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' ABSTRACT

Aspects of the ecology and behaviour of a breeding
population bf Dippers were éguAied in 1975 and 1§76 within
the Eastern Slopes of the Rocky Mountains in southwestern
Alberta. Major émphasis,uas"placed on éxamining nest.site
‘distribution and selection, fdod‘avaiiability and use, and
the distribution and function of territories.

The breeding-populatidn on_41 %m of gtream'waans in
1975,‘and‘43_in 1976 of which 71 and 81%, respectively‘ueré
colour-banded. ' Sex ratios ve¥e eqdal throughout fhe
breeding seasoni

qean clutch size was 4.3. Fledgiﬁg success was 1.04
and 1.38‘young’per adult im 1975 and 1976, réspectively.

'.As the result‘éf‘juvedile rortality and diépersalrno
young produced in 1975 returned-to breed on the study area
in 1976, aifhough one was observed to breed upstream of the‘
study area. Annual adult mortality was 56%.

Dispersion of Dippers was obsefved to be ciﬁmped
throughout most of -the breeding énd pcst-breeding season;°
Associatidns were a result of the momogamous, territorial
breeding sygteP during much of the summer, hdwever; some

*,éost—breedingi;sSociations involved moulting residents and
‘juveni;es. Late fall clumping was associated vith‘iater
that femained‘open during the winter.

. . N

The distribution ofi;est sites was irreqular and

frequently clumped because of the nature of nest site

R L4
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requrremans. Several characteristics of neét sites were
exaningd and sites used were in general noisief, on sfableF
i | .
substrate, less accessible and closer to fast wvate: *han :
nests sites that were not used guring this study. Twentthwo‘
artificial nest .sites were‘created, half with nest material
and half uithout; Dippérs selected.traditionél sites over
the‘artificial Qnes, although two a}tificial sites did
attract Dippers. Nest h.cerial was not a cue to Dippers in

k]
. ~

nest site selection. Nest site use was shown to depend also
upon site fidelity of previous occupants, timing of arrivél
on the study area and extent of es?abiished terrifories.

FPood levels, based on samples‘of benthic organisnms,
were highest ¢ the'finv'of arrival'énd the time of peak
feeding of nestlings. 5¢t o mach conteﬁt analysis*inaicated"
that Dippers fed upon t.e larger,‘more"cpnspichous stream
botlon invertebrates. Dippers were showh to have a number.
of- foraging maneuvers and that‘fhe use of such maneuvers
varied between pairs in different "territories and with
iAdividuals.

Sizes of territories ranged from 670 to. 3910 ﬁ long.
Hean sizes on different streams‘différed- 1406 m on the |
Sheep River, 1473 m on Gorge Créek and 2070 m on. Dyson o
Creek These terrltory sizes were 31gn1f1cantly larger than
other terr;to;1es reported for the American Dipper.
Tertitory size was not related to mean food biomass at

N

stations'sanpled within, the territories, nor to features ot



stream morphometry.

Removal of recident pqirs on parts of the Sheep River
resulted in replaéement by more than the original humber of —

: N —

residents. These replacement individuals were capable oﬁ
breeding. . The criteria necess;fy to show the occurreﬁce of
a non-breeding surplus, excluded fronm bréeding through
cocial behaviour of residents, are disqusséd{, A case is .
made for provision of extra nest sites and f;}aging habitat,.
in *+he event of floods, as nltj@ate tdctoréﬁéahsing the

eve ution of this so.:al be.>viout mevtanism which

dctermines breeding population nuwrieis.

b
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"You cannot step twice into the same river; for fresh waters
N\

are ever flowing in upon you."

From Plato's Theaetetus

vii -
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" INTRODUCTION

The Bird

The ‘American Dipper (Cinclus mexicanus) has had

enduring appeal for naturalists because .of its remarkable

association with fast-running mountain streams, waterfalls,
. . \ e

\

and rapids (Muir 1894). Other passerines such’ as Winter

"with streams; however, none has the restricted habitat, nor
the specialized aquatic) habits characteristic.of the
American‘Dipbef (Thomson 1964, Sullivan 1973) .

.The Americén Dipperlis the only North American
representative of the monogeneric, family Cinclidae. This
'fahily, holarctic and neotropical in distribution, includes

four species according *o Greenway and Vaurie (1958). The

distribution‘bf the European Dippér (Cipglus cinclus)
extends throughout Europe, to Central ASia,\tQ small regions
qf north-western Afriéa'and to southern slopes of the
Himalayas'(Demehtiev\and Gladkpv 1954, Peferson et al;ﬂ

1967) . Some overlap occurs in the Himalayas between the

4

distributibns of C. cinclus and the Brown Dipper

"

(C. pallasii). The latter species is also distributeé

throaghout north-eastern Asig éﬁd into Japan. Several

subépecies of the White-capped Diéper (C. ;ggggggggglg§) are
2,6

found in the Andes of South America (Crandall 1952, ‘Greenway

?
and Vaurie 1958). Although Greenway and Vaurie (1958)



consider C. §gég;£g; to Pe a subspecies of C. ;_ggggggﬁglg§,
1t mgy be sufficiently distinct in plumagg and‘have a
.sufficiently disjunct distributidn, in the mountains' of
northwestern ArgJentina, to warrant revival of the spgcies
Tstatus (Paul Handforévpers. comm.). .The AmericaE:Dipper is
confined>to the mountain ranges of western North %nd Central
America, occurring from Alaska to Guatemala (Bent 1948,
A.0.U. Checklist 1957).

All species of g;gg;g§‘are closely associated with
clear, rapidirunning, rocky mountain streams and rarely with
-cleér lakes near such streams.(Ben: 1948, Balat 1962,
O'Keefe 1974). This association with mountain streams (
indicates the probable path of expansion of the famili from
a Palearctic origin, along mountain chains, to the.Nearctic
by crossidg the Bering Strait. Therefore, it is not -
surprising that‘this genus is absent fronm apparently
suitable® habitat in eastern North America and bentral
Africa; these two regions are separated from areas inhabited;
by Dippers by vast~stretche§ of mountainless country (Barden
1941) . A o

Similarities, thch appear to be adaptations to similar
) habitat, éf&sf amony the Cinclidae in roosting and nesting
habits (Hann 1950, Hewson 1967, 1969, ‘Sullivan 1973,
Sunqﬁist 197¢6) , lo¢opotion (Béovnlov 1949} Jones and king
1952, Goodge 1959), courtship behaviour (Rapkin and Rankin

1940, Bakus 1959a, Sullivan 1973) and foraging habits (pagps

1959a, Pastukhov 1961, Mitchell 1968f. Several of these
H - /



Similarities are discussed in some detail below.

» i
-

Dippers are assumed to be non- mlgratory in habitat
where streams do not f)eeze over dur&ng the winter.

However, considerable portions of the streams, used during
v

the breeding season are frozen over and as a result

.

"scattered ulnter movements have been hYpothesized and

documented: altitudinal shlfts to lower, more open streanms

(Bakus 1959b, Balat -1962, Klng et al. qu3 Sullivan 1973,

Price 1975) or even movenments from one coastal region to
anothér by Eur&pean Dippers (Andersson and Wester 1975).

Shortly after Dippers return to the breeding areas in
early spring, they establish territories alohg the stLéam.
In most cases Dippers are‘qlready matell when they return to
the breeding territory (Sullivan 1973, Price 1975). The
pair remains entirely within the territory during the
breedingjseason (Hénn 1950, éakus 1959a, Sullivan 1973).
They forage in, above, and t§ some degree along the banks of
the stream, eating aquatic insects, both adults Shd

immatures, and occasionally other invertebrates and small

fish (Hamnn 1950, Bakus 1959a, Mitchell 1968, Thut 1970,
$

. Sullivan 1973).

Nests Jre generally placed on rocky ledges, .or ledges
belév bridgés; directly over the vater (Muir 1894, Jost
1970, Sullivan 1973, Price 1975). Sullivan (1973) describes
the duration of the periods of the nesting cycle, from nest °
building to fledging of the young. After the joung fledge ‘\\\
they are fed by the adults for up to 2. weeks; once ’

o



Lndependence j¢ achieved, many wander over considerable
|

distances in the autumn (Price 1975) .

’

Physiological and morphological adaptatiogs Or Dippers

&

" to an ,aquatic habitat have been studied by Crisp (1865),

Balat (1960), Goodge (1959, 1960), Jones ahd‘King (1952),
and Murrish (1968, 1970a, 1970b) . These studies conclude
that the Clnclldae s how considerable convergence with other

aqoatlc birds. , J
Subspecies present in mnost of the mountain ranges of western
United States and Canada (aA. O\U Checklist 1957) Its
entire body is slate grey with sllght brownish tlnges about
the head ang neck; this colouratlon makes the birds

. difficult to see against rocks/ along streangt Thcse Dippors
are 17.5 to 21.0 cn long, weigh from 4g to 67 g (Appendix
1), have chunky bodies, and aAshort tqilvthat;is frequently
tilted upwards, somewhat like a wren's. pense, compact |

plumage provides insulation and also sheds the cold water in

which the bird is frequently sSubmergeqd.

o~

Ihe_objectives
Early accounts of the breedlng biology of c. E§£££§22§

were largely anecdotal (Mulr 1894 Henderson. 1908, Cordier
1927 Ehinger 1930, Steiger 1940). Hann (1950), in
Colorado, presented the first thorough investigation into

) , o
;cs nesting behav1our.‘ Eakus'g1957, 1959a, 1959b) studied

_:‘]_.



! movements, territoriality, population densitys, and general
life history of the species in western Montana. FProm
observation of 24 banded,indfviduals, 9 of which were
regularly observed, Bakus was‘aole to demonstrate
altitudinal shiftd by individuals in the late sdmmerrand
early fall.and also tovdetermine the lenoth of stream used
as breeding *erri+ories. ‘Sullivan (1973) descrlbed the
ecological and behavioural adaptations of the Dipper to its
equatlc environment, based on ¢ Years of fieldwo;: in
ues*ern Montana and additional observations in southern
Oregon and ‘nort! ~rn Utah.

More recently, Price (1975) investigated the population
dfnamics of the Dipper-on a streanm running through Boulder,
Colorado, and determined the effect of a numbep of'habitat
and social parameters uoon Dipper d{stribution throughout
the year. He discovered polygyny among a few birds during
all 3 years of his study and related the occurrence of
poLygyny.to the'oistribution of availaole nest sites (Price
and Bock 1973). cConcerning the distribution and numbers of
breedlng Dippers, Price concluded that several major factors
were interacting to affect +he Dloper population: number of
survivors fr;m the previous year, nest site quality, nest
site d1cpersxon, food availability, terr1tor1a11+y, and
weather. Sullivan’(1973) had implied some of these

relationships in his study, but did not present adequate

quantitative evidence.

/



Price ({975) did not consider 1in depth the features
involved in nest site selection, variability in tood
availébility, the diet of breediﬁglbirds, nor did he
értectively test the importance of territorialiiy in

preventing Dippers from breeding in a particular area. I
felt that‘an investigation of these factérs vouid be . of
value in interpreting the gehe#ai.applicab;lity of the .
conclusions of Price (1975) and Sulliyan (1973).

n

Most studies of breeding bioiogy of the Cinclidae have
been on populations where over 50% of the nests were '
situated on man-made structures (Bakus 1957, Balat 196@,
Hewson 19671'Jost 1970, Sullivan 1973, Price 1975).
Investigation of a population in an area where such
artificial structures were'ﬁot used would provide
éomparative dafa to interpret more clearlyﬁthe breeding
requirements, particularly of nesting sites of‘fhis species.

My objectives uérevto-(i) assess the avafiability and
use of natural nest sites in a rive£ system where man-made

: g .
structures were present‘but not used, (2) record the
availability of food, its actual seiection by Dippers, and
the bghavioural responées that may occur aé a result of
;%anging fobd_availability and individual rtequirements, and

(3)hdetermine the effectiveness of social behaviour in P

g . . ¢ ) L .
preventing Dippers from breeding in a particular area.
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STUDY AREA

To date, this Study is the first intensive
investigation of the ecology of the American Dipper in
Candda (Fig. 1). Like most North American studles of

Dippers, the uork was uudeLtaken on the eastern slopes df

)

the Rocky Mountains. The site is located about as kp
southwest of'Calgary,_Alberta.

All the streams in the Study, area flowed out of one
8
dralnage basin. At the upstream ends of the study area,

intervening heights of land and unsuitable breedlng habltat
‘1solated the population. Dlppers were found nesting 2 km

downstream of the study area, and additional pairs were
: \
found nesting even further downstgpeam. No 1nteractlons were

observed between these birds and Dippers ‘in the study

Population. < : ; | Y

The study area consisted of 17 km of the Sheep River,

i

8 km of Dyson Creek apd 10 km of Gorge Creek (Pig. 2).

[}

R

Dyson cCreek emptleahzﬁfa‘{he‘Sheep River at the downstream
end"of the main study area, whereas Gorge éreek entered it
about 2. 5 km upStream from Dyson Creek. The lowest 2 km,of
Cliff, Junction, and Bluerock Creeks Yere used by breeding
Dippers, so were included in the major study area; however,
none of these streams was investigated as thoroughly as the
Other portions of‘the intensive study area.

This study area was suitable for many reasons. First;

‘the R. B. Miller Biological Station, located near the center
]

of the study area, gave €asy access to the Streams. Second,






Pigure 1.

Distrihution of the American Dippert Locations
of recent studies: B -Boulder, Colorado (Price
1975) ; M -Missoula, Montana (Bakus 1957,
Mitchell 1968, Sullivan 1973); S -Sheep River, -
Alberta (this study); T -Trinity County,
Californ&a tM.' Corilee, pers. comm.).
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Figure 2. Map of the study area in southwestern Alberta.
The main study area is cross-hatched and the
peripheral study area is encompassed by the
dotted 1line.
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banks, Fxtensive fires in +!.= 1930's burned much of the

12
|

the density of the pdpulation uas'similar to that pf two
other populations studied (Sullivan 1973, Price 1975).
Third, there was the opportunity to comparé tributary and
main river populations (Fig. 2). Lastly, the ingabited
section of the'Sheep River was sufficiently long to provide
control and experimental areas for manipulation of the
Dipper population. \ -

Human disturbance in the study area was negligible.
The nearest town, Turner Valley, was 25 km east of thé
downstream eqd of\the intensive study area. This'ig in
sharp contrast to other study areés (Balat 1964, Sullivan .
1973, Price 1975) where there were habitatioms,, dams, or
water treatment plants along ?r near the study area, and
numerous bridées over the 'streams. | |
| The climate of the upper Sheep River isAtypicql of the
eastern slopes of the Rocky*Mountains; it tends to be
variable, but is typified by cool, moist, short summers and
long, moderately cold winters with considerable ~ .
precipitation. Frost has been recoraed in every month of
the year, althopgh itkwagﬁrare during the summer. Thgs,
climatic regimé is similar to {hat describéd for other North
American study areag (Sullivan 1973, ?rice 1975).

The vegetation of the study area consists primarily o.

coniferous trees, although aspen (Populus tremuloides) and,

particularly, low shrubs, such as willow (salix spp.) and

alder (Alnus crispa) are orften presént along the sfteam
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»

=limax white spruce (Picea glauca) forést within the
watershed of the study area. This explains the present
vegetative cover of uniform dense forests of lodgepole pine
(g;ggé contorta). Relict stands. of sbruCe forest aré found
along the banks of certain sections of streams. Therefore,
there are differences in vegetative cover along the banks of
parts of streéms. These differences are important
considerations for assessing cover available to the Dippers,
from both living vegetation and resulting aebris.' A
detaiied descriptiop_of the vegetatioé of the pine forests'
of the study area 1is provided by McCourt (1969). The mixed
. forests are described by Boag and Sumanik (196?). v
The lower 4.5 kn of the Sheep River pass ;hrough
moderately high (25 - 100 m) loose shale canyéns. The qext
4 km flow thrbugh:several lower and shorter'canfons of |
predominaﬁtly solid shaie—éandstone composition. The upper
7.5 km pass between moderately high, wooded slopes with-
frequent sandstone outcrops; the only canyons here are
. ¥
narrow ones of moderate height in the uppermost kilomeier of

the study area. The width of the Sheep River, within the

intensive study area, *s from 1 m to 50 & and averages about,
15 m. The depth varies from 0.2 m to 6 m. The bottom type
ranges from fine shale gravel to rocky boulders occasionally
larger -than 1 m inddiaméter.,

Tﬁeifirst km of Dyson Creek, upstream of its mouth,
passes through a moderately high canyon of unstable shale.

The fhext 2.5 km pass between high, steep slopes; the

Al
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N e

soufheas£ sides of these slopes are frequently composed of
unstable shale or sahdstone, and include many outcroppings.
The upper 13.5 km pass mainly between densely wooded, steep
slopes. A few regions -of rdcky outcrops and 1low, |
c&iff—walled banks are rfound, but the majority of the banks
af? low, flat, wooded shelves several meters from the
slobes. The width ranges from 1 m to 15‘m, and averages
about 5 m. The deéth varies from 0.1’mAto 2 m and bottom
type is mostly'smootb, sandstone rubble ranging from
gravel-sized rocks to boulders about 1 nm iﬁ diameter.

The first km of Gorge Creek, upstréam from the Shekp
Riyer, passes {hrough moderate canyoné g15 - uO m high) of
fairly stabie_é%ale. The nex% 3 km of stream pass between
numerous types of bankg. ‘fhere are #ome loose shale éliffs,
but very few of these %p;m narrow canyons. Outcrops of
sandstone '‘and stable shaié are frequent along tﬂe generally'
low banks which in turn are fianked by steep slopes. The ’
next 8 km passes through more open habitat with low banks
and frequent meadows alongside the stream; in addition!
there are infrequent stable and unstable sandséone or shale
outcroppings. The uppér kilometer of streanm pas§%s betveen
slopes. of unstable shale. The.width varies from 0.5 m to 12
m, and averages about S m. The depth varies;from 0.t m to
2.5 m.” The bottom type is generally éomgosed of smaller
rocks than the ofher streams of fhe study area. Most of the

&

gravel is shale, although there are stretches of sapdstone

rubble. On some of the stretches, the rock diameter is up



15

to 0.3 m. ‘

Other‘streams visited were Coal, March, Burns, Ware,
and Mist Creeks,. as well as upstream and downstream portions
of the Sheep River (Fig. 2). I searched these streams for
banded birds wandering from the intensive study area,

additional breeding Dippers, and n&s;s.

~
~
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METHODS

-

Field studies were conducted over two breeding.seasons:’

to 22 October, 1975 and b April to 8 September,

A

6 liminary work during the’'summer and late fall of

19 .4 ~1 a few data on population density, nest
1l cat. n  Dbo .viou of the Dippers. Winter |
tgbser"xm- - made on J?cember 7? 1975 and from February
2+ to 27, D e 3o
Mos™ . 1. ‘ippers anu a majority of the nestlings on_
the study arec -e ba led -ith Tndividual éombinations of
co;oured leg-bands (Appe..dix ). It wvas neceséary to

distinguish individuzls to obtain accurate counts of the
number ofCBippgrs on the breeding area, to determine
movements of individual birdé, to be certain of the number
of fledglings from each nest, and to know the identity of
birds holding territories. -I used misf‘nets across the
streaﬁs (Sullivan 1973) to catch the adult Dippers. In 'the
épring of 1975 there was a period of high water that halted
nétting attempts on portions of the study area; as a result,
some breeding birds were not banded until late in the
summer, while others were ;Lver banded. A few females were
caught and bandedfvhile they were incubating eggs or
brooaing young. One fe;Ale deserted during my f;rét field
season;,épparently as a result - -of this treatment. No

desertions as a result of qsing‘this procedure were reported

by eitHer Price (1975) or Sullivan (1973).
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Nestlings and adults were banded with a metal, numbered
band ;gppl&ed by the q‘nadian Wildlife Service and coloured
plastic band (s) (A,.Hughes Regd., 1 High St., Hampton Hill,g
Middlesex, TW12 1NA). Instructions from the Canadian
Wiidlife Service étated that colour banding of the Dippers
should follow a séquence: initially Qhe colour band placed
on each bird until all pombinations of band coldurs, on
different legs-and in different positionmns (above, beléw, on
opposite legq) relativelto the metal band, '‘had been
"exhausted. Subsequentiy two and;fhéﬁwiﬁfééﬁEBIBfogands per
gird were to be used. The firét 36 birds were banded by
this method. But, because loss of b&nds, as reported in
anoéher small aquatic bird, the Red Phalarope (Phalaropus
fulicarius) (Doug_Schamel pers. comm.), could 1ead to
incorrect identification, I banded all subsequent birds with
three colour bands. However, recapture of several Dippers
in 1976 revealed no loss of bands. I refer herein to
Dippers by the last four digits of the official band numnber. '
During this~s£udy I banded 190 Dippefs {Appendix I). Band
combinations of birds observed on the ctreams were

i

determ}ned usually with a pair' of low-powered binoculars or
a 15;power Bushnell spotting scope. |

Male Dippers are indistinguishable from female Dippers
in the'field. only females incubate (Sullivan 1973);
kherefore, oﬁservation of a banded bird incubating or

bearing a brood patch permitted subsequent identification of

that individual as a female, and its mate as a male; Some
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Parrs could not be observed luring the incubation period so
that another method of determining sex vas‘required. W1ng
lengths, tarsus lengths, and body velghts were found to be
different for the two sexes (Appendix IT). Therefore, tge
sex of Dippers could be determined in the hand.

. The reproductive éuccess of sach pair of Dippers was
determined by periodic checks of all nestsf These data on
production were necessafy for analysis of n;st‘site
selection, and for comparison with other studies. For each
nest used by Dippers, I recorded or estimated: the dates of
nest construction, laying, hatching, and fledging, as well
as clutch size, hatching success and fledging success. ‘Some
of the nests were easy to reach. Other. nests could only be
approached using roék-climbing equipment, ladders, or a wet.
suit. A few nests were completely inaccessible. -

Censuses of the main sthdy area were carried oﬁt_during.
the spring, la*e summer, and fall to determine ;}e location
of resident Dippers and the occurrence of transients. In
5975, the spring census involved frequent stops along the
streams to catch individuals and band them; this resulted in
an incomplete census at this time. Periodic censuses of
adjacent.streams (Fig. 2) were also made. Censuses were
accomplished by: walking or wading along the stream;
searching overhanging végetation, rock ledgeé, and'hnder ice
ledges for hidden birds; and fdllowing birds that flew past

until identification of bands could be made. This proéedure

was the same whether one or more workerc ' part in the
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cansus. Becauée of the possiﬁility of some Dippers being
missed 1t they were temporariiy on any of several small
tributaries Qntering the main streams, T reqularly searched
these tiny tributarfes“for Dippers, p&rticularlf when known
reside v could not Beilocated.' No Dippers uéré obser;ed
more than 50 m upstream on such,tn%butaries. I am confident
the censuses were accurate counts of'Dippers bresent on the-
streams during the censuses. o | ‘ I

In;ecofded the time, locatién, and activity for every
Dippef'ébserved; whether 1 was‘bohducting a census 6% not.
The locations were e#pressed as the estimatea nearest 10 m
division én the stream. This was done by locating on an

' [

aerial ﬁhotographhthé/poiht where the bird was sighted and
comparing thié to a map with lineér scale diviéions of 100 m
along ghe St?eam. 'For each bapéed bird, an individual
hiétor; sheet was maintained that included the date, tinme,
activity, map location, and cohments for all observations.

The total number of breeding Dipperslon the main study
area was deterpined by a diréct count of birds using nests.
In 1975 some of the pairs were not discovered until af%eg
several days of incubation, or even after hatéhing;
consequently, only 4n estimate of breeding numbers could be
made that year. An accurafe count of all breeding Dippérs
could be made in 1976, because all”ﬁest sites Qere known and
there was greater success at banding. All Dippers found on

the study area, but not observed to attemp* to breed were

recorded and counted as transient birds.

’
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Nes* sites were located du}ing each census;‘théir
locations mapped,” and their distribution determined. I
‘recognized three types of nest site based.upon thelir use by
Dippérs: used sité; where Dippers built complet; négts and
continued bfeeding efforts; unused sites where Dippers built
complete or incomplete nests that were subsequently ‘
ébandoned during my study; unused sites uheré Dippers had
nested in the past but not during my study;

I measured a series Qf physical characteristics at each
nest site, in an attempt to dotermine what fa\tors Dibpers
were responding to in their ¢ .ce of sites. Noisé, height
above watep,‘accessibiléy} to ma:malian'predat rs, ,
conspicuousness, nearness to‘fa51 vater, and protection from
wind and precipitation'were féatures gonsidergd'of possible.
importance fo‘Dippeié (Muir 1894, Jost‘19JQ,/Sullivan 1973,
Price 1975). I devised gn ordinal scale fog/éach of igveral
features (Table 1). VNoise was assqssed by/étanding\anthe

/ . o~

bank opposite’ *he nest site. Accessibili#y was estinmated as
) ‘

the difficulty a poténtial mammalian pr% ator iould have in -
trying to reach the hest. Conspicuousqéss was rated from a
position'opposite the nest.. The‘amoun; of overhang (rock
ledges or vegététibn) was an estimate of lhow well the nest
was protected aéainst wind, rain, and ex&essive sunlight.
Water depth below the nest was estimated leither directly
below or nearhy for nests not directly over water. The
distance f:om‘the site to nearest fast water was estimated

y

for each site as the approximate distance to a rapids,
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falls, or narrow chute. TheIStability of the substratum was
dsse§$ed'by the firmness of the ledge and surrounding rocks.
Nest site characteristics were determined duriung the early
spring or late fall - tihes at which stream conditions
apptoiimated those existing when nest site uere'assuhed to
be selected. | | |
~I wanted +o test the relative importance of nest site

availability oﬁ numbers and distribution of breeding
Dlppers. In 1975 1 created 11 artificial nest sites, on
jeach of Gorge and Dyson Creeks, by chiseling ledges and
‘fovethngs out of rock facesvthat appeqred to fit into the
range of sites'chosen_by Dippers. These new sites were
spacéd on the creeks so that there was one new nest site
within 100 m of a site used by Dippers im 1975 and also one
" new nest 51te halfway between each site used in 1975. These
lat+*er art1f1¢1al 51tes ranged from 140 m to 2 km from the
traditional sites. I con31dered the occurrence of an old
né§t in a nest site a possible cue for Dippers selecting a
"safe" nest 'site. Intact nests are evidence that the site
had not been flooded and the nest washed away; the site
probgbly had not béen visited by a predator,‘othervise‘the
nest probably" wolld have been in pieces; and the bank was
‘stable,“that is, falling rock had no* co;ered the nest nor
had the ledge collapsed beneath lt- In the fall of 1§75, I
removed all nest materlal from sites used that year on both-
creeks and placed these nepntire" nests in all the artificial

sites on Gorge Creek. ThlS latter manlpulatlon was designed

[
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to test the 1mportance or *he nes+* material as an
attractant. Tn 1976 natural and artiticial n-st sites were
trequently checked to determine their usage. A nest box

(Jost 1970) was placed under a bridge over Gorge Creek and
‘i«r\ o

.also supplied with parts of a nest. 'Numerous campers were

present and éuite ac*ive nearc the.bridge, so the probability
ot Dipper use of the nest box was minimal. This %atter
efrort did serve to provide an example for comparison with
other studiés. |

As an index oflfood availability within the study area,
I sampléd (in 1976) the stream bottom fauha at a’ series of

stations in the She%@ River, Gorge and Dyson Creeks. I used

. a Surber sampler (Surber 1936), with a mesh size of 1 mm, to

A

obtain a qudntitative estimate of productionrof

invertebrates in shallow (10 “o 25 cm) éortiohs of the
) : Y

stream: ‘ ‘'Teas sampled were, at some time, used by

foraging . S. The sampling procedure consisted of

scrubbing and stirring the substratum, within the sampler's

1-foot square frame, to a uniform depth.of about 3 cm. The
samples.were t@kén'randomly at egch station, within a 5 to
10 m "gth of streanm.

ples wére taken three times during the breeding
season.® During the first sampling period onl!vfour samples
were taken.at each of the stations which ﬁere all on the
Sheep River. During the latter two sampling periods ‘all
tﬁree streéms were sampiéd~and eight samp}es were taken per .

station. The number of samples/s*tation was increased during
I

!
§
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the last two sampling periods because by making a number of
cumulative samples at a station I shourd have Leen able to
more thoroughly sample the diversity present (0dum 1971: 150)
‘ana increase my cénfidencg in qpmpéring dif%erent stations.
In addition, I sampled at fewer stations iﬁ order to cover-*
all of the streams in as short a period of time as possible;
this reduced the likelihéod of making collections during a
major, insect emergence periodland‘thus biasing inter-étation
comparisons. | | L | .

The Surber sampler ﬂas several disadvantages as a
quantitative sampler of streanm beq}hos (Neédham and Usinger
1956, Chutter and Noble 1966[’Chu£ter {972), however, for
‘the purpose of this study, and othefs (Sullivén“1973, Price
1975) *he Surber samplef gives a éuitable index of biomaés
for comparative purvoses. These quantitative bbttom samples
also proyidé an iro » of flying insects around the stre{m,
because the majority of such insects have their immature
stages iﬁ the water (Hartland-Rowe and MacDonald 1961).

The stream samples'were>stored in 70% alcohol
immediqtgly after they were obtained. Invertebrates were
separated from gravel and detritus using sugar flotation
(Anderson 1954Y), and sorted into tazonomic and size
categories to determine the diversity of invertebrates énd
the range of ‘size classes available to Dippers. Samples

from each station were then oven-dried for 12 hours and

weighed Eo the nearest 0.0001 g.
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In order to compare the fauna in the streanm samples
.WMith that sampled bynthe Dippers, I examin ! the stomach
cdntents of ©ix Dippérs removed from the - udy area. A
forage ratio was determined, fér taxa found in Dipper

stomachs,/in a similar manner to that of Mitchell (1968).

<

Eacl year I monitored fluctuations in the water depﬁh
anq turbidity of.Gorg% Creek and the Sheep River. As
fgrther ;nvestigation into the parameters likely affecting
use of the streams by Dippers, I classified features within
each 109 m section of the stream travelled during the early
fall census (Table 4) in 1975. 1TIn addition to searching for
Dippers during {his censius, f'estimated: percenfage of
.Stream ba;k éovered by vegetation; abundance of exposed
rocks, cover for.the birds; proportion of “Aifferent
morphometric‘types in the stgeam, that is, channel, riffle,
or pool; and availébility of cliff ledges suitable for nest
sites. This last estimate was considered the nést»site
potential for a' stretch of s+rean.

| Detailed observations of fhe activity otf six pairs of

Dippers were undertaken in 1975. Three of these pairs were
observed much more f:equéﬁtly than the others. In 1976
Observ. _.ons were continued on three pairs. Varying amoqpts
of time were spent on each péir as a result of occasional
tourist and camper disturbance. - dne could frequently deduce
what Dippers had been doing or would be doing by their
pehaviour upon réturning to or leaviﬁg<from the nesting

n

area. Consequently, the majority of the observations took

K]
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place from locations within sight of the nest. Dippers were
@asily disturbed or los* from sight when attempts were fade
to follow them and to obtain coﬁtinuous records of their
activity. As a result, additional observations werc made
from predetermined points from which the activitie- of birds
could be recdrded as they moved into *the Qisible-porfion of
stréam. Observations were made throughout the day to
attempt to determiné any changes in activity over the day.
OBservations of acfivity'were recorded on tape or
continuously recorded on data sheets using coded symbols for
various behaviours and ioéations. The taped observatioﬁs
were transcribed-intoifhe same format as the written
observations.- The type of activity was recorded every 20
seconds and changes of activity during the interval betwéen
each of ‘these points were also recorded. Wiens et ai.
(1970) describe a siﬁilar procedure for‘recording activity.
- The emphasis is placed heftein on the fofaging activities and
locations, in an attempt to determine the relationship
between feeding and habitat structure.
Dippers maintain breeding territories by a var}ety of
. means: singing, chasing of intruders, and aggressive
postures directed towards intruders (Sullivan 1973). I
" estimated the length of their breeding territories to
determine whether territory sizes and, indirectly, breeding
numbers were influenced-by paraﬁeters of food abunda&ce,

nest site availability, and physical structure of the

strean.

s
B
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T attempted to determine territory boundaries by
watching interactions between Dippers in adjacent
territories and by trying to force interactions by chasing
neighbouring individuals together. This techniqueais
recommended by Price (1975), bﬁt unfortunately was rarely
possible duringvmy study. TInsteaq, Iudetermined territory
size by chasing resident Dippers upstream and downstreanm
from their nest site untll they reached a point fronm thCh
they wvould fly in the opposite dlrectlon past me. If the
Dipper flew past a chaser from the same point at least three
times, then Price (1975) felt this point representéd fhe
boundary of rhé territorys I followed *hls procedure and
usually recorded con51stent "fly-backs"™ at presumed
boundaries. In several cases, I was able to compare these
resPonses with observatlonc of terrltorlal 1nteract10ns .and

the two methods were in agreement. Some birds were chased

° E
»

only once to each boundary, but in these cases it was
apparent that *he flying back was not a response to an
abrupt change in’ "the topography, nor was it a response to *an
opening created when I did not follow the bird Closely c
enough. ’ C

Dippers were removed from two portions of the Sheep
_ River study area in 1976 (Fig. 3). This removal was
designed to deterﬁine what effect tﬁe creation of vacant
habitat might have on adjacent birds and whether the space

would be reoccupied by non~territorial Dippers as indicated

by Price (1975) . As soon as Dippers began bdildiﬁg nests in
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Figure 3. . Map of tnat part of the Sheep River located in
“the main study area (Fig. 2). Cross-hatched
areas indicate locations where individuals
establishing territories were removéd in 197s.
Nest sites that were used were located on the
streams adjacent the nanmes.
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the removal areas, T renoved these birds by netting OE
shooting. Subsequent occupants also were removed as soon as
they began nest buildinq.. The possible outcomes for this
exberiment were: change or no change in the behaviour of
adjaéent territory holders and occupation or no occupation

of the vacant habitat by newcomers.
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RESULTS AND DISCUSSION

Stream_ Environment

Relatively few avian population studies have céntered
on riparian-dwelling species, so that this type orf habitat
and the abundance and availability of reso&rces required by
such birds has not reaclied widespread familiarity.
Therefore, it is necessary to exahine the resources
potentially affecting the numbers and distribation of
Dippers within a population. The stream environment is a
dynaﬁic one; fluctuations in Qater conditiong (turbidity,
depth, velocity) cause changes in foraglng maneuvers by
Dippers (Sullivan 1973, this study) and affect the success
of nests (Sullivan 1973, Price 1975, this stady).i The
structure of the s*ream banks determines the abundance and
availability of nest sites because of the type of n=st site
selected by Dippers. - The abandance of vegetation and rocks
along the banks dete}mines the amount of cover available,
tor these birds restrict their activities to the streams.

*Water levels and flow rates im both Gorge Creek and the
Sheep River fluctuated considerably during the seasons of
1975 and 1976 (Figs. 4, 5). Because spring runoff caused
noticeable increases in water depth as a day prog;eéséd; all
measufemenfs were taken at the same time and place each day

for the 2 years. 1In 1975 the highest peaks were as much as

100 percent higher than peaks at similar times im 1976
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Figure 4. Daily readings of water depth in the Sheep River,
: 1975 and 1976. Depth recorded in the evening
from a fixed depth gauge.
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Figure 5. Daily teadings of water depth in Gorge Creék,
1975 and 1976. Depth recorded in the evening
. ’ from a fixed depth gauge.
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(m;E—June to early July). Unhtil the end“of June, these
peaks 1n water leYel were the result of spring runoff fr?m
the snow-melt in the upper reaches of the drainage baéigf
The highest water levels occurred between 17 and'27 June,
and between 2 dndl10 July, in 1975. These two peaks
resulted from a combina+ion of late runoff and heavy rain
(9.8 cm and 2.7 cm, for the two peaks respecgively) which
fell éve: a 3-to-4-day period prior to the péék. In 1976
the only majgr peak'(bétween uvand 8 August) wgs after most
Dippers had'completed b:eedihg. At least three lesser peaks
occurred during the breeding season in 1976, each of which
affected stream turbidity but only one very low nest site
(Butterworf Chute lo. site, Fig. 3). Snow accumulation over
the winter of 195#—1975 was greater than in 1975-1976, yhiqh
éay explain the reduced effect of some spring rain‘storms in
1976 {exact amount of precipitation is not known for the .
latter period). In addition,  spring break-up occurred 3
weeks to 1 month earlier in 1976:than in 1975.

Strean turbidity fluctuated‘with volume flow; as, water
level rose, the turbidity increased. Turbidity readings
(Table 2) were obtained at the depth stations when water

.levels were recorded. Stream turbiaity a%fected the
foraging habits of Dippers (Suliivan 1973, +his study) and
at high levels probably affected the benthic fauna (Waters ,
1964, 1969). hGéfge Creék was relatively clearer'in 1976

thap in 1975 (X2 = 3.176; 0.10>p>0.07,. The Sheep River

also_had a higher proportion of clearer days in 1976 than in
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Table 2. Relative turbidity of waterv in the Sheep River and
Gorge Creek recorded at the depth stations in 1975
and 1976. - . .
- Days_(3) _
. , ‘ Sheep River _Gorge Creek
Relative Turbidity 1975 1976 1975 1976
Clear 41 (4d) 16 (27) 12 (l6) 26 (43)
Slightly murky 14 (15) 15 (25) 17 22y 7 (12)
ﬁodexately marky 4 (4) 11 (1Y) 8 (10) 5 (é)
Mucky f 1 (15) 3 (W 18 (23) 2 3)
Very murky 8 (9) o (10) 6 (8) 9 (15)
Muddy 12 (13) 8 (14) 16 (21) 1 (18)

TOTAL 93 54 77 60
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1975 (71% vercus 63%, résgectively} but this was not a
significant difference (X2 = 0.969; p>0.30).

Féa+ures Of *the stream bank are used as escape cover by
bogh moulting (Sullivan 1973, this étudy) and breediﬂg
Dippers. The availability of cover 1s heterogeneous both in
nature and distribution (Figs. 6, 7). Despite *this
heterogeneity, there is considerable cover of one type or
another available for the Dippers; %his contrasts with the
Situations in Colcrado (Price 1975) and Montana (Sullivan
1973) where such cover was largely~lacking.

The nature of the stream bed varied’along its course,
particuiarly on the Sheep River (Fig. 8). Thus a vafiety of
potential foraging sites exis+ted, each requiring different
foraging methods (sullivan  1973). The nature of the banks
was important in providing appropriate nesting and roosting
sites. Suitable nest sites were clumped in dis‘ribution
(Fig. 9). The character1<t1cs of suitable' roostlng 51tes
are qlmllar “0 those of nest sites (Hewson 1969, Sull%van
1973)'. Cinclids have been recorded roosting at nest sites

a . - B
outside the breeding season (Hewson 1969, this study). \ Thus®

the distribution pf these sites may be importdnf to su:vy<?l
of Dippers throughout the year. N ' \\

\
|






Figure 6. Extent of vegetative cover at the water edge

along the banks of the streams in the main study

r area. No data for the Sheep River from the

K mouth of Dyson Creek (km 0) to mouth of Gorge
Creek (km42.5). Units of vegetative cover: 0-
<5%, 1- 5-25%, 2- 25-50%, 3- 50-75%, 4- 75-100%.
The south bank is upper and the north bank is
lower in the figure.
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Figure 7. Amount of rock cover along the banks of the study
area streams. No data for the Sheep River from
the mouth of Dyson Creek (km 0) to mouth of
Gorge Creek (km 2.5). Units of rock cover: 0-
none: 1- poor (few rocks); 2- fair (several
rocks); 3- good (abundant rocks).
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Figure 8. Stream morphometry of the three major study area
.streams. No data for the Sheep River from the
mouth of Dyson Creek (km 0)- to mouth of Gorge
Creek (km 2.5). Categories:0- shallow (<0.5 m)
gravel or rocky beds; 1- shallow beds (>50%) and
shallow, fast channels (<50%); 2- shallow
‘channels (<1 m), pools and a few shallow beds;
3~ deep channels (>1 m), pools and a few shallow
beds; 4- deep channels, pools and falls.
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. S
Figure 9. ©Nest site potential and numbers of nests on the
three major streams of the study area. No data
. for the Sheep River from the mouth of Dyson
Creek (km 0) to mouth of Gorge Creek (km 2.5).
Classification: 0- essentially no suitable
ledges; 1- very few suitable ledges; 2- some
suitable ledges; 3- many suitable ledges; 4-
abundant suitable ledges. Triangles indicate
location and number of nest sites ¢bserved.

¢
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Population_Size

Censuses were conducted several times during each study
season (Table 3) to assess population density immediately
before, during, and after the breediné period. Essentiallyl e
the same lengths c¢of stream wvere surveyéd during‘each census
period, so that the numbers can be directly compared as.
crude densities. However, during census periods 1 and 8
there was 20 to 50% ice cover on the Sheep River and nearly
100% ice cover 5n Gorge and Dyson C;eeké (except during
census period 1, 1976, when less than 25% of each of these
creeks was open); The ice co#er prevenﬁq@ uée of much of
these streams by Dippers. The ecologicaiddensity (0dum’
1971:163) ués fherefore considerably greater than fhé crude
density during these 1atter caensuses. The ma]orlty of the
1nd1v1duals in the early spring (census period 1, Table 4)
were on the Sheep River, simply because there was little
'open water on Gorgé and Dyson Creeks at *ha* time. Price
{1975) found that the distribution of'Dippers in winter was
highly‘negatively correlated with ice cover.- Sullivan
(1973) found that mo-ements of baﬁded Dippers, apd;pence

density on :is sxudy aresas, were related to dq&%%gping ice

cover. . 1&%% .:

L2

Dippers arrived in rapid succession on the study area

once they began returning from wintering areas (Table 4). ;ig

\ -
d"\\,\

211 of the Dippers that 1n1t1ated breeding were present Otbkﬁﬂjv
. . u@

-

Rerele



Table 3. Periods during which Dippers were censused on

~ She: River, Gorge and Dyson Creeks.
ggg§g§ Dares_of Censuses Week! Status of Birds
1975 1976 :
1 14-16 April 6-19 April 1-2 Arriving and
» establishing
‘territory
2 No census 27 April-~ 4-6 Pre-breeding
' 17 May
3 . 10-18 June 7-16 June 10 Breeding
u NO census 10-17 July 14-15 Late to post
breeding
5 26 July 11-19 Aug. 19 Post-breeding
- 2,74-13 Aug. .
6 6-21 Sept. 29 Aug. 21-24¢  Moulting
7 ’ 15-22 Oct. ¥No census 28-2Y Dispersing
8 22-24 Feb. 24-27 Feb. - Overwintering

lWeeks of, study were calculated starting from the
second ueeﬁxorrApril each year-.

i
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the study area by mid-May in 1975 and early May in 1976. T
tound that the number of Dippers that initiated breeding on
the study area was relatively constant during the study (45
in 1975, 43 in 1976-Table 5). Price (19?5).observpd some
fluctuation in breedinébﬁumbers (40, 44, andi32 over 3
years) 1in a Colorado Dipper population. Sullivan (1973)
also found that there was sonme fluctuation'in breeding -
numbers over 3 years in Montana (45( 35, and QO). In the
Colorado population, low produétion in one year resulted in
a decline in subsequént breeding numbers {Price 1975). It
is also quite likely that harsher winters produce gre@tér
overwinter mortality, and smaller subsequent breeding
populations. However,.longer term population studies are
necessary to confirm this latter hypothesis.

The breedin§ population of Dyson Creek was the same
size both years. Gorge Creek had one additional Dipper in
the breediné population of the second year. One Dippér
(0922), which bred on .Gorge <Creek in 1975, actually bred orn
the Sheep River between'Gdrge and Dyson Creeks in 1976 after
first attempting to establish a territory on or near his
- previous territor§ (Little Boundary Falls, Fig. 19).
Coﬂsequeﬁtly, this bird and i*s mate were considered part of
the breeding population of the Sheep River in 1970.  The
breeding population on *he Sheep River declined from 23 in
1975 to 20 in 1976. These totals include the populétion
that initiated breeding each year, that is, before removals

in 1976 and did not include the replacement birds.



Table 5.

v

The number of Dippers known to be associated with

territories on

the main study area

(Fig. 2) in

1975, and in 1976 prior to removal of three pairs.

Stream
Sheep
Gorge
Dyson
Bluerock
Cliff
Junction.

Total

No. removed on Sheep
No. replacing on Sheep
Density (birds/knm)
Breeding population
banded

1975 197s
23 20
10 11

8 8"

0 2

2 2

L2 0
ETEER
6 Al

8
1.22 1.16

71.1% 81.4%



Including the latter would bring the breeding populdtion on
the Sheep River t 28 and the total on the study area to 51,
an increase of three pairs ovef 1975, ~

I rémoved Dippers initiating nesting on two pgrtions ot
the Sheep River (Fig. 3) in May and eaély June of 1976.
This was done in an. attempt to determine whether.a
non-breeding cohort of Dippers exis*ed along the river as
was claimed b& Price (1975) for the Cplorado population and
which he also predicted tohbe present in other populations.
Three breeding territorieskhere established in 1976 in the
removal areas (Fig. 3) which had contained four breeding
territories in 1975; all three pairs were removed in‘1976
and were replaced by three pairs, which were subseqqently
removed. After the.second removals one replacement pair was
observed (Terrace Falls territory,’Fig. 35. NOne, some, or
all of the séven.unbanded replacements may have Qeen among
the unbanded Dippers seen éarlier on the study agea during
the ‘censuses (Table a).. One of the reélaqement Dippers'had
been banded in 1975 (an adult malé po. 0916) bu+ had not
been seen in 1976 prior to being removed. This Dipper had
not been resident én the study area in 1975, having been
banded in *he spring but not seen again until the late
autumn. |

The 1976 pre-breeding census showed that 11 unbanded
Dippers were present on the study area (unknown Dippers,
Table 4) which.d;d not appear to be mated with .known

‘residents. 0% the 39 Dippers that subsequently b:edfpn the

TN

t—
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censused areaq (Sheép«River, Gorge and Dyson Creeks but not
Junction, Cliff, and Bluerock Creeks), 17 would have been
unbanded at that time. Thus, it was unlikely that many, if
any, of the ugbanded replacements were on the study area
when the initidleccupants of these territories began
breeding. The implications of a possible surplus to
térritory establishment are discussed in a later section; 4in
terms of population numbers it was apparent that replacemenrt
bai:s were not drawn from other territories on the study
area at-ﬁhe ;ime of removal and, therefore, .there were mo;é
Dippers potentially able to establish breeding territories
on the study area than actually did so.

Following breeding after the 12th week each year,
recently fledged juveniles and transient unbanded Dippers orx
unknown age.appeared on the study area. Numbers recorded in
late summer were higher in 1976 than in 1975 (Table 4).

This ;as possibly because production in 1976 was
significantly higher than in 1975 (Table 7), even though the
removal of breeding pairs resﬁlted inkfewér clutches being
laid in 1976. Some juveniles appa;ently remained on the
study area in*o the autumn. TIn 1975 only three banded Q'ﬁ&f
juveniles were observed to stay on thé study area until the
early and late fall cenzuses (Table 4). 1In 1976, 14 bandegd
Jjuveniles stayed on the main study area at least until the
early fall cenégs (Table 4). A large‘proportion of the
unbanded Dippers of unknown age observed at this time were

likely juveniles that had developed sufficiently so as to be
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indistinguishable in the field from adults; that 1s they ¢
- . Ry

AN
LY

were more than a month posf—fledging (Sullivan 1973; this
study). A larger proportion of known juveniles existed on
the study area in 1976 *han in 1975 (Table 4). The reasons
for this areinot clear, however, several possible
‘explanaéionsh either singly or_collectively can be invoked.
Jones (1951)'Showéd.that benthic fauna may decline to as low
as 10% of a former level after a severe flood; i1f such a
drastic decline occurred as‘a result of the mid-June flood:

A in 1975 (Fig. 4) then it may be that the young moved 1in

,search of more productive foraging areas. The increased
o
production in 1976 over 1975 (Table 7) may explain some of

the increase in young remaining but not all. The available
enmpty territories in the upper removal area on tNe sheep

River apparently did not provide additional foragihgymteas,

(

to hold *he juveniles on the study area in greater numbers
iﬁ 1976. oOnly five Dippers were observed in that 2.5 knm
stretph of  stream, of which two were"known juveniles, one an
adult, and tﬁ%ﬁremaining two Birds of unkgown age. TIn 1975,
‘the same stretéh cont;ined three adults and one bird of
unknown age during the comparable early fall census.

Changes in numbers seem to follow similar trends on the
individual streams (Table 4). The major difference between
the Sheep River population and those on the two tributaries
(Gorge and Dyson,éreéks) was *he later occupancy of the two

creeks in the early spring. The breeding Dippers were abéut

1 week later moving onto Gorge Creek tﬁan onto Dyson Creek,
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as indicated by the later initiation of laying among Dippers
on Gorge Creek (Tablg 8). Precise data on the progress of
spr%yg break-up are qot available to determine whether the
creeks differed in period of opening up, hovevef, I bel: v
qorge,Creek was later from my impressions of relative ic
cover on these streams during early spriné nest checking.
on the first fall census of 1975 several Dippers that

o ’
had bred on these tributaries were still present, but bylthe
second fall cens#ns they had either moved onto the Sheep
River (20%{ or\&igrated. The seven unbanded Dippers of
unknown age found on the qgeeks during the late fall census
were unlikely to have bred én the stuay area as ohly two

N

unbanded residents had stayed to finish breeding. The

novement of the bféeding Dippers of £ the‘creeks was

g01nc1dent wlth the bfg

I

‘ng of freeze-up; only a little

stream hailtatlboreva;g ofer‘at:that %ime, but it occurred
—

mostly over the- shaflow edges and shallow pools which were

preferred foraging habitat of Dlppers. Both Price (1975)

and Sullivan (1973) showed that ice cover causes movement of

Dippers to more open areas.

Movements of Individuals

Investigafions of the nature, timing, and function of
the movements responsible for changes in population size and
density are fundamental considerations of population

ecology. I examined different kinds of movements exhibited
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by members of the Sheep River population. In particular, I
was concerned with‘éigration, iarge scale movements of birds
during territozy establishment, and movenonts related to
moul't and stream conditions. I shall first consider
migration. |

Migration of. birds is defined as a "reqular movement of
birds between alternate areas inhabited by them at different
times of year, one area"Seiné that in which the birds breed
and the other buing an aréa better suited to supporé them at
the opposite season®" (Thomson 1964) . There are numerous
;eferences which jindicate that cinclids do migrate;
concentrations have ‘been reported in‘vintering dreas that
are unsuitablebfd} breeding (Pastukhov 1961, Hogstrom 1962,
Iygil1C t..ag et al. 1973, Pomarnacki 1975), occasional
vinter sightings of cinclids in areas far from any possible
breeding areas (Green 1970, Muelhausen 1970, Sadler and
nfres 1976) and documented cases of scattered migratory
rovements by banded Buropean Dippers (Jost 1969, Andersson_
and Wester 1975). Despite this, certain populations of
cinclids are relatively sedentary (Bent 1948, Robson 1956,
Shooter 1970, Sullivan 1973, Salt and Salt 1976). This
spectrum of published statements on the nature of migration
in the Cinclidae: seems to reflect the range of winter
conditions in different parts of the breeding range.

A large proportion of the Alberta population.pigrated

from the breeding area. This was shown by the loﬁ numbers

of Dippers observed ‘on the studv area ir the vinter. The

hd
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. } -
1975 winter census (Table 4) was an incomplete, preliminary
survey; it merely showed that Dippers Stéyed on the study
area during the winter. A portion,of the Sheep River from
Underground'St;eams to Junctiqon Creek (Fig. 3) stayea‘open
- throughout the winter, in addition to large holes in the ice
scattered fronm qdnction Creek to just upstream of Sheep

FélleuwDippers were occasionally found at these holes, but

were c&ﬁcentrated on the open s&retch during both winter
censuses. The 1976 winter census revealed one banded
. resident,Dipper. The six other Dippers seencwere unbanded
and may have included the two unbanded breeding residents‘
from tﬁat'fegion. Sullivan (1973) stated that nearly all of
the breeding birds remained on the Monténa study area in thé
winter, whiie Price found.that only 20 to 50% of the-
bre%ging birds remained on the Boulder study area.  Price
attributed this difference to amount of ice coﬁggryﬂ

There appéars, then, to be a gradient in thg“pfoportion

i ol )

of a Dipper population that migrates from'g breeding area.
The propor*ion depends upon the dégreé of ice cover bn
streams in a particular area. It is;réasonable to assume
that in a mild winterwa larger-ﬁroportion of a population

would stay on its breeding area be 1 e of the reduced ice
. A :

oy
Lo,
cover.

In the early spring, Dip: s were extremely mobile in

‘their search for nesting territories. One Dipper in

|

parjicuiar'(4407), which had been vigorously attempting to

establish a territory neat the mouth of Gorge Creek, was

a
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%hf‘"«>f ob ~rved to fly .8.5 km upstream on Gorge Creek in 1 day

PO

)Lépring the second week of April in 1976. It was observed 2
‘yeeks‘later, 1 km upstream of Gorge Creek on!the Sheep River
(FiQ; 2). Such a distance'is considerable when one notes

Ci that nearly all Dipper territories were less than 3 km long
‘ZSWP (Table 26) . o
| Once Dippers have returned to their breeding groundsj
they carry out all activities‘within their territories, from
which they rarely mOve.. Sulli;an (1973) found that.75% of

-all observations ?f Dippers away from their breeding . = .

terrltorles were durlng the moult. Price (1975) aLsou oq?
w° 4"\1’ 4 ,

Dippers leav1ng ‘their breedlng terrltorles and apparently
moving upstream to ‘areas with more abundant coVer durlng the iﬂ
moulting period. Oon the Sheep River study area durlng thei'h
early fallbeensuses, 75% and 85% (1975 and 1976,
vrespectively) of all banded breedlng Dippers uere Stlll ‘ &
present within their territories. Three of the ‘banded
residents, missed during.the‘early censue, reappeared on
terrltory durlng the late fall census in 1975. Therefore, I

d1d not rlnd any large scale ovement away from the

5

" territories during the moult. However, Dipperé.did'change
their habits as‘a‘result\of moult, for they were more

: 'frequently.seen near log jams or seeking.cover among rocks

. . during this period. - ;. *

s
i

Dippers were observed away from thelr terrltorles on a

¥

few occasions ‘during. perlods of hlgh water. At these ‘times
\ s .
the streams.were very turbld.; One observatlon vas at .a

. {: . R

. - o - N
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shallow;lake'several‘hdndred meters above thé‘Sheep River; a
Dipper was observed foraging in this lake“only once during
the entire study, even though frequent: leltS were made to
the lake throughout the two study seasons: At the tinme of.
the observation the lake was Conslderably Cclearer than the
.Sheep Rlver, which was at its highest levelﬁin 1975

(Fig. 4) . On a few other occasions, when thexmain streams
were eitremely‘turbid, Dlppers were observed foraglng in
clearer small trlbutarles or shallow channels of the .main
stream. Two of {hese observat1ons were abou+ 100 m within
an adjacent pair s terrltory. such trespass was never
observed agaln during the nesting cycle. Sulllvan (1973y
also found that 6% of all movements off the nesting

»

territory were related to high water.

- 5 <

Sex_Ratio . -, Mo Cy

=
Lo
e

The sex fatio in hreedinébpopulations of birds has been: e
shown to 1nfluence,+he1r product1v1ty and hence. success I
B\ O
(Kolman 1960 W1llson and Pianka .1963, Verner and W1llsom I
1966, Orians 196qy Jenni and Collier 1972, Holnm l973);

Price ard Bock (1973) reported polygyny in a Dlpper

e

populatlon in Colcrado._ Prlce found that product1V1ty wé”

51gn1f1cantly higher among polygynous than monogamous blrds,

in 2 of the ‘3 years Of . his study. Prlce and Bock (1973)

R

suggest that polygyny may occur frequently 1n small
oo
proportions of breedlng populatlons of Dlppers throughout

Y
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their r%ngé. Polygyny has also been reported for Cinclus
/!
cinclus/(nork 1975). Unless there is an unbalanced sex

D )

ratio among young Dippers, unlikely in a passerine bir@f
s 3

(Thomsbn 1964), or differential loss of the sexes, “then a

surplds of non-breeding males would result from the

polggynous mating system observed by Price (Selander 1965,

Zimmerman 19uv6). v

I examined tge sex_rétio of the population of banded

adult Dippers preéent during -censuses (Table 6). The sex of

all banded Hirds wvas deduced either from obsernvations of
nesting behaviour which is sex specific (Bakus 1957,
Sullivan 19]3, this study) or from measurements tﬁken of

body parts at banding (Appendix II). - /

With the return of banded birds in 1976 it was possible

T4 y
to document the arrival of the sexes;:

Yearly spring there

‘ A ©o ) gl Coe s Vs
were 2.5ﬁa&ies piesent for every female (Table 6).! This
R . R

>

suggests that male Dippers reggrn to their xerrigories'

before f%males;»this is a typical phenomenon ambng the

~

passerines, in which the male returns first‘and-establishés

a‘ferritory to which a rfemale is attractéd (Hinde 1956,

3 . ' Lt
Thomgon 1964, Klomp 1972). Even when the mate of the

L

previous year survived, males preceded “females onto the

~é§h-ﬁté§Qqu ggpunds.' In 1975; awpair (male 0924 and female

’ iﬂﬂﬁgdg'3) held a territory on Dyson Creek. 1In 1976, the female

‘ Yas found on b April along the Sheep Riwer 3 km upstream sof

.

the mouth of Gorge Creek. on 13 April, when the first

. * - [ ) . . . "1.".’
census was made on Dygon Creek, -the male was on territory 4

‘k\- ~
- Lo ¥

TR A R

‘."‘

e
[
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Table 6.

Lensus Period

"Arrival and

- Territory
Establishment
-Pre-breeding

Breeding

s
"

Late and post-
.breeding

PPdsf—breeding
Early fall
Late fadl

Winter

,Number Observed

1975

Males'Females”Q'

unbanded at -
this time

rew banded

21 20

not conducted

12. 16
1512
8 = 10
unbanded

15
17

14

9

10

197¢

Males Female

13

17

15

11

12

not conducted

,
.
€

I

o 1L
[=a =z X
N
I~
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)
o~
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e
|~ et
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Sex ratio of Dipper population observed during
censuses on the study area (see Table 3 for dates
of census periods).

0o
.

o)
O.
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km upstream, but the female, presumed tob still’be on the
Sheep River, was not obser;ed until the prebreeding census
of Dyson Creek, at which time the pair were building a nest.
éimilarly on Gorge Creek, 1. found the male (0926), of a.Pqir
that nested on this stream in 1975, on territory on 14 f%ﬂ
April, 1976, at a break in the ice cover. The femalé (0936)
was not observed unt;} the'secénd census of Gorge Créek on
13 May. T also observed two males Fhat may have arrived on
territory concurrently with their fespective mates. Both
members of a pair (maié 4401 and female 0932) were observed
on the same territory (Grab-to-band, Fig. held in 1975{”

on 7 Aprik, 1976. A female (0931) was fouud with an

*ﬁ“@nbanded male, probably the unbanded mgﬁe from 1975, on its

. Dyson‘Creek territory on 13 April.

After the pe-iod of arrival the, sex ratio was
“EP ‘

-

approximately bd&lanced (Table 6). .This indicated that

neither sex was disproportionately represented.

Furthermore, among'tﬁe 18 banded- transient ahg@ts observed
¢ b A\

At

on the streams during the study, nine'were identified as

males and,nine as females. Thus, the sex ratio'among the

Y

birds of passage, some of which represented a potential

red o be equal. . . R

RUAS he

surplus, aldso ap
Ssullivan (1§ﬂ"g'mplied that Dippers pair for life.
During this study three pairs, in which both individuals

were 'banded returned to the same territory where they had -
bred the previous season. Banded males which returned

without mates, acquired new mates."‘No banded fgmales

¥
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" slightly before 4 July, 1975 {(Table 8), was almost certainly

63

returned .which had 1lc¢st their mates. I saw no evidence of

mate exchange among the other marked Dippers.

g
————— »

,;. More'young Dippers fledged in 1976 than in 1975 (Table

7)., desplte fewer breeding individuals in 1976. A flood in
ae

1975 was'the major cause for the difference; it washed away

‘a number qt*neSts and only a few of the pairs that renested

were successful.

"y

The timing of breeding varied with location on the
streams (Table 8) and between years. There is some

indication thap“ﬁésting'is initiatgd later at higher
N v ° ‘3

altitudes and in %ributary streams. The uppermost nests on

the Sheep River  (three in 1975, two in 1976) were initiated

9]

later than all“nests'downs{ream. There were two exceptlonS'

~wPanorama Rapids (Flg. 3), where the first egqgg was laid

a renest; and Joe's Canyon (Fig." 3), where the first egqg was
laid 20 June, 1976 (Table 8), was a second attempt at

territory estagidshment for male 0922. A nest ‘found at the

 headvaters of Burns Creek (Fig. 2) was at 2133 m al¥itude

and the first egg was laid in that hest onvfﬁfJﬁne, 12 days
later than the«latest'pair on the Sheep River at 1707 m
altitude. . Sullivan (1973) also recorded later nesting at '

SN

higher altitudes.

o
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Number of young fledged on the study area.

Number_ of Fledgqlings

Stream ' 1975 1316

Sheep ' 25 22

Gorge ) 2 13 _

Dyson . ‘ ! 13 14 v

Cliff 5 5

Bluerock - ‘ 0

Juaction 2 . -

Total young fledged 471 54 .
Total adults nesting 45 39 T
Young/adult 1.04 1.338

1This does not include four additiomal young that
would probably have fledged had I not disturbed
them. ' ' - '

o
Ll
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avway.

3An estimat@éfbfféféairﬂremoved before clutch laid.

SNo eggs laid.

40nly nest- found heréf’ﬁrobaﬁiy a renest.

) g BN

2
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Table 8. Locations of nests and dates of tirst eqgg laid
(estimated or observed), 1975 and 1970.
Location Date of First Egg
Stream Kilometer 1975 13976
Sheep -1.061 -- 20 June "
1.5 15 June2 27 May
3.7 4June 20 May3 N
4.5 1 June . 16 May
‘/ 5.1 15 May 16 May
6.2 N -- . 18-23 May
8.3 10-20 June 11-14 May
8.7 11 June --
9.7 17 May 10-12 May3
11.0 <5 June 1 June
11.9 . 13 June --
13.1 15-20 June -=
13.0 -~ 8 June
Dyson 0. 4 June 1 June
2.1 10-15 ‘June 28 May
3.6 7 June 238. May .
4.5 4 June 24 May
Gorge 0.5 5-15 June '
1. June -
0.9 2-4 Julyse -8 June
2.4 9 June 7 June
4.0 . -=5 29 May
6.9 13 June - : W %
7.9 -- 6 June U , PR
CLiff . unknown 5 June ¥y
Junction 22 June --
Burns Creek Falls : -~ 20 Junew
. 11.6 km do r=ar >f mouth of Gorge,Creek. All other \q%
“kilometer _sust s are upstream from mouth of Gorge Creek '
on “he Shee: K. or. - ‘
2TWO nests .wei o vecupied within 15 m of each other; the nest

recorded was thé later one offthe two; the other was washed

v
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” Therefore, time
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Later neétinq at higher altitudes was not a clear-cut
pgenomenon within the majority of the study area for two
réésons: (1) part of the Sheep River stays open at various
points along its course all year long.allowing Dippers 1in
those areas to occupy territories sooner ‘than others, or
even to remain all winter long (see p. 57), (2) melting of

the ice cover 1s delayed on certain sections of the streams

because of the nature and orientation of the banks, for -
example, in steep, narrow, shaded canyons, the ice thawed

much later than in open, more exposed, flatter stretches of
the streams. This probably explains the slight lag in Kb

)

reproductive events showp by the two'pairs on lower Dyson
Creek, and the pairs nesting immediately upsteam from the
mouth of Gorge Creek on the Sheep Rivér. ‘ ;s

| In 1§76, egg-flaying in those_territorjés~re—occupied

was "1-to-2 weeks earlier than in 1975; probably the result
& v .
of a 3-to-d4 wueks earlier opening of the streams in 1976.

¢ i@ A \ .
A ] o . o M
of opéning of streams appears to have a

Juy

major influence on timing of breeding in Dipbers.

=N

e PO NN N
£ 2

There are three.conseCutive periods in the life of a

bird}whichAexhibit differential degrees and types of

.

- mortality and are, therefore, generaily treated separately

.

(Gibb 1961,5von-Haartmaﬁ 1971) . The first involves

mortality'in'the nest and occurs between laying and
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ks
3

fledging. The second, which includes juveniié mortality,
occﬁrs between.fledging and arrival of the sexually mature
bird on its breeding area. The last period encompasses the
adult life-span when annual mortalify seems to take a very
" constant proportion of the population.

| wSurvival through the first period is frequently
referred to as "breeding success'" of a population or a pair.
The breeding success in the population of American Dippers
studied compared favourably.witﬂsthat of other populations_
of cinclids (Table 9). Clutch size'aﬁd percent of eggs
fledged were similar tovthose reported for other studies;
percentage of broods in which at least one young fledged was
higher (Table 9). |

Juvenile mortality is more difficult to quantify

because of {he inébility to,separate_dispersal from
mortality. In this study I made no atfempt to estimate this
- phase of mortaiity'but rely on that of Price (1975). He
estimated 67 and 77% mortality of juveniles, in 2 fears,
over their first winter. Because Dippers breed a’s yearlings
(Sullivan 1973; Price 1975, this study), all mortality after
the first &ear,is of séxually mature individuals. Pn@ge‘

obserﬁed five and eight 1-year-old Dippers returning t
e . .

©

their natal stréam§-over two years, which represented 7) ;

. ’ \ )
12% of the previous year's production.’ I observed only o

returning 1-year-old (0940) which represenﬁéggonly 2% of the
i : , )
1975-fledglings, and which subsequently bred upstream of the

study area. Dispersal and/or mortality may be responsible

-



Table 9.

Mean
Clutch
Size

68

Comparative breeding success of populations of the

genus Cinclus.
% Fled ed
Bas on Species And
Eqgs Broods Location
c- ﬂéz;£é£g§ ’
55.48 12.2 Alberta, Canada
56.5 61.8 Colorado, U.S.A.
68.08 MOmtagg, U;S.A.
4.0 57.1  Montalia, U.S.A.
C. cinclus
. Norway
61.6 Great Britainm
1 52.5 -Great Britain
50;6 38.6 Czechoslovakia
75.0 Great Britain

5

‘.:“.
&
4.3

¢y pallasii
. Japan

<
Wy

1
3
N

R

1Nests above 250 m altitude.
2Nests below 250 m altitude.
3pbnormally iow value likely the result of small,
unrepresentative sample size. o

s Mode.

9

Reference

This study
Price (1975)
Suliivaqo(1973)
Bakus (1959af‘
Andersson and
Wester (1975)

Shooter (1970)

Hewson (1967)
Balat (1964)
Robson (19506)

Haneda and
Koshira (1967)
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for the‘discrepancy between the two studies, althcugh this

-

difference was small. .
| Adult mortality is easier to determine as these birds
return to the territory and nest site previously occupied
(Bakus 1957 Sullivan 1973, pPrice 1975) or within a fewy kn o
(this study). fhe overwinter mortality was 53% for the\
Dipper pcpulation on the Alberta study area (Table 10). A
high percentage survived the winter and returned. Tic
Dippers disappeared during each breeding season, abandoning
their mateq and neste Jn the Sheep River study area and were

presumed to have died. This uould mean a breeding season

mortality of approximately 5%, and an estimated annual adult

mortality of 56% (Table 10). Price (1975) found that annual
adult mortality ranged from 47.5 to 61.4% for 2 years of hﬂ
study in Colorado.\)Robgon (1956) recorded an annual

mortality of 6#.4% for European Dippers, although he

included post- fledging- young and adults in his estimates,'

ki

twthh are, therefore,'not strictly comparable. Juyenile
mortality was shovn to be’ quite high among populations of
the American Dipper, so that Robson's estimate probably
overestimates adult mortality. Annual adult mortality amoﬁg
passerines was estimated at 40 to 60% by Lack (1954) and 4OH

to 70% by Farner (1955). Price (1975) stated that annual
l
adult mortality of Dippers is therefore Similar to what one

. . . ¢

By
would expect of this pascerine. My data;;upport his
conclusion. . v -

6 . :
L
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Table 10. Maximum annual mortality;émong banded adult
‘ Dippers obtaining breeding territories .on the
study area. N S

Study
Dysoun Gorge Area

Banded in 1975 5 8 32

Returned in 1976 (%) - ﬁ(804 4(50) 14 (u3.8)

Overwinter mortality (%) .¥£~‘J“1(20) 3(3@)‘17(53.1)
Oversummef mortality\(%) ‘ 1 (3.1)
-Annual mortality (%T) = '18(56.2)

A

i
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ilson) wvere observed on the study area. and may have

<
Documented cases of Dipper mortality are rare'in the.

literature. Tt is therefore difficult to ascribe the

apparent annual mortality to particular factors. Predation

has been recorded only once; Johnson (1953) reported findlng

a juvenile Dipper in the stomach of a large brook trout

(Salvelinus fontinalis). Steiger 1940), without supporting.‘

evidence, stated that Dippers were regularly preyed upon by
a series of mammals. Sullivan (1973) dlscounted Stelger &
undocumented Statements and suggested that avian predators

may perlodlcally catch Dlppers, although all attempts whxchl

N

he observed by Acc_glter Spp- uere unsuccessful. Dlppers :

\ N,

may avoid avian: predators by flattenlng an the surface of
the water and remaining motlonless (Sulllvan 1973).

I observed several unsuccessful aqtempts by Accipit e
W

spp. to ‘catch Dlppers of varying ages.}some of these

attempts were upon moulting adults. ‘In 1975}'mfiassistant,
. : . / . :
C. Kullman, witnessed a Cooper's Hawk (Accipiter cooperlj

kill 'a fledgling, 6 days out of the nest. One of éhe.
parents; the adult male (0920), Observed the hawk/;nd ‘/
prevented it~ from attacklng one fledgllng by flging towardf
thls fledgllng and chatterlng,‘whlle the adult' attentlon

was so dlverted, the hawk qulckly flew about: 20 m downstream

/

.and caught the other,,unsuspectlng fledgllng.‘ Mink (Mustglg,

!

~

— -

constltuted Jhreat to blrds along ve¢etated streamS' no:

nest preda+1onmuas recorded so mlnk and other mamma&s vere

,unllkely to have been 1mportant predators..

.....
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Other reported causes-of mortality are staTvatioh
(Price 1975), disease (nestlings observed by Sulljvan,
1973), and flooding (Robson 1956- European DiPPET, this
étudy). The hidhest percent mortality of adults zpd likely
e of juveniles occurred betwegn breeding seasons (this study),
| suggesting *hat the rigours of migration and th€ reduced

available habitat during the winter as 3 result Of streams’

being covered with ice, take their toll of pippers,

/

forfenc o= coliime S L
.

The spatlal distribution of members of a POPylation at
one point in tlme is termed dlsper51on -~ the fes“lt,of
movements of animals, in résponse to, envlronmental and social
parameters (Brown and Orians 1970). .This respPolSe pay

N N oo
result in one of three dlStrlbuthHS' randon, CIQMped or

!
regular. The dispersion of birds, during the 'bT®eding
season, must be related to nest site reguiréments and,

ultimately, to nutritional regulremenws of the YOung,

particularly for birds possessing type A terrltory (Nice

~1937) .
Price (1975) examined the distributjon of Dlppers in
5.relation ko environmental -z-iables-and gocial P®hgviour.
Distributi6n of Dippers was positively correlated witﬁ ;ood
for much of the year, although thg gorrelétion ¥as puch
/

weaker on one study stream than the other and We2ker durind

the breeding season than during the winter. ID 2ddition, he

<



'
4

found that distribution, during the breeding season and

v

occasionally other periods, was positively correlated with

units of -stream having high nest site availability and high

.

1ality of nest sites.

| érice (1975) examine: . Jwrsiog of 5reeding birds
:particularly the aspect of torvitory size @nd'factors
a’fecting %hat sizo. I also exaﬁined dispersion of breeding

territories but” defer the discussion of this analysis to the

section on Territory Distribution and Function (below). .

T examined distribution of Dippers in relation to each
[ N &

other duting pre- and late-to-post-breeding censuses,

because it added another dimension not treated in Price’'s

analysis of Dipper dispersion relative to environmental

'
variables. N

Given that the Dipper is generally an aggressive bird,.y
with a comp;ex repertéife of agoﬁistic behaviour' (Sullivan
1973), i£ is of interesl to note that theilr dispefsion
gurin§ most censu%ﬁs was significantyy clumped (Figs. 16,"
11). Underx what(circumstgnces did Dibpers toquate the
breéence of another Dipper within a distance at which these
mobile bjrds should have been aware of&é;ch other? |

-

puring certain of the censuses (Figs. 10, 11) it was

obvious that the Dippers were clumped méreiy because of
'breeding relationshipg (Table 11). "This is not surprising
for a monogamous Species possessing a Type A territeory (Nice

1937) . Some territories. had already been established in

early April when Dippers were moving through the study -area.

e
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Pigure 10. Frequency histograms of nearest neighbour

‘ ~distances between Dippers, during population
censuses in 1975 and winter 1976. Observed
distribution (solid lines) wvere compared with a
Poisson distribution (dotted lines). Nearest
neighbour distances are multiples of 200 m. A
-Sheep River, 15 April. B -Entire study area,
26 July- 18 August; p<0.001. C -Entire study
area, 2-21 September; 0.2>p>0.1. D -Entire
study area, 15-21 October; p<0.001. E -Sheep
River,24-26 February.

o]
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Figure 11. Frequency histograms of nearest neighbour
: distances between Dippers, during population

censuses in 1976. Observed distributions ‘
(solid lines) were compared with a Poisson
distribution (dotted lines). Nearest neighbour

.distances are multiples of 200 m. 'F - Sheep
River, 6-7 April; 0.2>p>0.1. G -Sheep River,
27-29 April; 0.7>p>0.5. H ~Entire stu'y area,
8-16 July; p<0.001. I -Entire study area,

" 11-20 August; p<0.001. J.-Entire study ar~a,
29 August- 7 September; p<0.001.
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Also, territories may be persistent into thehcdrly féll,
for, as shown earlier (p. 55), many breeding Dippers
remained on their territories well past the fledging of the
Q .
young.

Durlng the late s mmer to late fall, Dipperé.wére

observed tolbe clumped rﬁ dlctrlbhtlon (Figs. 10, 11).»,I
discovered upon examining the nature of these assoc1at10ns
tha+ relatively few were“between mates, adults and

of spring, or ciblings, and that duringethe August 1976
census 70% of the associations involved either one moulting
individual'and.another bird or at least two juveniles, while
43% of the associations ol served during September 1976 were
of such typqs.

Moulting individuals might be expected to be more
fglerant of other individuals because of their reduced
abi}ity to fly and,'therefofe, their reduced ability to
defenq an area. On one occasion I obéerved a2 moulting adult
(0909), tolerate an unbanded intruder, which pas%ed it
extremely closely while beo+: were fqraglng near the former's
nest. At one time the resident assumed a horizontal,

\—’/E?yptic posture similar to "Flattening" (Sullivan 1973:27)
and kept quite é%ill upon,the first'appeafgncé of thei
wandering intruder. On fwo occasions 0979 did attack
unbanded juveniles that approached within less than 1 m, but
in each case there was no subsequent cha51ng and the

Juvenlles simply malntalned a distance of a+ le.st 5

during foraging from then on., Therefore, moulting residents

s
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were more likely to tolerate other Dippers closer than those
birds capdble of flying Better. The fact that intruders
should be seen so frequently near moulting residents implies

that both may be responding to an area of perhaps abundant,

easily obtainable food or secure roostiné sites. The strean
environment exhibited considerablevheterogeneity and the
birds may havé responded to "clumps" of favourable habitat.
A -numbeTr of the groups obcerved during fhe'censuses

when Dippefs were significantly‘clumped were associations of
juveniles. During.the censuses and occasional observations
during the fall, T Ohserved sévefal chases involving two or
more jhvenilés. It is unclear what the function of such
assoéiatioﬂ% mayfbe,-but they were a distincp'feature of
this period. Price 51975) provided evidence that dispersal
may .occur during the 3-month post-fledging périod. A

. | -
mechanism for disﬁersal which may function through
aggressionghas been suggeshéd for éome-populations,of field
voles, alfhough results were ambiguous (Myexs and Krebs
1971) . Although comparable evidence among blrds ie also not
- conclusive, and tests of the hypotheSLSIthat agon;stlc
behaviour inc'eases dispersal are few in numberrkxlng 1973),

N
there remalna the possibility that agonistlc behav1our

4 - ;
> \,“ B
d%ﬁtlon, it seems

B \-\ 1 ] i
unlikely that the agonlstxp 1nteﬁact10ns 'between juveniles

1\‘

prov1des a mechanlsm for dlspersalgf

4

were operatlng simply as spgc1ng mechanlsms because thelr
, . .‘\. ;
distribution on the stream va§ clumped. Also, occesionally

a gfoup of two or more banded juveniles were observed
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travelling together, uhich_did net suggest a spacing
mechanism in operation.

puring dctober 1975, moultihq individhals 01
associations of known juveniles could not be invoked to
‘explain the clumbed distribhtion (Table 11). Howeher, a'l
of the Dippers observed 1in close aesociitions°were feund
be+tween‘ Bluerock éreek and Undetground Streams, on the Sheep'
River (Fig. 3); Although there uqs'some ice on the small
‘ tpibutaries, most of thelstreems were accessible for
‘foraging. U?gtream ot +he study aree on the Sheep River,
the stream flow had gene undergrbund.,;Therefore, from a

point 2. 5 km upstream of the Underground Streams (Fig. 3y,

to a point about 4 km ‘further upstream there was no suitable

% /

foraging habitat for the Qipperéﬂ This lack of good
foraging habitat hpstream may have caused the observed
clumping. However, thié does’notiseem entirely-likely,
because some of the birds observed in this reglon.vere
residents from'downstream. Another p01nt is that there was
no iddicatién of a clumping-of food in that area (gt least
dgring the last'sampiing period, Fig. 16) or roosting
habitat (<imilar to nesting habitat, Fig. 9) which might
explain why the Dippers were only found in that 4.5 km
.region.l On the winter census (February 1976) T found s;x of
vlthe seven Dlppers observed on the Sheep Rlver within that
region. It may be that the Dlppers were attemptlng to

procure a winter territory on. that part-of the Sheep River

tha+t stays open throughout the winter.
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The lack of clumping durihg"the September 1975 census
is curious. It may bhe *hat ‘the Dippers were well dispersed )
because many were moving away from terrltorles at. this tinme,

possibly as a precursor to mlgratlon or whlle movin't to the

i~ —T

reglon in whlch t hey were clumped during the late fall
census. The number of Dippers fledged was lower that year

so that interactioQns’ be+ueen juvenlles would have been

&

fewer.. The census was several davs later,than the early
fall censuc in.1976 which meant fewer adults were still
g : AN ’

underq01ng moult. These factors might account for the

" reduced clumping of Dipperé with respect to edach other, at

[,

this time.

The movement of-a juvenile bird frOm its natal area to
its first breeding area is called dispersal (Be*ndt and
Sternberg 1963)". Berndt and Sternberg also included under

this term the movements of adult birds from one breediug

: i
area ‘to another, although, these are generally less

frequent. The nechanisms responsible for dispersal are

S

generally attr;buted to innate processes, vhereas dispersion

{the ac*ual-d@stribﬂtibns of individuals in space) 1is

related to external processes (Berndt and Sternberg 1968)
that may be abiotic or social in nature. The distdﬁce and
A

o
orienta*ion of. dispersal movements are dependenf upon:

habitat selection for breeding by the birds, the
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availability and diétribution of suitabl’e habitat, and
.mobilfty,of the bird wﬁich determines the distance that is
trdvcliéd in searches for breeding habitqt.

Relatively few (7 to 12% in Colorado, Price 1975; 2%,
this s%ud&) Dippers return éo theéir natal area to breed
after their first winter. Dispersal is, therefore, usually
some distance away fro@ the natél'area. Price estimated‘the
proportion ofvjuveniles dispersing away from the Colorado
study area as 80%, by dividing the number of foreign
recruiting i‘rdividuals each year (assumed to be first-year
birds) bf.the total number of'recruiting individuals.
Observations of marked juveniles indicated that some arrived
at their future breeding sites during their post—fledging
Amoveﬁenté and béfore‘mijration, while others had not settled
after 11 months (P;ice“1975).

Only one banded male“juvenile returned to the Sheep
River. study area in 1976; it was later observed feeding
nestiings~on BurnspCreek about 8 km upstream of the main
study area (Fig. 2f; Therefore, none of the 48 banded
'iflédglings of 1975 ;eturned +o breed>on the study areé;
among those surviving the winter, all disper sed widely.

‘Price (1975) concluded that much of the dispersal
occurred during the 3-méﬂth period of post-fledging. 1In
examining thesg movements&further, Price discovered that
'they Qere not.réndom; of those birds that he couldufollow,
approximately 28% moved downstream during this period and

the remainder moved upstream or changed drainages (which
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probably occurred after upstream movements, as shown by Jost
(1569) for Européan Dippers).

of 103 fledglings thét T banded in 1975 and 1976, o3
were observed during the posf—fledging period; The 40, that
were not observed subsequently, were aésumed to have moved
in unde*ermined directiong out of the census area after
fledging. Of the 63 observed during pos£-fledging, only 23
were‘observed to move more thanm 1 km awvay from thei:jnests;
17 moved upstrean, while 6 (206%) ﬁoved downstream. There
appeared to be no difference in post-fledging movements
between *he Colorado and southern Alber*a popdlations. If
d%spersal were‘to occuf'mainly.during the 3-month
post-fledging period as Price found, then one would expect a
higher proportion of juveniles to move dounétream in the
. Alberta study area because breeding habitat continued
downstream for several km un;ike the Colorado study'area,
where\gﬁere wasvno.Dipper breeding habitat downstream. A
larger propor+ion of Dippers in the Sheep River study area
were forceé to migrate than in other populations studied
) 5
IBaka 1957, Sullivan 1973, Price 1975). Dispersal‘may
occur during“migration and with more birds migrating, more
may dispefse.away“from their natal areas. Further study is
needed to clarity the process of dispersal in Dippers. |
Hoﬁever, there are some indications that the proc;ss is one
which may véry according to the population inveStigaté&, in
" contrast to populations of more sedenﬁary species |

(Halliburton and Mewaldt 1976) . _ - .
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A total of 74 nest sites were discovered during the
study.‘ The occurrence.of nest sites éended to be clumped in .
areaé of abundant suitable ledgesg. 0f the 74 discovered, 62
were found on +th . in study area (Fig. 9}. The Sheep River

. had an abundance of sites, particularly aloqg certain
stretches while both Gorge and Dyson Creeks had relatively
feger sites availablet Therefore, nest sites appeared.tovbe
potentially limiting on the Creeké, but not on theomain.
rriver. v .

T attempted to determiné why .severdl nest sites wére
ngt being used on ﬁhe Sheep River,‘by examining features
that might Dbe related to nest site selection such as:&
security from predators, protection against adverse weather
conditions, endurance of nest site throughout the breeding
season and security fronm hign water. ?he first *hree of
these factors are important factors in the success of
solitary-nes*ting bird species 1in general (Kendeigh 1942) .

Muir (1894) clainmed phat Dipper nests were nearlj
always placea where they were kept wet by spray. and that
this kept the nesk material (mosses) "alive and growing" and

"in good condition throughout the breeding season. Hann
({550) found that<qot even a majority of the nests observed
'Ly him were kept wétl In the present study, slightly more
éhan half of all ﬁests}used were kept slightly to extremely

wet. There was no apparent advantage to having a wet nest,

both dry and wet nests béing approximately equally
L ] .
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reproéontod among the unsuccessful nest sites (excluding the
flooded nests). Therefore, it is unlikely +*hat wetting of
the nest directly played a major part in nest site

selection.
v

_Dipper nest sites frequently exhibited attributes of:

high noise level nearby, hign ingccessibili%y, low ﬁ
conspicuousness, highbstability of rock-face, large overhang
and directly over wa;ér (Fiy. 12) . HWithou* a good estimate
of all theci@ﬂges oﬁ the cliff faces possessing various
levels of these attributes, it ié impossible to
quantita+ivwiy compare the number of suitable ledges
évailable with those used. A morermeaningful comparison is
probably that betueén those sites thgt wére used during the
present study and those thut were not used. The tu\Q‘r

toup ihcludéd all sites at which Dippers bred, wh:’:z t-e
latter group consisted of sites in which resident:: hrilit
o -
additional nests. (partial or complete) before breeding or
aftéf the floods, énd sites which were not even visited h
during the study. The used sites were signifiééntly
"noisier, less accessible, on stabler substrate, and closer
to fast water than the sites that were not Qsed (Table 12).
I found no différence‘bétween the two types of nest site in
degrge of conspicuousness, size of overhang, uhetheraover :
water or not, nor in the depth of water below the nest.
Therefore, in generél, a ndisy; inaéCessible, stable site
which 1s neér fast wa£er(or a falls ﬁas preferred over

“

“others that were less so.

-~
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Figure 12. ‘Characteristics of all nest sites observed on
the study area. See Table 1 for details of the

characteristics.
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Table 12. Comparison 6L features at used nést sites with
: unused nest sites.

Feature

Accessibility
conspicuousness
Overhang

Substrate
Stability

Directly Over
Water

Water Depth
Below Nest

Distance to
Nearest Fast *

o

Water

Cateqory! Used Unused
1 20 4
2 10 4
3 10 5
4+5 6 10
1 27 1
2 7 10
3+4+5 12 12
1 19 4
2 15 8
3+4+5 12 11
1 27 8
2 10 6
3+4 9 9
1 39 10
2+3 7 13
Yes 33 18
No | 13 5
1 15 . 3
2 9 5
3 10 6
4 12 9
1 22 4
2+3 15" 11
] 8

19.1

S

Probabilitx

p<0.001

t

p>0.1

.

. p>0..1

p<0.005

p>OQS

p>0.25

p<0. 05

1Categories were lumped where. necessary to meet minimum cell

size assumptions of X2 test (Siegel 195e6).
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The locations of nest sites in my study area were
generally similar to na+ural nest sites reported from other

areas (Table 13). No nest sites were found in trees oOr in

o "

woody debris. in the Sheep River study area. Two nests were
found in the rather unusual location of a dirt bank above
the stream; one of the nests was on.the edge of a grassy
overhang, while the other was underneath such an overhang.
A numberbof nésts on bridges and dams are reported (Bakus
19517, Suilivan 1973, Price 1975). In addition, nests”bf'ﬁ
pippers have been found in a culvert (Sullivan 1973), on a
housev(SullivaA 1966), and on a wooden fluqé (Goodge 1959).
In’;he Sheep River.study area there were.no nests located on
the few bridges present,‘although one Dipper did nest
beneath an old weir on Junction Creek. Therefore, Dippers
nested in generally typical, natural nest sites during this
study. ' ’ T

> ,

I attempted to determine the effect of an abundance of

* pest sites on breeding numbers and distribution of Dippers.

To do this I created artificial nest sites on Gorge and = -

DYson Creeks where a dearth of nest sites prevailed. Price

(1975) put out several nest boxes, similar to those

successfully used gy Jost (1970) for European Dippers, but

was not successful in attracting birds; only one of 10 nest

Sy

boxes was used during the second sumaer after installation.

'{ chiseled ledges out of the rock faces over the water and

provided an overhang, whiéh I had hoped would be similar to

a "haturaL{ nest site and thuspacceptggig. None of the 11
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Table 13. Comparison oI nest sites of American Dippers on
' natural substrates reported in the literature!?

with those on the Sheep River study area and

those reported on-nest record cards in Alberta
and British Columbia.-

Location oI Nest Site

Cliff ledge
Waterfall
midétream boulder
Rooz:s

Stump

.Tree

Overhanging dirt bank
b :

TOTAL

ladapted from Sullivan (1973).
and Bryant 1915, Skinner 1922,
Quaintance 1935, Johnston

_____ Sheep River Nest cards
% No. % No. ).
- ateand - _— o
62.4 54 73.0 15 68.2
1.7 17 23.0 6 27.3
15.9 1 1.3 -1 4.5
7.2 0 0 0 0
1.4 0 .0 0 0
1.4 0 0 0 0
0 2 2.7 0o 0
- —— L -_—
Ty~ - 22 -

69

1943,

Data compiled. from: Bryant
Cordier 1927,

Rishel 1925,

Cooper

(in Bent 1948),

-Rathbun (in Bent 1948), Saunders (in Bent 1948), Bailiff'(in

Racey 1948), Hann 1950, Fakus 1959a,

2

r

Sullivan 1973.
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nest sites c%edted on Dyson Creek was used in 1976, while
two of the 11 nest sites created on Gorge Creek were used. |
0f the latter sites, one was used only for initiating a
nest; the pair began to build a nest'but Qot no farther than
filling all the tiny Crevices with bits of.moss and then
moved to a_mofe inaccessible and less conspicuous nest site
about 8 ; upstream. The other artificial site used.(G—12)
wag~just over 1 km upstreaﬁlof the Gorge Trail nest site
'(Fig. 19) < Thé péir built aréomplete nest after removing
;he nest I had placed in the site. One egg was laid iﬂ this
nest buf the fdllowing day the egg was found in the water .
below the nest and the nest cup.hAd been removed, apparently
by 2he adults. ) N \ |
The range of values for‘the features of the artificial

. ) :
neést sites (Fig. 13) were similar to those of all nest sites

found. Artificial sites were generally no different than \
used, sites in the depfh of water below the nest, the
~substrate Stability,.no: the\deéree of overhang above the .
site (Tablé 14) . Artificial sites were more frequently
directly over the water-than the used sites, so\in this
category they were of higher quality. However, generally
the used sites were on noisier parts of the-stream, less
~accessible, less cé;spicuous and'clo§er to fast water than
the artificial sites kTable 14). Thereforé, in general,
artificial sites ;ere not as attractive as the natural,

sites. This may explain the small amount of use made of the

artificial slites. In addition, the return of-at least one
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' . N

Figure 13. Characteristics of artificial nest sites created
for Di-pers on Gorge and Dyson Creeks. See
Table 1 for details of the characteristics.

1

) .

P



94

i8iom

49 }DMm Kil1qo4g iS04 }s9iDaN 88N MoOjag
18A0 8ip1isqng 04 oo:o*m_o yjdaq Je4pm
_ ON saA € 2 | v ¢ 2 ¢n~l,o
T {E
- . :: :C:E !
[0} >
L
3
r02 o
[+ ]
2 -
: w 3
ocofgo mmmcngoawcoo 3:58334
vy ¢ 2 S v ¢ g S v ¢ 2 ]

2uy

EC:[

CC:E

8510
¢ v ¢ 2
:: .,n ﬁ
T tol

S$|SON

r02




Table 14.

Feature -

Accessibility

Cgnspicuousness
! '
L

Overhang

)
!

Substrate
«Stability

Directly over .

Water

Water Depth
Below Nest

Distance to
Nearest Fast -
Water -

Category! Used"

1+2
3
u+5

1
.

3+4+5

-1
2
3+u+5

30
10
6

27
7
12

19
15
12

217
10
9

39

7

33

13

15
9
10

12

31
6
9

Artif.

3
10
10

12
8

1
12
10

-
U d =

~N 0 s

3
10
10

15.3

18.5

95

comparison ol features at used sites with
o artiticial sites.

p<0.001
p<0.01
p>0.5

p>0.1

p<0.025

p>0.1

p<0.001

l1Categories were lumped where necessary *o meet minimum cell

size assumptions of X2 test (Siegel 1956).

7
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member o c¢ac¢ of four pairs resident in 1975, +o the sane
: ! ]
territor e¢s, v obably accounted for som¢ of the low use of
the artir. 'v sites.

Nest material did not appear to be a cue attracting
Dippers to a nest site (Table 15), despite the fact that the
only artificial nest sites used were provided with nests.
There was no apparent preference for sites with nest
material. Thus, th@fpermanent features of the site must
attract the Dippers, ahd not the preseqcéxef ag\old nest in

. i ¢ \
the site, indicating no predation, no flooding, ?nd

- \

|

After examining the features invoived in seiection, I
|

investigated nest <1tes in terms of breeding sucéess;~ There
were several causes of failure of clutches. (Tablé 16). The
security or success of a site, may change from oée year o
the nex{, independent of theMbirds using it, because of
periodic high water. Flooding and probably some bf'the
unexplained failures were related to the quelify’of the nest
site.U,Although flooding was responsible for the failure of
a‘number ot ne:t sites, in several cases the adults renested
and successfully raised a brood. All renests were stagted
very shertly after the flooding and while the water was
still éuite high (in 1975) so that the suSseguent sites were
safer from‘high waters than the original. However, other
than inAheight, all renests were rated lower in guality than
the original, in that‘they were usually more accessiﬁle and

more conspicuous. Only two renests were in the same

2

©
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Table 15. Nest sites used in 1975 and in 1976 relative to
presence or absence of o0ld nest materials. '

Nest Materials

Present  Absent
Avoided \ 22¢10)1 21 (11)
Accepted * . : 10 (2) 19.
Banded Returnees 5 3
New Rirds 2 9
Unknown (New 1 7

or Returning) . E

lNumbers in brackets are number of artificial sites included
in the sample. e : ‘ 5
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Taple 16. Loss of Dipper clutches initiated in nests on the
' study area. ' '

N _Number of clutches_lost

Cause_of loss . 1975 ~ 1876  Total

Flooding 8 2, 10

Abandoned 2 1 3

Unknown 5 3 8
. Egqgs froze 1 ' 0- 1 ' -

n

; Human 1nterference 1 0 1
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location as the flooded nest, however eggs were not laid
during eifhen_ﬁesting attempt by one pair.

The other causes of nest loss showed that certain sites.
ue?e ursuccessful both vears, e;en +hough the occupants
changed. VOther nest sites were successful locatlons one
year and unsuccessful *he next. There were cases of a
change in the occupants between years and cases of returning

pairs that accompanied *hese changes in site success. There

did not appear to be any consistent trend in causes of nest

IS

failure.

Sullivan (1973) repor*ed 17 losses ou£ of 79 active
Vnests. Six losses were caused by human activity,  two by
flslng water, three by terrestrlal predators, one by
1ntraspe01f1c aggresq1§n, and five unknown causes. These
losses were over 4 years of study. Price (1975)'reported 33

*

losses of which eight were caused by death of an adult or

[

abandonment by adults, seven were +he result of flooding,
four of nest destructioh (probably three by huﬁans), three
of possible .genetic damage, one of starvation or disease, 2
one of intraspecific.aggression, and seven of ‘unknown
causes; In rcomparisor with these other studies, the Alberta
populatléﬁ suffered consider ably more from high water
conditions, §nd much ;ess, if any at all, from human
activity (@Xciuding cne nest loss caused by myself).

Floods similar to'that‘occurring in 1975 occur

occasionélly."Between 1950 and 1963, there were 3 major

floods recorded, in 3 different years during the, time of

3
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breeding by'ﬂippérs{ in 7 years for which records were kept
(unpub. Reports of R. B..Miller Biol. Stn.).

Considering the drastic effect that floods have had on
nesting success it is surprising that there has not been
selectﬁen for nésting in safer locations. Dippers have a
lQng'negFing périod (about ué(days from start of laying to
fledging) which would tend *+o make their presence
conspicuous to predators, 55 well as inérease’the period
during which they would be susééptible to nest predation.

Other birds which nested on *the cliff faces of the streams

(Townsend's Solitaire Myadestes townsendi, and Western

Flycatcher) ﬁore frequently nested in more accessible
lbcatiqns But their ne§fing periods were much shorter, and
therefore, on a time basis alone, they were less susceptible
to predétion. In contrast to Dippers,’these latter species
were often observed to neét on loose shale ledges, UhiCH are
‘far.more abundant than firm rock }edges; several nest losses
were Eecorded as a result of rocks falling onto these nests.
It is interesting to speculate that perhéps Dippers ﬁave
avoided the more abundant potential nest sites on loosé rock
faces for *wo reasons: these sités haveva higher pétential
for damage td the nests from falling rocks, and they are
frequently more accessible to mammalian predatoré. ~The long
nesting period of the Dippe;s would ma ke such locations
doubly hazardous. =

Nes+ site use has been shown %o depend upon selection

in the Sheep River area. There are three other factors that
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appear *o be involved: nest site tidelity, timing ot
occupation of a territory foria nest,‘and the extent of
established terfitories.‘ I defer diééussion éf this last
point to the next secfion. Nest sites are -frequently reused
by the same pair of Dippers (Sullivan 1973, Price 1975).
Sulligan found that ‘males always returned to the same site
even if they lost their mates, while fe&pies would move to a
hew mate's territory if they lost their original ﬁate. |
I observed two maies to change nest(sites: male 0904

moved to a site on £he Sheep River in 1976, 5 km from the
site oﬁ Gofgé Creek used in 1975. Male 0922 also moved to
the Sheep River in 197b,v4 km from thé 1975 si;e on Gorge
Creek. #ale 0922 had lost i*s mate in 1975, while 0904
probably had lost its mate over winter. The former shifted.
territories as a result of the timing of its return to its
1975 nestingsterritoryz }This male did not arrive on itc
Previous nesting terrltory until at least 2 weeks after %t
had been occupied by a pailr of newvwly banded birds; thlS late
arrival was in spite of its presence on the Sheep River
(near where it eventually bred) very,early>in 1976 (7 April-
census).‘

| Timing and extent of térritbty seems to have governed
the use of—t;o nest sites on the upper Sheep River, which
were used in 1975 but not in {976. In 1975, the pairs for
Triumvirate ahd‘Underground Streams nest sites estabLished-“

territories at the same time as one or both of ‘their-

adjacent neighbours. 1In early April 1976, a territory
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encompassing the 1975 Triumvirate territory and most of the
aljacent downstream Sungalashee territory had already been

established by an overuintéfing banded male (0998) and .an

unbaod.od F“male.. This effectively excluded new pairs fronm
‘ ’

est b q rerritories. In 1975, because the two nest

sit .. ~n claimed at about the same time (and a couple

wealks ihian an adj¢ - e:nt upétream territory) both nests

were use «ile 1y, the ~erritories uBstream and

dov- sty . o lergrc n1d Stréams nest sjife were

established hont &hé sd. » time and encroached

considefablr on pori ‘on of stream included in the 1975

Sungalashee territor-y. 4 = *erritory upstream of
Undergfou;d Streams n: -t site extended at ieqst 500 m into
the 1975 Unde?@round Streams territory. The result was that'
the Undérground Stfeams rest was vacant in 1976.

Sunquist (1976) reported that C. Eg;;§§;; consistently
placed their nests in the upstream half of fheir
ferritories, despite the availabiLity of apparently suitable’
ledges in the downstream halves of territories. No
discussion of nest placement in American Dipper territories
has been published. The Dippers in the Sheep River study
area shoved no preference for upstream'or downstream halves
of a terri*tory (10 nests in dovnstreaq and 7_qests in
upstream halves). The only consistent feature about nest
placement appéared to be the provision of some degree of a

buffer zone; nests ranged from a minimum of 0.2 km to a

maximum of (.75 km away from the nearest territory boundary.
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The bhehaviour of Dippers in nest Sige.selection and 1in
establishment of territories largely determined which ledges
.on the streams were occupied. Therefore, the effect of
social behaviour among D}ppers was gquite important and it 1is
the implications of this behaviour that I examine in the

final section.

L]
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The*biomass of benthic invertebrates was choseh as‘d
comparative index of available food (standing Crop) 1in
different parts of the streams within the study area
(Figs. 14-16). The values obtained’varied considerably from
one sampling site to the next .in each sampling period,
indicating an uneven distribution of the food resource over
the study ar%; in 1976. This is not surprising in view of
the variable streanm morphometry (Fig. 8) known to affect the
amount of biomass that can be supported per unit area of
stream bottom (Hyneé i970).

The total biomass per unit area was compared among
streams and among sampling times with only a few instances
.of significant differences recorded (Table 17)7 The samples
obtained from the Sheep River in June weighed less than
samples obtained fron the Sheep River, Gorgé Creek, and
Dyson Creek in July and the Sheep River in May‘(Table 17} .
Therefore, the highest.standing crop of invertebrates was on
the entire stﬁdy area in July, followed by tlhe Sheep River

An May. Within the study area the lowest level of benthic
biomass was found in June on the Sheep River. The biomass
samples from Gorge and Dyson Creeks in June were of an

intermediate level.

Price (1975) found tha* standing biomass in mid-sunmer
(July) was significantly lower than at other periods of the
year (April, February, December). I sampled only during the

breeding season sonﬁ%at I cannot determine whether a decline
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Figure 14.

Dry weight of stream bottc ‘amples obtained

between 4 and 7 of May, T - . from the Sheep
Rivwer.: Weights of four sam:_es/station hav
been doubled to give values :at can be
compared with eight samples/-vatlon obtained
during later sampling periodés (Figss 15, 16).

Asterisk indicates those stations used for
comparlson with la*er csampling perlods. - Forage
ratios (Table 21) were calculated from data '
recorded at station 14. The slank portions of s
the figure represent the weight of
Ephemeroptera, the close stippling represents “
‘Plecop*era, the vertical lines represent the o
Trichoptera, and the large dots represent other
taxa. The increasing numbers are statioms
increasingly further upstream from the mouth of -
Gorge Creek.
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Figure 15.

Dry weight of strdam bottom samples obtq%ped
between 31 May and 2 June, 1976, from the Sheep
River, Gorge Creek and Dyson Creek. Forage
ratios (Table 21) were based on data recorded
at stations 2 and 4 on the Sheep River. Blank

po- - of fiqure represent the weight of-

E tera, close stippling represents -

P. ., vertical lines represent b
Tric ca, and the large dots represent other

taxa. rhe numbers of the stations 1increase as
one heads upstream on each streanm.
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Figure 16. Dry weight of stream bottom samples obtained
between 1.and 4 July, 1976, from the Sheep
River, Gorge Creek and Dyson Creek. Forage
ratios (Table 21.) were based on data recorded
at at station 2 on the Sheep River. Blank
portions of fiqure represent. the weight of
Ephemeroptera, close stippling represents
Plecoptera, vertical lines represent other
taxa. The numbers of the stations increase as
one heads upstream on each strean.

4



110

W T — ) —
. lo_-Hl

I =

R~

XD=F

XD

_.’.....m“_

12 13 14

8 9 10 Il
Gorge

7

Dyson

Sheep

Stations

Sampling



Table

17.

Comparison of standing crop index of benthic

111

invertebrates among streams and among sampling
t-test. Probability values are

times using a
shown in body

Sheep_

Sampling Stations June

-

Sheep
Sheep

Sheep
Gorge
Gorge

\
Dyson

Mayt

June

“July

June
July

June

0.1>p
>0.05

of table. :

River Gorge_Creek Dyson Creek
July dJune July June July
>0.1 5001 S0.1 >0.1 >0.1
<0.05 - >0.1 <0.05 >0.1 0.1>p
. >0.05
>0.1 >O.{ 20.1 >0.1

>0.1 >0.1 >0.1

>20.1  >0.1

>0.1

10nly those stations sampled in May on thé Sheep River that
were similar to or near the stations sampled later in the
summer were used in the comparisons (see'Fig. 14).

a



112

occurred relative to winter biomass levels. HWithin the
_breeding season a general trend is discernibie; early May
‘and early July are periods of higher standing crops, and no
decline into mid-summer was apparent. This difference, in
occurrence of a decline, between the Colorado study and the
Alberta study may have some bearing upon post-breeding
movemerts“of Dippers. | |

.

Price (3975) attributes the post-breeding movements of

a substﬁﬁtlal proportlon of re51dents, to there being a lack’

b .

of available moulting cover, and a low standing crop of
benthic invertebrates in mid-summer on the study area.

These movements were upstrear, even though there was
similarly abundant cover downétream of the study area.

Price explalns this as a response to hlgher avallablllty of
suitable sized benthlc 1nvertebrates upstream and on the
basis that invertebrates should be emerging later because of
the harsher conditions and later spring break-up.

Because of the_harsher conditions at h}gher altitudes,
benthic invertebrates take longer to develop at these ’
'altitudes (Hynes 1970). There also is a censiderable spread
in emergence times for different species from streams in the
Alberta study area dgring the iceffree periﬂd (Bartland-Rove
1964) . Por example, certain species overwinter as immatures
béfere emergingfin very early spriné, while others develop
from overwinterihg eggs. and emerge in late summer, or early

fall. These emergence frmes would all be expected to shift

at higher altitudes so that a spread of emergence tlmes

e
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would be maintained. Price (1ﬁ75) 5elieved larger size
categorieé were more available at ‘higher altitudes in
mid-summer. Without more quantitative data, such as samples
of benthic invertebrates sorted into size categorieé, for
ubstream, downstream, and study area locations, I feel that
it was unreasonable for Price to claiﬁ“that foéd Jevels were
attracting the Dippersrspecifically to the upstrean réaches.
Certainly in’the Alberta study area there was no greater

decrease in the proportion of smaller insects at upstrean

locations, compared with stations at lower altitudes, as the

. summer ,advanced (Fig. 17). Nonetheless, there was a decline -

of food in the Colorado study area to which the bippers may
have responded, in addition to the lack of cover, when they'
moved off their territories. A similar decline in biomass
did not occur on qhe Sheep River study area and there was no
éomparable movement away from the study area. Therefore,
the presence of the required esé@pe cover and a good food
supply appear to have enabled Dippers on the Sheep River to
stay on ;he study area during the moulting period, when the
démand for good nutrition is particularly high (Newton 1968,

-

Spearman 1971).

Dippers are generally characterized as having-an

opportunistic foraging s%tategy, and that selection of prey

is Félatea to ease of capture of invertebrates and their
abundance in the stream (Goodge 1959, ﬂitbhell 1968, Thut
1970, Sullivan 1973, Price 1975). Reports of stomach

contents of Dippers during the breeding' season are rare
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Figuggnj7.

AY

7%

Percentage of total numbers of invertebrates
that were less.than 5 mm in length. A - June
samples. B -.July samp'es. Triangles indicate
stations on the Sheep River, boxes indicate
stations on Gorge Creek and circles indicate
Dyson Creek. (Essentially only two size
classes of invertebrates were found in any
nunbers in the samples: less than 5 mm and
between 5 and 15 mm.)
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(Bakus 1959a); most of this type of.information comes from
winter studies (Mitchell‘1968, Thut 1970). I examined
stomach contents from six Dippers shot or netted during the
breeding season to assess the apparent foraging strategy.

‘The stomacﬁ contents were identified to family or genus
(species where pOsSible)(Table 18) by’comparison with a
reference-collection obtained from the benthfc samples. All
food samples from Dippers were removed within an hour of
killing. Some post-mortem digestion occurred (Dllléry
1965), but the degree wa- small and independent of method of
handling. I found no soft-bodied invertebrates in any
stomach examined even when the stomaéh contents were
preserved immediately. This observation agrees with winter
feeding studies (Mitchell 1968, Thut 1970). Thus Dippers
probablf do not eat soft-bodied taxa in any numbe.s. Nearly
all.of the taxa recorded as food for Dippe;s (Table 19) have
some sclerotized body parts which are not easily digested
and which can Be used for identification, for-example head
capsules of Chironomidae, mandibles and maxillae of
immature, and wings of adult Plécoptera, Trichoptera, and
Ephemerdp}era. Tderefore, few taxa were likely missed as a
result of possible post-mortem digestion.

The Dipper stomachs examined contained pafts-of 12 to
93 préy items (Table 18). The numbers of individual food
items in a stomach were comparable with those found.in other

studies (Table 19), although there were several 1nstances in

the latter studies of Dipper stomachs containing over 100
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, Table 18, Numbers of items in the stomachs of six Dippers

collected from the Sheep River, 1976.

Birds_ _

Taxa w1

Ephemeroptera:
Cinygmula
Ameletus o . 1o
Ephemerella

. Rithrogena
Baetis
Epeorus subg.
Epeorus subg.

Plecoptera: . : {~
Alloperla ' 1
Brachyptera - '
Arcynopteryx
Nemoura S.
Nemoura H.

TN W=

Trichoptera: ‘ .
Rhyacophila hyalinata 2
R. verrula.

R. acropedes
R. wunidentifiable
Larvae, unknown
~Adults - )

Chironomidae
Formicidae 3
Hymenoptera adult

piptera adult 3
Unknown

¥

3

NN e & —0 &

4

27
12
4

1.

28

2

o

(G0

17

o

-1

TOTAL 37

12

67

46

21



Table 19.

Animal taxa
stomachs

Taxa

Ephemeroptera
Plecoptera
Trichoptera
Chironomidae
Other Diptera
Acari
Gastropoda
Oligochaeta
Coleoptera
Formicidae
Other Hymenoptera
Fish .

of Dippers examined
Range: No. items/stomach 12-328

118

repurted as items found in Dipper

(

No. of Stomachs for:wWhich Tiga

Recorded ,
Mitchell Thut Bakus This
(1968) (1910) (1359a)  study
24 3 0 6
19 4 1 6
26 6 0 5
5 3 0 1
9 3 0 1
0 5 0 ok
0 5 0 0
0 0 1 0
4 6 1 0
0 0 0 -4
0 0 0 1
8 0 © 0 - 0
26 6" 2 6
0-3

45-282

12-93
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items; in eacg of these cases there were extremely high
numbers of a éingle taxop. Mitchell (1968) found thattemall
prey, usually occurring in clumps in the stream, made up the -
bulk’of the items in 4 stomachs of 26 that contained more
o ,
than 100 organisms. ' Thut (1970) found over 100 items in
four of the si; stomachs he examined-and.generally one taxon
made up the bulk of these, 1090.
I calcu%ated forage ratios‘for each of the taxa found.
in Dipper stomachs usihg the formula:
FoR. = (t /ta) /(S /Sq)
where t, is the number of £tems of a particular taxon in the
stomach, t; is the nhmber of all items in the stemach, s 1s
the number of the specific taxon in the stredm samples, and
s;\fs the number of’all items<in the stream samples (Hess
and Swartz 1941). Forage ratios were determined from all of
the stomach contents, rather than for 1nd1v1dual Dlppers,
because the low numbers in the latter 1nstances led to
unreasonably high foraqe ratio values. I'sorted all ‘amples-
obtained at about the same time and nearest to the locations

- -

" where Dippers were killed (Figs. 14-16, Table 20). THe
forage ratios covered a wide range (Table 21). A forage
ratio of greater than 1 indicates that there is some
selection for the taxon considered; whereas a forage fatio
of less than 1 indicates that,there i avoidance or 4t least
* no seiection'of t&atvtaxon (Hess and Swartz 1941). There

were only eight items found in Dipper stomachs which were

not found in the riffle areas sampled; of these eight, five
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Table 20. Number.of invertebrates of different taxa found
‘ in samples from stations along Sheep River near
in time and location where Dippers were killed
" for analysis of stomach contents.

Sampling Stations :
* : | . May June June July

Taxa 95.5 km 97.9 km 29.0 km 29.0 km
Ephemeroptera :
Cinygmula 5382 1629 307 487
Ameletus - 4 57 20 2
Ephemerella 66 9 33 32
Rithrogena 102 15 g 8
Baetis 44 147 27 144
Epeorus subg. Ironopsis 2 - 1 -
Epeorus subg. Iron 12 66 1 30
Stenonema ¢ - - 1 -
Unknown a - - 1 -
Plecoptera B
Alloperla - 30 2 13
Brachyptera , 12 - .- -
Chloroperlinae 4 18 2 -
Arcynopteryx . _ ‘ 22 - 4 17
Nemoura S. ’ 134 12 1 -
Nemoura H. - 26 - - 1
Peltoperla - . 3 - -
Unknown : 6 18 R 4
Adults 8 - - 3
Trichoptera
~ Parapsyche A o 6 - - -
Parapsyche B . 2 1 -
Rhyacophila hyalinata 14 ° - < 3 1
Rhyacophila sp. 1 4 - 1 -
Rhyacophila verrula "2 6 - 1
Rhyacophila acropedes - 3 - -
Rhyacophila alberta - 3 6 5
Larvae, unknown 2 - - -
Pupae, unknown 28 - , T -
Adults : 8 - -
Oligochaeta - 9 - 1
Diptera '
Pupae ) 8 = - .7
Chironomidae larvae - 18 9 . 15
Tipulidae larvae 6 9 o) 3
~Empididae larvae - 6 - -
Ephydridae larvae - 3 - 2
. Unknown larvae - 9 1 L=
Adults o 40 - 4 30
Coleoptera 2 - - 1
Corixidae . 8 - - -
Arachnoidea o - 3 L= 1
Formicidae 4 18 2 2
Chilopoda , - 6 - -
TOTAL B 1160 2106 446 776
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Taxa not taken

Rmr—

.wﬂ

Table 21 . Forage ratios for insects fed upon by Dippers. See text
for description of forage ratio.
Proportion Number In Proportion wd
Taxa Found Number In Of Total In Stream Of Total 1ln Forage
In Stomachs Stomachs Stomachs Samples Stream Ratio
Ephemeroptera 183 0.663 3838 0.904 0.733
Cinygmula 35 0.127 3005 0.708 0.179
Ameletus 78 0.283 83 0.020 14.15
Ephemerella 4 0.015 140 0.033 ‘0-45
Rithrogena 17 0.062 134 0.032 "1.94
Baetis 33 0.120 362 0.Q85 ) 1.41
Epeorus subg. .
Ironopsis 14 0.051 3 0.0007 72.86
Iron 2 0.007 109 0.026 0.0003
Plecoptera 16 - 0.058 315 0.074 0.784
Alloée;la 3 0.011 45 0.011 1.00
Brachyptera 1 0.004 12 0.003 1.33
Arcynopteryx 5 0.018 27 .0.006 3.00
Nemoura S. 12 0.007 147 0.035 0.200
NeMoura H. 3 0.011 27 0.006 1.83
Adults ' 2 0.0C7 11 0.003 2.33
Trichopte{a 62 0.225 99 0.023 9.78
Rhyacophila
hyalinata 12‘, 0.043 18 0-004 10.75
_ R. verrula’ 1 0.0036 9 0.002 1.80
R. acropedes 8 0.0290 3 0.0007 41.43
R. unidentifiable - 2 0.007 - - -
Larvae unknown - 5 - 0.018 - - -
Adults 34 0.0123 8 0.0018 68.33
Chironomidae 1 0.004 42 0.610 0.400
Formicidae 8 0.029 26 0.006 4.83
“Hymenoptera adult 1 0.004 - -~ iﬁ
Diptera adult 3 0.011 74 0.017 0.65
Unknown 2 0.007 . - - -
TOTAL 276 1.0 4285 0.952
215 0.048
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were case~dwelling caddisfly larvae typically found in onls
(Pennak 1953). This indicates that Dippers forage mostly at
fast-moving riffles and that the stream samples provided
good quantitative egtimates of food available where Dippers
generally foraged. |

The forage ratios for the Pleéoptera and Epheméroptera
indicated lesé éeleetion than one would expect from their
abundance in‘the stream, while the Trichoptera were highly
selected. Mitghell (196?’ found a similar preference for
Trichoptera oier Plecoptera and Ephemeroptera during the
winter. Despite these generalizations, certain taxalwitﬁin
these orders had fdrage ratios different from those of the
order as a whole, again simila; to the observations of
Mitchgil (1968). |

A

Among the Ephemeroptera, four taxa were taken in excess

’

of their enerdl availability in the stream: Epeorus subqg.
g y 1 . _ Lpeorus g

|
Ironopsis, Ameletus, Rithroqena, and Baetis (in decreasing

order of selection).~ Similarly f?f Plecoptera, thr< taxa

were preferentlally selected: Arcynopteryx, Nemoura H.,

Brachyptera. The low representation of Trichoptera in

stream samples may have produced misleadingly high forage

o

tatios, but there is/probably some real selection,

particularly for Rhyacophila hyalinata.

The apparent selection for Pégcoptera and Trichoptera
adults and the Formicidae (ants) was likely an artefact of
the stream sampling method. These taxa could not be

sampled, quantitatively, from the areas where Dippefs were
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observed catching them i.e. on exposed.rocks, the streanm
banks, ‘and cliff faces. They were more .abundant in these
regions than as debris or drift obtained during sampling.
In the ice-free season, Dippers were able to take advantage
of these aerial and terrestrial food resources. Sullivan
(1973) documented a changing pattern of foraging maneuvers
during the four seasons which was related to the appearance
.of these resources. He observed that, in the spring and ’
summer, much more terrestrial foraging occurred thag in the
fall and winter.

The most important selection is that involved with the
bulk of the food items; that is, the immature insects. The
selection observed appe-red £c be related to two major
factors: conspicuousness of the insectdand.probable ease of
Capture. Except for Ameletus and Baetis, all of the
Ephemeroptera and Plecoptera were dorso-ventrally flattened.
Ameletus and Baetis are free-ranging genera of rapid water
which maintain themselves in the current by clinging to
rocky substrate, yet by means of darting movements they can
move about in spite of tbe,curren£. The remaining
Ephemeroptera and Plecoptera dre slowgr moving, cling to the
rocks to avoid being swept away, and are frequently found on
the undersides of rocks or in crevices (Pennak 1953).

Except for thé Nemoura spp. which are detritivores or .
herbivore$§, the Plecoptera, are carnivorous and +herefore

more moblle and probably more conspicuous than the generally

herblvorous Ephemeroptera.
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All invertebrates sampled weré roughly measured and
\e

placed into four size categories: (1) <5 mm, (2) 5 £3J15 mm,
{3y 15 to 25 mm, and (4) >25 mm. Cinygmula specimens were
the smallest and generally accounted for all Ephemeroptera
in the smallest size class, although some were put into the
second class. Ephemerella and Epeorus subg. Iron were also
larger than 5 mm. Epeorus subg. Iromopsis and Rithrogena
were quite la?ge, generally being placed in the upper half

of the second size class. Baetis and Ameletus were always

larger than S5 mm but in most cases smaller than 10 mm.
Similarly among the Plecoptera, the largest taxa were the

A\ N .
ones selected i.e. Arcynoptepyx, Nemoura H., and

Brachyptera. Nemoura H. was nmot much larger than Nemoura S.

nor Alloperla, but unlike these two which had smooth

exoskeletons, Nemoura H. was covered with densely packed,

very conspicuous dark setae. Therefore, the taxa of
Ephemeroptera and Plecoptera “hat were selected were larger
or more conspicuous by their actions or exterior (Ameletus,

Baetis, Nemoura H.) than those that were not selected.

Rhyacophila spp. represented the major taxon of

Trichoptera consumed. The five unidentified Trichoptera
larvae were case—dwelling‘and likely pool-dwelling, while
tme rhyacophilidé were free-living forms found in the
riffles. The Dippers did nét appear to be selecting
pool-dwelling taxa in favour of riffle-dwelling taxa as Thut

(1970) found for Dippers during the winter, in Washington.
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i
This may be a result of differences in stream morphomefry
between the two:%tudy are%s, hdwever, it may also partly be
a result of the differing sampling procedures used.

Despiée the discrepancy between stream gampling times
and locations relative to the times and locations that birds
were killed in Mitchell's (1968) study, her results on the
yintet food of Dippers are in general agreement with mine.
Dippers appeared to select the lirger, more conspicuous food
items in the Montana study area. Some Dipper stomachs |
examined by her contained numerous very 'small prey itenms
which_were often found in clumps in the strgam.

I did not find fish in the Dipper stomachs, although I
had observed Dippers, eating fish, apparently fingerling
trout, twice dpring this study. Thut (1970) found no fish
in stomachs he examined, even though the Dippers were caught
because some had been eating fingerling trouf in an
experimental study stream. Thut concluded tﬁat fingerling
trout were normally not available. Mitchell (1968) found
that only .those Dippers caught on the stream from which she
:had.sampied f&ﬂ;had fish in theinp stomachs.

Records of Cihglid@e eating fish are numerous (Michael
.1922, Cordierr1927, Bent 1948, Bakus 1959a, Pastukhov 1961,
Sullivan 1973, Jost 1975), In fact, Jost (1975) describes
fish otoliths in pellets regurgitated by c. c- cinclus
throughout ny study I saw no pellets nor any behav1our

resembling casting of pellets. It is unlikely this

behaviour is peculiar to C. cf clus and may more likely be a
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resu%t of a high proportion of fish in the diet which would
require the elimination of scales. Dippers probably eat
fish only when fish are abundant or in a situation that give
the birds an advantage (particularly in hatcherges, Munro
1924, 1936) .

Dippers have a variety of foraging methods which enable
them to exploit the stream fauna. Sullivan (1973) describes
several types: aquatic foréging (wade-dive, head~dip,-
.swim-dive, swim-pick, plunge-pick), terrestrial foraging
(surface pieking, detritﬁs OrL rock turning) and aerial

‘foraglng (flycatchlng by hawking from a’ perch) During over
90 days of observa+1ons I saw Dippers forage 1n‘all of these
manners, although swim-picking and pPlunge-picking were rare
and aerial flycatching was observed only twice. |

A previously undeecribed foraging maneuver,
hover-picking, wes observed in ;hree territories where
vertical, sheer Cliff faces were abundant. When
hover-picking, bippers would perch on a small ledge, or '
Occasionally on a nearly vertical face like a swallow scan
the rock above, fly up and hover eomen*arlly while picking
off an insect, and then drop to the same or another perch.
This type of foraging appeared to be quite successful; often
a Dipper might hover;pick for several minutes before |
changing to anoeher foraging pattern.

Because of the distance fronm whichQI usually observed

the birds, T cou_d not determine, in many cases, whether a

particular foraging maneuver had been successful.
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Therefore, I focused on data of the frequency of occurrence
in ofder-to assess importance of particular foraging
patterns.

In the course of foraging, a Dipper might specialize
for a period, but also would frequently vary its,maneuvefs.
Overall, there was considerable variation in foraging
haneuvers used (Tables 22, 23).

Certain foraging maneuvers were observed to be
’dependent on time of day (Table 22) . Both hover—piékinq and
terrestrial foraging were used by the Dippers léss
frequently than expected'during'the early morning hours.
When Dippers used these foraging maneuvers they were
generally cgzéhing vinged adults that were resting on rocks
and cliff—faces; these insects did not start flying until
the air fempe;ature was sufficiently high. This would also
efplain the less than expected use of hover-picking during
the eagly to late evening periods,Afor the temperature
décreases during;these periods. Terrestrial foraging
foccurred-more than expected in the iate evening, which
probabLy reflected the greater conspicuousnéss of winged
adults on the whitish, éhore-line rocks, than insects in the
water. Wade foraging was used more frequentlyx%ﬁan expected
between 09:00 and 12:00, but less frequently than eipected'.
between 12:00 and 15:00. The re?erse was true of drift-line
foragiﬂg. These foraging maneuvers, although different in

procedure, often occurred in neighbouring locations. The

increased use of these foraging movements, in mid-morning,



Table 22.

Foraging
Maneuver:

Swim-dive
SWwim-pick
Plunge-dive
Te;restrial
Hover—pick

prift-line

4
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Number of 20-second intervals each foraging
maneuver observed! during five periods over the
Expected values and results of X2 test are

day.

also shown.

Time of Day

\ ~_..,,)

contingency table.

£

0500 0900 1200 1500
to to to to
0900 1200 1500 1800
74.0 117.0 37.0 76.0
75.8 85.5 59.8 16.0
74.0 77.0 33.0 76.0
64.4 72.6 50.8 64.6
9.0 8.0 9.0 7.0
7.8 8.8 6.1 7.8
44.0 51.0 29.0  34.0

39.6 44, 31. 39

40.0 68.0 1. 45.0

58.4 65.8 46.1 58.6
1.0 . 20.0 3.0°  30.0
12.6  14.2 9.9  12.6

;
80.0 22.0 82.0 55.0
63.4 71.5 50.0 63.6

1800
to
Dusk

27.0
33.9

10bservations were lumped for four bltds from two
territories observed in 1975.
30-0Observed values; E-Expected values from the XZ

X2
171.4
d.f.=24"
0.01>p .

-

]
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~Table 23. Number of 20-sec intervals each foraging maneuver
was observed! 1in each month. Expected values aind
X2 test results are also shown. 4

Foraging tdonth
Mapeuver May June  July Auqust X2z
Wade 03 32.0 161.0 8 .- 28.0 453.7

E 42.3  81.7 13... 45.9s . d.f.=18

, 0.01>p

Swim-dive 0 55.0 69.0 100H.0 56.0

E 39.9 77.1 124.8 43.3
Swinm-pick 0 6.0 27.0 14.0 0.0

E 6.6 12.7  20.6 7.1
Plungé-dive 0 13.0  14.0 114.0 44.0 !

E 25.9 50.0 81.0 28.1,
Terrestrial O 53.0 83.0 80.0 11.0

E 31.8 61.4  99.4  34.5
Hover-pick o0 29.0 ¢.0  25.0 1.0

E 7.7 14.9  24.1 8.4
Drift-1line o .2.0 13.0 175.0 66 .0

E 35.8 69.2 112.1  38.9

10bservations were lumped for four birds from two
territories observed in 1975.

30-Observed values; E-Expected values from X2 contingency
table.
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)

possibly reflected 'the increased light relative tgdgatiier
}u the day. A reduction o: use of wade and swim-dive
foraging maneuvers during the’subsequent time period likely
reflected the efficiency of the earlier bou+*s. A
concurrent, relative increase in drift-line foraging duripg
the latter period may have been in comggnsation for reduced
efficiency when using swim-dive or wade foraging.

Th%vpfevalence of particular fo..gying maneuvers
differed between tpe two pairs observed (X2=101; p<0.005).
I observed the pair at Underground Streams foraging élong
the drift~lin% tedge of stream) only once, while the pair at
Bridge Falls frequently foraged‘along the drift-line. "In
addition,  the pair at Underground Streams used the
terrestrial .foraging maneuver relatively more frequently.

Considerable variation in composition of foraging
' manehvers occurred over the summér (Table 23). Drift line
foraging was most responsible for this difference, as it
occurred auch less frequenfly than expected during May and
June, but m&ch more frequently than expected during July and
August. This change in prevalence of drift-line foraging
vas likely in response to an increased abundance of déad
flying insecis being caught by the backwaters and eddies and
swept towards the shore-line.

There was a general increase in foraging in July (and
August'fbr Bridge Falls) which reflecéed the period of

S

- hatchi : .r¢=stling development (TabIe 24) . This increase

“'in fr ‘ : raging occurred throughout the territory;

IS

=4
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‘Table 24. Percentage time spent foraging throughout the day
during each month, for two pairs of Dippers
observed in 1975. '

Percentage of Time

Location Dipper . Month Spent Foraging
Underground unbanded male June 1.7 b
Streams 0915 female June 2.1 (13.9)1

D July 12.1 (22.3)
.Bridge Falls (0920 male ' May 8.2
' June 3.5
July 35.3
August " 54.6

0901 female May 13.8 (19.5)

June - 2.3 (71.8)

July 3.2 (20.3)

August . 28.3 (96.3)

1Numbers in brackets are percentages of time spent foraging
by females relative to a total time observed outside the
nest, as opposed to the other value which is based on a
total time durinly which the bird was observed plus the time
when it was known to be in the nest.
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often the Dippers would fly a few hundred meters from the

4

nest to forage. .
There were some individual differences in frequency of
certain foraging maneuvers. -The members of the pair at

Q
Underground Streams differed in the frequen-y' with which

they used certain foraging maneuvers (X2=14.3;
0.025>p>0.01), but not to the same extent as between the
male and female at Bridge Falls (X2=251; p<0.005). At

Bridge Falls, 'the female (0901) used three foraging

maneuvers most frequently: wade, terrestrial, and drift-line o

foraging (in decreasing order of frequency). The nale
1{0920) similarly u#ed drift-11ine, suim—dive, and plunge-dive
foraging (in decreasing order of frequency). AltLough the
data are féw,'théy suggést théf éome separation of the food
availagle within a tgrritory may be occqrring through use of
different foraging techniques. Such intersexuval differences
in foraging have been observed for a woodland nesting

"

passerine, the Red-eyed Vireo (Vireo olivaceus) (Williamson

1971) . It may be that the inter-sexual differences noted

for the Dippers are simply individual preferences. Further
] ’ 4 .
data are warranted before strong conclusions can be made

cohcerning this aspect of Dipper foraging.
Overall, the Dippers appear to make use of a variety of

foraging maneuvers'and to make use of each repeatedly; these

- - - ’ - - .. ‘-
are: wade, sylm—dlve, drift-line, terrestrial, plunge~dive,

!

hover-pick, swim-pick, and fly-catch (in decreasing order of

frequency). The difference in foraging patterns between
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diffe nt birds may be a result of different habitat
structure which affects proporf@ons of foraging areas
suitable for certain types Qf fdraging (€his would explaiﬁ
inter-térritory differences),‘or a result oflseparation of
use of the resource, which may improve overall foraging
efficiency (as between members of a breeding pairjn

It remains tﬁen to try to resolve whici type of
fordging strategy may be exhibi£ed by Dippers. Both
iMifche;l (1968) apd Thut (1970) suggested that the .birds*
seemingly opporfunistic’behaviour.isAin accord with
?inbérgen's hypothesis (éibb 1962) of a search imaje. The

ﬁippers may form an imége of a partiﬁﬁlﬁr preyfwhicq:they”,l
: - ‘ ’ ol nga‘ .
R B

. o
- : A

then search for during a particular foraging bodf. A
different model of fofaging sttategy suggests that birds
forage optimally (Royama 1970, ﬁartwlck 1976). Althougﬁ IT
do not have adequate dataﬂon the efficiencies of various
foragiuy patterns, nor‘on the dietary value of certain sizes

or typeshof‘prey, the Dipper is clearly a épeciés which may

fit a profitability-strategy model. Because it has a number

of different foraging maneuvers and durjné its foraging o
bouté{may sample one or several different regions in and )
around the stream, it has the capacity to samp;e regions of
differing prey density,labﬁndance-and‘compositiop;' It would

be reasonable to expect-that; during given streanm

conditions, ;here may be higher"pfofitability aéqruing frqm
repeatéd foraging utiliziﬁg one maneuver, while at other

\

time - a more frequent change of foraging maneuver may be
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more efficient. Because of the dynamic nature of the stream
environment, it is likely that the Dippers should have

evolved a dynamic foraging strategy to meet these changes.
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Breeding territories were generally estabiiéhed by the
Dippers immediately they returned to the study 1. - At
this time thefe was a large influx of Dippers (Table 4),
many of which attempted to establish territqries, sometimes
for - . g as 6 weeks without succeeding (e.g. 4406). Both
Su - iv © 373) and Price (1975) report such attempts; the

f- cmer , 'fers to these attempts as “su:plus" nesting ‘

_attempts. Price (1975) estimates that between 13 and 29% of

' ' J
all birds that were seen attempting to breed on his study

- area were surplus, in that they attempted to breed (they

were observed singing, starting nest building, courting, or

aftempting to establish territories), failed, and moved off
the study area.

Before considering the prbsenée and nature of a surplus
of Dippers in the Sheep‘River population, an exarination of
parameters which may gerrn the estab;ishmenf ws territories
(as suggested by Lack 1966)‘is presentéd. I was unable to
determine consistent terri*ofy boﬁndaries for several of thé
breeding pairs in 19.75. Tﬁerefore, consideration of most ﬂ
features of the territories Qas based upon the 1976 data.
The distribﬂtion of territories (Fias 18—é0) was s{pilar to
that dgscriped for}otherAcinclid popunis :ions (Robson 1956,

Bakus L959b?;Ba;at 1?62, 1964, Hewson 1967, Shooter 1970,

L. . / Cay .
. Sullivan”1973, Klein' 1974, Price 1975, Sunquist 1976), «uat

IR Ye:. "N
S

'the'birds;were #idelyAdistribufed dﬁring the breeding

L

.. v 4 i
3 L | . '
- ‘_“ o Lt . - L Ve N
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Fiqure 18.

Map showing extent of 1976 breeding territories
of Dippers on the Sheep River. Approximate
locations of nest si*es are opposite names of
sites. Cross-hatched area includes stream
length contained within each territory. Solid
lines indicate territory boundaries, dotted
line indicates unconfirmed boundary. Asterisks
indicate nests used in 1975, but not in 197s.

‘e,
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Figure 19. Map showing extent of 1976 breeding territceries
of Dippers on Gorge Creek. Approximate
locations of nest sites are opposite names of
sites. Cross-hatched area includes stream
length contained within each territory. Solid
lines indicate territory boundaries, dotted
line indicates unconfirmed boundary. Asterisks
indicate nests used in 1975, but not in 1976.
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SWIMMING HOLE
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LITTLE BOUNDARY FALLS
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Figure 20. Map showing extent of 1976 breeding territories
of Dippers on Dyson Creek. Approximate
locations of nest sites are opposite names of
sites. Cross-hatched area includes streaw
length contained” within each territory. Solid
lines indicate territory boundaries. Asterisks,

indica*te nests used in 1975, but not in .1976.
|
|
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season, having large, very elongate territories felative to
most other passerines (Schoener 1968). There is
considerable variation in the lengtﬁé of cinclid territqries
reportedb(Tablé 25). One of the perpetual questibns in
population studies of cinclids has been: what determiﬁes the
size of breeding territories and hence the -number of birds
breecing in a particular area?

I examined a ﬁumber ok habitat parameters in describing

the study ared“(see<Stream‘Environment). There was ¢

considerable heterogeneity in occurrence of cover, depth and

nature of current, and nest site potential (Figs. 6-9). In

addition to those parameters, the different streams varied
in width as well as in total benthic biomass (Figs. 14-16).
I-cShld find nb relat&onship between territo;y length and
benthic bicmas<s “Fig. 21). This agrees with Price's (1975)W
results. wi1dth of the streanms on which the Dippers nested
also did not seem to play a role in determining territory
size, although the three longest territories were on the
narrower tributaries (Table 26). -Price ;1975) exaﬁined 5

larger sample éize of territories than were available in the

present study, and found that none of a series of

~environmental parameters or biological characteristics of

thé birds were correlated with territory size, eécept the

abgence of an adjaqent territory ét one end. In my study

area, of the five territories with lengths over 2 km, four
weré at the upstream or dovwnstream end of a series of

territories. Thus, they were without an adjacent territory-
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Table 25. Lengths of territories reported in the llterature
for Cinclus spp.

Mean Length of Range of

species _and_Location * Territory_ (m) . Lengths_(m)
C. mexicanus | |
Sheep ;River (this. study) 14006 | 670-2030
Gorget Creek (this study) 1473 990-2250
Dyson Creek (this study) 2070 910-3910
Boulaer, Colorado, U.S.A.
(Price monogamous males- 944
1975) polygynous males 2031
poelygynous malest 1504
Missoula,'ﬁoﬁtana, 0.S5.A. -
(Sullivan 1973) , 759
(Bakus 1957) - max. 3502

C. «cinclus
Spessart, West Germany

(Klein 1974) - | 2800
Cczechoslovakia (Balat 1964) 653 . - 350-1250 1
North Westmorland, U.K. o ?}Mf
(Robson 1956) , © 430 110- 640
| ‘ .,
Saxony (Richter 1953) g 500-600
Birks, U.S.S.R. (Dementiev v
and Gladkov 1954) g 2000-30003
" Ce g_lla511 : _ . -
Pakistan (Sunqulst 1976) T 4257, 315-562
&,
ér'-:‘

1Excludes an unusually long territcry Jrich was probably not.
entirely defended (Price 1975).

2Likely an underestimate of territory length resulting from
field technidue. : ' .
3Inter-nest distances only.
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" Figure 21.

Mean food biomass of benthic samples obtained

within territories, at the times of territory .

establishment, compared with territory length.

~
» \
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. \“‘ ”

Territory sizes calculated for 1976 breeding
territories on the Sheep River, Gorge and Dyson

~Creeks (Figs. 138-20).

Joe's Canyon 1930 .

Ladder Brid

- Dyson C

ge 1470

Terrace Falls 670
© Bridge Falls _ 760
Sheep Falls ‘ 1060
Butterwort Chute - Panorama Rapids 2050
Sungalashee 1020
"Grab-to-Band" 1620
Cliff-face Chute : undetermined
Sheep Narrows : r;" 2080+
' Sheep River mean : I 1406
Swimming Hole. 1320 -
Log-jam Narrows (Impossible Pool) 1250
Little Boundary Falls ’ 990 ,
Dipper Cascade : : 2250 -
- Moss Overhang -"Gt12 (Gorge Fflats) undetermined
Gorge Creek mean C 1473
Narrows Falls . 2450
Hummingbird Falls 1010
- Dyson Ford Falls . : - 910
"October” 3910
reek mean 2070

o
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at one end (Table 26, Figs. 18-20).

Shoéterwk1970) stated that the availability of tood,
nbt total biomass or stream width, determined territory size
of the European Dipper. The availability of food depended %}
upon the total amount of preferred foraging areas,\that Ais,
shallow stretches of streanm (Shooter 1970). He also
suggested that about an ésrelof shallow stream was required
by a breeging pair. Klei.: (1974) provided some qualitati?e
evidence that supports this idea; he found that the 1oﬁger
territories were in areas of deeper, faster-moving water,
but he also found that ‘territories were sho-' in areas
that had a hlgh number of secure nest 51tes. I found that

=R,

t&wgtotal amount of shallow stream within agrrltorles was

quite variable (Table 27). If there was a minimum amount of
shallow foraging areus required by Digﬁ@rs then. there must
have been sufficienl’obtainable food along the shallow edges
of the stream, or their :equiremgnts for food are smaller
thaﬁ-are indicated by thé above autﬁoréifqg,the‘ﬂaropean
Dippe;,‘or most likely there was sufficiéh£ food in deeper

sections of stream,- which they were capable of obtaining.

c >servations of a number of terrltorles over a wider range

v

of stream types andﬁfoowf‘bundance than I had, may support

-he general argument””of Shooter (1970) and Klein (1974).
Because availability of nest sites has been shown to
limitrthe numbers of several bird species”breeding in

' . certain areas (Lack 1954), I felt it important to examine

the pbssibility of excess nests. There were a number of
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- Table 27. Morphometry indices compared among‘%erritories or

different sizes on the Sheep River study area.

[EE Length of Morphometry cCorrected
Streall’ - Territory Index? Index2

Sheep . 7 1470 . 8.0
670 1.0

560 2.4

2 $1060 6.6

2050 6.5

1020 5.2

1620 10.8

Gorge 950 9.5
790 ‘ 7.9
1750 . 17.5
Dyson 1010, ‘ 5.1
910 . 9.1

3910 37.1

-

!Morphometric Index is the total number of 100 m sections of

. Stream within a territory that have stream morphomet y
"ﬁ@lassificatious of. 0, 1, or 2; these are the shallovest
. .8bctions classified (see Fig. 8 for explanation of

Classification systen).: v
2Corrected Index 1s determined in the same Way as
Morphometric Index with the exception that all sections on -
the narrower tributaries are divided by 3 to account for the
difference in area between a stretch of stream on the Sheep
River and the same lepngth of stream on the tributaries.

i
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unused nest sites within breeding territories in both 1975
and 1976 on the Sheep River study area (Table éBf. Not all
nest sites were includ?d in this Table because it is
unreasonable to expect Dippers to nest within 100 nm ofygach
iother, given their aggressive nature (the shortest ;“
inter-nest distance, during my stqdy was 400 m). ‘Othef
studies also showed that rarely do cinclids nest within
100 m of.each other (Robson 1956, Balag 1964, Hewson 1967,
Shooter 19%0, Sullivan 1973, Klein 1974, Price 1975,
Sunquiét 1976) . One observation of Dippers nesting very
close {o each other was of two pairs within 50 m of each
other at opposite ends of a waterfall (Emily Dixon
pers. comm.). Such a large physical feature presﬁmably
reduced the interactions between adjacent pgirs.

Frequently, I foﬁnd'cliff-facés on which two or more
‘pest»sites were located; in each of these instarces I\‘
counted only one po?ential site, for reasons presTnted
above. Unused sites have been shown to differ in character,
and épparently in qualit%}.ftom those that were used (éee

p. 86). Perhaps those sites that were not used\gere'too

unsuitable. This might h&ve been true of the six sites tﬁatfb

remained upused both years, but uould not account for'tﬁb§ews

i
-

nests used.ﬁn 1 of the 2 yeérs. Also, it shodld be noteq3‘
tha? all of these unused sites were obvigusgy uséd éguu

"'Dippers in the past, at least to téguyoiﬁt of qomp;etipé;of,
a nest; therefore, fhergj@ﬁst be some‘attraétion iqﬁguéh |
sites, which appear t@gnitd be ekcéss ne;gs:. £ $f%$"

N 4y S
\Sm : A . .

R
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Table 28. The number of unused n st sites that were greatei
than 100 m away, from used nests, yet still within
the territories of Dippers on Sheep River and
Gorge and Dyson Creeks.

v

K 12_§ 1976 1975+19761
Strean Unused Used Unused Used ~ Unused
Sheep.River 5 1" 7 10 . 'u,h_
’ Gorge Creek '2 5 2 -‘ 5 1
Dyson Creek 2 4 2 g 1 :
TOTAL o 9 30 17 19 e

'1Nests .that were unused during both years.

v
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If one accepts the «ridence that there were excess nest
sites, sufficiently far apart that aggression involved in
maihtenance of interindividual distance (King J1%/3) would

not be a problem, then one must ask: why were there not more

'm

Dippers nesting there? Were there additional Dippers that
had been excluded? Was there a possibility that some
pippers did not breed, if they'were excluded?

In en attempt to answer these questions, I removed all
Dippers initiating nesting on&the Sheep River between “he
Bridge Falls and Ladder Bridge territory and also between

the Butterwort Chute - Panorama Rapids and cliff-face Chute

territories (Fig. 3). I stopped removing Dippers when a

third pair had been observed initiating a nest at Terrace

A

Falls (Table 29).

In view of nest failures that-may have been related to
inexperience (Table 16), I wanted to determine whether the

replacement birds were capable of actually breeding. The
R
last replacement pair at Terrace Falls (subsequently banded
r)

4480 and 4481) were successful in raising a brood to
J,,f\

fledgigng. Some: of the Dippers establxshing the first

terrié%ries could not be retrieved after they were shot.

All but one of the female Dippers thet were retrieved had

well developed gonads. xge single exception (June 15,
o

Terrace Falls -‘unbandedj had several‘follicles larger than

2 mm in diameter and a- ellghtly enlarged oviduct. There was

L
. \

no eVidence that this bird, nor any of the other ' Lj;

\.I/

replacements might already have bred elsewhere and failed.
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Table 29. Results of removal experiment on two portions
the Sheep River, 1976 (see Fig. 3).

—~

Territory Removal_Date Birds Removed

, Female fale
"Grab-to-band" 9 HMay 0932 44012
. 24, 25 Méy unband! unband
sungalashee 10-12 May 4412 - 09981

8 June unband 0916
Terrace Falls 15, 16 May 0902 gy1ul
15 June \ unband unband

19 Julyz 4481 4480 ,

}Bodies not retrieved after shot. )
2pate of banding; not removed, pe;m;tted to nest.:

152
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As indicate@qearlier (see p. 52) there appeared to be a
number of ind duals.thar were actively searching for
places to breed and which were being excluded from the%study
area. It is my argument that this exclusion was a result of
the presence of territoriél birds. Further evidence
suggesting that‘gippers may be excluded from breeding,
probably by territorial birds, was provided by two banded
male Dippers which were not observed as breeding reeidents
"1975, but which attempted to qbtain territories and nest
dites on the/etudy area im 1976. Because male Dippers have
such a hlgh nest site fldelltyﬁgSulllvan ‘1973, this study),
these observations of 0913 trylng to obtain a territory on
lower Gorge Creek for over 3 wvweeks and of 0916 replacing
birds removed from a territory, strongly suggest that some
Dippers may not breed during sorme years. |
Observations of Dippers‘during the winter was only a
casual portlon of my research, however, it isieignificant
that durlng late February the only banded Dlpper observed

2

(0998) . was ‘found Hlthln the boundaries of its subsequent

Y

breedin- terrltory, w1thﬁﬁq unbanded Dlpper presumably the
unbanded female mate observed with 0998 in early April.
Durlng the winter census the upsStreanm terrltory ?oundary wWas
roughly the same as subsequently determined during the

breeding season (Sungaiashee Fig. 18), although a downstreanm

territory boundary could not be determined in February.. At
, » _ -
this time there were five other Dippers observed vh%ig the
\ N b - . .
‘Sheep River was open; two were downstream near Bluerock .

o~
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Creek (Fig. 18), while three‘wereiupstream of the apparent .
upstream territory boundary for 0998 and its assumed mate.
Thus, the Dippers vere dispersed along the available open
stfetch, and at approximately the same densitykas during the .
breeding season. One territory may have been maintained
th:oughéut thg winter on a portion of the Sheep River that

remained open. But I do not have sufficient data on the

. movements nor exclusiveness of the regions occupied by the

Dippers to determine whether true, exclusive winter

territories were estap}ished, as Bakus (1957) and Sullivan
{1973) beiieﬁéd, br‘w;é%her the birds simply maintained an
igter-indiﬁidual distance«that moved with the bird (Price
1975). |

| :TEEQFDatupe offbréeding Season territoriality in‘éhe
studyqupu1ation seemed similar to that observed eléewhere\
for t5é>5mé%ican bfﬁper (Bakus 1957, Sullivan 1973, Price -

1975) and was quite distinct from the relatively subdued

aggression observed for; Furopean Dippers by Shoofen (1970}.

- - o -
Interspecific territoriality also was much higher for the
: (Y

Dippers in the southern Alperta population than reported by

Suliivan (1973), or by Shooter (1970) for the European

Dipper. Dippers im the Alberta population were extremely .

aggressive towards Spotted Sandpipers (Actitis macularia),
pérticularly if there was a nest bf a Spottgﬁ Sandpiper
within the dippér's territory. Dﬁring ope observafion
periégsat the Bridge éa}ls térritory, malé 0920 chased ‘

Spotted Sandpipers for short distances a total of ‘seven

Ea

S
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times. Dippers were also observed on a few occasions to

-~

sing briefly at Robins (furdus migratorius), Townsend 's
Solitaires, Western Flycatchers, and 'Swainson's Thrushes

(Catharus ustulatus) .

Population ecologists have only recently been,
conducting controlled, adequateiy,monitored removal
experiments to determine the presence or absence of surp.
animals that are. prevented from breeding by established
- individuals. The outcome of tnese types %f experiments on /
bird speCies have shoun that some populations may have e
surpluses (Harris 1970, Krebs 1971, Zwickel 1972, Bendell
et al. 1972t Knapton and Krebs 1974) and others may not
(Cederhoim and Ekmanf19f6).

Klomn (1972) restates fiVjimonditions {(first fornulated

by Watson and Moss 1970) tha N o met'before”regulathbn

of numbers can be attribuuéd'

-

I

examined each of +hese conditions in light of the apparent

surplus (see P 52) of Dippers (potentially non-breeding) in
. - / D

the Sheep River ‘study area.

The first condition is- that part of a population of

o

potential settlers initially present on an area is inhibited
fron breeding in that area. There were more individuals on

the Sheep RiVer study area in the spring of 1976 than

initiated breeding (Table 4). Several banded lndIVldua

\

were observed\attempting to establish territories, and a

number of pairs moved in‘to replace pairs I removed (Table . -

4] .
*
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29) . There was a temporary response to removal by adjacent
territoty holders:; both 0920 and 4418 were observed in the
adjacent dovwnstreanm removal territories after removals;
However, they did not defend these additional areas;
Although I observed occasional unbanded, unestablished
Dippers on the study area, there were no‘non-hreeding
individuals conSlstently observed. Priﬁe and Bock (1973)
also could not find a non-breeding sugplus residing on‘their
'study‘area, and suggested that transienté continuedvto look
for availaSle nesting habitat_throughout the season..

The second condition is that such non-breeders be
phys1olog1cally capable of breedlng uhen fllllng a vacancy
created by the removal of establlshed rTesidents. Ons

-

replacement pair on the Sheep River was permitted to breed
, | .

and was sué@Eszul In addition, the gonads of replacement

palrs were well developed whlch showed that tkese apparently
’ . - =] . \l«)

f

The third comdition is that breeding animals not -

excluded blrds were capable’of breeding.

completely use up any resource. If they are, then that /

resource 1s llmltlng.‘ 5pace, food andmnestlng’51tes aré
generally prOposed as potentlally exhaustable resource#
(Klomp‘1972) as the populatlon den51ty increases. Space,f
desplte the moblllty of Dlppers, was not llkely to be

\llmltlng nurbers 1n the south Alberta populatlon whlch

;suggests-that space, ~per se, was not llmltlng. The mean

Ty
length of terrltorles in the Sheep River- area was

- . [} \

";significantly eater (t- test, p>O OS) than that reported !

‘;}-5' ‘ N ' . -

oy

%
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for monogamous Dippers in Boulder, Color. - - ° Lce 1975).
v

L] . . )
Therefore, in other areas Dippers were more densely packed

¢

than in the present study.
L Price (1975) found that Bipper diStrlbution thronghout
the year was often correlated with the abundance of LOOd
however, 51ze of terrltory wWas not. I also found that size
of breeding terrigbry was not correlated with .apundance of
benthic bionass ;Spearman's rank correlation test, p>0.1;
Fig. 21). .I further examined rhe benthic.biomass samples to
determine whether certain components of rhe stream bottom
fauna were correlated with +err1tory length. Stomacn'.
analysis 1ndlcated that the orders Trlchoptera,
Ephemeroptera, and Plecoptera were 1mportant components of ~
the diet of tne/D:pper”(pg. 116- 121), while other taxavfound
1 the srream were negligibly represented. I found no
co:relation between size of territofi‘and an} or all three
of the combonenrs“of the stream bottom samples formed by'the
.above three orders.during‘the establishnent of territories
by the}DipperS'(Spearman's rank correlation test, §>O.1).
Dlppers chanfe feedlng hablts durlng floods when the
vater is. exceedlngly turbid and thé number of p0551ble
foraglng maneu?ers is reduced (Sullivan . 1973, Price 1975,
irhis study). Only after particriarlj’severe and prolonged
floods in which extreme reduct.ons of the original fauna
have occurred (perhaps as low as'10%, Jones 1951) or after
, €xcessive and uwnnatural siltation ‘has occurred (Price 1975{,

does it seem likely that food may be limiting. In the Sheep
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River study area nest site availabilify fluctuated
considerably from one portion of the stream to another

(kFig. 9), however, within several km of stream there were

q

unused nest sites (Table 28)..
The 1astvtwo conditions ptes - .~ jeal with long-term
jimitation of numbers. Condition fouv 1s that "the

mortality or depressed re.ruitment due'to the limiting
factor(s) chahges in.-an popposite sense to, and at the same
rate as other causes of morta11+y or depressed recruitment”.

condition five 1is e} at if all other condltlons "Qre'

jfulfllled and_ the numbers change following changes in’ food,

then food and behaviour are both limiting the breeding

population" (Kiomp 1972) . Without Sevefal years of field

~ study, including observation of the effects. of natural

fluctuatiods of food or artificial enhancement of ava®lable
food, one cannoéjadequaﬁely deteémine if these last two
criterid'hold for a population. However, because they
represent fgpg terﬁ\@pproachegy one mightﬁlook upod‘fhem as
refinements. The tirst threemoonditions’are,'therefore,
most impor;ant in determining the presence or.absence of a
group of individuals that afe prevented from breeding by
esgablished residents.

The Sheep River area is typical of foothill streams
(Miller 1962); there 1is marked heierogeneity in distribution
of aoailable nesting éites (Fig. 9) and foodk(Figs. 14-16) .

The stream system as it relates to pDippers can be compared

with models of avian habitat distribution in a rather unigque

P
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way. Fretwell and Lucas (1970) and‘Broun'(1969S present
- models of the effgct of terriéor%algty on the-distribution
of birds in habitéts of different quality. TIn their models
birds are shown to settle i: optimal breeding habitat first
and then in sub—optimal_breeding habitat. Fretwell and
Lucas incorporate an additional feature 1into t£eir model in
.that the qﬁality of the habitat is partially dependent upon
t*~ density of residents. In otheriuords, optimal habitat
ray each a snh;optimal quality level by virtue Gf the
presence of ber of territoria; residents, at whicp
poinp birds will 'settle in sub-optimal quality habitat.
Eventually a poiﬁt is reached\ﬁhere the density in this
lower Quality hébitat is such that tﬁe quality levels, based
upon a combinatiéﬂ of habitat parameters and bird density,
are the same for both habitat‘tzpes and the birds move into
each habitat at the same rate, presumably until the minimum
territory size is reached for'z£e particular habitat.

Dippers breed in spatially simple but structurally

. - .

heterogéneous habitats. Ong par£ of a stream may be a; a
diffegeﬁt level of habitat éuality than an adjacéntrpart.
Conceptually, Dipper populations can be compared wiph these
models." Houever, +ro fit the models accurately, oné\would
need more precise delineation of habitat.quality and
observation of differential mortality in hahitats of
different quality. Such quantification .s excee”ingly

difficult to ob*ain, and would require stu. .- extensive

areas for such widely dispersed birds as i , is. Price
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(1975) reached a similar conclusion regarding hi. study
population. * .

Krebs (1971) found that removal of Great Tits in
optinal habitats, with respect to breeding success, tesultzl
in replacement by mostly first-year individuals, fron
habitats that were suboptimal with]respect to breeding

~ (

success. He concluded that although his results undlca}ed
that terrltorléllty influenced den51+y, the fungtlon of
ierritoriality in an evolutionary sense is probably spc~ing
out of breeding pairs (deerSe against predators). Although |
his conclusion suggested that territorial behav1our ¥as not

a density- dependent factor regulatlng population size, the
lsame reasonlng implies that .territorial behaviour can ac't as
such a regulatfng mechanism in Dippers.. The unused nest
sites in ‘the Sheep River study area were shown to be
genefally more accessible than used sites. With population
density reach%ng'fhe point where all of the preferred sites &
. Were taken, then one can see how terrltorlal behav1our could
function in spéelng out to reduce predator access to nests
and also where the‘pgpulation numbers in that area may be
regulated in ardensity-dependent fashion.

Discussion of the exﬂstence of a surplus must be mad~
in light of the occurrence of polygyny discovered by Price
and ngk ‘3973) and for European Dippers by Mork (1975).

The breeding success of polygynous birds fell below ;hat of ‘

monogamous birds in the last year of Price's study.

Nonetheless,. such birds represented an opportunity 'for at

&= 1

N~
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least females among the excluded birds to take part in
bree.ing. However, from Price's estimates of Dippers
attempting to breed and being chased off it is unlikely that
the entire group of4excludéd female Dippers were able to .
breed. On Gorge Creek I observed what might have been an
instancelof'incipient polygyny, but unfortun;tely ail three
birds abandongd\the nests. - No other instances that
approached polygyny were obsefveé, despite the occurrence of
several territories without adjacent territories 6n one side
- thé situations. in which’Price found all of his polygynous
birds, and predicted as sﬁitable loéatiOns fog polygyny
(Pfide and Bock 1973). h

It appears then that in this study aréa the numger of
Dippers able to breed was limited by territorial behaviour
while ﬁltimately the availability of nest siﬁes may be the
limiting factor. Also, éolygynous matings maf; in general,
be rarer than Price (1975) found and predicted for

populations of Dippers in the Eastern Slopes of the Rocky

Mountains. : : .
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CONCLU DAI NG DISCUSSION
Hy objoét;ves in curuvying out this study were: to

, .
assess the availability and use of nest sites in an aréa_
yhere such sites were exclusi#ely on natufal shbstrate} to
record fhe'qvailability of food, its actual selection by
Dippers inAthe breeding season, and the behavioural
responses that may occur as a fésult of changing food
avai;ability or individual requircaents; aﬂé to determine s
the effectiveness of social behaviour in preventing Dippers
from breeding in a particular area.

I: order to provide a framework for .examining *hese
topics, I presented an overview of population parameteré‘of &,
Dippers in the ﬁpper “heep River basin, Alberta. Breeding
aistributibn, nestinj; chrewota2, natality and mortality
vere fbund to be sihilar to other populations of the
American Dlpper and to spec1es of Cinclus in general A
larger proportion of the Dlpper populatlon migrated than in
any of the populations previously studied, which is linkfd
with the drastic(:eduction in available habitat in the area
during the winter. Dispersal, a critich part of the
population dynam}cs of any species, remains poorly
understood and is an area where fur+her inve;tiqation would
be fruitful, particularly in light of the presence of a
surblns, non-breeding component of the population (see
below).

-Nes+ sites and cliff faces with ledges suitable for

nest s1teq were cluamped in dls*rlbutlon- certain portlonc of
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the main river in the study area had dbun&ant nest sites’
while the two mdjor tributaries appoat&d'to havpbd dearth of
suitable sites. TFactors involved in use of nest sites were:
selection (sﬁown to depenq upon level of stream hoise,
accessibility, Sugstrate stability, and distance to nearest
rast water); timing éL establishmeht and extent of
territories; and also nest site fidelity.

.Food availability remained at ahov* the same‘lpvei
~hroughont the summer with a sligh® decline 1t June. ff is
suygested .at the con.stant qvaildFLulty ol faood and ;he‘
abundéngv ~f cover on this study area en¢' led resident
breedinh Dippers to remain on territcories huring the

)
moulting period, in contrast to other study populations‘
where at leas* one of thése resources was reduced. The
selection of 7»od, as determined by forage ratios by

v

Ereeding Dippers }ndicated a preference for the more
éonspicuous, larger benthic iﬁvertebrates. Flyihg adults of
béntﬂic immatures were also iﬁportant in the diet. |
Terrestrial invertebrates made up a small portion of the
diet as well. Fish were not commonly eaten by Dippers
during tbis'study and;may be a very small part of their diet
in general. |

5ippers have a wide variety of foraging maneuvers and
seem to chow differencés in use of certain maneuvers that
- vary with the type of streaﬁ habitat found in different

territories and within tferritories betwveen individuals. The

foraging ecology of Dippers 1s an area where further
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inves+igation wonld be fruitftul, particularly in regard to

" predation models. . C E
' Dac . -

(

Through remévairexperiments,'l showed that a surplﬁs of
nQn-breeding(Dipperé existeu in the Sheep Ffver area.
_Térgiforfal behaviour of rgsident individuals was consideréd
to'bé'invol;ed-in causing exclusion of these birds.
Observa‘ions of ;t least P-year old birds seeking
territorirs on the :tudy area were noted ;s %urther
.evidence, becanse of site ' fidelity of these birds, that
non-breeding birds occurred in this population. I reviewed
‘“klomp's (1972) criteria for determination of the occurrence
of a surplus excluded by social behaviour. . I believe that
the Dipper population met allqof the shogt tern criteria,
although longer term work would be required to determine the
constant presence of a surplus.
,The ultimate question appears then‘tq be why do
surplus;s of Dippers occur, mediated by territorial

s

behaviour? 1In most sections of streams where- Dippers

»

reside, even in natural areas like the present study, there
are adequate nest sites and food supply. Given the drastic
effect that periodic floods have upon nest success, through

Al

both(nést damage and reduction of benthic biomass available
as food, it would be adaptive for Dippers to defeni a
,territory which wduld include a Sufﬁgcient qﬁantity of'these
resources to either renest or find sufficient food for the

'young, respectively. These may be the u imate factors =7

which underly the proximété mechanism pf territorial

k]
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be‘hd‘{/iour in determining breeding population numbers.

16
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Banding - data and measurements tor all Dippors/
handed duraing

study area,

Band
no.t

0901
0902
0903
090u
0905

0906

0907
0908
0909
0910
0911
0912
0913
0914
0915
0916

0917

0918
0919
0920

0922
0923
0924
0925
0926
0927
0928
0929
0930

" 0931

0932
0934
0935
0936

© 0937

0938
0939

0940.

0941
0942
0943
094u
0945
0946
0947

Colour
bands2

R/-
W/-
B/-
G/-
Y/-
R/-
R/-
B/-
W/G
G/R
R/Y
F/B
R/W
Y/W
G/B
Gl/Y
R/G
B/Y
0/0
Y/B
Y/R
R/-
G/~
R/R
Y/~
o/-
Y/-
G/~
W/-
B/B
-/"
B/R
B/G
-/-
B/~
W/W
B/B
B/B
O/R
0/B
0/0
B/O
Y/Y
Y/Y
0/Y
Y /0

S/-
S/~
S/-
S/-
S/-
R/S
S/
S/B
S/-
S/~
s/-
S/-
S/-
S/~
S/-
S/~
S/~
S/-
S/~
S/-
S/-
S/R
S/G
S/~
S/G
S/0
S/R
S/B
S/R
S/~
0/5s
S/~
S/-
S/G
B/S
S/R
S/B
S/R
S/B
S/0
S/R
S/R
S/0
S/B
S/B
S/R

1975 and 14976 1in

Albertsy.
- A\ge\3

and Stream

sex ‘location®

A F Sheep 41.6
A P Sheep 37.9
A M Sheep 37.9
A M Sheep 0.2
A M Sheep 7.8
A M4 Sheep 7.8
A F Sheep 1b.5
A M Sheep 41.6
A M Sheep 51.5
A FS Sheep 51.5
A MS Sheep 77.5
A M Sheep 74.0
A 'S Sheep 1.0
A FS Sheep 1.0
A F Sheep 3.0
A M Sheep 2.6
A F Sheep 51.0
A F5 Sheep 51.0
A FS Sheep 48.5
A M Sheep 46.2
A MS Sheep 46.2
A M Sheep_ 37.5
A F Dyson 43.5
A M. Dysom 43.5
A F Gorge 24.4
A M Gorge 39.8
A M Dyson 5.0
A F Dyson 5.0
A F5 Dyson 26.2
A MS Dyson 26.2
A F Dyson 36.5
A F_ Sheep 96.9
A P Gorge 68.4
A M Gorge 68.4d
A F Gorge 39.5
A F Sheep 130.6
N - Sheep 96.9
N - Sheep 96.9
N - Dyson 44,6
N - Dyson 44.6
N - ~Dyson u4.6
N - Dyson 44.6
N - Dyson 36.4
N - Dyson 36.4
N - Dyson 36.4
N - Dyson 36.4

*he Sheep River

Length (mm) Wt.

wing tarsus

87.90
88.0
93.0
89.0
90.5
95.0
83.0
87.0%
95.0
86.0
90.0
94 .0
92.0
85.0
90.0
95.0
90.0
83.0
86.0
88 .0
93.0
90.0
85.0
94 .0
87.0
90.0
98.5
89.0
86.5
92.0
85.0
86 .0
86 .0
91.0
86.0
81.0

9)

54.5
52.5
58.5
556.0
©2.0
60.0
52.0
56.5
60.0
Su.0

60.0

64.0
63.0
53.0
50.0
56.0
59.0
49.5
51.0
56.0
60.0
57.5
50.0
61.5
52.5
53.5

" 62.0

50.0
49.5
56.0
56.0

54.5
53.5.

56.5
62.5

0 51.0

\
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50
51
52
53
S5a
55
56
57
58
59
60
61
62
63
6u
65
66
67
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69
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74
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94
95

_— ek md e el ok D

Date

1 toto
B T O R S TN R R TR IR R IR S

Nawaoaoaovwdososooooo
1

29-7

U | [ 20 T T T |
O OOmEWwowmmomw oo m.

-
Quwwwwwwlwhnol
|

16-9

1 cont.

Band
no.t
0949
09590

+ 0951

0952
0953
095u
0955
0956
0957
0958
0959
0960
0961

0962
0963
096u
0965
0966
0967
0968
0969
0970
0971

0972
0973
0974
0975
0976
0977
0978
0979
0980
0981

0982
0983
0985
0986
0987
0988
0989
0990

~ 0991

0992
0993
0994
0995
0996

0997

09938

Colour
bands?

R/0
G/0
G/G
G/G
R/B
W/R
B/R
W/B
Y/Y
B/W
/W

W/0,

W/W
G/0
G/W
G/W
G/0
G/0
G/0
G/B
R/B
R/B
R/B
R/B
R/0
R/0
G/R
G/R
G/P
G/R
B/R
G/R
B /R
B/R
B/R
G/B
G/B
B/W
B/W
W/R
G/W

G/B

W/G
W/G
W/G
W/G
R/W
R/R

B/B

S/G
S /B
3 /B
S/0
S/B
S /0
S/R
S/R
S/Y
S/R
S /0
S/R
S/W
S/R
S/0
S/B
S/Y
S/0
S /G
S/G
S/G
S/W
S/R
5/0
S/0
S/B

'S/0

S/R

'S/G

S/B
S/G
S/W
$/0
S/B
S/W
S/B
S/0
S/B
S/W
S/R

S/G"

S/R
S/
S/G

S/R

S/B
S/W
S/B

5/G

Age?3

~and

seXx

o)

N R A R A A A A A A A AR A - A A A - A A=A g - A A
\

Stream
location*
Dyson 4.7
Dyson 4.7
Dyson 4.7
Dyson 4.7
Sheep, 37.
Sheep 37.3
"Sheep 37.3
Sheep 82.6
Sheep 68.95
Sheep 86.8
Sheep 86.93
Sheep 86.8
Sheep- 86.38
Gorge 24.1
Gorge 24.1
Gorge 24.1
Gorge 24.1
Gorge ' 24.1
Sheep 119.4
Sheep 119.4
Sheep 15.3
Sheep 15.3
Sheep 15.3
Sheep 109.9
Junct. 18.0
Junct. 18.0
Sheep 51.2
Sheep 51.2
Sheep 51.2
Sheep 51.2
Sheep 110.38
Sheep 110.8
Sheep 110.38
Sheep 110.8
Sheep 110.8
Sheep 45.2
Sheep 45.2
Gorge 9.0
Gorge 9.0
Gorge 9.0
Gorge 68.5
Gorge 68.5
Sheep 135.2
Sheep 135.2
Sheep 135.2
Sheep 135.2
Sheep 136.0
Sheep 83.6
Shegp 88.2

Lpng£h (mm)
wing tarsus

88.0 30.4
89.0 28.5
88.0 29.3

1 82.0 29.0
°97.0 30.9
87.07 30.4
93.07 30.8

179

Wt.
(9)

53.0

58.0

48.5

63.0
65.0
67.0
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NO«
96
97
98
99

100

101

102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
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131
132
133
134
135

136~
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139
140
a1

14 3
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18-6
23-6
28-6
28-6
29-6
29-6
29-6
29-6
9-6
30-6

-1 cont.

Band
no.!
0999
1000
44 01

a4 Q2
uu03

ua 04
44 05
uu 06
4407
4408
4409
4410
4411
4412
4413
4414
4415
4416
au 17
4u18
4419

8420

4421

au22

4423
4g24g
4425

" 4420

4427

4428
4429
44 30
4431
44'32
4433
4434
4435
by 36
44 37
4438
4439
4440

.4441

4442
4443
dyuy
4445
ugue

“.‘1

‘Colour
bands?

W/W
B/W
W/W
W/B
W/R

B/B
L/L

"R/W

R/G
W/R
B/W
R/R
B/G
R/G
R/W
L/L
P/G
W/R
B/B
B/G
R/G
B/G
Y/Y
O/W
o/L
G /W
L/L
W/0
L/G
L/R
R/R
o/L
R/R
W/R
B/B
L/L
L/L
Y/Y
0/0
B/B
0/G
0/B
R/W
R/L
R/G
R/R
R/B
L/L

S/G
S/G
S /B
S/G
S/W

5/Y
S/R
5/G

S/Y
.S/B

S/B
S/G

S/0 .

S,R
SYR
S/L
S/B

S/G

S /0
S/B

S/G

S/Y
S/G
S/B
s/
S/R

S/

45/B
S/L
S/B
S/Y
S/B
G/S

“6/S

G/S
G/S
L/S
L/S
L/S
0/S
R/S
R/S
B/S
B/S
B/S
B/S
B/S
Y/S

Agel

and Strean
sex location»
J M5 Sheep 91.5
U FS Sheep 91.5
A M Sheep 119.6
J F3 Sheep 110.5
A ? Sheep 110.5
A F Gorge 4.0
A M Gorge 4.0
A MS Gorge 0.3
A PS5 Gorge , 0.3
A F Sheep 51.5
A PS5 Sheep 41.8
A F Sheep 41.38
A F Sheep 70.6
A F Sheep 87.90
A F Sheep 110.5
A M Sheep  36.7
A M Sheep 65.5
A MS Sheep 104.9Y
A M5 Sheep 36.7
A ? “Sheep 109.5
A FS Sheep 109.5
A M quqei~ 6.7
A M Gorge 24.5
A F Gorge 24.5
A ? Gorge 74.0
A F Gorge 74.0
A M Dyson 35.7
A M Gorge 78.7
A F Sheep 15.3
A F Gorge 24.7
A M Dyson 22.0
A M5 Dyson 22.0
N - Sheep 51.4
N - Sheep 5t.4
N - Sheep 51.4
N - Sheep 5%.u4
N - Sheep 45.2
N - Sheep 45.2
N - Sheep 45.2
A F Dyson 10.4
N - -Sheep 15.3
N - Sheep 15.3
N - Gorge 4.8
N - Gorge 4.8
N - Gorge . 4.8
N - Gorge 4.8
N - Gorge 4.8
N -. Dyson 44,7

Length (mm)
wing tarsus
92.0 30.5
84.0 29.3
87.07 30.8
84.0 29.3
91.0 29.d4
85.-2 28.4
94 .0 31.38
92.2 29.5
85.2 28.2
83.8 28.0
86.0 29.1
85.0 29.6
84.3 27.7
88.0 28.3
8u4.8 27.9
90.8 30.1
90.0 30.3
91.3 30.6
86.3 30.7
86.0  30.4
88.0 27.9
92.8 31.0
89.3 30.8
83.0 27.7
88.8° 39.0
84,8 _29.1"
95.2 29.3
93.7 31.6
80.0 28.6
85.2 29.5
91.0 30.3
92.2 30.2
82.0 .30.1

» 180

Wt .
Qq) .
66 .
60.0
65.0
53.0

59.0
62.0
56.5
52.0
52.5
52.0
56.0
56.0
49.0
52.0
59.0
58.0
64.0
57.0

56.0

61.0
61.0
59.0
53.0
52.0
53.0
64, 0
62.0
52.0.
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lau
145
146

147

148
149
150
151

-152

153
154
155
156
157
158
159
160
16 1
162
163
164
165
166
167
168

169 -

170
171
172
173
174
175
176
1717
178
179
180
181
182
183
184
185

186

187
188
189
190

Date.

30-6
30-~06
30-6
30-6
30-6
30~-6
30-6
30-6
30-6
30-6
30-6

W w
o O
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Band Colour

no.t

4451 L)B -

4452 L /G
4453 L/Y
4454 L/L-
4455 B/Y
4456 B/G
4457 B/R
4458 B/L
4459 B/O
4460 L/B
4461 L/G
4462 L/Y
4463 L/L
4464 L/R
4465 L/O
4466 L/B
4y67 L/G
4468 Y/R
4469 Y /G
4470 Y/Y
4471 Y/B
4472 G/G
4473 G/R
4474 G/B
4475 G/Y
4476. G/0O
4477 W/R
4478 W/G
4479 O/L
4480 W/B
4481 L/R

4482 L/L

4483 L/Y
4484 L/G
4485 L/B
ueB86 W/L

4487 L/G

4488 L/R
4489 L/B
4490 L/Y
4491 B/R
4492 B/L
4493 B/Y

0/S
0/S
R /S
R/S
R/S

R/S

L/S
L/S
L/S
L/S
R/S
R/S
R/S
R/S

L/S

L/S
L/S
L/S

L/s

B/s
B/S
R/S
B/S
B/S
B/S
B/S
B/S
B/S
B/S
G/S
G/S
G/S
G/S
Y/s
Y/S

Y/s -

Age?
and Streanm
sex location®
N - Dysom 44.7
N - Dyson 44.7
N - Dyson 44.7
N - 'Dyson 44.7
N - 'Gorge 3Y.5
N - Gorge 39.5
X - ‘Gorge 39.5
N - Gorge 39.5
N - Dyson 26.8
N - Dyson 26.38
N - Dyson 26.8
N - Dyson 26.8
N - Dyson 26.8
N - Gorge 24130
gtN - Gorge 24.0
MN - Gorge 24.0
N - Gorge 24.0
N - _Gorge 9.3
N - Gorge 9.3
N - Gorge 9.3
N - Gorge 9.3
N - Dyson 10.2
N - Dyson 10.2
N - Dysom "10.2
N - Dyson 10.2
N - Cliff 8.0
tN - Cliff - 8.0
N - Cliff 8.0
N - Cliff 8.0
N - Cliff 8.0
N - Sheep 63.8
"N - Sheep 63.3
A F Sheep 16.0¢
‘A M Sheep 36.38
A F Sheep 36.8.
N - Sheep 18.06
N - Sheep 138.06
N -  Sheep 18.0¢
N - Sheep 138.0¢
J - Sheep 18.0¢
N - Sheep 37.1
N - 'Sheep 37.1
N - Sheep 37.1
N - Sheep 37.1
J - Burns
J - -Burns
J - Burns

Length - (mm)

181~

Wt.

wing tarsus (g9)

28.d4
31:0
29.5
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tThese are the last 4 digits of the official band number and

are used within e ex* to refer to individuals.
2The colours us: wero: R -red, B -light blue, G -dark

green, W -white, ~ -yellow, O -orange, L -light green, and S
-silver (the metal official band). ' .

3The age classes used were: A -adult, N -nestling, J
-juvenile (less than 1 year old), U -unknown.

*The location is given in 100 m units upstream from ‘the
.mouth on each creek or upstream frua the mouth of Gorge
Creek for birds on the ShHeep River. ’ :

5Sex determined using analysis (Appendix ITI). |
¢Denotes locations of birds on Sheep River in 100 m units
~downstream from the mouth of Gorge Creek. A
7These wing measurements are from birds in moult.

|
I
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APPENDIX II

Sex Determination of Dippers 4

As an aid in det@rpining the sex of Dippers I obtained
measurements of left wing chord, lengths of right tarsus and
exposed culmen, and body weight of all aduits banded.

" Andersson and Wester (1971, 1972) showed that 99% of all

é.‘g. cinclus could bé Separated'in{o sexes on the basis of

wing length alope. The means of”taréus and culmen'lengths

were also significantly different, however, considerable
~overlap in these parameters occﬁrred between the two sexes.
' They showed that the difference in mean ueight of the two

sexes (10f8‘g) was highly Significant;;males‘were larger.
“than females. . ichter (1953) stated that, in |

C. g: gggg&;ggg; females have wing lengths less than‘89 mm
and males have wiﬁg ledgths‘greater than 90 mm. Creutz
oé about 60 g, while C. C. ééuatiqu§ nales range from 53 to
75 g anq females range from 50 to 67 g.

'kPrice (1975) stated that wing length can be uséd to

sgparate the sexes of C. égxicanus but ﬁoes not present any

déta to support this statement. Godfrey (1966) showed that

the means of the wing lengths were difgerent for male and
female C. ggxicggﬁ§, but also that there is considerabie
overlap in *his measure: nt. .

After banding adult‘Dippers, I measured the wing length

to -the nearest 0.5 mm using “a plastic ruler, and the tarsus



'97% culmen) betwe~n male and female museum specimens

Ty | ' 184

and culmen lengths to the nearest 0.1 mm using a. vernier
ealiper. T also weighed the birds to the nearest 0.05 g
using a Pesola spring scale, .while they were confined in a

plastic museum tube. In addition, I measured wlng, tarsus

.

- and Culmen lengths of 105 Dlpper spec1mens borrowed from

several museums.(Thomas Burke Memorial Washlngton State

Museum, -University of Washington; Royal Ontario Museum,

Toronto; Bird and Mammal Museum, University of Montana;

Huseum of Natural History, The University of Kansas;

Department of Zoology,JVertebrate’Museum, University of
British Columbia; Zoology Museum, Oregon State Universitys

British Columbia Provincial Museum, Victoria; Museum of

rJ\]ertebra‘:e Zoology,‘pniversity.of California, Ber%eley).

' There was con<iderable overlap (84% wing, 88% tarsus;

P

(Fig. 22) although 1t was least for the wing length. Mean

_lengths of wing and tarsus'were found to be significantly

dlfferent between the two sexes (t=8.99, p<0.0005; and

t= 7 21, p< 0. OOOS ~respect1vely). Culmen mean lengths were

'also’significahtly differentvbetween the two ‘sexes (t$2.48,

0.025>p>0.01}), bdt everlab was- 13 and Qﬁ’more than for wing
1engths and“tarsus.lengths[ respectivelf“ ‘iﬂ

There:is somewhat less‘overlap’(32% wing, 50% tarsus,
96% calmen, and 67% ueight)‘amdng live birdsvof known sex
(fig. 23) - than for the museunm spec1mens. The broad'

geographlcal dlstrlbutlon represented in the latter group

may explain the greater overlap. This hypothe51s is
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Figure 22. Distributions of wing, tarsus, and culmen
lengths for 105 museum skins of Dippers. Close
stippling 1nd1cates nunber of females, large
dots indica*e number of males, and the blank
sections are regions of overlap. Means for
each sex are indicated for all three
measurements. ’
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Figure 23.

iy

Distributions of wing, tarsus, and culmen
lenaths, and body weights for 56 Dippers banded

- and sex determined on the Alberta study area.
)Close stippling indicates nunber of females,
large dots indicate number of males apd the
blank sections are regions of overlap. .Means
for each sex are indicated for all four
neasurements.
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supported by the observation that the mean ving lengths were

different, but not significantly different for the same

sexes. ., “ween Dippers from a'Trinity County, California
(Fig. . 'tion and a Boulder, colorado populatidn 
(Maril( C pers. comm.). TIn the southern Alberta
populatioc ing lengths over;apped'considerably more
than 1in eiti "1es” latte. nopulations (0% California,
9% Coioradc - - ~ rence ~1y be because af the poorly
representative e 31242 of . 3: measured in the
California poptlatic: "ix w-les, eight females) and ;he

unéqual representation .f the sexes measured from the
Colorado populafion (10 mates, 38 females). I measured an
»:apggoximately eqaal number of both sexes (23 males, 25
females). .

Although all of the measuremen@s obtained showed a
difference between males and temales, I could not positively
identify most birds of unknown sex using just one test

)
qriterion. However, it'appeared'that a combination of all
_criteria, except the culmenllength, could be useful %n
discriminating between‘the two sexes. To test whethér.a
multlvarlate approach mlght be useful, Ilused a Hotelling's
T2 test (Tatsuoka 1971). ThlS test shows whether or not
the§e/criteria (mneasurement of wing, tarsus, and body
weigh£) contributed to the difference between the two groups
ksexes) The advantages of Hotelllng S T2 test over simple’

t-tests are (1) it protects against making type I error; if

one were to do several t-tests instead of one T2 test, then
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there is a éreater‘chance of a sigﬁificant result occurring
simply by chance, and (2) 1t removes correlatiohs between )
test -riteria 4n calculating the final T2 statistic; seﬁeral‘
t—tesés might show significant differences, which are

rel;ted to a“common‘underlyiné fector{ therefore,.there
should only be ene’indicator of difference. The test
supported the hypothesis that these three criteria (wing

length, tarsus length, body .weight) wvere suitable for

discriminating between the sexes (p<0.01 for all three

criteria). T

“The wing lengths overlapped between the sexes less than
the tarsus lengths and body weights. I chose to compare
liing length with’ tarsus length and with body Qeight in
simple graphs (Figs. 24, 25) to determine whether I could
discrihip‘te betweep the sexes and identify birds of unknown
sex. There were definite spatial clumpings representing a
group of males and ‘a group of feme}es. Howe&er, there was
still considerable overlap between the values. Several
birds of unknown sex (30%) remaihed unclassifianrle.

A multivariate discrimiﬁant function provida=s a
statistical method for discriminating'betueen sexes and
'simGltaneously’including»a‘confidenee inter?al to reduce the
chance of misclassifying a bird. To apply a discriminant
function, the data must be normelly,distributeg and the
lvariances equal (Tatsuoka 1971). The matrices formed from

A

the values of the test criteria were found to have a

homogeneous dispersion,’that is they did not have
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A

. &
Figure 24. . Tarsus lengths -compared with wing lengths of all
banded adul* Dippers on the Alberta study area,
for sex determination of individuals not
qbserved breeding. Triangles indicate known
female adultsy solid squares indicate known
male adults, and circles indicate unknown sex

“birds.



- (Ww) yjbusq  Burm /|

o
o .
- 1 m-m [l O-m 1 v-m 1 AN-m 1 O-m ' m-m 1 w.w 2 ¢-m 1 N-m . Obw
. v
v bV .
A%.n - 0'82
o o ¥V w’ vV
v . B
o v
v o ‘
. 0EZ —
| ] v w v Wom,m o
. . -
% oo Y 37 N -
% : . @qdd - vu.
) § lw., ) o ‘
L 0 0¢Y
~
0 ll u v “ .8
. S
o m . v (s N o]
| ol —tp
- O
. n = = n ¥
m ' = A 0 1¢ —~
] : 3
. 3
r S
! . . O Y
]

O RA




193



Figure 25. Welghts compared with wing lengths of all banded
. adult Dippers on the Alberta study area, for
sex determination of individuals not observed
breeding. Triangles indicate known female
~adults, solid squares indicate known male
adults, and circles indicate known sex birds.
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significantly different.dispersiAns (X2 = 9.17, 6 d4f;
0.25>p>0.10) . fherefore, a disctiminant\function could be
applied to thesé data. T used two discriminant functions:
one function with three test ériteria }wing length, tarsus
length, body weight) and one functionsexcluding weighty
Weight was not included in the~ latter function because of
variability associafed with time since lasg foraging by the
bird and also time of season. Andersson and Wester (1972)

I

found significant diurnal and seasonal variation in weights

of individual C. g.“cinclus.‘ In additiqn, the general
utility of the discriminant’ function is incrgased if weight
is excluded, because it ‘is aémeasurement that is difficult
to make when banding birds and is generallf not avaiiable
er museum specimehs. |

The discriminant analysis is based upbﬁ the calculatiqn
of a linear discriminant - ction; whichwin turn
inc;rporates coefficients that reflect the tela£ive
contfibutiop to the functiqh of the test rriteria used and
which also takes the vaf;ance 6f the two populations into
consideration. The linear functiosl which i used_to
caléulate discriminant scores was

L

X

which is the linear function of the X_ (the variates_of
criteria chosen) that gives the smallest probability of
mlscla551flcatlon, and the L& uhlch are coefficients that

are calculated to meet this requirement (Snedecor and

Cochran 1972).. Using this function I calculated a
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discriminant Score‘for each banded Dipper of known sex
{comnputer prograﬁ'fof.calgulation ‘devised by

pr. B. Chernick, Dept. of Zoology, U. of Alberta). ‘
boundary separatiﬁg the scores for males from fémales was
éalcu ated and c§nfidence boundaries were established above
and bZ;ow thisrsepafationApoint. The upper confidence
boundary (Table 30) ié the poiht below which 10% of tﬁé
discriminant scotes of.the males fall. The lower confidence
bounéa:§ (Tabie 30) represénts the po;nthabove which 105 of
the discriminant scores of the females fall. Discriminant
scores were calculated for all Dippers of qunown sex, which
were then cléssified'as either male, female, or
indeterminable (Table SO). I was able to classify 20 out of
.the 23 birds of unknown sex using these discriminant

function=.

I examined the discriminant scores of the Dippers of
known sex and founq that only one bird (female 0956 with a
disériminant score of 48.Aa2u, from the discriminant
function using only two criteria -see Table 30) would have
been ﬁisclassifigd using the discfiminant analysis.
Therefore, I feelAthat the multivariate discriminant
function anély: enablesrme to safely determine the sex of
néarly all Dippers found in the Sheep Rivef study area.

This type of aﬁalysis should enéble\sex determination
of nearly all individuals in any study area, providing an’
initial sample of measurements of Dippers of known sex has

been obtained. The probability of misclassifying



Table 30.

4

Discriminant scores calculated using a
multivariate discriminant function with three

criteria

two criteria

(wing length,
(ving length,

tarsus length,
tarsus length)

197

welght) or

for all

Dippers of unknown sex caught on the Sheep River

study area, Alberta.

Upper boundary
Lower boundary

Dippers of
Unknown Sex

0910
0911
0913
0914

0918 .

09183
0921

0929~

0930
0997
0999
1000
4402
4403
4406
4y 07
4409
4416
4417
4418
4419
4423
4430

Three
Criteria

47.5813
46.3302

46.2819
48.4229
50.1251
44,7553

45.6236

45,2811
49.0239
44.9562
47.3991
48.2865
49.3210
46.3184
45.6679

47.56938

44,7867

45.7350
49,1062
47.6946
47.2799
45.8291
47.0239
48. 2480

Two
Criteria
u8.3201
47.6750

47.1407

48.9760
50.5658
45.5775
46.7725
46.3725
49.7282
46.1937
48.3571

48.2237

49.4135
46.5111
46.5111
48.1384
43.4969
45.7173
46.7566
49.3564
48.3587

48.0050 .

46.0417
48.0583

49.1691

i'M-gpale, F-female, U-unknown sex.

Sex1
Denoted

RO ERIMM I IETZ =M I YA DX RN
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individuals would be reduced if\confidence boundaries were
increased to 15% of the discriminant scores of birds of

known seXx; the level of 10% appears to be adequdte for this N
study, but other users of tﬁis technique may wish to chose a

different Level.



