

1197.46
1085.52 111.94

863
863 860 3 < 0.0001

Table A2. Drop in deviance F-test for the Level IV cover types at sites used by marbled
godwits in Godwit Valley, Alaska Peninsula, 1996.

Model

Degrees of Freedom Drop in
Degrees rFreedom -value

Drop in ReducedDeviance Deviance Model
Full

Model

Null Model
Level IV Cover Types

1186.59 855
1065.14 121.45 855 846 9 < 0.0001
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Table A3. Drop in deviance F-test for the Level III cover types at sites used by marbled
godwits for broodrearing in Godwit Valley, Alaska Peninsula, 1996.

Model

Degrees of Freedom Drop in
Drop in Reduced Full DegreesDeviance P-valueDeviance Model Model Freedom

Null Model 400.34 299
Level III Cover Types 319.51 80.83 299 298 1 < 0.0001

Table A4. Drop in deviance F-test for the Level IV cover types at sites used by marbled
godwits for broodrearing in Godwit Valley, Alaska Peninsula, 1996.

Model

Degrees of Freedom Drop in
Drop in Reduced Full DegreesDeviance P-valueDeviance Model Model Freedom

Null Model 400.34 299
Level IV Cover Types 315.76 84.58 299 294 5 < 0.0001
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Table A5. Drop in deviance F-test for the Level III cover types at sites used by
marbled godwits for foraging in Godwit Valley, Alaska Peninsula, 1996.

Model Drop inDeviance Deviance

Degrees of Freedom Drop in
Degrees P-valueFreedom

Reduced
Model

Full
Model

Null Model
Level III Cover Types

391.41
281.80 109.61

311
311 310 1 < 0.0001

Table A6. Drop in deviance F-test for the Level IV cover types at sites used by
marbled godwits for foraging in Godwit Valley, Alaska Peninsula, 1996.

Model Drop inDeviance Deviance

Degrees of Freedom Drop in
Degrees P-valueFreedom

Reduced
Model

Full
Model

Null Model
Level IV Cover Types

334.44
247.59 86.85

287
287 285 2 < 0.0001
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Table A7. Drop in deviance F-test for the Level III cover types at sites used by marbled
godwits for ground display in Godwit Valley, Alaska Peninsula, 1996.

Model

Degrees of Freedom Drop in
Drop in Reduced Full DegreesDeviance P-valueDeviance Model Model Freedom

Null Model 352.84 307
Level III Cover Types 329.42 23.41 307 305 2 < 0.0001

Table A8. Drop in deviance F-test for the Level IV cover types at sites used by marbled
godwits for ground display in Godwit Valley, Alaska Peninsula, 1996.

Model

Degrees of Freedom Drop in
Drop in Reduced Full DegreesDeviance P-valueDeviance Model Model Freedom

Null Model 352.84 307
Level IV Cover Types 314.25 38.58 307 301 6 < 0.0001
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Table A9. Drop in deviance F-test for the Level III cover types at sites used by
marbled godwits for nesting in Godwit Valley, Alaska Peninsula, 1996.

Model

Degrees of Freedom Drop in
Drop in Reduced Full DegreesDeviance P-valueDeviance Model Model Freedom

Null Model 124.93 299
Level III Cover Types 113.44 11.49 299 298 1 0.001

Table A10. Drop in deviance F-test for the Level IV cover types at sites used by
marbled godwits for nesting in Godwit Valley, Alaska Peninsula, 1996.

Model

Degrees of Freedom Drop in
Drop in Reduced Full Degrees-rees P-valueDeviance Model Model Freedom

Null Model 86.14 94
Level IV Cover Types 86.13 0.01 94 93 1 0.94



Table A 11. Drop in deviance F-test for the vegetative and physical microhabitat characteristics at sites used by marbled godwits
in Godwit Valley, Alaska Peninsula, 1996.

Model Deviance Drop in
Deviance

Degrees of Freedom Drop in

P-valueReduced
Model

Full
Model

Degrees
Freedom

Null Model 1129.96 815
Site Relief (cm) 930.46 199.50 815 814 1 < 0.0001
Distance to the Nearest Wetland Edge (m) 870.73 59.73 814 813 1 < 0.0001
Site Roughness 851.29 19.43 813 812 1 < 0.0001
Depth of Water (cm) 821.63 29.66 812 811 1 < 0.0001
Percent Clubmoss Cover 805.21 16.42 811 810 1 0.0001
Percent Forb Cover 793.09 12.12 810 809 1 0.0005
Percent Sedge Cover 781.54 11.56 809 808 1 0.001
Percent Shrub Cover 777.11 4.43 808 807 1 0.04
Percent Grass Cover 772.08 5.03 807 806 1 0.02
Vegetation Height (dm) 769.01 3.07 806 805 1 0.08
Vegetation Density (contact/dm) 769.37 2.72 806 805 1 0.10
Number of Plant Species 770.59 1.49 806 805 1 0.22
Distance to the Nearest Body of Water (m) 771.43 0.65 806 805 1 0.42
Percent of Ground Covered by Mosses 771.85 0.23 806 805 1 0.63
Percent Lichen Cover 772.04 0.04 806 805 1 0.85



Table Al2. Drop in deviance F-test for the vegetative and physical microhabitat characteristics at sites used by marbled godwits for
broodrearing in Godwit Valley, Alaska Peninsula, 1996.

Model Deviance Drop in
Deviance

Degrees of Freedom Drop in

P-valueReduced
Model

Full
Model

Degrees
Freedom

Null Model 504.37 419
Percent Shrub Cover 325.37 178.99 419 418 1 < 0.0001
Percent Sedge Cover 298.10 27.27 418 417 1 < 0.0001
Number of Plant Species 281.54 16.56 417 416 1 < 0.0001
Percent Clubmoss Cover 263.57 17.97 416 415 1 < 0.0001
Percent Forb Cover 249.98 13.58 415 414 1 0.0002
Vegetation Height (dm) 239.05 10.93 414 413 1 0.001
Distance to the Nearest Wetland Edge (m) 232.24 6.81 413 412 1 0.01
Site Relief (cm) 225.28 6.96 412 411 1 0.01
Distance to the Nearest Body of Water (m) 220.27 5.02 411 410 1 0.03
Percent Grass Cover 219.03 1.24 410 409 1 0.27
Vegetation Density (contacts/dm) 219.10 1.17 410 409 1 0.28
Percent Lichen Cover 219.97 0.30 410 409 1 0.59
Depth of Water (cm) 220.03 0.24 410 409 1 0.63
Percent Ground Covered by Mosses 220.26 0.002 410 409 1 0.96
Site Roughness 220.27 0.0001 410 409 1 0.99



Table A13. Drop in deviance F-test for the vegetative and physical microhabitat characteristics at sites used by marbled godwits for
foraging in Godwit Valley, Alaska Peninsula, 1996.

Model Deviance Drop in
Deviance

Degrees of Freedom Drop in

P-valueReduced
Model

Full
Model

Degrees
Freedom

Null Model 587.79 423
Percent Shrub Cover 312.65 275.14 423 422 1 < 0.0001
Depth of Water (cm) 246.81 65.85 422 421 1 < 0.0001
Percent Forb Cover 192.43 54.38 421 420 1 < 0.0001
Percent of Ground Covered by Mosses 176.52 15.91 420 419 1 0.0001
Site Roughness 167.48 9.04 419 418 1 0.003
Number of Plant Species 161.95 5.54 418 417 1 0.02
Percent Grass Cover 151.82 10.12 417 416 1 0.16a
Vegetation Height (dm) 160.32 1.63 417 416 1 0.20
Distance to the Nearest Body of Water (m) 160.96 0.99 417 416 1 0.32
Percent Clubmoss Cover 161.20 0.75 417 416 1 0.39
Site Relief (cm) 161.44 0.51 417 416 1 0.48
Distance to the Nearest Wetland Edge (m) 161.76 0.18 417 416 1 0.67
Percent Sedge Cover 161.92 0.03 417 416 1 0.87
Vegetation Density (contacts/dm) 161.93 0.01 417 416 1 0.90
Percent Lichen Cover 161.94 0.003 417 416 1 0.95

abased on Type III (Wald) Test



Table A14. Drop in deviance F-test for the vegetative and physical microhabitat characteristics at sites used by marbled godwits for
ground display in Godwit Valley, Alaska Peninsula, 1996.

Model Deviance Drop in
Deviance

Degrees of Freedom Drop in

P-valueReduced
Model

Full
Model

Degrees
Freedom

Null Model 410.69 423
Depth of Water (cm) 348.53 62.16 423 422 1 < 0.0001
Number of Plant Species 331.22 17.31 422 421 1 < 0.0001
Percent of Ground Covered by Mosses 292.94 38.27 421 420 1 < 0.0001
Percent Grass Cover 269.94 23.00 420 419 1 < 0.0001
Distance to the Nearest Wetland Edge (m) 255.85 14.10 419 418 1 0.0002
Distance to the Nearst Body of Water (m) 242.20 13.64 418 417 1 0.0002
Site Roughness 231.32 10.89 417 416 1 0.001
Percent Shrub Cover 228.07 3.24 416 415 1 0.07
Percent Clubmoss Cover 229.69 1.62 416 415 1 0.20
Percent Sedge Cover 229.97 1.34 416 415 1 0.25
Vegetation Density (contacts/dm) 230.25 1.07 416 415 1 0.30
Percent Forb Cover 230.25 1.06 416 415 1 0.30
Percent Lichen Cover 231.01 0.30 416 415 1 0.58
Vegetation Height (dm) 231.23 0.09 416 415 1 0.77
Site Relief (cm) 231.26 0.06 416 415 1 0.81



Table A15. Drop in deviance F-test for the vegetative and physical microhabitat characteristics at sites used by marbled godwits for
nesting in Godwit Valley, Alaska Peninsula, 1996.

Model Deviance Drop in
Deviance

Degrees of Freedom Drop in

P-valueReduced
Model

Full
Model

Degrees
Freedom

Null Model 134.68 403
Percent Shrub Cover 118.47 16.21 403 402 1 0.0001
Percent Grass Cover 110.64 7.83 402 401 1 0.01
Vegetation Height (dm) 104.06 6.58 401 400 1 0.01
Site Roughness 98.60 5.46 400 399 1 0.02
Depth of Water (cm) 65.88 32.71 399 398 1 0.99'
Percent of Ground Covered by Mosses 93.20 5.40 399 398 1 0.12'
Percent Forb Cover 94.54 4.06 399 398 1 0.06'
Site Relief (cm) 95.95 2.65 399 398 1 0.10
Vegetation Density (contacts/dm) 97.14 1.46 399 398 1 0.23
Number of Plant Species 97.44 1.15 399 398 1 0.28
Percent Clubmoss Cover 97.73 0.86 399 398 1 0.35
Percent Sedge Cover 98.11 0.49 399 398 1 0.48
Percent Lichen Cover 98.47 0.12 399 398 1 0.73
Distance to the Nearest Body of Water (m) 98.59 0.01 399 398 1 0.92
Distance to the Nearest Wetland Edge (m) 98.59 0.01 398 398 1 0.93

abased on Type III (Wald) Test



Table A16. Drop in deviance F-test for the vegetative characteristics of marbled godwit nest sites compared to sites 5 m out from the
nest cup in Godwit Valley, Alaska Peninsula, 1996.

Model Deviance Drop in
Deviance

Degrees of Freedom Drop in

P-valueReduced
Model

Full
Model

Degrees
Freedom

Null Model 44.36 31
Percent Shrub Cover 26.67 17.69 31 30 1 < 0.0001
Vegetation Density (contacts/dm) 21.34 5.33 30 29 1 0.02
Vegetation Height (dm) 18.97 2.37 29 28 1 0.12
Percent Grass Cover 19.91 1.43 29 28 1 0.23
Number of Plant Species 19.95 1.39 29 28 1 0.24
Percent of Ground Covered by Mosses 20.43 0.91 29 28 1 0.34
Percent Sedge Cover 21.10 0.24 29 28 1 0.63
Percent Forb Cover 21.19 0.15 29 28 1 0.70
Percent Clubmoss Cover 21.33 0.01 29 28 1 0.91
Percent Lichen Cover 21.34 0.00 29 28 1 1.00




