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The specific habitat requirements of harlequin ducks (Histrionicus histrionicus

Linnaeus 1758), which breed in the Pacific Northwest, are largely unknown. I captured

and attached radio transmitters to 42 female harlequins (36 paired and 6 unpaired) in the

central Cascade Range of Oregon in 1994 and 1995. Breeding pairs used 3rd through 5th

order streams but nesting occurred near 1st through 5th order streams. Males returned to

the coastal habitats at the end of May, but females remained on streams during the

summer; non- and failed-nesting females departed in late July through mid-August.

Successful hens and young departed in late August. Nests were located for 20 of the 36

paired females; 15 of 20 nests were successftil. An additional successfhl nest (of an

unmarked hen) was located during the fieldwork. Ninety-five percent of nests had

overhead cover within 0.75m. Nests were in a variety of forest types ranging in age from

30-3 00 years old. Seven nests were located in the floodplain; 5 were on islands and 2

were on streambanics. Four of these nest were on perched on wood debris. Thirteen nests

were above the floodplain; 9 on terraces or cliffs and 4 on side slopes and all were on the

ground. Clutches averaged 5.5 eggs with 74% apparent nest success. Duckling survival



was 60%, while brood density on streams ranged from 0.15-1.2 brood/km. First to 5th

order streams and riparian buffer zones with diverse habitat types are important when

considering harlequin duck management options.
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PREFACE

In 1992, a group of state and federal natural resource agency representatives was

convened to determine the population status of harlequin ducks on the west coast of

North America. Additionally, future direction for research into the ecology of harlequin

ducks was outlined and sub-regional needs discussed. For Oregon it was determined that

the highest priority was to conduct surveys of probable harlequin duck breeding habitat

along streams in the Cascade Range. In the spring, 1993, several agencies, including

United States Bureau of Land Management BLM), United States Forest Service (USFS),

United States Department of Fish and Wildlife Service (USFWS), and Oregon Department

of Fish and Wildlife (ODFW), launched an intensive survey effort which covered 411 km

of streams in the Cascade Range of Oregon (Thompson et al. unpub.). These spring

surveys were followed by mid-summer brood surveys on 274 km of streams. The surveys

provided information on harlequin duck populations in the Cascade Range of Oregon

which proved instrumental in the implementation of this habitat characterization and

productivity study in 1994 and 1995.



Habitat Use and Productivity of Harlequin Ducks in the Central Cascade Range of

Oregon

INTRODUCTION

Harlequin ducks are sea ducks whose range is Holarctic (Johnsgard 1975,

Baldassarre and Bolen 1994). Harlequin ducks spend the majority of their annual life

cycle on rocky intertidal coastal shores where they use exposed substrate for loafing and

roosting. A variety of organisms are taken from the intertidal substrate by surface

gleaning and diving.

Breeding and nesting occurs along mountain streams often a considerable distance

inland. Generally, sea ducks do not reproduce until 3 years of age (Bellrose 1976).

However, some non-breeding individuals migrate inland with breeding harlequin ducks

(Cassirer and Groves 1994). Movement of breeding birds to streams occurs in early

spring with males returning to marine environments when females begin incubation

(Bellrose 1976).

Relatively little is known of the abundance, distribution and habitat requirements of

harlequins on their breeding streams, and much of what is known is based on incidental

observations. Few nest records from Oregon exist; the importance of nest site location,

relative to stream order and pattern, in a watershed is unknown. The topographic,

hydrologic and vegetation characteristics near harlequin duck nest sites in Oregon have



2

not been described. Furthermore, the productivity of harlequm ducks in terms of hen

fecundity and recruitment is unknown. This lack of information has resulted in the

classification of harlequin ducks as a species of concern by the United States Fish and

Wildlife Service (IJSFWS 1996), and a species of undetermined status by the Oregon

Department of Fish and Wildlife (1996).

The goals of this study are:

Describe the location, physical structure and vegetation composition of harlequin duck

nest sites.

Determine harlequin duck productivity in terms of nest success and duckling

survival.

Describe hen survival.

Characterize habitats used by harlequin ducks on streams in the central Cascade

Range of Oregon.



STUDY AREA

The state of Oregon, on the western edge of North America (42°-46°25'N;

1 16°30'-124°30'W), is crossed north to south by the Cascade Range (42°-46°25'N;

121°15'-122°45'W). The study area is on the western slope of the central Cascade Range

(43°52'-45°N; 121°15'-122°45'W) (Fig. 1), bounded on the north by the Molalla River,

on the east by tributaries of the North Santiam River, on the south by the south fork of the

McKenzie River and on the west by Quartzville Creek, a tributary of the middle Santiam

River.

Physical Characteristics

The climate of western Oregon is characterized by moderate temperatures

throughout the year and abundant winter precipitation, both the result of the proximity of

the Pacific ocean. Climate throughout the study area is variable according to local

topographic variation. Annual rainfall on the study area ranged from 90.8 to 222.8

centimeters from 1961 to 1990 (Taylor and Bartlett 1993).

The western slope of the Cascade Range is older and lower than the "High

Cascades" on the eastern side of the range. In the central Cascades, which comprise the

study area, the older landform dominates (Franidin and Dryness 1988) but several streams

of the North Santiam drainage that originate in the high Cascades were included in this

study. Elevation of the streams studied ranged from 425 to 730 meters above mean sea

level (Table 1).

3
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Fig. 1. Study area of harlequin duck research in central Cascade Range of Oregon, 1994-
1995.
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Vegetation

The study area was located in the Tsuga heterophylla vegetation zone (Franklin

and Dyrness 1988). The Zone extends from British Columbia, Canada south to the

Umpqua River in the Oregon Cascade Range. The Tsuga heterophylla Zone is the most

extensive contiguous vegetative zone in of western Washington and Oregon and the most

important for timber production.

High moisture sites in the Tsuga heterophylla Zone are characterized by the climax

Tsuga heterophylla/Polystichum munitum-Oxalis oregana plant association. Seral stage

dominants of high moisture sites are characterized by Alnus rubra, Acer macrophyllum,

Acer circinatum and Salix spp. Steep slope riparian areas represent the highest moisture

regime in the zone (Franklin and Dyrness 1988).

Land Use

The major area of land in the Cascade Range is publicly owned and managed by

the United States Forest Service (USFS) and United States Bureau of Land Management

(BLM) (Table 1). All sections of streams included in the study are under federal

management.

Historically, wood resources along streams in the Cascade Range were harvested

as were adjacent upslope stands. Streams were also used as transportation corridors for

the movement of harvested timber. Current resource management policy in riparian areas

on public lands takes into consideration the influence of upsiope management on instream

conditions and the subsequent effects on fisheries (Thomas et al. 1993). A mosaic of

5
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forest stands of various ages were commonly found along streams in the study area. The

diverse resource management that has been practiced during the last hundred years has

resulted in areas of untouched climax canopy (conifer) intermixed with variously aged

stands of trees as well as areas devoid of tree canopy (clearcuts). Along streams, buffer

strips of unharvested canopy species adjoining upland clearcuts are also common. Private

lands along streams in the study area are primarily managed for timber extraction and are

in some stage of tree harvest or regrowth. Eight of the 12 streams included in the study

have one or more dams and reservoirs at locations within or close to reaches that I

studied.



Table 1. Study streams in the central Cascade Range of Oregon, 1994- 95.

C haracters
Instrea m C haracteristics

Stream width
Stream depth
Gradient
Channeltype
Channel morphology
Stream substrate
Woody debris
Loaf sites

Riparian zone
Right & Left bank slope
Canopy Overhang
Riparian width
Dominant over story
Dominant understory
Logging & road history

Social status
Group status
Activity
Location
Human Access

Table 2. Characters recorded at each observation of a harlequin duck in the central

Cascade Range of Oregon, 1994-95.

Units

(m)
(m)
(degrees)
(category)
(category)
(category)
(category)
(category)

(degrees)
(m)
(m)
(species)
(species)
(category)

(#)
(category)
(category)
(category)

7

Stream
Location(Zone lOT)
northing casting

Altitude (meters)
Watershed average for site

Land
Ownership

Table Rock Fork 4978000N 547000E Molalla River 450 US BLM

North Santiam River 495 I000N 499000E North Santiam River 700 USFS

Breitenbush River 4955000N 5675 OOE Breitenbush River 580 USFS

Humbug Creek 4957800N 5732 50E Breitenbush River 580 USFS

Blowout Creek 4947500N 565000E North Santiam River 475 USFS

Minto Creek 4942200N 5837 50E North Santiam River 730 USFS

Marion Creek 4941000N 583550E North Santiam River 730 USFS

Quartzville Creek 493 bOON 5450 OOE Middle Santiam River 400 US BLM

South Santiam River 4917500N 533000E South Santiam River 425 USFS

McKenzie River 4904000N 576000E McKenzie River 580 USFS

S.F. McKenzie River 4890000N 556500E McKenzie River 590 USFS

Lookout Creek 4895000N 5595 OOE McKenzie River 470 USFS



METHODS

Study Design

Radio telemetry was used to gather information (via repeated observations on

marked individuals) on the movements, nest site locations, nesting habitat, and breeding

chronology of harlequin ducks. From April through mid-June the emphasis was to locate

nests, while from mid-June through August I focused on brood and hen movements.

Nests were examined for success or failure, and nest site characteristics were measured.

Reproductive success was partially based on observations of the broods of marked hens at

approximately 1-week intervals.

Capture

Harlequin pairs were located by searching streams from a vehicle and by foot from

late March until early June. When a pair was located, a mist net (10 x 2 m, 6.2-10 cm

mesh) was stretched across the stream, preferably downstream from the pair. One or

more individuals herded the pair toward the net while the other person(s) remained

concealed near the net. Birds were flushed when they were within 25-100 m of the net.

Suitable capture sites were dependent upon stream size and morphology and water

conditions.

All captured birds were banded and radio transmitters were attached to all females

(2 exceptions) and to a few males. Transmitters were tied and glued with cyanoacrylate to

the under surface of the central two tail feathers.

8
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Sections of streams were surveyed by foot in mid-summer 1994-95 for both

marked and uimiarked females with broods. In 1995, ducklings were trapped and marked

with U.S. Fish and Wildlife Service metal bands and with color (plastic) bands.

Monitoring

Females were monitored at irregular intervals; I attempted to relocated them at

least once a week. Females were relocated by driving along streams using a scanning

receiver and a non-directional whip antenna. A hand held directional antenna was used to

locate the female for visual observation. Aerial relocation surveys were conducted at

approximately 2-week intervals. All drainages in the study area were flown via fixed-wing

aircraft and locations of detected signals recorded.

Movement of individual ducks was mapped and average range of movement was

determined for males marked in 1995 and for nesting (successful and failed) and non-

nesting and unknown status females marked in 1994 and 1995. Non-nesting status was

determined by repeated observations of females in single and mixed-sex groups, generally

subsequent to being paired earlier in the season. Unknown nesting status resulted from

few observations, generally the result of transmitter signal loss. In determining movement

for birds with lost transmitters, it was assumed that the hen transported the transmitter to

where it was recovered. The nesting season was divided into two periods to analyze early

and late movement of nesting and non-nesting/unknown birds. The early period was from

March until May and the late period (June - August) began with the departure of the males

and ended with the departure of the females and young from the streams.



Nests were located while tracking signals and nesting females were checked

frequently. Females were not flushed (several exceptions) and rechecked remotely.

Habitat

After hatching, characteristics at nest sites were measured in two concentric rings

surrounding the nest: 1-rn and 25-rn radius. Within 25 m from the nest, the location (by

quadrant) and species of all trees> 1.25 m in height were recorded. For all vegetation

<1.25 m in height, vegetation composition and percent cover were measured in fifteen

random 1 m2 plots at each nest site. Within a 1-rn radius from the center of the nest bowl,

the structural characteristics and species composition of vegetation were recorded. Nest

cover above 1.75 m was measured with a moosehorn densimeter (Vales and Brunnell

1985) at the four cardinal compass points 1 m from the nest bowl. Horizontal cover was

determined by placing a 1 x 0.16 m coverboard in the nestbowl and recording the amount

of cover concealing the nest from a distance of 3 m in the four cardinal directions.

Streams characteristics were measured where harlequin ducks were observed

(Platts Ct at. 1987). Measurements included characteristics of the stream and banks as

well as behavior and social grouping of birds (Table 2). Stream width was based on

ocular estimates. Gradient of streams at locations where harlequin ducks were

encountered was measured with a clinorneter, while channel type, wet channel

morphology and substrate type were categorized (Platts et at. 1987, Hawkins et at. 1993).

Riparian area was defined by the presence of hydrophytic vegetation and the riparian

width determined by ocular estimate (Anderson 1987). The history of management

10



activities for the riparian and upslope zones was discerned from extant conditions of

vegetation.

Reproductive Biology

Initiation dates of nests were determined by back-dating 28 days from hatching

dates plus 1.5 day per egg laid (Baldassarre and Bolen 1994); the number of eggs/nest was

determined by counting membrane sacs after hatching. When nest failure was confirmed,

the date of destruction was determined using the 40% exposure rule for the interval (in

nest-days) since last observation (Miller and Johnson 1978, Pollock Ct al. 1989). Nest

success rates were generated by Micromort software (Heisey and Fuller 1985), using one

(28 day incubation) interval (Mayfleld 1975, Miller and Johnson 1978). The nest success

rates assume that nesting was not attempted during the intervals between observations,

(i.e., nests were only located via the presence of incubating hens).

Broods of radio-marked females were observed during 1994 and 1995 and were

present in 4 of the major drainage systems in the study area in 1995. Ages of ducklings

were estimated based on plumage development, coloration and size (Gollop and Marshall

1954). The scheme used seven age classes: IA, B, C, hA, B, C, ifi, from newly hatched

(IA) to fledged (ifi) (Gollop and Marshall 1954 as adapted by Cassier and Groves 1994).

Duckling survival was determined from tracking marked hens with broods, and

where transmitters were lost or malfunctioned, depended upon recapture of the brood for

banding. Duckling survival rates were generated by Micromort software (Heisey and

Fuller 1985) for age-class intervals. Rates were determined by dividing total exposure in

duckling-days into seven intervals and dividing interval duckling-day totals minus total

11
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interval mortalities by total duckling-days for that interval (Mayfield 1975, Heisey and

Fuller 1985). Duckling-day totals for intervals between observations were adjusted using

the 40% exposure method (Miller and Johnson 1978, Klett and Johnson 1982, Bart and

Robson 1982) when mortality(s) occurred.

Data Analysis

Summary statistics were calculated for nest site characters and for data collected at

stream locations where harlequin ducks were encountered.

A Principal Components Analysis (Ramsey and Schafer 1996) of the

environmental and reproductive characters measured at the 20 nest sites was performed to

examine the relationship(s) between nest site characteristics and measures of reproductive

performance.

Habitat data within a 1-rn radius from the nest bowl was analyzed relative to egg

hatch number, 2 week survival of ducklings, and multi-year nest use (determined by

excavating nest bowls for layering and previous year(s) membrane sacks). Non-quantified,

categorical environmental variables (e.g., substrate type, vegetation species) were

eliminated from the analysis. Survival of ducklings to 2 weeks of age was determined via

direct observation of broods. Broods not observed during the initial 2 weeks of life were

assigned survival values based on a regression of survival rates calculated for the first 2

weeks for observed broods. Reproductive attributes (multiyear, hatch size, two week

survival) were analyzed with a Principal Components Analysis (PCA) ordination and a

synthetic reproduction variable was added to the data as an additional attribute. The



synthetic reproduction variable represented primary axis values for nests from the initial

PCA ordination of the reproductive data.

Initially, PCA ordinations and 2nd matrix overlays were performed for both

environmental and reproductive datasets (McCune and Mefford 1995). Main and 2nd

matrix status was switched for both the reproductive and the habitat PCA results.

Principal Components Analysis based on correlation cross products matrix was the final

form of the multivariate ordination. Systematic transformations (squareroot and arcsine

squareroot) of column (attributes) values were performed if row and column summaries

presented an extreme variation in values. Nests with outlier values which exceeded 2

standard deviations in distance from the distribution median in the ordinate plane were

removed.

13



RESULTS

In the spring of 1994 and 1995 eighty-seven harlequin ducks were trapped and

marked on 6 different drainages; the Molalla River (Table Rock Fork), North Santiam

River (Marion & Blowout Creek), Breitenbush River (Humbug Creek), Middle Santiam

River(Quartzville Creek), South Santiam River, and the McKenzie River (main stem,

south fork, and Lookout Creek) (Table 3).

In 1994, sixteen female and sixteen male harlequin ducks were trapped and banded

beginning in mid-May. Fifteen females were fitted with radio transmitters, but one fell off

within hours leaving a useable sample of 14 females (Table 3). The sample of radio-

marked females for 1994 consisted of 10 paired females, 2 unpaired second year (SY)

females, and 2 unpaired, after second year (ASY) females

In the spring of 1995, 28 female (6 recaptures of birds banded in 1994) and 27

male (3 recaptures) harlequin ducks were trapped and banded. Twenty-seven females and

6 males were fitted with radio transmitters

Eight broods were captured and 31 ducklings marked on four streams from 12 July

to 3 August, 1995. Four broods were marked on Quartzville Creek, two on Table Rock

Fork, and one each on Lookout Creek and the McKenzie River above Trailbridge

Reservoir. Five broods of females marked in 1995 and one brood of a female marked in

1994 were trapped, while two broods with unmarked females were captured and marked.

14



Table 3. Harlequin ducks radio-marked in the central Cascade Range of Oregon,
1994-95.

Stream Pair, Unpaired adult Secondyear
Table Rock Fork 4
North Santim River 2
Humbug Creek I I

Blowout Creek 2
Marion Creek 5 1

Quartzville Creek 13 1

South Santiam River
McKenzie River 4
SF.McKenzjeRjver 1 2
Lookout Creek 4

Table 4. Nest initiation dates, clutch size, brood size at last observation, and use of
nest in previous year (as indicated by old egg membranes) of harlequin ducks in the
central Cascade Range of Oregon, 1994-95.

Datermined by backdate estimation from age of brood
After Gollop and Marshall 1954, as adapted by Casñer and Groves 1994
Initiation dates in parenthesa are estimated using 40% of interval since last observation and/or reproductive stage at time of death

Predation of hen and brood at time of hatching
Date on which transmitter and membranes found at nest site, last ohs, of hen on nest 2 Jun
Repeat use ofnestbowl

15

River System
Stream

Initiation
Date

Clutchillatch
Size

Date
Hatched'

Brood Size/Age
Last Observation

Previous
Use of Nest

Molalla River
Table Rook Fork 06 May 5/5 08 Jun 3/lB 21 Jul No
Lost Creek 29 Apr 5/5 01 Jun 5/lB 05 Jul Yes
Table Rook Fork 07 May 7/7 11 Jun 6/IA 13 Jun Yea

North Santiam River
Breitenbush River 22 Apr 7/5 26 May 4/IC 14 Jun No
Breitenbush River 17 May 3/3 16 Jun 1/IC 08 Aug Yes
Blowout Creek (08 June) 3/3 No
Marion Creek (10 May)' 6/0 No
Minto Creek 02 May 6/6 07 Jun Yes

Middle Santiam River
Quartzville Creek 09 May 5/5 10 Jun 1/Ill 03 Aug Yes
Quartzvillc Creek 07 May 5/6 09 Jun 5/111 03 Aug Yes
Quartzville Creek 20 Apr 7/7 24 May 5/111 17 Jul No
Quartzville Creek (15 May)' 4/0 No
Quartzv ii Ic Creek (18 May)' 6/0 No
Quartzville Creek 16 May 6/5 18 Jun 5/lB 23 Jun No
Elk Creek (94) 13 May 6/6 15 Jun 3/IA 07 Jul Unk
Elk Creek (95)( 03 May 5/5 04 Jun 5/IC 17 Jul Yes
Canal Creek 03 May 4/4 03 Jun 2/lB 08 Jun No

McKenzie River
Lookout Creek 11 May 5/5 12 Jun 4/Ill 02 Aug Yes
Lookout Creek 19 May 4/3 19 Jun No
McKenzie @Trailbridge 24 May 5/6 25 Jun 4/IC 01 Aug Yes

South Fork McKenzie (19 May)' 5/0 No



Nest Locations

During two field seasons 20 nest sites were located in the study area. One nest site

was used by the same female for both years of the study (Table 4).

In 1994 four nests were located: 2 nests on Quartzville Creek, one nest on Elk

Creek, a tributary of Quartzville Creek, and one on the South Fork McKenzie River above

its confluence with Roaring River. In 1995 seventeen nests were located: six nests were

on Quartzville Creek and its tributaries, five nests on the North Santiam system, three

nests on Table Rock Fork, a tributary of the Molalla River, and three nests on the

McKenzie River system.

In the study area, nesting density was highest on Quartzville Creek and its

tributaries (8 nests/16 km of stream). The 3 nests closest together were along about 2 km

of creek with an adjacent paved road and about 10 dispersed creekside campsites. In

contrast, the next highest nest density was 3 nests/9.6 km of stream on Table Rock Fork

of the Molalla River.

Nest Sites

Nest bowls consisted of a scooped depression lined with down. Of the 20 sites,

slope at nest sites ranged from 1 to 80 degrees ( = 25.9 degrees, ±SE 5.9 m) (Table

5). Four nests were on elevated coarse woody debris located in the active channel or

floodplain, and 5 nests were on islands (Table 6).

16



Table 5 Site characteristics at 20 harlequin duck nests in the central Cascade Range of Oregon, 1994-95.

a average of two slope values: nest is at slope change
b nest used both years of study

River System
Stream

Nest
substrate

Vertical Cover Horizontal Cover (%)
0-0.16 m)

Horizontal Distance
to water (m)

Slope
(0)

Aspect
(0)

Ht. (m) No. layers (,
Molalla River

Table rock fork stump 0.43 2 72.25 8.3 1 337

Lost Creek log 0.16 3 89.50 2.2 2 190

Table Rock Fork cobble/soil 0.70 2 76.25 7.4 1 192

North Santiam River
Breitenbush River soillhmnus 0.50 3 84.75 25.0 31 160

Breitenbush River soil/humus 0.10 2 87.00 15.0 270

Blowout Creek soil/humus 0.30 3 98.25 12.0 36 162

Marion Creek cobble/soil 0.10 5 95.50 0.8 5 130

Minto Creek soil/humus 0.15 3 76.75 20.0 48 20

Middle Santiam River
Quartzville Creek soil/humus 0.10 4 98.25 15.0 43a 288

Quartzville Creek soil/humus 0.20 4 78.75 55.0 44 180

Quartzville Creek cliff ledge 0.20 3 61.00 2.0 42a 320

Quartzville Creek cliff ledge 0.40 4 65.50 5.0 55a 180

Quartzville Creek soil/humus 0.15 4 78.50 4.7 7 180

Quartzville Creek soillscree 0.20 3 81.50 16.0 47 190

Elk Creekb cliff top 0.20 2 100.00 1.5 12 290

Canal Creek cliff ledge 0.10 4 100.00 1.0 80 300

McKenzie River
Lookout Creek cliff ledge 0.18 5 80.00 3.5 50 290

Lookout Creek log 0.40 4 64.50 5.0 2 210

Mck Trailbridge cobble/soil 0.75 3 99.50 6.0 2 265

South Fork McKenzie
Elk Creek stump 0.50 4 95.00 0.3 4 285
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Thirteen nests were on the side slopes of streams; 3 in the face of cliffs; 4 situated on

steep slopes (30-75°); 6 at edges where slope change ranged from 25 to 90 degrees.

Slope aspect at nests averaged 223.5 degrees, with a range from 20 to 337 degrees.

Horizontal distance to water averaged 10.7 m (±SE = 3.0 m), while vertical distance to

water averaged 9.1 m (±SE = 3.0 in). Nineteen nests had overhead cover within 0.75 m

of the nest, all 20 nests averaged 84 % horizontal cover from the nest bowl up to 0.16 m.

Nest sites of harlequin ducks were found in a variety of the seral stages of the

Tsuga heterophylla zone (Table 7). Forest stands in which nests were located were

characterized either by disturbance influenced communities (associated with the active

stream channel) or relatively undisturbed upslope communities. Intergrades of these

extremes in community type were identified as transitional and characteristically showed

substantial conifer reproduction in the understory with hardwood species represented both

in the understory and canopy. The 5 nest sites that had from 67-100 % hardwood canopy

composition were in the active channel of the stream, on islands or stream banks.

Residency Chronology and Movement

Male harlequin ducks were present on the study area when we began field work on

21 April in 1994 and in 1995 when we began field work on 22 March (Fig. 2). Males,

both single and paired, radio-marked and tracked for at least five days (n = 4) averaged

2.2 (range 1-3.5) km movement on streams in 1995. Males had left the streams in the

study area by the first week in June in 1994 and 1995.

Females, paired with males, were first observed on 3 May in 1994 (due to a late

start in fieldwork) and 30 March 1995 (Fig. 2).



Table 6. Locations of 20 nests of Harlequin Ducks on streams in the Cascade Range of
Oregon, 1994-1995.
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Elevated Structure Ground

Stream Level (n = 7)
Stream edge 2

Island 2 3

Stream Bank (n= 13)
Cliff 3

Slope 4
Terrace Edge 6



Table 7. Relative abundance (%) of trees >1.25 m tall within 25 m of 20 nests of harlequin ducks in the central Cascade Range of
Oregon, 1994-95. Proportions based on number of main stems present 1.25 m above the ground. Overstory trees dbh 12.5 cm,
understory trees dbh 12.5 cm. Psmei(Pseudotsuga menziesii) Douglas Fir, AIru(Alnus rubra) Red Alder, Tshe=(Tsuga
heterophylla) Hemlock, ThpI=(Thujaplicata) Red Cedar, Acma=(Acer macrophyllum) Bigleaf Maple.

a nest used both years of study

CanoDy Understorv zHeight(m)
CanopyPsme Aim Tshe Thpl Acma Other Psme Aim Tshe Thpl Aema Other

Molalla River
Table Rock Fork 0 98 0 0 2 0 1 7 28 1 0 63 13
Lost Creek 0 99 1 0 0 0 0 61 0 0 0 39 12
Table Rock Fork 0 100 0 0 0 0 3 33 3 0 1 60 9

North Santiam River
Breitenbush River 75 0 16 3 0 4 8 0 2 1 0 89 40
Breitenbush River 39 6 22 17 0 16 5 1 1 tr 0 92 30
Blowout Creek 14 8 45 33 0 0 5 2 54 7 0 32 3
Marion Creek 0 100 0 0 0 0 6 59 3 4 0 28 6
Minto Creek 47 0 10 37 0 6 0 0 20 11 0 69 35

Middle Santiain River
Quartzville Creek 65 13 9 0 0 13 3 0 1 0 0 96 5
Quartzville Creek 79 1 20 0 0 0 19 1 2 0 0 78 30
Quartzville Creek 50 0 25 19 3 3 1 4 2 4 16 73 18
Quartzville Creek 31 10 3 28 28 0 0 3 1 2 1 93 30
Quartzville Creek 4 0 96 0 0 0 3 38 2 1 32 24 10
Quartzville Creek 20 67 0 0 3 3 21 9 15 0 0 55 30
Elk Creek* 11 33 56 0 0 0 1 28 22 Ir 0 48 5
Canal Creek 58 28 2 12 0 0 5 2 2 9 0 82 12

McKenzie River
Lookout Creek 20 10 0 20 30 20 1 2 0 0 6 91 20
Lookout Creek 7 41 33 11 0 8 1 14 6 2 9 68 12

Trailbridge 13 71 3 13 0 0 21 21 4 9 1 44 2
South Fork McKenzie

Elk Creek 77 0 0 0 15 8 0 10 6 0 6 78 40
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Nesting females initiated nests from 10 to 16 May in 1994 and from 16 April to 6 June in

1995 (Table 4). I divided the nesting season into 2 periods; the early period in 1994

(5/10-5/31) was short due to a late start on the field season. For 1995 the early period

was from 30 March to 31 May and the late periods of 1994 and 1995 were 1 June through

12 July and 1 June through 8 August, respectively. During 1994 and 1995, no significant

difference was found (paired t-test, SE = 1.57, p = 0.32) in the distance traveled by

nesting females (successftil and failed) in the early (avg 2.1 km) versus the late period (avg

1.9 km). There was no significant difference in movement by non-nesting and unknown

nesting status females for the early (avg 9.0 km) versus late period (avg 11.4 km) (paired

t-test, SE = 5.21, p = 0.32). However, there was a significant difference between average

movements of the nesting versus non-nesting/unknown females for both the early (paired

t-test, SE = 3.57, p = 0.03) and late periods (paired t-test, SE = 3.13, p = 0.004). The

pooled average distance moved for the entire season in 1994-95 by nesting versus non-

nesting/unknown status harlequins was also significant (J1)aired t-test, SE = 2.40,

p<.001).

The greatest average movement of a harlequin female duck, between

capture/feeding location and nest site, occurred on the south fork of the McKenzie River

(26.2 km). On 8 other streams which harlequins used, average movement ranged from 3.7

to 15.6 km for individual females. Two non-nesting or unknown status females apparently

crossed over into adjoining river systems. Both females were marked on the McKenzie

River, one at Trailbridge Reservior and the other on the South Fork of the McKenzie

River at Cougar Dam.
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Fig. 2. Breeding season chronology of harlequin duck pairs, males, females and
broods in the central Cascade Range of Oregon, 1994-95.
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One of the transmitters was located in Clear Lake, at the headwaters of the McKenzie

River and the other on Downing Creek, a tributary of the North Santiam River.

Non and failed - nesting females were last observed on 7/12 in 1994 and on 6/15 in

1995. Females with broods were last observed on the study area on 8/24 in 1994 and on

8/8 in 1995.

Nest Success

In 1994 and 1995, 16 of the 21 nesting attempts successfully hatched young

(determined by presence of hatched eggs in the nest and/or observations of young) (Table

8). Seventy - four ducklings were hatched in 15 nests of marked birds and 7 ducklings

hatched from the nest of the unmarked female. The average size of broods at hatching of

the 16 nests was 5.1 young. The apparent nest success of 20 marked and 1 unmarked

females during the 28 day nesting interval was 74 %.

Five clutches were destroyed by predation during incubation, and included

2 hens killed on their nests. At both hen kills, I recovered the transmitters and at one site I

recovered the USFWS aluminum leg band with indentations suggestive of teeth marks.

Three unhatched eggs were collected from 2 nests.

Evidence of previous use of nest bowls was discovered at 9 nest sites, determined

by membrane sacks from previous years. In 1995 there were six recaptures of females

marked in 1994. Two of these recaptured hens nested in 1995, both nested successfully in

1994. One hen, which was unsuccessful in 1994, apparently did not nest in 1995,

however we lost contact with 3 hens before it could be ascertained if they nested.



Table 8. Success rates of harlequin duck nests in the Cascade Range of Oregon
1994-95.

Table 9. Variance extracted on first 10 axes of PCA ordination of harlequin duck
nests in environmental space using PC-ORD (McCune and Mefford 1995).
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Axis Eigenvalue Variance (%)
Cumulative.
variance (%)

Broken-stick
eigenvalue

1 6.577 21.218 21.2 18 4.027
2 5.608 18.092 39.309 3.027
3 4.368 14.09 1 53 .400 2.527

4 3.408 10.994 64.3 94 2.194

5 2.192 7.072 71.466 1.944

6 1.695 5.469 76.935 1.744

7 1.406 4.536 81.471 1.577

8 1.309 4.224 85.694 1.434

9 0.953 3.073 88.767 1.309

10 0.818 2.638 91.406 1.198

1994 1995 94-95 Combined
n 4 17 21

Nest-days 72.8 393.8 466.6
Daily Survival (%) 97 99 99

95% Confidence Interval (%) 93-100 98-100 98-100
28 Day Survival (%) 46 81 74

95% Confidence Interval (%) 15-100 63-100 56-96



Nest Site Analysis

The multivariate Principal Components Analysis of the nest habitat attributes

produced an ordination of harlequin duck nest sites in environmental space (Fig 3). Five

axes of the ordination of 18 nests (two outlier nests were deleted) accounted for 71.5%

of the variance in the data (Table 9). Axis 1 of the ordination accounted for 2 1.2% of the

variance of the data, interpretable as the steepness of slope of the substrate upon which

the nest was locatea (r = - 0.80) (Fig. 4). The first axis was also interpretable in terms of

density of horizontal cover at 270° azimuth from 0.32 to 0.48 m above the nest (r = 0.93)

(Fig. 5). Axis 2 captured 18.1% of the variance of the data set and was interpretable as

the relative importance of the vertical (r = -0.75) (Fig. 6) and horizontal (r = -0.73)

distances of the nests from water (Fig. 7).

Data summaries and outlier analysis on the reproductive attributes resulted in the

transformation of one column (the synthetic reproductive variable) of the data matrix. A

PCA ordination based on a correlation cross-products matrix of the nest by reproductive

matrix resulted in a flat linear pattern of the nests in reproductive space. The one and only

axis was interpreted as the reproductive fecundity of hens in terms of previous use of the

site. Overlays of the nest by habitat matrix (as a 2nd matrix) revealed a pattern of loading

on the primary axis of the 2nd matrix in terms of the relative importance of the horizontal

and vertical distance from 2nd order or greater streams.
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Nest Locations

4 Lookout Cr.

Quartzville Cr.

O Breitenbush R. Axis 2

0 Blowout Cr.

N Table Rock Fk.

McKenzieR.

S.F. McKenzie R.

Minto Cr.

Fig. 3. Principal components ordination of 18 harlequin duck nests in environmental space
using PC-ORD (McCune and Mefford 1995).
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Fig. 4. Principal components ordination of 18 harlequin duck nests in environmental
space. Overlay of the influence of the magnitude of slope at nest on ordination order.
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Fig. 5. Principal components ordination of 18 harlequin duck nests in environmental
space. Overlay of the influence of horizontal cover 0.32 to 0.48 m above the nest at 2700
azimuth on the ordination order.
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Fig. 7. Principal components ordination of 18 harlequin duck nests in environmental
space. Overlay of the influence of the horizontal distance of the nest from water on the
ordination order.
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Duckling Survival

Twenty-four ducklings reached at least 52 days of age during 1994 and 1995, for a

ratio of 0.55 duckiings fledged per radio-marked hen (n = 44); the ratio of fledged

ducklings for 13 successfiully nesting hens was 1.85. Brood size at hatch averaged 5.2

ducklings (n = 13) for broods with repeated observations; at age class 11A (approx. 25

days) 4.1 ducklings (n = 10); and at age class ifi (approx. 52 days) 3.7 ducklings (broods

n = 3). Duckling survival for seven age classes ranged from 88%-100% for 13 broods

with a total of6l ducklings in 1994 and 1995 (Table 10). Duckling survival from

hatching to fledging was 60% for 13 broods in 1994 and 1995. Mortality was highest in

the first two age classes, approximately comprising a ducklings first 2 weeks of life (Fig.

8).

Female Survival

In 1994, 10 of the 14 radio-marked females provided the repeat observations

necessary to calculate the female survival rate. While in 1995, 24 of the 27 radio-marked

females, provided repeat observations. From a total of 34 females marked and observed in

1994 and 1995, there were two confirmed mortalities, both killed on nests in 1995. The

female survival rate for the combined breeding seasons of 1994 and 1995 was 82% (Table

11). At both sites of hen mortalities only leg bands, radio transmitters and some flight

feathers were recovered; apparently carcasses were completely

consumed.
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Table 10. Survival of harlequin ducklings from 2 broods in 1994 and 11 broods in
1995 in the central Cascade Range of Oregon. N = 1919.8 duckling-days.
Confidence intervals were truncated at 100%.

Table 11. Survival of harlequin duck females in the central Cascade Range of
Oregon, 1994-95. N = 1531.2 duck-days;confldence truncated at 100%.

Year N
Daily Survival Rate Interval Survival Rate

95% Confidence Interval 95% Confidence Interval
1994 10 100 100

1995 24 99.8 99.5-100 77 53-100
Comb. 34 99.9 99.7-100 82 63-100

Age Class
Daily Survival Rate Interval Survival Rate

95% Confidence Interval 5 95% Confidence Interval
IA
lB
IC

11A

IIB
IIC

ifi
Combined

88

93

96

93

100
91

91

80-96
87-99.6
90-100
84-100

79-100
74-100

60 45-79



Stream Habitat

In 1994 and 1995 habitat variables were recorded at one hundred and sixty-five

sightings of males, females, pairs, and broods, of both marked and unmarked birds for

stream locations where birds were encountered (Table 12). Stream widths ranged from 10

m to 80 m and averaged 28.2 m. Stream depths averaged 1.6 m (range 0.25-4 m).

Stream reaches were composed of riffles and glides (84% occurrence) which averaged

88% of the total stream reach (25 meters above and below harlequin locations); pools

(34% occurrence) averaged 39% of the reach; rapids (56% occurrence) averaged 56%

and chute/falls occurred on 12% of all reaches and comprised an average of 40% of those

reaches.

Estimates of riparian width ranged from 1 m to 80 m exclusive of the active

channel, and averaged 18.3 m. Stream substrate at measured sites included bedrock at

74% of sites, boulder at 61% of the sites, cobble at 84%, and gravel at 16% of the sites.

Woody debris was present at 42% of the locations and consisted of ramp (77%), bridge

(23%), logjam (18%), chunk (29%).

Transmitter attachment

In two field seasons a total of 42 females and 6 male harlequin ducks were marked

with transmitters. Of the fourteen transmitters attached to females in 1994, five were lost

from 8 to 57 days after attachment.
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Table 12. Stream and riparian characters on 50 m reaches centered at sites where
harlequin duck were observed on streams in the central Cascade Range of Oregon,
1994-95.

Pairs
(n = 28)

Unpaired
(n = 84)

Broods
(n = 53)

Total
(n 165)

Stream width (,m) 24.6 27.9 32.2 28.2
Stream depth (,m) 1.5 1.7 1.6 1.6

CHANNEL TYPE (% occurrence)
simple 96 87 85 87

constricted 14 6 5 13

braided 11 11 5 8

BANK SLOPE
Avg both banks 35 37 40 38.2

CHANNEL MORPHOLOGY (% occurrence)
riffle or glide 100 79 81 84

pool 29 32 20 34

rapid 75 55 37 56

chute 11 8 34 12

STREAM SUBSTRATE (% occurrence)
bedrock 75 80 90 82

boulder 89 86 66 80

cobble or gravel 89 73 83 81

sand 7 4 9 7

WOODY DEBRIS (% occurrence)
> 60cm diameter 36 31 19 29

<60cm diameter 18 10 6 11

none 54 62 75 64

LOAF SITES (% occurrence)
bedrock 61 49 57 56

wood 25 12 18

boulder 82 85 95 87

cobble 50 30 29 36

gravel 5 7 29 14

RIPARIAN WIDTH (,m)
both banks 24.5 16.5 14 18.3
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Fig. 8. Moi-tality of harlequin ducklings (n = 75),in the central Cascade Range of Oregon,

1994-95.
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Of three recovered transmitters, an inadequate glue bond between transmitter and tail

feathers had occurred on two and the transmitters slipped off the central tail feathers (ties

were intact); the knots on the other transmitter had frayed and came untied. Nine females

apparently departed from the mountains with the transmitters still attached.

Of the twenty-seven transmitters attached to females in 1995, five were lost within

30 days of marking and one immediately malfunctioned upon release of the marked

female. Another defective transmitter was replaced when the pair was recaptured. Ten

transmitters were recovered. Five females retained transmitters when captured with their

broods; all had broken the antennas off near the base. Central tail feathers were attached

to 7 of the 10 recovered transmitters. Two hens were marked twice in 1995, one to

replace a broken transmitter and the other to replace a lost transmitter. On 10 July, 9 hens

were still carrying transmitters. On 8 August during a flight over the study area 4

transmitters were detected in the Molalla, McKenzie and Middle Santiam systems.



DISCUSSION

Nesting Habitat

Harlequin ducks are dependent upon a variety of geomorphic and vegetative

substrate types for nest sites. Thirty-five percent of nests were in the floodplain in crevices

and on exposed shelves of logs and root wads or on the ground (Table 6). Cassier et al.

(1993) reported a harlequin duck nesting in a hollow snag 1.8 m above ground level,

however, nests in the central Cascade Range were within 1 m of the ground. Most nests

(70%) located in Alaska (Crowley 1993) were on the ground, under deadfalls

Nest sites above the floodplain (65%) were situated on varying slopes and in the

face and on tops of cliffs. Natural ledges above streams provided slope breaks where 30%

of the nests were located. Nests which were situated on slopes adjacent to streams were

generally accompanied with small level clearings assumed to be used for flight access to

nest sites.

Concealing cover was important at nest sites. Ninety-five percent of the sites had

vertical cover within 0.75 m above the nest. Horizontal cover surrounding nests up to 1 m

high (average 84%) is important to the safety of the incubating hen from ground-based

threats.

Characteristics of the canopy and understory vegetation were fairly consistent at all

of the nest sites measured. The highest contrast, in terms of the forest composition at nest

sites, was between the nests in the floodplain (an area with a high frequency of

disturbance) and the nests on relatively stable upslope sites, which were generally in older
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vegetation. Vegetation upsiope of a stream is generally represented by latter stages of the

vegetative succession of the Tsuga heterophylla zone (Barbour et al. 1987, Franidin and

Dyrness 1988) in the canopy, understory, and herbal layers (Table 7). Nests located

upsiope of the stream channel were also less prone to stream flood events, which could be

catastrophic for nests in the floodplain (Cassirer et al. 1993).

Multivariate Analysis

The Principal Components Analysis results included 2 components (axis 1 & 2)

which described 3 9.3% of the variance in the variables measured in the 1 m radius plots

centered on the nest bowls. The 1St principal component can be interpreted as a contrast

between the degree of variability of slope at nest sites and the degree of variability of the

horizontal cover at 270 ° azimuth from 0.32-0.48 m above the nest. The biological

significance of this component seems to be the inverse relationship of the degree of

variability of slope and western exposure of the nest location. A steep west-facing slope

will be hotter than a flatter slope. The amount of cover at nests at 270 ° became more

variable as slope steepness changed,and consequently affected solar gain, possibly related

to incubation.

The 2nd principal component represents the variation of the vertical and

horizontal distances of nests from water. Both variables load the same end of the

component and seem tightly correlated. This correlation is understandable due to the

topographical features generally encountered at stream systems in the Cascade mountains

of Oregon. Side-slopes adjacent to streams are usually steep, which results in the



horizontal and vertical distances from streams remaining fairly consistent with one

another.

Reproduction Biology

In Oregon, the breeding frequency of females trapped and marked in 1994 and

1995 in the central Cascade mountains was 49%, while in Alaska, Crowley (1993) found

60% breeding frequency and Dzinbal (1982) found 49%. These breeding frequencies are

of females captured and marked and Dzinbal (1982) found a significant difference in

breeding frequencies of the marked versus the unmarked birds he studied. Nest initiation

dates for harlequin ducks in the central Cascade mountains of Oregon occurred earlier

than in Alaska (Crowley 1993, Dzinbal 1982). Forty-three percent of the paired females

nested in Oregon, while in Alaska 50% of the paired females nested (Crowley 1993).

The nesting success of harlequin ducks (74%) in Oregon in 1994-95 was high

compared to 8-18% nest success found for mallards Anasplatyrhynchos (Mauser et al.

1994, Losito Ct al. 1995, Cowardin et al. 1985, Lokemoen et al. 1990).

Comparison of nest sites in the riparian zone to those on adjacent uplands revealed

possible correlations of nest site location with nest success (Losito et al. 1995). Of the 4

nests in the floodplain on elevated structures 3 were successful, but of 3 nests on the

ground in the floodplain only 1 hatched. Of the 14 nests (13 nest sites) above the riparian

floodplain, on either cliffs or steep slopes, 11 hatched. Twenty nest sites is a small sample

and the relation between nest site and success must be tentative.

The two female mortalities observed in 1995 were likely caused by a mammal.

The nest sites of the two hen mortalities were similarly perched on or near ridges that
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paralled the water edge. The nests which suffered predation were in early, transitional and

late seral vegetation communities.

Duckling survival (60%) in our study was greater than duckling survival found in

various other waterfowl species. The average survival reported for 3 species from tribe

Anatini (6 studies) was 38% (Leonard et al. 1996). McAuley and Longcore (1988)

found duckling survival for ring-necked ducks Aythya collaris ranged 33-47%. While

Mendenhall & Mime (1985) found 10.4% duckling survival for Eiders Somateria

moiissima over a 13 year study in Scotland. None of the broods I followed lost all

ducklings, but other incidental observations caused me to suspect loss of all ducklings in

several unmarked broods.

The selection criteria that harlequin ducks use to chose breeding streams is

unknown, but high survival and nest site fidelity observed for breeding females seems to

preclude after second year (ASY) females as agents of dispersal. Dispersal by non -

breeding (AHY) females exploring new stream habitat might be important in establishing

harlequin duck presence on non-natal streams. Low harlequin duck densities as well as

their absence on viable breeding streams could be the consequence of mortality factor(s)

acting on harlequins somewhere other than the breeding streams. Female survival of 82%,

74% nest success and 60% duckling survival on breeding streams indicate these streams

are meeting the needs of harlequin ducks. Further studies will be needed in order to

determine if the harlequin survival and success we measured on the Cascades breeding

streams in 1994 and 1995 are the usual conditions of harlequin duck reproductive biology

in Oregon.
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Female harlequin duck residency time and movement on streams in the study area

showed variation according to age and breeding status of female ducks. Paired females

which nested successfully and raised young moved the least distance and remained on the

streams the longest. Paired females with failed nests moved more than successfully

nesting females and departed the streams about the same time as non-paired or non-

nesting females. Non-paired and non-nesting females traveled extensively, and even

moved from one drainage to another. Possibly these females are prospecting for nesting

or brood rearing habitat.

Reuse of the nest bowl in successive years occurred in 45% of our sample of 20

harlequin duck nests. Reuse of nest sites was based on one observed reuse during both

years of the study and evidence of previous years use in 8 other nests. With the exception

of the single renest observed during the study we were unable to determine whether the

other 8 nest bowls with multiyear use were the result of sequential yearly use. The degree

of site philopatry in successive nesting seasons ranged from strict nest bowl reuse to

nesting an unknown distance from previous nest (marked birds, successfully nesting both

years of the study on the same stream systems). Six recaptures in 1995 were of birds

marked in 1994 on the same streams. One female, whose nest was destroyed in 1994 was

paired in 1995 but apparently did not attempt to nest. We also re-tagged another paired

hen in 1995 whose 1994 nesting attempt failed, but due to incomplete nesting season

observations we were unable to confirm her nesting status in 1995. The apparent lack of a

renest attempt in 1995 by a female which experienced nesting failure in 1994 introduces

the intriguing possibilty that sexually mature and actively breeding birds will not

necessarily nest every year. The presence of sexually mature hens on breeding streams,
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individuals which are paired but do not attempt to nest, could bias breeding frequency

counts. Nest success could affect the likelihood of attempting to nest in the ensuing year

by individual females. Nest success could also be important in the degree of nest site

phulopatry practiced by particular harlequin females.

Stream Habitat

The vegetation composition of stream systems in the Tsuga heterophyla zone of

the west side of the central Cascade mountains is fairly unifonn across various geographic

types (Table 8). In the Tsuga heterophylla vegetation zone frequently disturbed riparian

communities are generally dominated by deciduous canopies (5-45 yrs old), while upsiope

stands usually have canopies dominated by 90-300 yr old conifers. The microclimate of

riparian zones is influenced by local landform and stream presence; moisture levels in the

riparian zone are higher and more uniform than adjacent non-riparian areas (Franklin and

Dymess 1988). The moisture regime in riparian zones contributes to the accumulation of

greater biomass in the riparian zone relative to up slope sites if disturbance is infrequent

and soils are productive (Gregory Ct al. 1991). Riparian zone plant communities also

respond to edaphic and hydrOlogic conditions, further influenced by microsite slope,

aspect, and magnitude of insolation. Streams reaches which had harlequin duck use also

had robust streamside vegetative cover.

Streams on the west side of the central Cascade Range of Oregon which are used

by harlequin ducks are low gradient, 3rd order or greater (Strahier 1952) with abundant

in-stream rock and wood loafing sites (Table 12). Interestingly, the stream with the

highest harlequin duck densities (Quartzville Creek) during 1994 and 1995 also had a



greater component of bedrock and a sparser riparian canopy which resulted in a greater

insolation of major portions of the streambed.
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