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Abstract:

A study of the Pacific harlequin duck (Histrionicus histrionicus) was conducted during 1985 and 1986
to gather baseline data on its relative abundance and distribution in Grand Teton National Park.
Population and habitat data were largely gathered on four streams. Ninety-one birds were banded
during the two summers; 38 adults were marked with nylon nasal discs. Twelve adults (52%) and one
young of the year banded in 1985 returned in 1986. Fifteen broods were located and a chronology of
plummage development was determined. Most birds hatched between 20 July and 6 August, with
brood sizes ranging from three to seven (mean 5.4). Age at first flight was approximately 42 days. Six
hens were fitted with poncho mount radio transmitters but no nest sites were located. Sixty-two percent
of all hens identified did not hatch a brood. Stream sections most suitable for harlequin breeding had
gradients less than one degree and contained dense perennial shrubs lining the banks. Conflicts
between harlequin breeding activities and human use of the park were identified and management
recommendations were made to reduce human disturbances to harlequin ducks.
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ABSTRACT

A study of the Pacific harlequin duck (Histrionicus
histrionicus) was conducted during 1985 and 1986 to gather
baseline data on its relative abundance and distribution in
Grand Teton National Park. Population and habitat data were
largely gathered on four streams. Ninety-one birds were
banded during the two summers; 38 adults were marked with
nylon nasal discs. Twelve adults (52%) and one young of the
year banded in 1985 returned in 1986. Fifteen broods were
located and a chronology of plummage development was
determined. Most birds hatched between 20 July and 6
August, with brood sizes ranging from three to seven (mean
5.4). Age at first flight was approximately 42 days. Six
hens were fitted with poncho mount radio transmitters but no
nest sites were located. Sixty-two percent of all hens
identified did not hatch a brood. Stream sSections most
suitable for harlequin breeding had gradients ‘less than one
degree and contained dense perennial .shrubs lining the
banks. Conflicts between harlequin breeding activities and
human use of the park were identified and management
recommendations were made to reduce human dlsturbances to
harlequin ducks. - :




INTRODUCTION

The harlequin duck (histrionicus histrionjcus) is
cla351f1ed in the tr1be Mergln1 with H;strlgn;cus be1ng a
monotypic genus. This spec1es is con51dered to be
1ntermed1ate morphologlcally between the eiders (S gmater;
sp. and _Qly_t;_ta §_§_l§r;) and the oldsquaw ( ggulg :
hyemal;s) and the scoters ( Melan;tta _p_) (Delacour and
Mayr 1945, Johnsgard 1960, 1978 ‘Bellrose 1980) : The-
harlequin was probably 1nvolved in the spec1atlon df the
_ Mergini tribe and it's adaptive radiation to-fresh~water
niches. | | | | . |

Harlequins on their breeding'range have been likened to
the South Amerlcan torrent duck: (M erganetta agmata) and the
New Zealand blue duck {H ymenolalmus mglggg;hygghgs) |
'(Bengtson 1966, Kuchel 1977). All three show aff1n1t1es to
turbulent streams in remote mounta1n areas, str1k1ng color
patterns of the plumage and an 1nsect1vorous d1et. However,
the harlequln is not. closely related to e1ther spec1es
taxonomlcally (Todd 1979) and thelr ecologlcal 51m11ar1t1es

are probably a result of convergence (Kuchel 1977)

The - harlequ1n duck was named for the nuptlal plumage of-

the drake. The latin word "hlStrlO means stage player‘
(Rortwright 1943). The term "harlequin came from a poor

Italian character who wore a. costume made from patches

/////




donated by his friends. These b1rds have a var1ety of other
'common names as well, the lord and lady, mountain duck, rock
duck and sea mouse.

The spec1es is ea51ly 1dent1f1ed. The-drake with its’
contrasting color patterns of rust, gray; blue; black‘and
white, is considered by some to-have the most bizarre
plumage-of all waterfowl.' The hen, with it's cryptic
coloration, is similar in plumage to the scoters.and
bufflehead hens, ‘although the beak,‘the speculum, and the
white patches on the head differentiate harlequins from
others; | | - |

The species is currently grouped into two populatlons
based on the ocean in Wthh they winter (Pac1f1c or '
Atlantic). Their winter range closely corresponds to the
most nutrient rich coastal aréas of thevnorthern hemisphere.
The Pacific population is by far the-largest (Todd 1979;
Bellrose 1980, Palmer 1976), poss1bly because the Labrador
Duck (Camptgrhynchus labradorlus) once occupied the north
Atlantic Ocean and may have competed with the harlequin-for
a portion of its range. |

The breedingfhabitat of harlequins has been studied at
few locations within its range (Bengtson 1972, Kuchel 1977,
Dzinbal 1982). Pair bonds are generally formed‘on.the uinter
range prior to.their migration to‘remote_mountain streams
where nesting occurs. The nesting'haoitat is largely

confined to backcountry streams where dense overhead cover is
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found. The drake will defend a small area around the hen,

referred to as their individual distance (Kuchel 1977). . This

allows for an overlap of home ranges along streams wh1ch
harbor numerous palrs. ' '

Like many spec1es of the waterfowl famlly, harlequ1ns
possess the ab111ty to return to the same breedlng areas in
successive years (Bengtson 1972, Kuchel 1977). 1In order to
f1nd their remote breedlng streams, harlequlns may have_‘
evolved an atyp1cal means of mlgratlon. Bengtson (1966)
surm1sed that harlequlns nav1gate up the rivers and streams
to the1r breedrng grounds sw1mm1ng much of the way. ThlS.
concept has been acoepted‘by-other authors due to a 1ack‘of
direct research results (Kuchel 1977,‘Thompson 1985) .

BeliroSe (1980) noted that some subpopulations of

waterfowl will make non- stop fllghts of 3,000 to' 4, 500

'kllometers (km) dur1ng mlgratlon. The p0581b111ty that

harlequlns exh1b1t thlS behavior has not prev1ously been
postulated. Th1s alternatlve to Bengtson S hypothe51s
appears likely in the wake of massive hydroelectrlc and

irrigation developmént projects'throughout the greater

"Columbia River'basin, If the‘harlequins'breeding in the

Rocky Mountains exhibit'this‘type of migratory behavior,

they could w1nter anywhere throughout the known range of

the Pacific populatlon.
These small ducks have  developed. great proficiency at
swimming and diving in swift water in search of food. -While

a0t (Ll e et imN




on inland streams they feed on aquatic insects and algae
using several technlques- d1v1ng into -plunge pools, walk1ng
around rlffles prob1ng under and on submerged stones and
swimming along the slower currents near the banks collect1ng
benthic, drifting and surface 1nvertebrates (M1chael and
Michael 1922, Cottam 1939, Bengtson 1966, Kuchel 1977) . | The'
.s1ngle spec1men preserved for the ‘Montana State Un1vers1ty
Museum was found to have an esophagus full of aquat1c 1nsect
larvae (J. Sparks pers. comm.) . ‘

\ Waterfowl conservation has récently been a topic of much
concern. Habitat loéss in the 20th century haS'been'targeted
as the primary cause‘of.declining waterfowl populations
(Bellrose 1980).\The harlequln, because of the1r remote
habitat ‘preferences, has probably suffered the least from'
human destruction of hab1tat._ Nevertheless, reports from
Montana and7Colorado show that these mounta1n ducks have
vacated portions of the1r former range\(Parkes and Nelson
1976, ‘Thompson 1985) . ’

Harlequln duck s1ght1ngs 1n the Jackson Hole area date
back to the Hayden exped1t10n of 11860 (McCreary 1937) The
species has been reported as a permanent res1dent 1n |
northwestern Wyoming, including Park and Teton countles and
Yellowstone Natlonal Park (McCreary op. 01t ) The f1rst
. record of harlequlns within the present day boundar1es of
Grand Teton National Park (GTNP) was‘from two b;rds.shot

below the outlet to Jackson Lake in 1907 (Palmer.19l3).

T




5

Wildlife observation files in the park show 13 sightings
between 1913 and 1963. | ' - '

An initial survey of several streams in the park durlng
1984 produced 24 sightings (Wallen unpub. f1eld notes) .
This‘early effort identified a minimum of 27 individual
birds along six streams and the Snake River. This ev1dence
contradlcted the impression among biologists, naturallsts
and tourist literature (Follet 1976) that.harleqnlns were
rare in GTNP. | ) ; ; ' .

This study was conducted during the summers of 1985 and
1986. The goal was to gathet sufficient information about
this little known segment of the population'to formulaté'
proper managément considerations’ in GTﬁP; The speoific
project objectives afe as follows:. |

-Identify and characterize. breeding and nestlng
habitat- W1th1n GTNP :

—-Quantify the breedlng chronology

~Identify feedlng opportunltles (benthlc 1nsects)
-Identify Park population sizes (blrds/summer)
;Identify any human/harlequin conflicts

—Identify p0581ble mlgratlon patterns to and from
the study area

(Ol o S I




DESCRIPTION OF THE STUDY AREA

Grand Teton National Park is located in northwestern
Wyoming in Teton County and 1ncludes much of the valley |
referred to as Jackson Hole. The valley floor ranges from
1980 to 2135 meters (m) above sea level from south to north
with the Teton range rising to an elevatlon of 4200 m along
the western boundary. The park is bordered by John D.
Rockefeller,‘Jr. (JDR) Memorlal Parkway on the north,
Targhee National Forest on the west the Absaroka and Gros
Ventre Mountaln ranges on the east and the urbanlzatlon of
Jackson, Wyomlng along the south. Orlglnally establlshed in

1929 the park now encompasses 1325 km
Breeding Areas
The breeding habitat of the harlequin is found along
backcountry tributaries of the Snake River. Most streams in
the park drain from the high peaks of the Teton Range
(Figure 1). The highcountry valleys from which they:drain
are classic U- shaped hanglng canyons cut by the glac1ers of
the Plelstocene perlod (Fryxell 1984) ‘About a dozen small

alp1ne glaciers remain. Avalanches and rockslides have

occurred producing'stairstep creeks in many of the canyons.
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Hynes (1970) points out that glacial streams are
consistently turbid and low in‘temperature and oxygen.
Stream-sections.which‘harbor harlequins are adequately
removed from the'glaciers to avoid these biological.
deficiencies. The primary streams of this study showed only
a small increase in turbldlty at h1gh water and were clear
sooner than the Snake R1ver. Numerous openlngs in the
forest canopy'exist, allowing the water to warm sufflciently
for fllamentous algae to accumulate along several streams. |
These streams are fed prlmarlly from snowmelt w1th about 30
percent (%) of ‘the ‘water com1ng from summer rains (Clark
1981). Willow (Salix spp.) and dogwood (Cornus sp.) are the
‘dominant shrubs lining the banks while Engelmann.spruce‘ o
(Picea engelmannll) and subalplne f1r (__;es las;gggrpa)

dominate the overstory.
Purpose of the Park

Grand Teton National Park was established to protect
the areas SCenlc values characterlzed by the Teton Range and
Jackson Hole, and to preserve the nat1ve plant and anlmal
life (Annon. 1985) ' ThlS area is managed as a publlc park
for the beneflt and enjoyment of the people of the Unltedu
_States (Annon. 1986) "Primary management objectlves are:

-To manage all resources: under the ecosystem concept,

aimed to perpetuate natural systems and to-. establlsh
ecologically sound thresholds of use. .
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-To manade all activities and uses to ensure
compatibility with the preservation of park resources
and the "high quallty" v1s1tor experlence.-

-To manage. wildlife under condltlons that are as natural
and unrestrained as posslble. _

Eighty seven percent of the park land is'managed'as a
natural zone with' 45% of these lands heing recommended for
wilderness designation.' ThiS'park iS»unique in that it
‘contains eight grazing allottments, a water storage’ |
facility, an airport and a management‘oriented eik hunt.

HUman‘use of the park occurs year around, wh11e the
majority of the use occurs durlng the summer season (June
through August).. Recreatlonal use encompasses all types of
outdoor activities popular to the Amerlcan publlc.
Backpacking, horseback r1d1ng, flshlng, boatlng and mountain
cllmblng are act1v1t1es that - occur in and around the streams
used by harlequins. Mean-annual,v1sltat1on for the tw0'
years of this study was'2.15 miilron’people (range.2.l3;
2.18). This figure is down from a high of 4.1 million
visitors in 1978, however Visitationpto the park;appears to

have stabilized during the past'decade (GTNP unpuba filesj.

T
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METHODS

Field Strategy

Baséd.On information collected duriﬁg a 1984 survey (Walien. o
.unpub. field notes), searchés for -harlequins arriving on the
study area were initiated along the Snéke River beginning on
3 May 1985. On 24 May the search effort was shiftéd to :
backcountry tributaries of the’énake River.-.The'remaihder
of the season was spent along théSe sméil‘streams in the
Teton Range. Three to four days per weék were spent in the
field during May and June. After 17 ﬁune eveninés énd-
weekends were spent pursuing harlequins untii 30 Aqgﬁét.

The 1986 field season lastéed from 5 May until 20 Septéﬁber.'

Dﬁring 1985, the.priméry emphasis was on trquing aﬁd
marking birds, evaluatihg telemefry"techniquészana' e
identifying duck dse ana néétiﬁglareas. Thé 1986 season was
used to concentraﬁe'on deﬁermining patterns of habitat use,
-a more intensiveléearch for'hests, feeding site examinations
and collection Qflquanfitativé data‘pertaining to habitét-l
use and évailability. | |

In 1986, seajchés were made weekly along four primary
streams:'Granite‘Creek, Cascade Creek; Moose Creék and Befry
Creek. When time allowed, éurvéYs were pefiodiéally’ '

cbnducted along other streams to detect harlequin

(a2 T ™ T




11
occurrence. . Death canyon was surveyed seven tlmes while
many of the other canyons rece1ved less than f1ve v181ts

throughout the’ study.
Observations

BirdS'were observed by hiking along streambanks and
using binoculars and a spottlng scope to collect infOrmation
‘on the behavior and the 1dent1ty of ducks. Snake River
canoe. tr1ps were taken during May of each year to search for‘

~birds arr1v1ng on the study area.
Trappin

Adult birds were captured using a mist net with 10
centimeter (cm) meshvstretched'across the stream with the
bottom of the net at or just above the water surface. The
ducks were driven towards the net and flushed from the water
surface at 5 m from the net. Broods ‘were captured by
setting large rocks on the. bottom of the net to secure it to
the streambed and plac1ng a second mlst net of 5 cm mesh
downstream. The hen and ch1cks 3 weeks of age or older would
be caught in the larger mesh wh11e the younger ch1cks would
-normally get through and tangle 1n the smaller mesh. |

An unsuccessful attempt was made to catch birds along
the Snake River with a decoy trap*constructed of welded wire
wrapped around a frame of 128 mllllmeter (mm) angle 1ron

(Anderson, Sayler and Afton 1980) Wooden decoys were used

T T
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to lure the birds. These decoys were also used during

netting operations to maneuver birds.
Marking

Adult birds were marked using nylon nasal discs of four
shapes and elght ¢olors (Lokemoen and Sharp 1985) -Sik
>adult.hens were’ f1tted with poncho mount transmltters |
weighing 13 grams (g) (Amstrup 1980, J. Montgomery and J.
Toepferlpers. comm.). Blrds captured 1n 1986 were measured
) USing'dial calipers and a.Pesola scale (1000 g). The six “
measurements taken were: Weight.(g), total.length (mm),_

culmen (mm), middle toe (mm),‘tarsus (mm) and uing (mm) .
Habitat

Eight habitat parameters (Table 1) were recorded at
each observation point. To assessrhabitat availability,
these parameters‘were recorded at approximately 200'5“
1nterva1s along the prlmary study streams. These‘data were
statlstlcally analyzed for utlllzatlon ava11ab111ty at the
95% confldence level (Byers et al. 1984). Habltat and
observation data from throughout the season have been

- combined. A

=T T OO 2w ™0 P B kit | Rz R L
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Table 1. Habitat parameters used in evaluating each
' observation site and for availability of habitat
along each stream (mod1f1ed from Kuchel 1977)

Stream bank type - ,
vertical- > 45 degrees from horizontal
-horizontal- < 45 degrees from horlzontal

Stream bottom- Dominant type
bedrock
mud
sand
- pebbles 16-64 mm diameter
cobbles 65-256 mm diameter
boulders > 256 .mm diameter

Streamside vegetation- Domlnant type
annual plants
perennial shrubs
trees

Streambank comp051t10n- Domlnant type
vegetation.
downed snags
rip-rap
bedrock
cobbles

Channel type
meander
braided
bedrock canyon

Availability ‘of mid- stream loaflng sites

0/ 10m

1-3/ 10m

> 3/ 10m

Proximity of blrds to human activities
adjacent - maintained hiking trall w1th1n 10m ‘
of creek

near - ma1nta1ned hiking trail w1th1n 50m
o of creek -

away, accessible= - unmaintained trall used by humans

for access to the creek
away, inaccessible- stream is:iinaccessible to humans
' via any kind of tra11

Amount of human use of the area (numbers of people v1ew1ng
the stream area’ per unit of time)

heavy - . > 10 people per day
moderate ~ > .5 people per week
little - 2-5 people peér week

none - < 5 people per month
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‘Other observations of harlequins which were reportedltod
_Park blOlOngtS werevlnvest1gated,- If a pos1t1ve 1dent1ty
was determlned, via markers, the ohservatlon was used to
keep track of‘movements.;The habltat around thése
mobservations was measured if thehohserwer was:able to

pinpoint the location.
Morphometry of Streams

Topographic maps (7.5 minute series) were used to
estimate- three morphometric features along all streams in
the Teton Range;,stream dlstance,‘elevatlon‘dlfference and
drainage basin'area. Distance'was measured with a
cartometer and used with the elevation d1fferences to
calculate the mean slope. Dralnage‘bas1n areas were
measured with a polar planimeter. Streams'longer than 4.5
km were divided into‘smallersunits_based on‘elevation

differences.
ﬁtrggmﬁDiscbgrge

To monitor stream flow, a. water bottle t1ed to a strlng
was used to estlmate water ve1001ty (Roblns and Crawford
1954).f Dlscharge was calculated uS1ng surface w1dth (m),
mean depth (m) , mean water veloc1ty (m/second) and a
coeff1c1ent of roughness (elght) (Hynes 1970) In 1986
mensuratlons were performed on the four prlmary study

streams and one stream where harlequlns were not found.

™ T
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These measurements were tabulated in cubic meters per second
(cms) « Discharge_measurements from-two,nonreguiated streams
in the Vailey‘Were supplied‘by the Bureau of ﬁeclamation;‘

Minidoka Project office.
Invertebrate Sampling

Benthic invertebrates were cpilected‘with a kick
sampler at riffle feeding sites'aiong‘the four primary study
streams.‘ Samples were taken on a monthly bas1s from May
until September 1986 An Ekman dredge was used on three
occasions in the pond in lower Cascade Canyon. One‘stream,
on which harlequlns were not found, was sampled on three
occasions durlng the summer. Notes were taken on relatlve
abundance during-coiiections. Invertebrates were preserved
in the field in Kahle's solution'and keyed to family or
genus in the lab (Pennak 1978} Merritt and Cummins 1984).

' Fecal material was'coilected;while handling oirds.and
preserved in 90%.a1cohoi. This material mas:sorted.under a
dissecting microScope to try and identify remains."One
dtrapplng mortallty occurred, allow1ng for a s1ng1e

esophageal examlnatlon.

— e ———— T pe=p— . T T T
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RESULTS
Observations

This study produced 224 observatlons of harlequln ducks,
94% of wh1ch were along four backcountry streams. The number
of birds 1nd1v1dually 1dent1f1ed on the study area are o
presented in Table 2. Several birds were known to frequent
more than one‘location, but were 1ncluded in the area 1n :
Wthh they were most often observed.'

Small groups of pairs and bachelor drakes arr1ved on
the study area throughout May" and early June. The only h
51ght1ng below Moose along the Snake Rlver occurred whlle
attending the decoy trap on the nlght of 17 May 1985. When
blrds began arriving on the breedlng streams the snowpack
still covered the w1llow vegetatlon and human recreat1onal
use was at a minimum. The earllest 51ght1ng for each year
occurred on 17 May 1985 and 5 May 1986, ’

Twenty-four observatlons of 1dent1f1able broods were
recorded in 1986. From these observatlons, the chronology
of plummage growth for juvenlle harlequ1n ducks was .
determlneo (Table 3) Brood class1flcatlons followed those
outlined by Gollop and Marshall (1954) When'juveniles.
began flying they had grown to 95% of the welght of adult

hens (540-560 g.). Forty percent of" all broods Wthh were:

T=T=r=T
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observed as class III birds were not écCQmpanied‘by an

adult.v Backdating, by use of plummage deVelobment, shows

that most birds on this study area hafchedibetWeeh 20 Juiy

and 6 August (Figure 2).

Table 2  Number and locationlof”harlequin ducks identified
- in Grand Teton National Park in 1985 and 1986. -

- S " o —— e Pt B = S S Sy P i . o G s M ot o T Gt Gt M Bt G T e e e o T e S G S s

Streams  Adult Adult Juveniles. . -Broods
‘males females ' .

Granite Ck. , _ -
1985 2 o2 ‘ 6 c 1

1986 1 1 ) 7 1
Cascéde Ck.
1985 5 6 0 0
1986 . 5 4 5 1
Moose Ck.
1985 5 6 17 3
" 1986 5 ' 7 21 ‘ .4
Berry Ck. : ‘ A
1985 4 7 - 15 3
~ 1986 10 7 - 10 ’ 2
String Lk. :
1985 0 0 0 0
~l986 2 0 0 0
Snake R. : »
1985 1 0 0 0
1986 2 2 : 0 0
Total '
1985 17 21 38 7
1986 25 21 43 8

11
14

28
33

26

.27

N SN =

———— ——




Table 3. Chronology of plummage development in juvenile harlequin~6ucks including
number of observations of each brood in their associated plummage class.
Creek Hatch Number of observations by age classes
date :
Ia Ib Ic IIa- IIb IIc III flight
Granite 14 Jul 1 1
Cascade 27 Jul 2 1 1
- Lower Berry 20 Jul 2 3 1 1 1 1
- Upper Berry 27 Jul 1
Lower Moose =~ 25 Jul 2
- Upper Moose 25 Jul ' 1. 1
- Upper Moose 29 Jul R 2 : . 1
. Uppéer Moose 1 Aug . _ - 7 . ' 1
Days after 7 - :
hatching 1-5 6-9 10-14 15-21 22-27 28-35 36-42 T 42
Juvenile weight = <25 <50 «75 .95

" Adult hen weight

8T
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Figure 2, Dates of harlequin duck hatching based on 1985 and 1986 brood observations.
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Trapping and Banding

Ninety-one birds which 1nclude 16 adult males, 22 adult
females and 53 young of the year were banded (Appendlx A,
Tables 13 and 14). Thirty-four recaptures occurred.

All birds were captured with nist nets. The decoy trap
was discontinued follow1ng the 1985 season after prov1ng
unsuccessful.. However, the decoys were used to manuever
birds during netting operations. The.decoys would.entice
unpaired males while pairs hept their distance; o

Fifty-two percent of the adults banded in 1985 were
observed on the study area in 1986. of these blrds, only
one hen was observed in a different locatlon in- 1986 This
hen. was suspected to have failed at nesting in 1985 along‘
Cascade Creek and was observed along Berry Creek (27 km to
the north) 1n mid- May 1986. After that one relocatlon 1n
1986 the bird was not observed agaln.. ) | . -

No band returns were received from the Bird Banding‘
Laboratory. Harvest data from the Banding Laboratory

revealed only two birds of the year, one bird each from

Montana and Washlngton, were bagged in the 25 years prlor to

this study (E. Martin pers. comm,);

Measurement data taken from adult birds (Table 4)
suggest that harlequlns summering in GTNP are slightly
smaller than those from Glacier Natlonal Park (Kuchel 1977)
with respect to weight and total length. ‘Both studies had

small sample sizes”(less'than 15) for each mensuration.
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Table 4. Measuremenfs of adult harlequin ducks ih»Grand Teton National Park in 1986.

Male Female

Parameter N Mean Range N Mean Range
Weight () 10  602.50  490-650 15. 539.27  470-610

© Total Le_'néth (mm) - 10 411.30 385-429 .12 391.92  375-405
Culmen (mm) “10 27.55 | 26.3-28.95 12 - 24.43 22.0-25.65
. Miadle Toe (mm) - 10  -57.90 . 54.5-61.82 12 54.99 . 52.6-59.25
;Tarsus,(r.mﬁ)v L 1'0 L 41.17 35.5-45.9 .12 40.36 . 38.4-43.75

."W‘ing' (mmr.) | | ‘10 198.90 :185-207 12 189,58 181- 195

Tz
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It appears that breeding birds can be differentiated
from non—breeders.by weight. On this study pairednmales
weighed between 640 and 650 g.while:bachelor'drakes weighed
less than 600 ge Two females weighed more than 550 g whlle
other hens weighed between’470 and 540 g.'”Only'one of the
smaller hens’waslfound‘attendingva brood. o

Marking gr‘gi;gg'

Nasal markers, which were placed on 38 adult blrds,
enabled easy identification at d1stances of 70- 100 m. Flve'
blrds Wthh were marked in 1985 were recaptured 1n 1986 and
thoroughly examlned The markers themselves showed no s1gn.
of fading but the sharp corners had worn. The birds showed
no ill effects from wearing the dlSCS, no ruptured nares or
.excess1ve feather wear from preenlng. | . .

Most people who reported s1ght1ngs of harlequlns were
unable to dlstlngulsh the shapes and rarely even not1ced the

markers. The red and orange markers were often 1ncorrectly

identified along w1th the blue- gray green comblnatlons. The

gray markers were only detectable at dlstances less than 60 m.'

Radjoed_Birds

The radio collar transmlttlng unit used on this- study
was tested on a flock of captlve ‘wood ducks (Bix sponsa)

prior to use in the field. Slx blrds were collared w1th two
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exhibiting severe 1ntolerance by p1ck1ng at the transmltter

package and remov1ng feathers wh1ch held it in place..

Durlng 1985 four hens were radlo tagged three of which

appeared to adjust ‘to the poncho w1th1n a few hours wh11e
the fourth did not. TwelveAdays after attachment the later
hen was obseryed without the radfo but with the herculite
' bib-remaining. In 1986 this hen returned to the same creek,
w1thout the blb, and ralsed a brood The other three radloed
hens did not nest. In all 1985 relocatlons, they were o
loaflng in mldstream. Two of these b1rds departed the study
area prior to the drakes. The remalnlng hen stayed untll
mid—July. None of the radloed hens showed signs of hav1ng
brood patches. |

In 1986, high water 11m1teo trapping success and only
two hens were captured durlng the egg laying period. One hen
was radioed on 25 May; prior to most copuiatory behaviorl
She was observed feedlng and loaflng w1th her mate on many
-occas1ons. They were observed at a favored loaflng s1te-
during one night relocatlon..‘The second blrd radloed'was
’suspected to be produc1ng eggs; as she was the heav1est hen'
welghed throughout ‘the’ summer. ThlS hen showed dlscontent
with the radfo package by pfcklng'at.lt and plucklng away
the feathers which held it.in'place. .Qn‘30 July she wasL
observed alone at the site of initial trapping. The radio
had been uncovered by removal of feathers but was st111

functioning. She was not- relocated agaln. This hen was
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suspected. to have had a nest but no signal was detected
during incubation. One brood in the area of the suspected
nest was orphaned shortly after hatchlng which’ may have been
a result of stress caused by radlo attachment.‘ | |

No nest sites were found during th1s study, but in 1986
four hens were found to use spec1f1c stream sectlons Wthh
contained a great deal of overhead bank cover and slow
backwaters. Searches in the thick‘willow1and.dogwood-were-
undertaken but no nest sites were 1dent1f1ed. A‘bank cavity
was excavated in August wh1ch earller was suspected to have

been a nest sxte. " By August, all four hens were observed N fy_jf

with- broods near where the ‘hests were, suspected to have

Hens were very‘secretive'about returning to their nest
site. They would usually iurefany onlookers downstream,
then fly back upstream so they were undetected when they

sllpped 1nto ‘the brush.
Habitat

Observatlonal data 1ndlcate that harlequ1ns use areas
with certaln habltat characterlstlcs 1n rather hlgh S
proportions. Habltat parameters 1dent1f1ed in greater than
50 % of all observatlons 1nclude perennlal shrub vegetatlon
along the streams1des, meanderlng channel types, greater
than three loaflng s1tes per. 10 m and areas w1th no human

use (Appendlx B, Table 15).
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,Brood rearing activities occurred within the same
locations as courtship. ”Thus, ‘habitat and observation data
from throughout the season have been comb1ned. ‘

The habitat and observatlon data from Moose and Berry
creeks (north) and Granite and Cascade creeks (south) were
combined to'evaluate the uniqUe‘dualities at.each end of the
. park (Appendix B, Tables. 16 and i7) Bank composition and |
bottom type were not analyzed because they did not meet all
the assumptions of the procedure.' A Chi—square test
resulted in a rejectlon of the null-hypothesisvfor the
rema1n1ng habitat parameters at the QOS‘levelfof. |
' 51gn1f1cance when . all habitat data were combined (Table 15).
This habitat‘evaluation procedure produced information

.contrary to many suspicions. These data indicate a

preference for areas with moderate to heavy human use and an

avoidance.of Secluded stream locations-(Table 5) ﬁowever,
many of the stream sectlons away from human use had a ‘
relatively high gradient and lacked the habitat features for
which the ducks showed a preference. ' - .
Avoidance of stream areas where both banks were
'vertical 1nd1cated an avers1on for bedrock canyons (Table
6). However, a vertical barrler to v1sua1 detection was
evident in their preference-for perennlal shrub vegetation
along the streamside.‘ Braided‘stream reaches and.ponds were
preferred and offered the greatest‘quantity of midfstream;

~loafing sites.
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Table 5. Analysis of utilization-availability data showing
harlequin duck use relatlve to human use of Grand
Teton. Natlonal Park. - (+=preference, -—=avoidance,
o~ne1ther) : T T
Habitat parameter - ~ South" .. North . All creeks
: ‘ creeks creeks comblned
Prox1m1ty to human act1v1t1es_
adjacent o . +
near - L o e
away,access1ble + o
away,lnacce551ble - -

Human use of the area
none - o) o
little o) o o]
moderate - . , + + +
heavy o) + o

— et T At T e S i o W = ot G = o B e S S e S i e e B o e e e e By e S G P e B Pk T S e St e S = S e e Pt o o s S e Sy

Table 6. Analysis of utilization-availability data showing
harlequin duck use relative to physical habitat -
feaﬁu;es;'(+=preference, -=avoidance, o=neither)

—— S B T . P e s - ot e o o e e i e S b e e e A T S B At St P e G o S o Bt T e e T e S e S s St e B Pt e e S e e —

Habitat parameter -~ 'South *. - North All creeks
: : creeks creeks combined
Bank - typée L - B , :
vertical~- horlzontal o0 B +
vertical-vertical - : - - -
horizontal—horizdntal + o ) ‘o
Streamside vegetatlon
shrub o + +
annual - - =
trees o] T - o
none- + o) o)
Channel type L K
meander - -
braided : . : + +
bedrock canyon o , - =~
pond . - S . n/a +
Loaflng site avallablllty _
0/10 m R ‘ - ’ - -
1-3/10 m - 0 0 ‘

: o
>3/10 m -+ : - o) , + +

™ TP =T iy T T ST
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Morphometry of Streams in the Teton Range

Streams where-breeding harlequins were observed offered
the lowest gradlents of any of the streams dra1n1ng from the-
_Teton Range (Appendlx B, Table 18). Table 7 shows the
morphometric coméarison of streams where the habltat data
were gathered. These data'indicate that breediné and'brood
. rearing act1v1t1es occured along streams w1th a mean
gradlent of less than 3° . | N
Table 7. Morphometry of the prlmary study streams relative

to the harlequin duck product1v1ty in Grand Teton

National Park. The numbers in parentheses indicate
the portion of the streams used dur1ng the breedlng

season.
Stream | Length Gradient Elevation . Number of
A{km) (degrees) ‘of suspected broods
: ' o " nest sites . {(total)
(m) |
Granite - 6.55 (2.24) 3.5 (2.9) . 2257 c 2
Cascade 6.24 (3.32) 2.7 (1:3) 2269 - I |
Moose 8.68 (2.92) 1.9 (.3 &1.3) 2066,2293 7
Berry 7.92 (3. 71)' 1.0 (.3 &.3) 2066,2196 5

Discharge from‘tWO-nonreéulated streams in Jackson Hole
showed that the peak of dlscharge for 1986 was sllghtly more
than twice that of 1985 (Flgures 3 and 4) Hlstorlc records
of discharge along Pac1f1c Creek shows w1de Varlatlon in
peak flow volumes (48-152 cms) and dates (21 May to 30 June)

(United States Geologlcal Survey records 1965 1985)
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Figure 3. Stream discharge measured on Pacific Creek at the Snake River.
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D1scharge calculatlons taken in 1986 indicated that the
prlmary study streams were comparable in volume. Flgure 5
shows that Moose Creek, wh1ch harbored the most breedlng
activity, also had ‘the hlghest d1scharge. Moran Creek and
Death Creek had d1scharge measurements slmrlar to the |
primary study streams (Figure_b),‘but_no breeding harlequins
were detected. N . B :

Birds first arrived on the study area wheh discharges.
were 0.3-1. 4 cms along thelprimary study streams. At the
north end of the study area’ b1rds were observed spendlng a_
.great deal of time on the Snake River untll water flow in
Berry Creek had risen to greater than 5.0 cms. AS the ’
turb1d1ty in the river 1ncreased the ducks spent a‘greater
percentage of tlme along Moose and Berry Creeks. The pairl
observed along Gran1te Creek d1d not move 1nto the upper
ba51n, where the nest s1te was suspected, untll that creek
began 1ncreasrng in flow. They were observed on’ the valley
floor prior to'thls‘movement.. Blrds in Cascade Canyon moved
onto their breeding stream prlor to the 1n1t1atlon of sprlng
runoff. ThlS dralnage offered a 1arge pond for securlty
with a much larger water Volume at that locatlon than
anywhere along the other streams. The turb1d1ty of the
prlmary study streams was m1n1mally affected by the high

flow of the runoff.
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Feeding,Site,Obsgrvations

Most feedingfactivities were observed at riffles.
'wHowever, on Cascade creek, the pond in the lower canyon
seemed to be the preferred feeding s1te. Feed1ng in the .
slower currents near the streambanks was observed the least.
Dur1ng hlgh water, b1rds were observed to feed in overflow
channels. On one occasion a hen was observed to surface w1th
a small f1sh in her mouth. Cottus ba;rd; was 1dent1f1eo in
two benthlc feedlng s1te collectlons. '

Harlequlns feed with great 1ntens1ty. Duratlon of
feeding spells ranged from 5 to 45 mlnutes. The highest
level of 1ntens1ty occurred shortly after dawn. ”

Durlng the courtshlp perlod drakes appeared to spend
more time feedlng than hens. The duratlon of tlme spent
underwater was greater for males (Table 8). On several

occasions males would d1ve three to f1ve tlmes for each tlme

the hen dove.

Table 8. Mean diving times of harlequin ducks in Grand Teton
Natlonal Park .in 1986. '
Gender Mean,t1me " _Range .- Sample © Mean time’on’
under water : ' size surface

L - between dives
(sec) (sec) a(seC) L

male 16.04 4-32 54 -

female. 12.25 3~32 81 5.83

Dredge samples taken in'the'pond in Cascade Canyon

produced no invertebrates.

Birds feeding at this location

T T T T
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may have been feeding on drifting insects. Swimming
mayflies (Baetis sp. and Ameletus sp ) were abundant among
the vegetation 1n the flooded backwaters of the pond
throughout the summer.

Invertebrates collected at 24 feedlng 51tes on the
primary study streams in 1986 are llsted in Table 9._ No
major d1fferences in the taxa were found between streams.
Kogotus was only found at the lower elevatlons of Moose and
Berry creeks. Taxa of . 1nvertebrates collected along Death
Creek were found to be 51m11ar to the feeding 51te‘exams
(Table 9). ' R | o

Insect availability varied throughout the breeding
season. Glossosomid and hydropsych1d cadd1s larvae seemed to
be the most readily avallable food source for harlequ1ns |
arriving in early May. Food sources d1m1n1shed w1th the
onset of high water and drakes seemed to depart the area when
the aquat1c 1nvertebrate abundance was lowest. Dur1ng late
June and early July ch1ronom1d (D1ptera) larvae were found in
‘the algae in large quant1t1es and seemed to be the preferred
food source. Algae was found 1n the fecal mater1al wh11e
handling birds dur1ng thlS perlod. When broods began
appearing in late July, the 1nsect abundance was not1cab1yl
greater in quantity -and size than in late June when drakes

abandoned the area.
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Table 9. Invertebrates collected at feeding sites and in -
: Death Canyon (* indicates 1nvertebrates collected
in Death Canyon). .

——————— —————— {— 10— At T e T —— S . — e - it ———— — ——— —— o ——— " ——— - o~ — —— - S - —

~ Plecoptera _ S
. Acroneuria sp

. Medarcys sp %
Isoperla sp %
‘Kogotus sp '
Zapada sp.

- Ephemeroptera o -
: " Drenella gpinifera
" ‘Drenella’ ologaden51s kd
Drenella doddsi
Rhlthgogena sp ' *
Epeorus long;manus
Epeorus sp T e
-Ameletus sp . *
"Pagamelegus sp ’
Baetis sp- . o - %
- Pseudocloeon sp ‘ Ck
- Heptagenia sp B
Cinygmula sp - : *

%

Trichoptera o .

. Parapsyche sp L
.Rhyacophila sp S
Neothrema sp. C
' Glossosoma sp- ‘

 ‘Goereilla sp - I
 Hesperophylax sp - ‘
"Psychoalypha -sp:

Diptera -
: Sciomyzidae

Simuliidae. ... - »

Culicidae: o ‘ : *

Chironomidae - ' :

Blblocephelldae o : ' *

.

‘Coleoptera )
’ Amphizoidae
Elmidae-

Perciformes
. ;; s b ggd;
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‘Feeding Habits

The one esophagus-examinedIWas empty. However, the
glzzard contalned a few recognlzable remalns. One mayfly of
the Heptegenlldae family and. numerous mayfly type gllls and
W1ngpads were 1dent1f1ed.

The analyses of fecal materlal contained large‘
quantities'of-sand.' The larger sand grains (2‘to 3 mm)
_appeared to match the cases of ngssgsgma found in the
feeding site exams. Portlons of 1nvertebrate exoskeletons
~were second in abundance while algae constltuted a small
part of the feces.” . | -

Identifiable remains of invertebrates represented three

orders: Plecoptera,*Ephemeropterawand Trichoptera. Several“

plecopteran legs were 1dent1f1ed w1th two tarsal claws. ‘The
head of a large stonefly, pos51bly Meggrcys or Isoperla, was
seen along Wlth a maxillary palp matchlng that of Megarcys,
Numerous mayfly‘type gllls Were 1dent1f1ed in each feces
collectlon. One dropplng was almost exclu51vely made up of
parts of D unella, with the tubercles on the fore femora.:
The lower mandlble of a scraper type mayfly was also noted.

Evidence of trlchops in the feces 1ncluded Unoidae and

L1mneph111dae cases{ Also the heads and branched g111s of a

Hydropsychidae,,pos51bly Paraps che, were 1dent1f1ed in one

dropping.
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D‘I‘SCUSSI‘ON_.

Harlequin ducks begin nesting later‘than nost other
waterfowl speéies (Bengtson 1972, Kuchel l977).' on thisl
study area environmental factors such as timing of snowmelt
and‘lack of leaves on the perennial shrubs discourageﬁearlz
nesting. The eariiest-nestingiuas found on Granite Creek
and the lower. meadows of Moose and_Berry creeks:. These
areas were free of Snow‘sooner than the upper'elevations,in
Cascade, Moose: and Berry creeks; .Nesting activities in GTNP
were approximately 30 days later'than in Glacier Nationa;
Park (Kuchel 1977). waeVer,‘the'timing of nesting in GTNP
was very similar to that in Iceland (Bengtson 1972). -Theul
difference in.latitude‘is.eyrdently compensated'for by the
difference in eieuation.ﬂ R | |

| This study area did not have the k1nd of habltat
descrlbed by prevrous studles. Nesting in GTNP ev1dently
occured in dense‘shrubs adjacent.to streams where the‘
gradient was Jlowest (<10) ' Nestlng occurred 1n and around
beaver ponds and abandoned meanders in Glac1er Natlonal Park
(KRuchel 1977). Bengtson (1972) found that 67% of all nests
were located on islands and that 71% were located in dense
shrubs in Iceland. Nesting‘in‘dense shrubs’was a'finding
common to preV1ous studles, although no nest srtes have been

found durlng two studles ‘in the Rocky Mountalns.
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For finding nests, the Iceland. study offered two
advantages over studies in the RoCky'Mountains;‘ADense
shrubs (cover) were sparsely_located along tundra‘streams,

and breeding densities were considerably higher (Table 10).

Table 10. Comparative breeding density of harlequin ducks.

Location ‘ Dens1ty of breeding Reference

- : (palrs/km)

Iceland : ‘ 1.3 (range .2-7.1) Bengtson 1972
Glacier National Park .67-.91 ‘ Kuchel 1977
Grand Teton N. P. - .89 (range .67-1.25) This study"
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During 1984 two broods were noted (Wallen, unpub f1e1d
notes). Durlng that summer, a torrentlal ra1nstorm occurred
in late July when hatchlng is normally at its peak A Cascadew
Creek rose approx1mately 0. 6 m- W1th1n 2 hours (hrs) and
slowly returned to its pre—storm“volume by the follOW1ng
morning. No young of the year were found after that storm.f
This type of env1ronmental occurrence ‘can cause catastrophlc
mortallty at a vulnerable tlme in: the breedlng cycle.l

This study produced a hlgher nonbreedlng frequency
(62%) than previous studlesf Bengtson (1972) felt that
harleguins had a.relatiyely highknonbreeding frequency (15-
30%) compared to‘other Waterfowl. :Dzinbal (l982)yestlmated
a‘nonbreeding frequency of 47;509 along short coastal »
streans in Alaska;‘ Human use of the adjacent areas was
_greater in GTNP than in the Iceland and Alaska studles and

' may have been a factor. On Moose creek, the most secluded

O8 ar s 13
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stream on this study area, the frequency of nonbreeding hens
'waS'46%. This compares to 90% along Cascade'Creek which was
‘the most access1ble creek for human act1v1t1es on the study
area. Moose and Cascade Creeksyoffer nearly equal
quantlties of low gradient stream'sectlons with dense shrub
vegetation 11n1ng the streambanks. These data‘suggest that
.human activities may have greater 1nfluence on the success
of harlequin breeding than the avallablllty of habitat..

‘The chronology of breeding season'activities has'been
reported in previQUS field studies (Bengtson l966, Kuchel
'1977 D21nbal 1982) However, dlfferences in the t1m1ng of.
_these act1v1t1es occurred in GTNP. First arrlvals were
pairs, which began appearlng on the breedlng grounds durlng
the f1rst week of May (F1gure 6) Somet imes a-second drake;;
would accompany a palr, attemptlng to court the hen.. -
Bachelor drakes arrlved jUSt after the flrst pa1rs whlle
unmated hens arrived approx1mately 1 month 1ater. Kuchel
(1977) noted that 81ngle drakes arrlved on the breedlng
grounds two weeks ahead of pairs..'Dates of first hatching
were two weeks later in GTNP than at e1ther the Glacier
National Park or the Iceland studles. However, all three
_studies -document drake.departures durlng the,last week. of

June and the flrst weeklof July;é
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Chronology of harlequin duck breeding season activities in Grand Teton National Park,
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The length of time birds remained on their summer
range.depended.on'their'breeding status.f Drakes.remafned
for approkimately.45 days_with bachelors departing as-much
as a week'ahead of ﬁales which hroke pair.bonds. Some palrs

-departed the study area at the same time as the. bachelor

drakes. Unpalred hens stayed for three to f1ve weeks. Most
of these hens departed shortly after the drakes, and rarely
did they stay unt11 broods appeared. Breedlng hens remalned
on the summer range for about four months. Three of elght
hens left ahead of their broods in 1986.
| Birds spent a feu‘days.at:particular "staging areas" in
late June and earleruly then“dfsappeared suddenly. This‘
pattern suggested that hariequins:mfgrate from their .
.breeding grounds at'night and spend their daylight’hours
loaflng and feedlng. . _ o |

'The 11terature 1nd1cates that non nestlng harlequ1ns_
_return to the coast to congregate in large flocks and molt
' (Bengtson 1966, Palmer 1976, Bellrose 1980, D21nbal 1982)
In early July 1984, a fllghtless hen was found on upper |
Moose Creek (Wallen unpub.'freld notes)¢ ThlS was the only
harlequin noted_totmolt'wingrfeathers.on this study area..
She was observed:to‘uSesstreanzsgctions secluded from the
trail'by'dense.wiliow vegetatibn-and remained fn an area_
where the current was relativeiyffast. No‘evidence was

gathered of malesfmolting theirﬁwingfand body feathers on

S biath
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the study area. D. Lockman (pers. comm.) indicated that
reports exist of- moltlng drakes in Wyom1ng.u J |

Moltlng of the’ tall feathers d1d occur prior to
m1grat10n in a few cases.: Two hens and one drake.Were
handled which had molted a portlon of thelr tail feathers
“prior to departure._ . | S

Broods began hatchlng in m1d July and were located on
thls study area untll m1d September. The b1rds wh1ch
hatched at the h1ghest elevatlons 1n Cascade and Moose
creeks were the last to depart. These broods seemed to have
been pushlng the time 11m1ts on the summer range as
snow was aCCUmulat1ng before they left.' Broods were most
visible in early September. | E -

A complete food habits study on the harlequ1n duck was

not fea51ble 1n GTNP. K1111ng blrds to aqu1re a suff1c1ent

number of stomachs was not permltted in the Park However,
use of dropplngs to 1dent1fy some of the food items taken
could be done w1th1n a Natlonal Park. This technlque has

been used on other b1rd spe01es (Dalke et al 1942,

Korschgen 1966) . Slnce the exact food belng consumed is not‘

‘observed, fecal analyses are.blased toward the harder nonf
dlgestlble material. E | ' :
Harlequlns probably feea on the most available prey
-Bengtson (1972) 1dent1f1ed s1mul1d larvae as compr151ng over
98% of the food in harlequln stomach analyses. Stoneflles_

and mayflles were nonex1stent 1n Iceland and caddlsflles
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lwere scarce (Bengtson‘op cit.). He suggested that - harlequ1n
‘breeding success was llmited by s1mulid larvae availabillty;
'Cottam (1939) revealed that the stomach contents of two
birds taken from Wyoming in August contained 90% stoneflles

August feeding site exams on thlS study showed four
genera of stoneflies available; Acroneugl ’ Megarcys,' |
Isoperla, and Zaéoda. Sometof4these genera attained lengths

- greater than 40 mm. vPlecopteran,:Ephemeropteran'and L
Trichopteran specimens were‘all represented in more than 95%
of the feeding site examanations. o e

Low denS1t1es and surreptitaous behavior make harlequ1n
ducks difficult to” locate in the Rocky Mountains. From the
banding and marklng results and ‘the amount ‘of suitablei'
habitat, 50 adult harlequlns could occupy GTNP durlng years
With favorable-weather ' Also, 50 55 juvenlles may be |
hatched along the four prlmary study streams and Leigh

'Creek. | . | | -

Leigh Creek and the lower meadow of North Moran Creek
seem to offer suitable breeoing habitat These two creeks
were surveyed during thlS study, but due to thelr poor )
accessibility, minimal effort.was expended in searching for
breeding activities. Harlequins were identified on Leigh
Creek in 1984 (Wallen unpub‘tfield notes)t Two drakes were.f‘
found along the outlet to Strlng ‘Lake .in 1986 where drakes
from Cascade Creek had gathered. These two addltional males

probably spent May and June on Leigh Creek.




43

Moran Creek was surveyed- tW1ce but no harleguln
activ1t1es_were observed. Su1table low gradlent stream
sections do exist and future exploratlons are warranted
This stream is fed by a number of glac1ers and wadlng was
{very dlfflCUlt because of cold temperatures. A stream:
temperature comparlson of th1s creek w1th Cascade Creek and
_ Moose Creek may suggest lower potentlal for 1nvertebrate
product1v1ty. Algal growth is an 1nd1cator of stream |
.temperatures (Hynes l970) Algae growth was found along
Moran Creek in llmlted areas at h1gher elevatlons where
forest canopy‘was reduced. An 1nvertebrate collectlon 1n a o
low gradient section of this creek revealed that specxes '
abundance and diversitv.was poor‘relative to'the prlmary
study'streams.' | | L

Death Creek ‘was surveYed'thoroughly and no‘harlequins
were found.. Dlscharge measurements (Flgure 5) 1ndlcate the
size is similar to other streams on~the study. However, the
point of measurement was just below the confluence |
of three forks, thus overestlmatlng the dlscharge of the
upper meadows. ThlS stream has ‘a steeper gradlent (Appendlx
B, Table 18) and seems to be much colder than streams where‘
breedlng act1v1ty was observed. Although two 51ght1ngs from
thlS stream were recorded 1n the park observatlon flles,
breedlng probably does not occur here. These two
S1ght1ngs are for mld to late July of 1954 and l959 Wlth the

latter 1nd1cat1ng a male. Phelps Lake may have been a
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~ molting area at one time,-perhaps abandoned‘because of
.increased human activities.‘v - ' -
Several streams on the study area seem unsultable for
breedlng act1v1t1es because of hlgh stream gradlent (greater‘
than 3° ) and low water volume: (less than 8 cms at hlgh
water) These streams 1nclude Open Canyon, Garnet Creek,
Paintbrush Creek, Waterfalls Canyon, Colter Canyon and North
Moran Creek above the lower meadow. Taggart Creek above the
lake also fits this category. ﬁoWever, suitable;gradlents.'
do .exist at the inlet and‘outlet'to Taggart Lake; | |
bescriptions_of the migration seem quite unuSual.
Bengtson (1966) felt"that harleguins migrate to their
breeding grounds'by swimming.much of the way and making only
short flights. Palmer (1976) and Kuchel (1977) agreed with -
this theory withbsome'reservatlons'for birds breeding east
of the contlnental d1v1de, whlle Thompson (1985) empha51zed
this behav1or 1n hlS popular artlcle about the llfe cycle of
this spec1es. o . ' - o
Few mlgratory.staglng grounds have been documented.
Since July is a popular month for raftlng and flshlng along
larger rivers, it seems that more drakes would be noted
during their migration;back‘to the coast. However, nlght
migration may reduce the" chances of encounterlng human
activities on'the larger rlvers; ‘
The poss1b111ty does ex1st that harlequins breedlng in

the Rocky Mountalns fly d1rectly to their destination.
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This could explain why obseryations of harlequins are'not
made in July by river users. This possibility warrants
further study through intensive banding efforts at both ends
of the migration and coordlnated communications between '
wildlife biologists. Identification of distinct sub-
populations‘and‘wintering.areas are necessary_to evaiuate"
such an'occurrence;“ | | | | -

.ﬁecordshof Harlequins‘fOund in Idaho along the Snake
River are scarce. During the wintér of 1977-78 a bird was
discovered near Marsing and in the spring of 1982 a pair was
noted hear Shelly (C Trost‘pers comm) These 51ght1ngs
support the poss1b111ty that harlequ1ns do migrate fOllOWlng
the Snake River. |

Slghtings have been made along the Snake River in
Jackson Hole by re81dents u51ng the river for floatlng and
fishing (R. Wood pers.‘comm.)~‘~Olaus Murie filed a July
1948 observationfof*fourﬁharieguins'along‘thevSnake River
near his home at Moose. i o - “ A |

When-birds arrived on this study area they- were
obserwed flying ﬁore often and’higher above the water
surface than at any other timeﬂof the season. When .birds
would flush from the streamsfin early May they wouid often
fly greater distances than'any‘other time of thetseason: |
These observations'suggest'that this‘species‘does‘a great
deal more flying during their migratlons than was prev1ously

thought.
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Harlequins have been noted in northwest Wyomlng along

-two large rivers in March.. Palmer (1923) reported two- b1rds

along the Snake R1ver at Moran. The observatlon flle at

-Yellowstone National Park holds one record of 15 drakes and

16 hens along the Yellowstone R1ver near LeHardy Rapids on

31 Mar 61. These latter birds definltely had to make

'substantial flights to reach this area on the east 81de of

the continental divide.

| Recent reports indicated that drakes do a great deal of
wandering outside the1r coastal W1nter range. The Logan
River in Utah harbored a lone drake from 21 Dec. 1985 until
21 Feb 1986 (Kingery 1986). " The 1985 Christmas B1rd Count
in Glac1er National Park also reported a solo drake -
(American Blrds 1986) Sightings of a s1ngle drake 1n

Yellowstone National Park for Jan 1986 (J. Cohen pers.

7comm ) and Feb 1986 (T McEneaney pers. comm ) 1nd1cate at

least one- b1rd was u51ng LeHardy Raplds during that tlme of
winter. These reports all encompass a similar time span and
offer the possibility that birds fly'into the breeding
grounds during warm spells. This phenomenon has been
suggested for canada geese (B ranta anadensis) at Canyon
Ferry Reserv01r, ‘Mt. (R L. Eng pers. comm ).

In Jackson Hole, conflicts:between harlequins and
humans are m1n1m1zed by season of use. However, slight
overlaps do occur in July and August. When harlequins began

arriving on their breedlng grounds, h1gh snow depths

| | Il e o i e
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‘ discouraged most human use of the area. " Human use'was‘
-11m1ted because of avalanche hazards and poor skllng A
conditions throughout the courtshlp and nest 1n1t1at10n
perlod. By the‘tlme the backcountry canyons received heavy
use from outdoor recreationists the drakes had~broken theirw
pair bonds and begun their migration back to the coast.
buring years when the snowmelt occurs-early, the inltlation
of.egg'laying may‘coincidéﬂwith3increased recreatlonal‘use,
especially ln Cascade'Canyon,:‘ o B l - .

| As human use of the backcountry canyons 1ncreased in
July, 1ncubat1ng hens were spendlng most of the1r t1me on
‘the nest. It was, very-dlfflcult to locate hens until broods
began appearing -in late July 7Occasionally,‘nonbreeding
hens were V1s1ble durlng July and seemed to tolerate hlklng
and backpacklng act1v1t1es much better than hens w1th
broods.‘ ‘

F1sh1ng seemed to be the. most dlsruptlve of all human
act1V1t1es in harlequ1n habltat.; Harlequlns showed a
definite avoidance reaction to humans 1n the streambed or
standing on the banks.‘ Birds would‘often d1ve‘and swim
underwater past humans. 'When‘they 9urtaced they-mould‘keep
their bodies submerged While'looking over their shouldervto
see if they were being watched.' When less threatened they
.would simply float away on the surface._ Sw1mm1ng upstream
near the bank occurred less frequently whlle flylng seemed

“to be the1r_last resort. - Harlequ1ns are very strong flyers
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and ‘can leap off rocks or 1ogs d1rectly into fllght. During

aV01dance flights they often em1tted rather stern

vocalizations.

Hens with broods seem to show less toieranée to fishing

activities than nonbreedlng birds. On two occa51ons ‘a

nonbreedlng hen was observed to sllp by f1sh1ng partles

unnoticed. Two hens w1th broods abandoned a sectlon of lower

Berry Creek in August when fishing pressure 1ncreased' In
both cases they relocated the1r broods to lower Moose Creek
_where flshlng activities were not observed As broods N
‘approached fllght attalnment, the human use of the

backcountry beganvto 1essen.

TT="=T
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MANAGEMENT RECOMMENDATIONS

Kuchel -(1977) poiﬁted out that without management
considerations for harleqdiﬁs, mofe streams capablé‘of
supporting,breeding"activitiésfmay‘never exist. \HarléQuins
should be considered an indicatof.bf wilderness and‘pris;iﬁe
ecosystems.{ Manj of the insects on which these birds feed
are considered as biological indiéators of a healthy stfeam
(Pennak 1978).

{. Careful planning of trail routes through harlequin
breeding habitat will minimize the encounters between
harlequin and human use of thé area.\-Granite and Webb
Cényons offer ideal'examples'of trail location. The trail
stays away from tﬁe!streambahk where the stream gradient is
less than one degree. ‘Denée-willqw shrﬁbs shield the stream
from the view of the trail. Mihimal disturbance to harleqUin
breeding activities‘will occu:tWith this type of situétioﬁ.-

With thevquantity of people,uéing‘Grahd Téton Nétiqnal
‘Park for recreation purposes,‘human use'managemént should be-
the primary concern. ﬂHeaVy usenof the trails and stfeams
near where harlequin nesting oécuts should be avoided in
early June and in late July.Y The.trail in Cascade Canyon is
currently located close'to‘the stream in areas wheré

harlequins spend much of‘their time. This canyon

\
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should be used to f111 the agency mandate of dlsplaylng the
resources..

Slnce Moose and Berry creeks offer the most productlve
habitat for breedlng activities, these two streams should be.
afforded hlghest prlorlty_ln managlng for harlequ1n ducks.

' The following recommendations would'benefit'harleqnin dncks
breeding in GTNP. “ | | B

1. Do ‘not clear timber from the trails in the following
canyons until after the specified dates.. .

Granite-------=---- 15 June
Cascade-—------==== 1 July
Webb—==-=m—m——~————— 1 July
Berry-——----—=—-=-—- -1 July

2. Encourage early summer use in canyons away from
‘nesting activities. Paintbrush Canyon, Garnet Canyon,
Death Canyon and Open, Canyon all offer backcountry. -
travel away from. harlequin nesting habitat-. ‘Trails
found under 2135 m offer little chance of confllctlng
with harlequ1n use patterns. .

3. Keep the trall away from the stream in low gradient
sections where limited. W1llow vegetatlon 1s avallable
to sh1e1d the trall. ‘ -

4, One .5 km sectlon of trail adjacent to lower Berry

: Creek downstream. from the patrol cabin should be
eliminated from the trail system and allowed to
revegetate.- Much of this section is already damaged
and will requ1re major clearing.. Another trail exists
in the near vicinity and should be. con51dercd for
prlmary access.', L .

5. No: permanent brldges should be constructed in the
northern canyons. This will discourage some people
from attemptlng to travel in this area.

6. A monitoring system should be 1ncorporated to census
populatlon levels and breeding success..-

Interpretive programs which‘increase the awareness of

the localrpristine"ecosyStem should.be‘recognized as a
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valuable management tool. Educating the users'to respect
the wilderness settlng and to avoid dlsruptlng 1t w1ll be

easier than trying to develop a management recovery effort.
-.Monitoring Program

Harlequln ducks are qu1te secretlve dur1ng breedlng.
The relatlvely few s1ght1ngs noted in the park flles can be
attrlbuted to a lack of proper t1m1ng when attemptlng to
find harlequlns in the park.. Th1s proposed monltorlng
program is 1ntended to aid the management staff in censusing
this-species when they are most visible. | | |

Four locationSLWithin the park and the JDR Parkway
should be monitoredf‘ Slnce ‘Moose Creek and Berry Creek
are the areas. w1th greatest product1v1ty, they should be
given the greatest amount of census1ng effort as well as the
most protectlon from human confllcts.: Cascade Creek hasxthe
potential for’ more broods than were observed durlng this |
.study. This creek should be evaluated as an area to dlsplay
these beautiful mountaln ducks to the V1s1t1ng publlc. The
river area 1mmed1ately below Flagg Canyon in the JDR Parkway
is another area wh1ch deserves monltorlng for 1mpacts caused
by human use. | |

Harlequ1n palrs are most ea811y found by sk11ng or
h1k1ng along the snow covered banks between mid- May and

early June. As the snow, melts from the banks the dense
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shrubs cause travel and visibility problems. Most breeding
pairs are on their respective summering streams by 15 May°

An additional survey should be undertaken between mld—
August and early September to count broods in the same areas
covered in May. The number .of chicks per ‘brood, the'age of
the brood and the’location'of the brood uould prouide
? yaluable information; “HenS‘with broods are ektremely
.cautious of humans; thus more time needs‘to be allotted for
brood surveys3than was neoessary for}pair suryeys, R

Environmental information pertinent to:these'surveys
include river discharge and‘flood event ooCUrrences. The
t1m1ng and magnltude of the peak of sprlng runoff can be
gathered at the dlscharge station at the south gate of
Yellowstone Natlonal'Park' Information regardlng the
t1m1ng of perlods of heavy.ralnfall durlng the snow melt
season may be a useful 1ndlcator of brood success. .

Pairs and‘broods can be used-as 1nd1cators of a healthy
harlequin population ‘within the- park. The numbers of pairs‘
in the May census and the number of broods found in August
should correspond to Table ll. After 10 years of censu51ng

these estlmates should be re- evaluated.'




‘Table 11. Estimates 1ndlcat1ve of a. healthy harlequ1n ;
population in GTNP. . .

‘Location Number of . Number of
‘ ~ ‘ pairs - . broods
Cascade Creek 2-3 palrs ,‘172-broods
‘Lower Berry
and Moose Creeks 3-6 pairs: 2=4 broods
Upper Moose Creek = 3-6 pairs ~ 3-5 broods
Flagg Canyon'  1-2 pairs 1-2 broods
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Index‘to the symbols in Appendix A

Age symbols L= Blrds born on the study area this year
S AHY= Adult blrds,.year of hatch unknown

Table 12. Locations of stream sectlons on wh1ch b1rds were
captured.
Creek Latitude Longltude_ Township,Range,Section
deg. min. deg. min. - - o :

e — . ——— —— —— —— —— - ——— — - . ——— —— - e e - — - — e s G - ——— o — " — — — — ———

Granite | 43 37 | 110 51 . T42N,R117W,Secll:
‘Cascade | 43 46 | 110 47 . T44N,R116W,Sec20, 21&22
U.Berry | 43 61 | 110 46 T47N,R116W,Sec27
"L.Berry | 43 - 59 | 110 - 42  'T47N,R115W,Sec3l
L.Moose | 43 ‘59 | 110 43 T47N,R115W,Sec31 \
U.Moose | 43 57 | 110 47 - T46N,R116W,Sec9,10s11

Disc marklng system symbols are .
- S= squares, C= 01rcles, T= trlangles, O=oval

The (L) and (R) in the markersucolumn show Wthh side of the
bill the indicated marker is on, left or right .

1985 radioed hens- 201(151. 149) 204(Lost) 206(151 033) and
213(recovered)

1986 radioed hens- 218 (151 298) and 253 (150.725).

655-07204 was recaptured on.ZOMayBG in Cascade Canyon and
- fitted with nasal markerss: C-Gray(L), Blue(R)x- ‘

655- 07236 was recaptured on 1l6Sep86 on upper Moose Creek
and fitted with nasal markers. C~- Orange(L), Blue(R)

T - T



Table 13.
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Summary of bandlng activities in 1985

655-07201
655-07202

655-07203
. 655-07204

655-07205
655-07206
655-07207
655-07208
655-07209
655-07210
655-07211

- 655-07212.

655-07213
655-07214
655-07215
655-07216
655-07217
655-07218
655-07219
655-07220
655-07221
655-07222
655-07223

655-07224

655-07225
655-07226
655~-07227
655-07228
655-07229
655-07230
655-07231
655-07232
655-07233
655-07234
655-07235
655-07236
655-07237
655-07238
655-07239
655-07240
655~07241
655-07242
655-07243

24May85'
26May85

26May85
2Jun85

2Jun85 .

6Jun85b
6Jun85
7Jun85

7Jun85
7Jun85"
8Jun85"

8Jun85
8Jun85
22Jun85
22Jun85
22Jun85

30Jun85 |
30Jun85-
4Jul85 .

28Jul8s

11Aug85
11Aug85
11Aug85: .
11Aug85; "
11Aug85
11Aug85-.
11Aug85 .
11Aug85

17Aug85 .
17Aug85 -

17Aug85

18Aug85
18Aug85 -

18Aug85
18Aug85
24Aug85
24Aug85
24Aug85

24Aug85 -

24Aug85
24Aug85

24Aug85

24Aug85

zszzm33mmmzmﬁmm@zmaﬁmgmﬁmmmmmzmzzzzzzmzmm

s sl s a ok Nl s sl sl sh

‘ L.Berry'

Cascade
Cascade
Cascade
Cascade
Cascade
Cascade
L.Berry
L.Berry
L.Berry

" L.Moose

L.Moose
L.Moose
Cascade
Cascade
Cascade
L.Berry .
L.Berry
U.Moose
L.Berry
L.Berry
L.Berry

‘.- LiBerry
~L.Berry
~L.Berry
L. Berry'

L.Berry
L.Berry .
‘L.Berry
L.Berry
L.Berry
U.Moose

U.Moose .
" U.Moose :

U.Moose
U.Moose
U.Moose

" U.Moose

U.Moose
U.Moose
U.Moose
U.Moose

- U.Moose

S- Orange(L),Green(R)
S-Blue (L) ,Orange (R)
S- Green(L) Whlte(R)

C-Red (L) ,Red (R)

C-Gray,White
S-Black (L) ,White (R)
S-Gray (L) ,Gray(R) "
S=Yellow (L) ,Blue (R)
S-Yellow(L) ,Orange{(R)
T-Yellow(L) ,Blue (R)
T-White (L) ,Green (R)
S-Red (L) ,Green(R)
C-White (L) ,Orange (R)
T-Orange (L) ,Yellow(R)
T-Orange (L) ,Blue (R)
S-Blue (L) ,White (R).

C-Orange (L) ,Orange (R)

T-Green (L) ;Green (R)
C—Black(L),White(R)

C-Blue (L) ,Blue (R)

C—White(L),Blue(R)

it Ly # oy “ r—



Table 14.

655-07244 . C-Green (L), Blue (R)

655-07245
655~07246
655-07247
655-07248
655-07249
655-07250
655-07251
655-07252
655-07253

655-07254

655-07255
655-07256
655-07257
655-07258
655-07259
655-07260
655-07261

655-07262"

655-07263
655-07264
655-07265
655-07266
655-07267
655-07268
655-07269
655-07270
655-07271
. 655-07272
655-07273
655-07274
655-07275
655-07276
655-07277
655-07278
655-07279
655-07280
655-07281
655-07282
655-07283
655-07284
655-07285
655-07286
655-07287

655-07288"

655-07289
655-07290
655-07291

62

Summary of banding activities in 1986.

20May86
25May86
25May86
25May86
28May86
12Jun86
12Jun86
12Jun86
13Jun86
13Jun86
-29Jun86

11Juls8é -

31Juls8eé
31Jul86

"31Jul86

31Jul86

31Jul86.

1Aug86

1Aug86
1Aug86:
1Aug86: -
1Aug86
- 1Aug86--
1Aug86
1Aug86 -
6Aug 86’
" .10Aug86".

17Aug86
17Aug86
17Aug86

17Aug86°

17Aug86
27Aug86
2Sep86
2Sep86
2S5ep86

- 3Sep86.

3Sep86

3Sep86

3Sep86
3Sep86
16Sep86

165ep86
16Sep86 -

16Sep86
16Sep86
16Sep86

S HEER MY

jaiiary
i

N e e SRl sh sl s Rl s

gunu:n:n:u::gmzvz-oz;z'-zz‘zmm‘zz-ohz*1:-'\,J~Q‘~o-q-o-o-um-o-d«o-o-on:n:n:zzu:u:zzizzz

‘Cascade
L.Berry
- L.Berry
L.Berry
Granite
L.Berry
L.Berry
L.Berry
U.Moose

U.Moose
Cascade
L.Berry
L.Berry
L.Berry
L.Berry
L.Berry

Granite
- Granite
~Granite
~Granite
Granite
. Granite
‘Granite
-U.Moose
L.Moose
Cascade
U.Moose
U.Moose
U.Moose
~U.Moose
U.Moose
“Cascade
U.Berry

Us.Berry
--U.Moose
U.Moose
. U.Moose

U.Moose
U.Moose
- U.Moose
~U.Moose
U.:Moose
U.Moose
U.Moose

U.Moose

Granite:

U.Berry

U.Moose.

S-Gray (L), Blue(R)
S-White (L) ,. Red (R)" .
C~Green (L), Yellow(R)
C-White (L), White (R)

"T-Black (L), White(R)
C-Yellow(L), White (R)

O-Green (L), Green(R)
S-Orange (L) ; White (R)
T-White (L), White (R)-
S-Green (L) ;Yellow(R)
C-Yellow(L), Yellow(R)

C—Green(L),White(R)

C-Yellow(L), Blue(R)
S-Yellow(L), Yellow(R)
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APPENDIX B

COMPILATION- OF HABITAT AND MORPHOMETRY DATA
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. .1.6

Chl—square

Value

12.62

111.3

31.91

29.14

8.79

Table 15.
Habitat % %
parameter Avail. Util.
.-Bank type
V-H -29 .39
V-V .38 27
H-H .33 .34
Bottom type .
sand .06 .17

. 16-64 42 .67
64-256 .26 .14
Boulder .18 .02
Bedrock .08 —-—

Streamside vegetatlon ,
shrub .56 .67 .
annual .11 .02
trees, .22 .16

o none J11 «15

Channel type ‘ g

. meander .70 .53
braided .18 .37
bedrock .11 .01
pond .01 .09

Bank composition E
veg .60 .77
bed-rock .10 .01
rip-rap .11 .00
snag .12 .02
cobble .03 .10
mud. .04 .- .10

Loafing site avallablllty o
0/10 m =~ .47 .20
1-3/10m .19 ‘.23
>3/10 m .34, . .57

Proximity to human activities
adjacent .14 .21
near © .25 W29
away,acc. .13 .26
away,ina. .48 .24

Human use of the area :

. hone . .65 .56
little 16 .17
moderate .05 .11
heavy

Calculations for availability- utlllzatlon
procedure for ‘all. creeks comblned..m o

Confidence interval
(.05 significance)-

.309

196
.307

.579

.000

.097

.088"

444
.287"

.000
.041

.134
.161
.488

.140
.212
.184
.166

.474
.105
.056
.097

CAAAA

FANAN AN

ANANAN AANN

CTAAAA

Pi
Pi

CPi

Pi
Pi
Pi

Pi

Pi
Pi
Pi
Pi

pi
Pi
pi

Pi
Pi
Pi
Pi

Pi-

Pi
Pi
Pi

TAAAA

471

.343

.373

.761
.044

.223 ..

-212

.616
.453

.027

.139

.266

.299
.652

.280
.368
.336
.314

.235
.164

223

+ 1.+ |

e p————
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Table 16. Calculations of availability-utilization
procedure for Granite Creek and Cascade Creek
combined. ) )

Habitat % % Chi-square Confidence interval
parameter Avail. Util. Value = ( 05 51gn1f1cance)
Bank type- - _ 19.16 o
V-H .32 .24 ~.122 < Pi < .358 |
V-V .28 .14 ~ .044 < Pi < .236 -
H-H .40 .61 475 < Pi < .745 +
Bottom type ‘ .
" sand .12 .45
16-64 .33 . .29
64-256" .25 .23
Boulder .23 .03
Bedrock .07 —-——

Streamside Vegetatlon S 50.86
shrub . .67 .57 - 427 < Pi < .713
annual .07 .01 ‘ .000 < Pi < .039 -
trees’ .23 «25 , - .125 < Pi < .375
none. .03 ‘ .16 : . .054 < Pi < .266 +

‘Channel type - , ‘ o S
meander 72 .64
braided «19 .12
bedrock .02 :
pond S.07 - 24

-Bank composition .
veg .60 .90 -
bed-rock = .03 : -——
rip-rap .19 .04
snag .16 .06
- cobble .02 -—- 7 -

Loaflng site avallablllty : 17.97 . o
0/10 m . .40 .21 .098 < Pi < .322 -
1-3/10 m .16 .27 _ 147 < Pi < .392.-
>3/10 m .44 . .52 .382 < Pi < .658

Proximity to human. act1v1t1es 69.08 . _

.adjacent .18 . .45 : .306 < Pi < .594 +
near .33 .39 .249 < Pi < .531 -
away,acc. .12 - - 08 _ .002 < Pi < .158°
away,ina. .37 .08 ' ‘ 002 < Pi < .158 -

Human use of the area. 63.98. " :
none .51 +15 ; .047 < Pi < .253 -
little .09 .13 .033 < Pi < .227
moderate .10 .28 . .150 < Pi < .410 +

< Pi < .583 -

heavy .30 . .44 .297
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Table 17. Calculatlons of availability-utilization procedure 3
: for Moose Creek .and Berry Creek comblned. ‘
Habitat % % Chl—square Confldence interval "-jf;
parameter Avail.  Util. value (. 05 51gn1flcance) |
Bank type _ 18.92 ‘ : L
'V-H .28 47 K .367 < Pi < .573 +
V-V .47 .34 .242 < Pi < .438 -
H-H .25 .19 109 < Pi < .271
Bottom type L o
~sand -—= .02
16-64 .51 .87
64-256 .28 .09
Boulder .13 .02
Bedrock .08 —-—= o
Streamside vegetatlon : 28.7 ‘
.shrub’ .46 .71 oL .612 < Pi < .808 +
annual .15 .03 - 2000 < Pi < 067 -
" . trees .21 .11 .043 < Pi < .177 -
none .18 .15 .073 < Pi < .227
Channel type - -93.1 - o S
_meander .69 S .48 - 2377 < Pi <..583 -
braided .16 . W51 «407 < Pi < .603 +
- bedrock .15 - .01 .002 < Pi < .018 -
Bank composition : e : ' '
. ved. .59 - .72
bed-rock .16 .01
rip-rap .03 ——
snag .08 . - -—
cobble .05. .13
mud .08 .14 o
Loafing site avallablllty 73 .55
0/10 m .53 .19 .109 < Pi < .271 -
1-3/10 m .23 .22 .135 < Pi < .305
>3/10 m .24 .60 «499 < Pi < .701 +
Proximity to human activities 45.87 L . o
adjacent. .08 .07 ‘ .015 < Pi < .125
hear .16 .24 .148 < Pi < .332
awayracc. .15 .36 .257 < Pi < .463 +
away,ina. .61 .33 .229 < Pi < .431 -
Human use of the area . .90.9 ' ' -
none .77 .78 ‘
little 23 .19
moderate —=- .02
heavy —-—— .07

e S y—————T
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Table 18. Morphometric measurements of dralnage ba51ns 1n
the Teton Range.

—__.-___-._.__-_—-.__.__.-—_.__._.-.-_.._....__...--_..__._—._.__——.___._..____._._..__—.._.__.._._.

upper-..

Stream o Elevation ~~ .Area - ‘Length ' -Slope
: (m above. - (km) (degrees)
sea level). (km2) BT
Granite Creek 2110-2367 = -'35.45 3.9’ 3.5
no.fork ' 2410-2745 | J 4.0 4.8
- so.fork ‘ 2410-2867 3.9 6.5
Open Canyon 2123-2684 12.53 4.0 8.0
Death Canyon 2023-2666 33.29 6.1 5.8
Taggart Creek 2105-2660 ©  14.47 4.1 7.8
‘Garnet Canyon 2142-2928 6.78 3.4 13.0
Cascade Creek  2069-2361 42.43 7 6.2 3.0
no.fork 2361-2756 - - - . » 4.1 5.7
s0.fork 2361-2879 - 4.8 6.3
Paintbrush Creek  2097-2879 S 11.13- 5.2 8.6
Leigh Creek  2097-2806 ~  23.23 9.6 4.3
Moran Creek 2065-2391" . 43.95 6.6 2.9
‘no.fork 2391-2928 4.3 7.3
s0.fork © 2391-2806 4.4 5.4
‘N. Moran Creek 2065-2306 24.53 3.8 3.6
no.fork 2306-2928 : 2.9 12.3
so.fork 2306-2830 5.3 ‘5.8
Waterfall Canyon  2065-2928 11.76 4.9 10.0.
Moose Creek 2062-2086 - 63.30 2.7 .5
canyon 2086-2269- : 3.2 3.3
pench 2269-2333 3.1 1.3
upper 2333-2916 7.0 4.9
Berry Creek 2058-2074 92.62 2 .3
canyon -2074-2178, L 4 2.0
bench 2178-2190 1 .3
upper 2190-2952. 11 4.0
owl Creek 2196-2257 31.44 4 .9
2257-2798 S

(<))
. .
=
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