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ABSTRACT

From September, 1951, until March 1952, field work was
carried on to determine the distribution of wintering diving
ducks on the coastal waters Qf southern British Golumbia,.and
an attempt was made to discover and evaluate the factors caus-
ing distribution and movement, | L

Diving ducks are 1nf1uen¢ed by the avallability of food
and other factors related to this avallability. Theée factors
include salmon and herring spawning, grain elevators, sewer out-
falls, and changing tides, Local movements result from court-
ship activity, diel periodicity and disturbing agencies.

Mortality factors, including hunting, oiling, predation
and lead polsoning did ﬁot cause serlous inroads in the winter-
ing diving duck population during the study.

Lake, and bay and estuarine habitats were found to be
less impbrtant wintering areas than hab;tats along protected
‘and unprotected COastline, All specles of diving ducks showed
preference for certain habitéts and regions in the study area,
and were absent or uncommon in others.

During the winter, the drakes and hens of most gspecies
were distributed non-randomly because of the preponderance of
males and their tendency to flock together. .In early spring
the sexes were distributed non~raﬁdomly due to pair formation

and predominance of drakes. A differential sex migration was

evident in most species of ducks during late fall and early spring.



Only a small percentage of juvenliles of all species were
wintering on the study area, lndicating that they possibly win-

ter in other localities.



TABLE OF CONTENTS

, » Page
INTRODUCTION .oa‘---vc'oo.v00¢oo'toqa'ongvo_'.ctotv-v. 1

ACKNOWLEDGEMENTS vev.vveessovevansnsssasesssenccncse 3

DESCRIPTION OF STUDY AREA, HABITATS, AND
OBSERVATIONAL AREAS ...Q...oolo“too.oooo.o.o-Q'.co.. 5

PROCEDURE osveuconesesonsasssosnnssassonsssnserenass 1h
FACTORS INFLUENCING SEASONAL DISTRI BUTION AND MOVEMENT
_Cllmate ;;;'.;bq;;n.o;l.;o.-oocoo.ooooooo-a;;c. 16
Land and Shore TODPOZIrapNY essesscsseescecssess 1T
?OOd Availability and Preferehce Onooevrevenv0p 17
Invertebrates_........o................. 17
Salmon Spawn .90...0.0.0.0000000.0'00._0‘0 2""
Herring Spawn @600 00000 seP RGO IERGEIEIELLLIE 25
Grain Elevators coesesvesccecsasasssesses 2
’ Sewer Outfalls .-.p.,o..‘ooo.ao;o--.o.oo- 28
FACTORS INFLUENCING DAILY DISTRIBUTION AND MOVEMENT-

- Weather ;;‘t;;t;;o;o;.loov;o-c‘.oo--..’lo.;.'o;; 31
Tides ;;o;ooanynocooooooiovoo;.oo-.oo-.faooooo 33
Display and CourtshiD seeeecceseosscceseccsoses 3
Diel PeriOdiCity o-;ooo;;.o-;ic‘voo-’ooov0oo»o 36

Disturbances ;.;.;.;.b.......'...0’...00.....0v 39

FACTORS OF MORTALITY ....evecceeascsssaccsssaccossss U0
Hunting,....g...;.............,.........;..... 4o
OL1INE ecveoesossosscoonsososreoasosassosasass U2
Lead Polsoning_..............................;' Y

PredatlOn secesessossssscsessavesasosessonness L



11

DISTRIBUTION OF THE SPECIES 4euvevvaconcencenossnancss

Redhead (eroca americana) 0000000000 IPOO0IDIP

Ring-necked duck (Nyrocs €0llaris) ceceecescescse

Canvas-back (Nyroca vaiisineria)..;;;;;;;Q;;.;;;

Greater Scaup Duck (Nyroca marila) eeceeveseeses

 Lesser Scaup Duck (Nyroca affinis) seecseessosss

American Golden-oye (Glaucionetta clangula .
ameriCana) 6 e 8 80002006989 e

Barrow's Golden-eye (Glaucionetta 1glandicales..

Buffle-head (Charitonetta albeola) ;;;.;;;,t..;;

Old-squaw (Clangula hyemalis) veeesescescsccccss:

Harlequin Duck (Histrionicus histrionicus)......

White-winged Scoter (Melanitta deglandi) ..eevs’

surf Scoter (Melanitta perspicillata) sececescse

American Scoter (Oildemla americana) eeessssssese

STRUCTURE OF THE POPULATION ,....,..........;.;..;.;..

Sex StruCture D..Olob...b‘.bo......'."‘i0'.000.

Age StPUCtUI'e ...Qo.lo.._oo.c0.00-00.0.000.0.-060

DISCUSSION euteenesocsacssoonccassasosessasosssessosse

LITERATURE CITED ..........-;;.;;.;.,.....,..;.;.;;.;;

45
45
49

fug

50
51

52
52
53
55
55

56

56

-5

60
60
g0

83
90

92



1ii

TABLE - o L R Page

1. Food, by volume percentages, taken by nine
gspecies of diving ducks during period
September 1551 to March 1952. oseeceecosscsascss 21

II. Delta Municipality bag check of diving ducks _
' shot by hunters during open seasons, 1949-1951.. Ul

III. Number of dead birds found on a two mile
sample of beach at Boundary bay, February 7
and 2”‘, 19520 Q..0.0..".f_....‘....ODQIO.BCI..0. 14'2

IV, Probability values for uniformity of distri-
bution with respect to sex and sex ratio during
period September 1951 - March 1952‘ cooescosacss 63

V. Percentage juveniles, by species, observed
during perlod, September 1951 -~ March 1952, .... 81



FIGURE

1.

7.

8.

9.

10.

11.

iv

Page

Aerial photograph of Vancouver and adjacent
waters. Note the sandy shore at the lona

Island jJetty (lower right corner) and West

Point Grey (lower left)e eccececsonesossssesss 10

Low tide at Observational Area 3, Kitsilano
beach. Unprotected-sandy habltat. ceccesoes 1l

Low tide at Observational Area 4, Jericho

beach. Unprotected-rocky habitate ceveseess 11

Low tide at Observational Area 5, English
Bay beach., Unprotected-rocky habltat. ..... 12

Low tide at Observational Area 6, Second
beach, Unprotected-rocky habltate: cesecesecces 12

Low tide at Observational Area 7, Prospect
Point, Protected-rocky habltat. eceececccsese 13

Low tide at Observational Area &, North arm
of Fraser river. Bay and estuarine habitat.. 13

~South end of AnQil island, Howe sound, showing

abrupt and rocky shore typical of this region.l9

Aerial photograph of the Pasley island group.
The protected inter-island area offers sanc-
tuary to diving ducks at nighte occecessseecses’l

Percentage number of diving ducks counted
per observational mile on individual habltats
during period September 1951 to March 1952. .,46

Percentage number of diving ducks counted
per observational mile on individual habitats

" during period September 1951 to March 1952....U47

12,

Total number of diving ducks counted, by

species, on Obgervational Areas 1 - @ during.
period September 1951 to March 1952, (Repre-
gsenting cumulative totals of average number
counted per observations during this period.). 48



FIGURE
130'

14,

is;
1.
17.
18,
19.

20.

Page

Aerial photograph of Ganges harbour, Salt
Spring island, and the northwest end of
Prevost island. The narrow inlets on
Prevost island are favourite feeding areas
for buffle-head and golden-eyes. This re-
gion 1g an lmportant herring spawning

ground 0 0 0.0 50000 PIDOeEeD OOV GO SHOOPOCSEHPOOOIBSDL

Average number of all species of diving
ducks counted per observational mile by
habitats during period September 1951 to
March 1952. (Representing cumulative totals
of average number counted per obgervational
mile during this period.) seseessossseunesete

Percentage paired by species, observed in
study area during period September 1951 to

March 19520 ..OOOIOVC..l.."'..l....b‘.‘..‘O..‘l...‘

Percentage paired, by speclesg, observed in
gtudy area during period September 1951 -
L‘IarCh 19520 neoo..oolaoco-oc..-nooou.owq.;l‘b

-Percentagé males, by species, observed in

study area during period September 1951 -
MaI‘Ch 1952. © 90400400 NEE02003000EDROIBLEEDGTO

Percentage males, by specles, observed in
study area during period September 1951 -

MaPCh 1952 oo9.00..0000-.99.0.-000n.o.o'c;"=

Distribution and density of wintering diving
ducks in study area, southern British
Columbiao l-o‘.nco..oooﬁooo..o...o.o_.o'oc'.o‘_

Distribution and density of wintering divingv
ducks in study area, southern British

COlumbia- ..0'000...'...0‘.‘.'.'00......O....'

54

66

67

68

69

o4

95



INTRODUCTION

The diving,,bay or sea_ducks have, for many years been
recorded as transients on the Pacific seabord during spring and
fall migrations, and as residents during the winter. The records
'or Munro and Cowan (19%]) show that all the specles of Nyrocinae,
with the exception of the elders and lesser scaup duck: (Nyroca
affinis), winter on the marine naters adjacent.to southern
 British Columbla, Munro (1939, 1941, 1942), in his studies on

the American golden-eye (Glaucionetta clangula americana),

Barrow's goldenaeye (Glaucionetta islandica) greater scaup

duck (Nyroca marila), lesser soaup duck and buffleehead (Chari-

tonetta albeola), observed these ducks on their coastal winter-

ing grounds and made conclusions regarding their distribution
and movement. Until September, 1951, when the present study was
initiated little attempt had been made to systematically observe
diving ‘dqucks throughout the entire winter period on an area suit—
.ably large and ecologically varied to include all species of
Nyrocinae wintering in this latitudeo

In winter, most species of diving ducks live on the
coastal marine waters., In the study area, the ducks showing
this habit were greater scaup duck, American golden—eye, Barrow‘s

golden-eye, bufflehead, harlequin (Histrionicus histrionicus),

white-winged scoter (Melanitta deglandi), surf scoter (Melanitta
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~perspicillata), American scoter (Oidemis americana), and, to a

lesser degree, canvas-back (Nyroca valisineria).

During the study, an attempt wgs made to observe all
existing shore line within the study area; This was not possible
owing to limited time and transportation facllities available.
However, the shqreline.gnd lakes observed represent the varied
arfay of ecoiogical habiyats,that exist. |
| When 1t is impractical to mark a sufficiently large
pumbér of animals for recognition at a later datg, all conclus-
ions regarding seagonal and daily movement must be made by
analysing a seriles of observational data on the species, :ather
than the 1ndividﬁgl; This method has been used in the présent
study. Because the:many factors influencing the wintering duéks
coﬁld not be coﬁtrolled; it has been necessary to indlcate the

effects of these factqrs rather than draw definite conclusions.
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DESCRIPTION OF STUDY AREA, HABITATS,
AND OBSERVATIONAL AREAS

The waters of the Stralt of Georgla, Burrard inlet, and
Howe sound adjacent to the coast of southern British Columbila,

and the 1inland lakes in this region, are probably the most north-

erly coastal wintering grounds of the redhead (Nyroca americana),

ring-necked duck (Nyroca collaris), canvas back, and lesser scaup

duck, To the grgatgrusgagp duck,vAmerican‘golden-eye, Barrowfs
goldén-eye, buffle-heaq, harlequln, white-winged scoter, and surf
scdter, these waters are the approximate mid;points‘of their
coastal winter ranges, During September, October and November'
lafge numbers of diving duéks arrive oh these winﬁering gfounds
from their more northerly Sreeding range. According to Munrb(and
Cowan (1947), gome species, such as the harlequin and non-breeding
white-&inged scoters, surf:sdoterﬁ, and American scoters summer

in small numbers‘on‘yhe,Britiéh Columbia coast.

The salt waﬁér study area 1s bounded on the west by the
east coast of Vancouver island, and extends from Oyster bay in
the north, southeast to Victoria, The eastern boundary is formed
by the mainland coast line and extends from the 49th parallel
north to»McNab creek, Howe sound.

| The freshwater lakes included in the study are St. Mary
lake, Salt Spring islahd, and Langford, Elk, Durrance, Sooke,
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Wolf, Quamichan, Somenos lakes, and in part, Cowichan and Comox>
lakes, Vancouver 1slanq;_ On the mainland, observatlions were made.
at Beaver lake and Lost Lagoon, Vancouver.

The study reglon 1s characterlzed by mild winters and
“high precipitation, At Comox, near the northern boundary of the
study area, the lowest temperature recorded (Meteorological
Division, Department of Trgnsport) in January 1952, was 7°F. The
lowest recorded temperature at Victoria was 18°F., and at Vancouver,
14°F. Highest precipltation occuré'during December, and the
éverage.moqthly precipitation during this month at Cgmbefland (41
years? observations)_is 10,47 inches, at Victoria (58 yeafs'
observations), %.67 inches, and at Vancouver (41 years! Qbservaa’
tions), 8;76 inches; The marine waters seldom freezeJovaf‘ex- |
cept in the marshy areas, and some‘protegted”bays. Even here the
lce soon rots or is broken up by wind and wave action, Fresh-
water lakes usuélly freeze over cqmpletely‘or partially during
the latter part of December‘énd early January.

On the Pacific coast, three major factors operate to
determine the distribution of shore 1nvertebrétes;' These have
been described by Ricketts and Calvin (1939), as the degree of
wave shock, the type of shore bottom, and the tildal exposure.
These factors_suggested the classification of habitats used by
these workers, and g»similar but“mgdified system hag been adopted
for the present study. . " _

Cottam (1939), has shown, and the results of the food

analysls made by the author indicate, that many species of



1nveftebrafés are.utilized as food by diving ducks. It 1s rea-
~sonable to assume then,.that those factors which influence in-
vertebrate distribution aiso affect the distribution of diving
ducks. | | |

The clgséification of marine habitats adopted is based
on the exposure of the shoreline to high winds and wave shock,
and the fype_bf.bottom, whgtherﬁrqcky_or sandy. The effect of.
wave shock is'cqpsidergd negligible in the freshwater habitat,
and no distinction between{different types of bdttom_haé been
made.. » ‘%

.Gongidgring degree of exposﬁre and fype éf bottom, the

following generalizations can be made:

Unprotected coast: The shoreline in this region, be-
cause of its position‘and exposure to frequent sfrong‘winds, is
subjected to heavy surf. Many gradient stages occur and occa-
sionally, a strip of unprotected beach is broken}by a projecting
po;nt or pief which provides protection to the leewérd shqreline.
However, the majority of shorelineiin this category 1s pervaded
by a high degree of wave shock.

Protected coast: Wave shock 1s minimized in this

reglon because of‘natural and artificlial obstruction to heavy
waves and strong winds;‘ Again, many gradient stages of wave
shock exist, but heavy surf on this shore is uncommon.

Sandy shore and rocky shore: Along a strip of coast

line, chh intergradation of types of bottom exist, ranging from

. muddy, muddy-sandy, to roéky; In the @Greater Vancouver area,
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much of the bottom is sandy, due to the deposition of silt by
the Fraser river, Often, rocks are present on the sandy bottom,
and a change from a sandy, sandy-rocky, to.a rocky bottom occurs
almost imperceptibly. ‘The author has attempted ciassification
after determining which element, whether rock or sand, was pre-
dominant, and haé established observational areas to colncide
approximately with these bottom typesg |

Bay and estuarine: The shoreline in this habltat is

almost completely protected from suff, and the water salinity,
because of the ipfluence of rivers and streams, isllower}than in
other regions; In‘the Greater Vancouver érea,_only one_sucp habi-
tat exists, and, occurring at the mouth of the North arm of the
Fraser river, includes the waters from the H. R. McMillan’ boom-
ing ground north to West Point Grey and west to the Iona Island
jetty. | |

The shore 1s protected from heavy wave actlon by thé
Jetty, and the many log booms which are present. The combined
effect of these two factors results in qulescent waters. lhe
~majority of bottom consists of sand and mud, although some.
rocks are present, especlally at the northern end 1in the'vicinity
of West Point Greyg At low tide, vast expanses of shore are
exposed limiting the diving ducks to the narrow dredged channel
Just east of. the jetty.

P

Lake: The only lake intensively studied was St. Mary

lake, Salt Spring island. Small alder (Alnus sp.), willows

(Salix sp;),.and western spiraea (Spiraea douglassi Hook), are
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present along the shoreline, and sedges (Carex sp.) and water

lobelia (Lobelia dortmanna L.) grow in the water near the

shore. Low-lying wooded hills on all sides serve to protect
the lake from strong winds. |

| The shoreline in the Greater Vancouver area can be
classified into four habitats, viz;

I. Unprotected coast-sand bottom,

II. Unprotected coast-rock bottom,
I1I. Protected coast-rock bottom,
IV, Bay and estuarine-mud-sand bottom,

The first two habitats are represented by three indivi-
dual and separate units of shore (F;gures 1-5). Habitats
three and four are represented by one unit of shoreline each
(Pigures 6-7) and the lake habitat, is typified by St. Mary
lake, Salt Spring island,

The separate units of shoréling representing the unpro-
tected-sandy and unprotecfed-rocky habitats aré gulte distant
from one another, and it was not posgsible fo cover all these
units'on the same day. For this reaéon each of the three units
of shore within these two habitats was established as an obser-
vational area. The observational areas in each type andé theilr

8ilze and location 1s as follows:
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Observational Habitat Size Location
Area (Miles)
1 I JeD West of jetty, North arm of
Fraser river,
2 I 3¢9 West Point Grey to the
Royal Vancouver Yacht Club,
3 5 o4 Kitsilano beach,
11 1,2 Royal Vancouver Yacht Club
to Kitsilano beach,
5 13 of English Bay beach,
6 II 1,8 Second beach to Siwash rock,
7 I1I 246 Prospect point to Coal harbour,
& IV 2s5 North arm of Fraser river,
9

v 1.6 St. Mary lake.

' IS fniodes
Photographic Surveys Ltd,

Figure 1. Aerial photograph of Vancouver and adjacent
waters., Note the sandy shore at the Iona
Island jetty (lower right corner) and West
Point Grey (lower left%. '
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Figure 2. Low tide at Observational
Area 3, Kitsilano beach.
Unprotected-sandy habitat.

Figure 3. Low tide at Observational
Area Y4, Jericho beach,
Unprotected-rocky habitat.
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Figure 4, Low tide at Observational
Area 5, English Bay beach.
Unprotected-rocky habitat.

Figure 5. Low tide at Observational
Area 6, Second beach.
Unprotected-rocky hasbitat.
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Figure 6, Low tide at Observational
Area 7, Prospect point.
Protected-rocky habitat.

Figure 7. Low tide at Observational
Area 8, North arm of Fraser
river, Bay and estuarine
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- PROCEDURE

In the majority of cases, all counts were made with
binoculars and a twenty;power telescope., Observers in the
field were supplied}with pocket-slzed census books in which
pertinent data such as gpecies, numbers present, sex and age
of the diving ducks were recorded. Place, time, ﬁeather,wind
velocity, condition of Water and distance frdm'shoré were
also noted, and in each caéé an attempt was made to determine
the activity of all birds observed; Those diving continuously
were recorded as feeding, whether or not food material could
actually be seen in the bill. Those ducks sitting on the
water, showing_little or no movement were recorded as resting
or loafing. Other activities noted were flying, displaying
and courting, and attempps at coltus,

~ Observations were made by walking along the beaches,
driving along roads in close proximity to the shore, and tra-
velling by open bqgt'and‘ﬁthr launch, When observing by boat,
every attempt was made tovaﬁoid disturbing thé ducks in order
to insure agéinst'counting the same ducks repeatedly; |

To determine how the numbers and species of ducks
changed 6f varied, arbitrary time periods were establlshed.

Fach month contained two time periods, viz, from the first day

of the month to the fifteenth, inclusive, and from the
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sixteenth day to the last day of the month, inclusive. It 1is
seen that unless a month has exactly thirty days, the time
periods will vary slightly in lengths Howevér; it is felt that
this introduces no bias to the observations because all tlme
periods consist of fourteen to sixteen days. Only the records
for those habitats on which observatione have been made repeat-
edly throughout the winter are used to draw comparisons regard-
ing habitat preference and relative abundance, althdugh counts
made on all shorellne covered are used:to determine ovérall
diétribution and sex and age structure of the varilous species.
An attempt was made to Obtain data at least onceevery
two weeks on Observatioﬁal areas one to nine, and whenever
possible, at least four observational areas were covered on

the same day.
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A}

FACTORS INFLUENCING SEASONAL
DISTRIBUTION AND MOVEMENT

CLIMATE

The winter climate in the Strait of Georgla, already
mentioned; can be described as mild with high precipitation.
Temperatures normally fall below freezing during ﬁecember and
Januéry, and many of the small shallow lakes on Vancouver
island: and the mainland freeze over. Ice may form on sﬁall
areas of calm salf\water, but this temporary condition in no
way prevents the ducks from feeding, nor does it act to delimit
their available feeding area.

4Dufing late December, 1951, and early Januarj,.l952,‘
Somenos“and Quamiéhah lakes were completely frozen and suppor-
ted no diving ducks; -St: Mary lake was partialiy ffozen; but
this condition did not'affeét'the feeding activity df'thé small
populaﬁion of ducks wihtering there,

Kortright (1943), demonstrated that the greater scaup
duck,_American goldenéeye,”Barrow's golden-eye, buffie;head,

harlequin, old-squaw (Clangula hyemalls), and the three species

of scoters, commonly winter north of the study area. This would

indicate that the temperature extremes in the Strait of Georgla
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are within the limits of tolerance of these ducks, Although no
definite data are available, 1t would seem that low temperatures
may limit the northern winter distribution of the redhead, ring-

necked duck, canvas-back and lesser scaup duck.

LAND AND SHORE TCPOGRAPHY

It 1s qonqelvable_thatvonly a small nﬁmbef of diving
ducks would winter on southern British Columbian waters if the
coastline was regular and‘not protected from heavy surf by'the
outlying islands. However, the shoreline ié,very irregular and
characterized by numerous bays,-sounds and inlets, and thé Jux-
taposition of the many smaller islahdq and Vancouver 1slahd with
the mainland results in a high degree of wind and wave protect-
jon. Large waves similar to those occurring on the west coaét
of Vancouver isgland aré not experienced in the strai#.

| Field observations 1ndicate that enough shoreline is

_avallable to offer sanctuary to all ducks during storms,

FOOD AVAILABILITY AND PREFERENCE

Invertebrates

It was not possible to obtain quantitative and quali-
tative data on the distribution of invertebrates in the study
area. However, a rich supply of many species of invertebrates

occurs in the inter-tidal zone. Ricketts and Calvin (1939),
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have shown how invertebrates are distributed in the tidal zones
on the Pacific éoast, and Parizeau (1941), working on the east
coast of Vancduver l1gland, found the greatest wealth and varlety
of invertebrate fauna occurred in the lower half of the tidal
zone. Invertebrates are influeﬁced by the type of shore and
exposure, with the result that an uneven distributlion occurs
over a large and varied coastline.

Cottam (1939), has shown that diving ducks eat a
variety of invertebrates and plant foqd, but usually there is
one food that 1s taken in greater quantities than others, The
ducks probably have a preference for a dertain food and will
gorge thémselves with this food‘when it is available. When non-
avallable, other more available foods are eaten 1ln greater
bquantities. The food study made by Cottam (1939) has shown that
44.,07% of the food eaten by 819 white-winged scoters consisted
of clams, oysters and pectens, and 11,98% blue mussels (Mytilus
edulis). For 168 surf scoters, 13,04% of the food was clams
and 28,74% was blue mussels, This would indicate that white—
winged scoters showed a preference for clams, oysters and pec-
tens, whereas the surf scoters preferred blue mussels. The
former invertebrates are most commonly found on sandy bottom,
while the mussels are most abundant on rocky bottom;

If 1t is true that these two specles of diving ducks
do show pfeference for certaln foods, 1t should be expected
they would be most common in areas where these foods were avail-

eble. In order to test this, the numbers of white-winged



19

scoters and surf scoters were compared on two areas which
showed differences in type of bottom, snd presumably contained
different quantity and variety of invertebrates. One of these
areas extends from Qualicum river to Courtenay, Vancouver
island. There are several commercial oyster beds in this ares,
and probably oysters and clams are generslly abundant. The
second area extends from Gibsons, Howe sound, north to McNab
creek and south along the west side of Anvil, Gambier and Keats
islands, Most of the shoreline is rocky and abrupt (Figure &)

and blue mussels are very abundant,

Figure 8, South end of Anvil island,
Howe sound, showing abrupt
and rocky shore typical of
this region,

In two observations, 15,4 white-winged scoters per mile
and 4,4 surf scoters per mile were seen from Qualicum river to
Courtenay. The two observations in Howe sound showed that 0.61
white-winged scoters per mile and 19.75 surf scoters per mile

were feeding here., These observations indicate that
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invertebrate distribution and waterfowl preference for these
food organisms 1s a factor affecting the distribution of winter-
ing diving ducks.,

Availability of food, discussed in theifollowing sec-
tions, also affects distribution. Moffitt (1938), found that
canvas-backs in the Suisun area, California, fed in the marshes
during the fall, and when the food supply'became exhausted,
moved to the open bays to consume animal food. |

A small sample of glzzards, obtained during the winter,
was examined ehd the percentage volume of food eaten by the nine
species of diving ducks considered, is presented in Tsble I. No
conclusions cen:be drawn frem sach an inadequate sample, but the
results indicate that the canﬁas-back is Dredomihently‘a plant
feeder. Undoubtedly,'the presence of plant food affects the dis-
tribution of these ducks. They were most common 1in bay and
estuarine habitat where an abundant supply of plant food 1is
found, The greater ecaup duck, American golden-eye, buff1e4
head,.old;sqpaw, harlequin dﬁcg, white-winged ecofer, surf ecolh
ter and Ameriean sceter are predominantly animal feedeee: All
areas on‘which these @ucks were seen feedlng have an abundant
supply of this preferred.animal.food; The results also indicate
that surf scoters show a preference for blue museels, and fhat»
clams and crustaceans are preferred by White-winged gcoters,
This is substantlated by Cottam (1939) in his diving duck food
study.

The presence of more white4winged scoters on the east



Table I. Food, by volume percentages, taken by nine specles of diving ducks during
perlod September 1951 to March 1952,

Number of glzzards
' examlined

Canvas- Greater Ameri- Buffle- 0l1d Har- White- Surf Ameri-

back

scaup can head Squaw le-  winged Bcoter can
duck golden- quin scoter ' Scoter
eye duck :

Plant food

Pondweeds

Potomogeton pectin-
atus

Potomogeton sp.

Sedges
"Cyperaceae'

Scirpus sp.
Carex sp.
Smartweeds ,
Polygonum sp,

Crowfoot
Ranunculus sp.

Dock
Rumex sp.

- ‘Rose

Rosa sp.

Algae

2.78

100,00 15.97 3

T
T

69 | T
T .
T . T

Tc



Table I. Cont'd. Food, by volume pereentages, taken by nine specles of dlving ducks during
period September 1951 to March 1952.

Canvas- Greater Ameri- Buffle- 0l1d- Har- White- Surf  American
back scaup can head squaw le- winged scoter scoter
duck golden- : quln gcoter

eye duck

e s e e ———————— — oo
——— e e —— ————

l

Animal food

Mollusca '
Blue mussel, Mytilus _ .
'~ edulls , v 50.00 17.75
Clam, Protothaca s
- ‘stamilnea : : . 1,48
Clam, Protothaca sp. . 50.00 15.74 T

Clam, undetermined \, 30.73% 35.%8 | 38,90

Pecten, Pecten ' ‘ ,
hindsii : 17.22
Snail, Callistoma , ~ ‘
: costatum ~ 2,22 A
Snail, Calllstoma sp. 5656

Snail, Tnais_gp; | | ‘ 3.52

Snail, Littorina sp. 3,47 T 30,00 3,07 | .65

Snall, Certhiopsis sp. o | | - 554 5l -

Snail, Odostomlia sp.(?) T
?néii, undétermined - ‘ | 2.59

Arthropoda
Crustaces ,
" Crab, Hemigrapsus _ ,
nudus 77.09 100,00 40,00

—— TN - LT N s ERRERY

2

22



Table I. Cont'd, Food, by volume percentages, taken by nine species of diving ducks during
) period September 1951 to March 1952

Canvag= Greater Ameri- Buffle- 0ld- Har- White- Surf Ameri-

back scaup can head squaw le-  winged scoter can
' duck - golden- . .o quin scoter - scoter
eye duck ‘
Animal Food
Arthropoda
Crustacea ‘ o
Crab, Hemigrapsus sp. o | - 66,20 7.03%
Hermit Crab, Pagurus ,
Crab, Oregonia gracilis | | 352
Amphipoda T T
Insecta, Aphrosylus sp. (?) T _
Diptera T
Coelenterata
Hydrozoa, Ablet-
enarla sp.(?) , T
- Chordata : . ,
Pisces, Clupea pallasi 21,60
Undetermined T T 11,10
Lead shot . T T

¢z
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‘coast of Vancouver island than in Howe sound, and the reverse
situation with surf scoters, may be, as already mentlioned, due
to thls preference.

Diving ducks were usually observed feeding in water
depths of from six to eight fathoms. Depth data were obtained
by estimating the distance from shore at which the ducks were
feeding, and then calculating depth by means of Hydrographic
maps., Schorger (1947), reports that old-squaws have been taken
in gill nets at from 12 to 27 fathoms, but all birds seen during
the study were either feeding in waters not deeper than six to
eight fathoms, or resting on deeper water in close proximity to
land,

The literature and field observations indicate that a
rich invertebrate fauna 1ls present on the inter-tidal shores

within the study area.

Salmon Spawn

Salmon ova, which become available in the coastal
streams ln October, appear to have a definite bearing on the
winter distribution of some species of diving ducks. Although
the author was unable to find evidence of this in the winter of
1951~52, Munro (1923) found that Barrow's golden-eyes were feed-

ing extensively on the spawn of sockeye salmon (Oncorhynchus

nerka). This food formed the principal food during November
and December,

Evidence has also been obtained by Munro (1939) that
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salmon eggs fofm the main food for the American golden-eye
during December and January; A similar situvatlion has been re-
ported by Wright (1944),vwno has observed American golden-eyes
eating sockeye'SPan in October, November, and December on |
Flathead lake,-Montaha; o - |
Greater scaup ducks have been recorded by Munro (1941)

feeding on salmon ova and the rotted flesh of dead salmon at
this season. Mr. A, A. Sherman, (peréonal communication) re-
ports very few golden-ecyes and mergansers on the Cowichan river
over the winter period 1951-52, and, as stated earlier, no gvi—
dence of diving ducks utilizling salmon ova has be?p obtained
during the present‘stﬁdy;_

| | The literéture indicates that some species, namely the
golden-eyes and greater scaup ducks, dd feed on salmon ova and
- consequently thelr distribution is 1nf1uencéd by the presence of
this food. | |

Herring Spawn

The ova of the Pacific herring (Clupea pallasii), form

the seasonal food for many specles of dlving ducks wintering in
the Strait of Georgia, as shown by Munro aﬁd‘Clemens (1931) in
thelr study of the;relatipnvof waterfowl to herring spawn in
British Columbla. These authors found that the American golden-
éyes,-old-squaws, hérlequih ducks, white;winged scoters, surf
scoters and American scoters were utilizinglherring spawn as

‘food, and as a result, moving to areas of spawn abundance to
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feed.

In two separate studies, Munro (1939, 1941) found that
herring ova were Qonsuméd by Barrow!s golden-eyes and perhéps
formed the most important seasonal food of the greater scaup-duck.'
One surf scoter shot and examined by the author at Ganges harbour,
Sélt Spring isiapd’on March 26, 1952, had fed entirely on herring
ova. The stomach and gizzard contained 19 ac of this food.

-ObsefvgtionsAshow that in March, when herring spawning'
1s at 1its peak,_large numbers of diving ducks concentrate over
areas of spawn abundance., This influx and concentration of ducks.
was seen in two localitlies during the study., Mr, D, J. Roblnson
(1etter) on.March 22, 1952, observed and estimated 2,800 to
3,400 greater séaup ducks and a smaller number of goldeh-e?es,
whitecwihged scoters and surf scoters at Nanoose bay,.VancouYef
island, The total number of diﬁing-ducks was estimated to be
between 4,000 and 5,000, In this same area, from November, 1951
to eérly March, 1952, only 225 diving ducks_per observation were
seen.

A parallel situation was observed at this by by Munro
(1941) on March 12, 1934, On this date a raft of several thou-
sand greater scaup ducks and smaller flocks of white;winged
écéters and surf scoters were feeding;on herring ova, »Again,

‘on March 26,:1936;;Mﬁﬁ;éi(1941) estimated 3,000 greater scaup
ducks_together with a smaller number of’white-winged scoters
and American scoters feeding in this bay.

Additional evidence showing that herring spawn
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influences waterfowl distribution 1s presented by Mr. K. Racey
(pefsonal communication), who recorded the numbers of diving
ducks seen between Fort Rupert and Port Hardy, Véncouver islang,
from October, 1950, to May, 1951, Throughout the fall and win=
ter American golden-eyes, ﬁarrow‘s golden4eyeé, White-winged
scoters, surf séoters and American scoters were present, but not
common in thils area. During late March and April, when herring
spawn was avallable, large concentrations of golden-eyes and |
scoters, as well as a few greater scauﬁ ducks were seen feedling
on herring ova in Hardy bay. Later in May when no ova were
avallable, onlyJa few diving ducks were present gnd féeding 1nA
the area. | H

Although this flocking habit may Dbe gharacteristic of
these ducks prior to spring migration, 1t is belleved that the
presence of -herring spawn 1s an lmportant factor influencing

waterfowl distribution and movement,

Grain Elevators

Diving ducks are also influenced by the presence of
grain pool elevators in Vancouver harbour, This 1nf1uehce is
related to the factor of food avallability and appears to
affect greater scaup ducks, American'goldenéeyes an@ Barrow‘s
goldén;eyes more than the'other species of diving ducks.

At the No, 1 Pool EleVatbr on November 23, 1951, a

large raft of_approximately 150 greater scaup ducks and 150
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Amer ican golden-eyes and Barrow!s golden-eyes were seen actively
diving, and, presumably feeding. H. D. Mulligan (personal com-
munication), observed these species in smaller numbers on
December 13, 1951, feeding on grain chaff.

Cottam (1939), states that grains of various kinds are
taken by American golden-eyes at balt stations where these foods
are consumed in preference to most natural foods because of
availability.

There are only a few pool elevators in Vancouver har-
bour and probably only a few ducks are influenced by this source
of food., However, the available grain chaff does affect dis-

tribution of a small percentage of greater scaup ducks and golden-

eyes,

Sewer Outfalls

Several other factors were found to influence seasonal
distribution énd movement of diving ducks.,

In‘the Greater Vancouver area, many sewer outfalls are
located in English bay, False creek, Vancouver harbour and
Burrard inlet. During the study greater scaup ducks, American
golden-eyes and surf scoters, in association with gulls, were
seen many times in compact rafts scavenging over the Brockton
point and Jericho beach sewer outfalls,

Cottam (1939), has observed lesser scaup ducks feeding

in sgimlilar situstions on the eastern seaboard, and his stomach
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analyses further indicate that these birds were consuming sewage
material. He also cites the case (p.U0) of lesser scaup ducks
concentrating over the sewer outfalls in Santa Barbars,
California, in order to feed on sewage.

Four large rafts of greater scaup ducks of 700, 375,
350, and 200 birds, approximately, and many smeller rafts, were
seen between Vgncouver harbour and the Second Narrows bridge,
Burrard inlet on February 24, 1952, Eight sewer outfalls are
located in this area, and the ducks, rafted and diving over
these positions, were presumably feeding on the sewer flotsam,

On December 9, 1951, approximately 500 greater scaup
ducks were seen feeding over the several sewer outfzlls east of
the Second Narrows bridge, and presﬁmably, were feeding on
sewage at that time. Mr. A. Dzubin (personal communication)
reports a similar situation was observed on January 5, 1952, at
which time an unestimated number of greater gcaup ducks were
seen between Second Narrows bridge and Vancouver harbour.

A comparable eituation was observed at Clover point,
Victoria, on March 15, 1952. In this locallty approximately
250 greater scaup ducks, 35 surf scoters and a few American
golden-eyes were actively feeding over the sewer outfall in this
area, C. J. Guiguet (personal communication) has seen large
rafts of diving ducks in this area at numerous times during the
winter. R, Webb (letter) observed approximately 300 greater
scaup ducks, and a smaller number of surf scoters and gulls

feeding around Clover point on February 7, 1952,
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The foregoing observations\woul& seem to indicate that
greater.séaup ducks, and to a lesser degree, surf scoters and
American golden¥eyes, commonly feed on sewages , and consequent-
ly, spend much of their time in the vicinity of sewer outfalls,
The distribution of sgwers>i; the Vancouver and Victoria areas
probably directly influences :the distribution of these speciles.
| In considering all the foregoing factors which influence
seasonal distribution and movement, it can be concluded that
food availability andvpreferénce appear to be the two chief
factors governing this distribution and movement. Cottle (1949),
drew similar conclusiohs in his study of the feeding behaviour
of dabbling ducks in the lower Fraser valley, and Cottam (1939),
states that food avallabllity and preference ére the two prime

factors responsible for diving duck distribution.
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FACTORS INFLUENCING DAILY
DISTRIBUTION AND MOVEMENT

As mentioned earliér, an attempt was made to determine
the activity of gll dubks éeen during the study, and, when pos-
sible; to draw conclusions regarding the_reasons for this mani-
fegtation of moxement; The following factors, most of which
are related to food gvallabillity, are considered responsible

for dally movement and distribution.

WEATHER

Severe weathér énd very rough water, sometimes exper-.
lenced in the Stralt of Georgla, appears 1in some instances to
force numbers of ducks from the exposed feeding grounds to cal-
mer waters. This was indicated by two separate counts made
from Cowichan bay, Vancoujer‘island, to Ganges harbour, Salt'
Spring-island, Immediately before and after a storm on January
13, 1952. The, total diving duck count on January 12, when the
water was very calm and there was no appreciable wind, exceeded
900 ducks. On January 14, following a severe storm, the same
area was covered. In this second count, only 535 diving ducks
were seen., Quite probably some ducks were overlooked because

of the rough condition of the water. Nevertheless, it 1is
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believed that fewer ducks were actually present at this time.
No definite COnclﬁsions could be drawn regarding wherg the
ducks had gone, but presumably they had left the area for
quleter waters,

| It has been observed, that large numbers of diving
ducks feed'and rest in Hammond bay, Vancouver island. This bay
1s protected during most stormy weather, and on February 9,
1952, when water conditions on the east coast of Vancouver
island were very rough, 655 ducks were seen here. On Janua:y
17, 1952, when water.cond;tlons were generally calm, only 42
diving ducks were observed in this“bay;' Counts made on the séme
days at the more exposed Departure bay, a few miles to the south,
showed that fewer birds were using thls area during stormy
weather, although the difference does not appear too significant.

Although in some instgnces waterfowl are dlsturbed by
rough water and seek more sheltered waters, qbservations infer
that these conditions do not always result in movement, Perhaps
the degree of storminess 1s the operative factor determlning the
response of the waterfowl, for on December 21, 1951, a raft of
approximately 200 surf scoters were observed feeding at the
entrance toHirsesoe bay, Howe sound. At thls time, a.moderately
strong northerly wind was sending lérge breakers into the bay.
Another.set of data are presented which also show that

diving dugks are not affected by moderate wave action. At
Jericho beach, on March 17, 1952, 437 diving ducks were seen

feeding, apparently unaffected by the driving rain and rough
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water. Two days later, when the waters were extremely calm 434
diving ducks were counted 6n the same area. Evidently the con-
ditions of the former day did not affect the ducks or cause them
to shift to caimer waters.

The'above observations infer that although waterfowl
are ordinarily unaffected by stormy weather, there are instances

where severe storms cause movement to protected bays.

TIDES

Fluétuating tides have, on several occasions, appeared
to be a factor causing duck movement and flocking&in the vicinity.. .
of the Iona Island Jetty. This is probably due to the turbu-
lence caused‘by the river water, which 1s at a higher level than
the salt water at this time, pouring over the north end of the
Jetty on the out-going t;deo

On November 3, 1951, at 1 pem., G. W. Smith (personal
communication) observed an estiméted 3,500 waterfowl, mostly
diving ducks, feeding vigorously at a distance of 500 yards west
of the jetty. These ducks, forming a long dense raft parallel
to the shore, were feeding in what appeared to be a zone of
drift @aterial resulting from the receding tide and turbulent
waters, . SBurf scoters formed the greatest part of this raft,

while white-winged scoters, Amefrlcan scoters, buffle-heads,

greater scaup ducks, and some pond ducks (baldpate (Mareca
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gmericana)), were also present. One week later, st 2 p.m. On
November 9, only 21 diving ducks were seen in this area. At
thls time the tide wasdhigh and there was no evidence of tur-
bulence or rushing water. It 1s possible that many inverte-
brates are dislodged from the bottom when the Fraser river’water
1s pouring over the Jetty and the ducks at such times congregate
here to ufilize the avalilable food.

Griscom (1945), fepogts that American golden-eyes are
affected by tides in Newburyport harbour, Massachusetts where,
two hours after high tide, these ducks mové in to feed at the

mouth of the sewer.

DISPLAY AND COURTSHIP

A great amount of sexual activity is displayed by.the
diving ducks after the'courtship has begun in early spring.
Munro (1939), and Munro and Clemens (1931), have described the
displays of the golden;eyes during courtship in February and
March; American golﬁgnéeyes and Barrow‘e golden-eyes were seen
in courtship sctivity in January in the Vancouver area, and on
February 22, 1952, a male American golden-eye was éeen-attempt-
ing coitus with a female of the same species which had been pre~ .
viously swimming at his side with body low‘in the water and
neck outstretched;

Several groups of three males and one female harlequin

duck were seen actively courting on'February 10, 1952, at Big
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\'Qualicum river, Vancouver island, The males quickly flew after
the female when she took flight, and followed her when she
dived into the water,

Old-squaws were seen courting in the North Arm of the
Fraser river in late'Fébrﬁary. No flights were made by the two
males and one fémale, but much divihg activity was shown. In
the same area on March l&, 1952, threé male buffle-heads were

displayiné ﬁefore a hen, Munro (1942) describes the oourtship.
behaviour of the buffle-head on the coast and states that this
activity, reaching its greatest 1lntensity on the 1nterior breed-
’ing grdund in April, 1is 1n1ti§ted on the wintering grounds in
late January and early February.

| Surf scoter drakes weré seen vigorously displaying
before a hen on‘March 15,_1952; at Oazk bay, Vancouver island.
At thls time the males appeared very hostile towards one anotler.

Redheads, ring-necked .ducks, canvas-backs, greater

gcaup ducks, and white4w1nged gscoters were not seen displaying
during_ the stud&;» Howevér, ducks of these gpecles were seen
paired during most of the winter. If the palring in early spring
was a true sexual essociation, 1t 1s feasible that courtship had
taken place. The pairing seen in Octobef, November and December
may have been the result of chance assoclation which had taken
place in the interior breeding areas where post;breeding males
often assoclate with moulting females. This association has
been reported by Munro (1942), who states that moulting adult

and yearling female buffle-heads are Jjolned in August and
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September by flying'yqung:and a few adult males and second year
males in adult plumage. Muhro (1939), has observed the asso-
clation of malé and femzle American golden-eyes during late fall,
and states that at this time the}adult males, accompanying |
females, young of the year, and a few yearlings, appear in thea
interior of British Columbia, |

With the advancement of spring, courtship was seen to
be prevalent in some species of diving ducks, and appeared to
be an important factor causing 1oca1 movements and shifts of

courting individuals._

DIEL PERIODICITY

Allee, et al (1949), state that the majority of animals
have a diel-periodicity‘in théir general behavioui, and mention
‘that most animals ‘show a well defined diurnal period of relative
activity and nocturnal period of relative inactivity.

, It was not possible to study the nocturnal hablits of
the diving ducks during the stﬁdy, or determine thelr activity
at this time, but otservatiéns at Pasley island on Novémber 17
and 18, 1951, showed thatla great: amount of waterfowl movement
occurred at dawn and dusk, ‘The Juxtaposition of Paslev islang,
Pophém island, and Golby iéland'(Figure 9) forms an aréa of

water which 1s almost completely"protected from wind,
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T

W. Anderson.

Courtesy G.

Figure 9. Aerial photograph of the Pasley island group.
The protected inter-island ares offers sanc-
tuary to diving ducks at night.
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A large concentratibn of surf scoters, Barfow‘s golden-
eyes, buffleheads, and white-winged scoteré was seen in fhis
1ntér-1sland area. on the evening of.Noﬁember 17. The following
morning at dawn this poncentration was again observed; and atA
this time, many groups of from five to thirty ducks were start-
ing to depart in a south-easterly direction. A few birds flew
and swam tO the nearby islands and began feeding. At & a.m.
this large raft of ducks had completely disappeared. Later
that day, at about 4 p.m., groups of the same specles of ducks
began flying into this area in small flocks of from two to
fifty, By U4:30 pe.m. an estimated 800 ducks were agaln resting
approximately midway between these islands, The water depth
at this position varied from 13 to 25 fathoms,

| Although no definite conclusions can be drawn from
these observations, 1t can be gpeculated that these ducks were
returning to this protected area to rest during the night, No
feeding activity was noted, and the deepness of the water would
indicate that the-scoters and golden¥eyes could not feed hefe; |
Perhaps those birds fiying southeast from thies area in the early
morning were dispersing to thei: feeding grounds in the Greater
Vancouver area.

A return visit to these islands on February 27, 1952,
ghowed that Bar;ow‘s-golden;eyes and surf scoters were resting
there in a similar fashion. The following day, at 2 p.m. no.
ducke were present.

Similar diel periodicity may exist locally in all.
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speclies of waterfowl, but remained undetected during the study.

DISTURBANCES

‘Many agencies operate to disturb and move diving ducks<
off their feeding grounds. All instances of distqrbance noted
were related to human presence in the vicinity. Commonly, they
are forced to fly or dive tq avoid motor 1aunches and fish
boate. Frequent@y? when feeding close to the shore, the ducks
tske wing when approached by persons on fhe beach. |

Illegal hunting was seen to cause rapid dispersion of
ducks in the North Arm of the Fraser river. At thls tlme, three
gunners on the bow of a fish boat were seen shOOting indiséri-
minantly into flocks of white-winged scoters and surf scoters,
and ducks of these specles were flying out of the locallity in
all.directidns; Most disturbing agencles are harmless, however,
and only cause small movements in the form of short flights or

rapld dives,
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FACTORS OF MORTALITY

The agencles responeible for diving duck mortality on
the wintering grounds were found to be hunting; and oiling,
These factors vary in‘their relative»importancezfrom year to
Year, and, during the present study, an attempt was made tb

evaluate their comblned effects on the diving dyck population,

HUNTING

Some species of diving ducks, such as the redhead,.
ring—necked'duqk, canvas¥back, and scaups, are consldered to be
choice game birds and are heavily hunted. The golden;éyes and
scoters are belleved to be unpalatable and "fishy" by many hun-
ters and for this reason are not shot. Table II shows the num-
ber and kinds of dlving ducks killed by huqters’during the open
seasons 1949 to 1951, at the Delta Municipality and.checked at
the bag checking stations, |

Only 291 diving ducks of all species were killed during
three years of hunting, Thls is a smgll number compared to the

7,585 mallards (Anas p. platyrhynchus) shot in this same area

during the same period. Additional ducks are killed by fisher-

men after the hunting season hag closed, but it 1s belleved
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Table II. Delta Municipality bag check of diving ducks shot by
, hunters during open seasons, 1949 - 1951,

Speclies . v Number shot
1949 1950 1951 Total
Redhead ' 1 1 2
Ring;necked duck 1 | 1l
- Canvas-back 25 14 9 4a
"Scaup' 31 61 21 113
"Golden-eye" . 7 1 1 19
Buffle-head 31 49 16 96
.0ld-squaw 1 1l
"Scoter" ' 6 5 11
Total 9l 143 5l 291

that only a small number ofldiving ducks are killed in this
manner. |

The habit of flocking on open water prevents many hun-
ters from shooting diving ducks, and this probably is an»impor4
tant reason for so few ducks beingvshot.' It ;s conclusive that
hunting is not an important factor causing diving duck mortal-
1ty. | |
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OILING

On February 17, and 24, 1952, the debrisvline on fhe
Boundary Bay beach was sampled and all dead birds and the cause
of death were recorded. The sample included two miles of beach,

Table III shows the results of this sampling.

Table III., Number of dead birds found on a two mile sample of
beach at Boundary bay, February 7 and 24, 1952,

Spécies Cause of Mortality
Olled Shot Unknown Total
"Scaup" . S - -3 3
American goldén-eye 1l 1
Buffle-head 3 3 6
0ld-squaw _ 1l 1l
White-winged scoter 3 | Y 1 8
Dabbling duck 1 9 10
Black brant 3 3
“Guilt 2 2 3 7
Common loon 1 1
Western'grebe 1 1 2
.Eargd grebe 2 2

Total 11 7 26 4y
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During thé study only 11 birds were found dead as a
result of oiling. ‘It appears that oiling has not been as
serious a factor of mortallty as in previous years.

The effect of oil pollution varies each year. In 1947,
Mr. K. Racey (personal communication) made observations on
February 12, 16, ahd 18, at the shoreline of West Point Grey,
Vancouver, The following species of birds Qége found dead as
a result of olling: éreater scaup duck, buffle-head, old-squaw,

surf scoter, American scoter, pintail (Dafila acuta tzitzihoa),

red-breasted merganser (Mergus serrator) and horned grebe

(Colymbus auritus). No actual count was made, but mortality

was especlally great among the American scoters and 6ld-Squaw
dugksg |
. Lincoln (l936),,1n reviewling the effect of 0il pollu-
tion on waterfowl, cites éxamples of large numbers of ducks
being killed indirectly by oil at many localities on the
Atlantic and Pacific coasts, and Racey (1930), found 1l oiled
dead birds at Crescgnt beach in May, 1929, on a quarter mile
samplé of beach. He éoncludes that much damage 1s done to
local water birds by oil.

| Undoubtedly many birds are killed each winter as a
result of oilihg, and this is probagbly an 1mportant factor of
mortelity in some years, Oilihg did not sppear to be as serious
in the study area during the winter of 1951-52, as it has been
in other localities in other years. The total number of deaths

by this cause could not be determined.
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LEAD POISONING

No evidence of lead poisoning was found during the
study.. The very nagture of their feeding habits and preference
for oPen water probabl& accounts for only émall quantities of
lead shot being 1ngeeted by diving ducks, The glzzard of one
canvas-back examingd contained two lead pellets, and an |
American golden-eye and surf scoter examined each had one pel-
let in the glzzard. The effect of lead shot could not be deter-
mined, but probably it is an unimportant factor in diving.duék

mortality.,

PREDATION

On several occasions a bald eagle (Haliseetus leucoce-

phalus) was seen making stoops at di#ing chks at the Iona
Island jetty. When approached by the eagle, the ducks would
divé, and althoﬁgh the eagle made numerous attempts, it was
unable to catch any ducks. In other situations some ducks are
probably killed by eagles, but this is probably an unimportant

factor of mortality on the wintering grounds.
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DISTRIBUTION OF THE SPECIES

The data obtained during the winter on Observational
Areas 1 to 9, were analysed in order to determine if different
species of diving ducks showed preference for certain habltats,
In Figure 10‘and 11 fof'each gspecles, the percentage of the
total number counted per observational mile on each habitat
over the winter periOdvis shown. The cumulative totals of the
average number counted by speclies on all habitats (Observational
Areas 1 to 9) duringvthe study 1s shown in Figure 12.

General distribution over the entire study area, by
specles, 1s'discuésed in the following sectlons, and distribu-
tion and density (average number seen per observation) are

shown in Figure 19 and 20,.. .

REDHEAD (Nyroca americana)

énly a féﬁ ducks of this sﬁecies were‘wintering in the
étudy area, and allrbirdé, with one exception, océurfé& on lake
habitat. One pair_bf redheads were counted at Elk lake,
Victoria,;iﬁ March 1952, but“the greateét number oécurred at
St. Mary lake, where in Januafy,'ll birds were observed at one
time.

One drake was seen flying over the Iona Island Jetty

in vaember, 1951,:but this was the only time this speciles
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occurred on salt water hablitat.

Redheads were the least abundant diving duck on the

study area. It showed a definlte preference for lake hgbitat
and was not observed feeding on salt water areaé. This pre-
ference for laske habitat is shown in Figure 10, where over

98% of the birds observed per mile were on St. Mary lake.

RING-NECKED DUCK (Nyroca collaris)

These birds did not occur on salt water areas, and
were seen only on St. Mary lake. in December, 1951, tﬁe,largest
raft was observed and consisted of 22 males and 19 females.
Very often, these ducks were feeding and réstlng in assoclation
with greater scaup ducks,

It was not determined why thése birds did not occur at
Elk lgke, or other lakes in the Victoria region, where presum-
ably, food avallability is similar to that found at St. Mary

lake,

CANVAS-BACK (Nyroca vallsineria)

Ducks of thls specles were not generally distributed
over the étudy area, but appeared to prefer St. Mary lake and

the bay and estuarine habitat in the North arm of the Fraser
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river. The only other localities where:they were seen was at
the mouth of the Koksilah and Coﬁichah rivefs, Vancouver 1sland,
and at the Gorge near Victoria. They were ébserved only to
rest on St. Mary lake where the greatest number counted at one
time was 58. At the North arm of the Fraser river, canvas-
backs were usually feeding, but no more than 41 were seen at
one time, | |
Canvag-backs showed definite preference for wind-pro-
ﬁected waters of lqw galinity; They were not Seen feeding

along any strip of unprotected shorelline in the study area.

GREATER SCAUP DUCK (Nyroca marila)

These ducks were generally dlistributed over the study
area, but localities of greatest abundance were English bay,
Vancouver harbour, Nanoose bay, Cowichan bay, Ganges harbour
and Victoria. Sewer outfalls and abundant herring spawn, fesult-
ing in a high degree of food availability were the factors res-
ponsible for heavy concentrations in these localities. |

Greater scaup ducks were‘present on all observational
areas in fhe Vancouver area, but were most abundant at Jericho
beach (Observational Area 4) and Kitsilano beach (Observational
Area.3). A small population of from three to ten birds wintered
"~ on St, Mary lake, ahd.groups of two and three birds were seen

at Elk lake, Victoria, and Beaver lake, Vancouver. Occasionally



51

a lapge raft of 100 to 200 birds were observed at Lost lagoon,
Vancouver, and Langford lake, Vancouver island, but these did
not occur in the se 1ocalitiés during the entire study perlod.
Food avallability greatly influences the distribution
of greéteriscauﬁ ducks, for those areas not having sewer out-
falls or avéilable herring ova, such as Howe sound and Indian
- arm, are not charadteri;ed by an abundénde of this specles. On
the east coast of Vancouver 1sland between Quallicum river and

Courtenay, this species was second in abundance.

LESSER SCAUP DUCK (Nyroca affinis)

No birds of this speciles were seen on ﬁhe study area
during the winter, Evidence that small numbers of these birds
are present during fall migration and early winter hés béen
~ obtained by Munro (1947), who counted a tdtal of &1 lessger
scaup ducks on Burnaby lake during September, October and _
November, 1946. Munro (1941), states that it seems fairly well
established that the lesser scaup duck 1s a scarce winter visi—
tant in British Columbia. Farther south in the Portland reglon,
Oregon, this bird is the most abundant of the wintering diving
ducks, but in‘southern British Columbia, 1t 1is rarely seen in

winter;
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AMERICAN GOLDEN-EYE (Glaucionetta clangula americana)

Ducks of this specles were seen on all observatiqna;
éfgas and did not show a marked preference for any one habltat
type, although mére were present in the protected-rocky than
other habitats.- American golden-eyes were most abundant on the
east coast of Vancouver 1sland and the Victorls area. Almost
all the golden-eyeé in these locelities were of this species,

in the Greater Vancouver areavand in que sound and
Indian arm, thils specles is far outnumbered by Barrow's golden-
eye. |

Lake habitat 1s not preferred to marine habitats, and
only a small number of these birds were seen on 8t, Mary lake

during early spring,.

BARROW'S GOLDEN-EYE (Glaucionetta islandica)

The distribution of Barrow's golden-eye and American
goiden-e§é is similar in the study ares, but many regions with
large numbe:s of one species 1s charactefized by a paucity of
the related specles., Exémples of this situation were clted
above, but can be emphasized again., In two counts between
Qualiéum river and the cilty of Courtenay, only five Barrow's.
golden-eyes were seen,.whereas the nﬁmber of American golden-

eyes was more than fifty times greater, In Howe sound,
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Barrow'!s golden-eyes were found to be almost twenty times as
numerous, and during one observation at Indian arm, only eight
American golden-eyes as opposed to 311 Barrow*s golden-eyes
were‘seeh; This species is not commonly seen 1in the Victoria
area.

Only one or two birds were seen occasionally on fresh-
water lakes, which indicates that this habitat is not ppeferred
as feeding or resting grounds, In the Vancouver area they were
more abundant on unprotected and protected shoreline than in

bay and estuarine habitat.

BUFFLE-HEAD (Charitonetta albeola)

These ducks were observed on all observafional areas
in the Vancouver region except at Spanish banks and English |
Bay beach (Observétional Areas 2 and 5). They were common on
the east coast of‘Vaﬁcouver lgland, in the Vietoria region, and‘
in Howe sound, but only one drake was observed in Indian arm,

Buffle-heads were not seen feeding in heavy surf, and
appéared to prefer protected areas. More than 400 were observed
in two counts at Ganges harbour and Prevost island, where they
congre@ate to feed in the narrow protected bays (Pigure 13),
One}or two birds were present on each small lake and pot-hole
examined in the Victorlas region, and often these were ﬁhe only

ducke using these feeding areas.
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Figure 13,

Department of Lands and Farests.

Aerlal photograph of Ganges harbour, Salt
Spring island, and the northwest end of
Prevost igland. The narrow inlets on
Prevost igland are favourite feeding areas
for buffle-heads and golden-eyes. This re-
glon 1s an important herring spawning ground.
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OLD-SQUAW (Clangula hyemalis)

These ducks were most abundant in the Victorla region
an@»Salt Spring 1sland. None was seen during two counts on the
eaét céast of Vancouver'island from Qualicum river to Courtenay,
nor in Howe sound, and only one drake was seen in Indian arm.

Salt water areas are used extensively by this specles
and none was seen on lake habitat; In the Vancouver region,
0ld-squaws were most numerous in bay and estuarine habitat. On
March 23, 1952, thirteen pairs were seen at English Bay beach--
an area where none had been seen previously. This flocking may
be concomitant.wlth their habit of moving'in closer to the coast-
line as spring édvances; A similar situation was seen at Ganges

" harbour, where in March, 1952, the number of old-squaws had

increased fourfold since January.

HARLEQUIN DUCK (Histrionicus histrionicus)

Only ninelharlequin ducks were seen in the Vancouver
reglon during‘the study, and these were observed along unpro-
tected shoreline at Jericho beach and the Iona Isiand Jetty
(Observational Areas 4 and 1), Areaé of greatest abundance
were in the Victoria region, between Qualicum river and
Courtenay, and at Salt Spring island.

Lake habitat was not used by this speclies, and none

was seen in Indian arm, Only three pair were observed during
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two counts in Howe sound,
These ducks prefer to feed aiong unprotected coastline
and preferred areas were the Gulf islands and the east coast of

Vancouver island.

WHITE-WINGED SCOTER (Melanitta deglandi)

The east coast of Vancouver island, and the Gulf
1slands are the areas of greatest white;winged scoter abundance.
In the Victoria.Qegion, this specles is more gbundant than the
surf scoter, They were present on all reglons except Indian
arm, and only 39 were seen 1n two counts in Howe sound.

In the Vancouver region, they utllized all habitat
types except bay and estuarine habitat in the North arm of the
Fraser river. Although no white-winged scoters were observed
on lake habita;,dgring the winter, they did occur on St.'Mgry

lake several times during September, 1951, and March, 1952.

SURF SCOTER (Melanitta perspicillata)

Thls species did not occur én lake habitat during the
study, but was very common on all other areas. Indian arm,
Howe sound, énd the Vancouver region, where whlte-winged scoters
'were not abundant, were the regions of greatest surf scoter

concentration, On the east coast of Vancouver island, and at
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Victoria, the reverse situation was seen where the populetion
of surf scoters was much smaller than the white-winged scoter
population;

" In the"Vancouver region, surf ecoters were abundant
on all habitate except bay and estuarine, and they showed the

tendency to aggregate in large flocks on these habltats.

AMERICAN SCOTER (Qidemis americana)

All ducks counted in the Vancouver reglon were seen
between the mouth of the Fraser river and English Bey beach.
They were not observed in the protected waters between Prospect
point and Coal harbour, nor d4id they occur en any lake habitat.

Only a small population wintered in the Victoria
region and the east ceast.ef‘Vancouver 1sland, and in two
counts at Ganges harbour, only three American scoters were

seen. They did not ocour in Howe Bound or Indian arm during
the winter, and this is taken to indicate that for some undeter-
" mined reason, these areas are unpreferred The greatest number

occurred along the unprotected shoreline in the Vagncouver region.

In order to determine relative use, by all species, of
the five habitats in the Vancouver region, the average number
of all diving ducks counted per observational mile for each
habitat]was calculated and presented graphically in Figure 14,

The differenees between the numbers of ducks using
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the unprotected¥sandy, unprotected-rocky, and protected-rocky
habitats are not great considering the great variety in counts
from month to month, so that it is doubtful if much signifi-
cance can be attached to these differences., 1In thé case of
bay and estuarine and lake habitats, the number of ducks vary
greatly from those in the flrst three habitats. This is taken
to ind@cate that these two habitaté—are,less desirgble winter-

‘ing areas.
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STRUCTURE OF THE POPULATION

SEX STRUCTURE

All data obtained during the study were analysed by
the 2 x n Chi-square test adopted from Snedecor (1946), in
order to draw deflnlte conclusions regarding distribution of
the sexes,

Provided that the method of sampling introduces no
blas, then a Chi-gsquare test that gives elther a very high opr
very low probability value indicates a departure from the
amount of varlation expected, in sex ratios, resulting from
chance factors alone. For example: for American scoter in
November 1951, %03 birds were counted and the total counts
were 202 males to 101 females. This represents a significant
departure from a 1l:1 sex ratio (Chi-square = 33,67) and the
pfobability that this sample was drawn from a 1:1 sex ratlo
population 1s less than five chances in one hundred.

Each individual group or sub-gsample of ducks observed
was used in the analyses of the data.

Chi-square tests of this kind measure deviation from
a theoretical standard in which therels complete uniformity

(1.e. no variation) in the sub-samples. If the birds sggregate

in groups at random, with respect to sex, one would expect
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considerable variation in the sex ratlos of the sub-samples
(1.e. variations about the average). Thus Chi-square would
assume an intermediate value and the corresponding probability
value (1.e. the probability that the samples were drawn from a
population in which all the sexes were always afranged in a
fixed proportion) would lie between 0.95 and 0,05,

If the birds were arranged in groups with a particu-
lar séx‘ratio very frequently (i.e. 1if variation in the sub-
samples was.small), then ChiQSquare would be low, and the cor-
responding probability value would be greater than 0.95., This
would indicate a high prqbability that the sub4sampleé were
taken from a population in which the birds grouped in parti-
cular sex ratlos. | |

Similarly, 1f the birds are grouping in such a way
that males cdhgregate, then the sub-sample sex ratios will show
wide variations and Chi;squarevwill be high. The corresponding
probability value will be less than 0,05, This would indicate
that the population was not distributed at randdm with respect

to sex.

The various values of Chi-square might of course re-
- flect more complicated situations than those suggested. For
example, the last case of a high Chi-square value ﬁight result
from a-combination of limited flock size with gregarioﬁs beha-
viéur of males or non;gregarious tendencies of the females., It

could also result from a differentlial seasonal migration of the

. two sexes, or a differential distribution on the study area.
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~ In the following account of sex structure, conclusions
have been-drawn on the basls of the analyses, the results of
which are summarized in Table IV, Significant values are those
in which the probability value is greater than 0.95 or less
than Og05, and the meaning of these values is based on observa-
tiéns on life history and behaviour.

In order to determine differential sex mligration, the
gsex ratios in October and NoVember and in March were compared
(2 x 2 Chi-square test) with the true winter sex ratio occurring
in December, January and February. A significant difference
between the sex ratlios in October and November, and the true
winter sex ratio is 1lnterpreted to mean that one sex was more
abundant earlier in the winter as a result of differential sex
migration; A significant difference in sex ratios could occur
because of a differential distribution on the two sexss on the
study.area, but 1t has been assumed thét both sexes are ran-
domly distributed over the study area. In other words, a sig-
}nificant difference 1h sex ratio in October and November'andv
in the three winter months, 1s taken to mean that one sex is
an earlier fall migrant than the other, or, in the case where
there is an 1ncréased preponderance of the sex which was pre-
ponderant in eafly fall, one sex continues to immigrate into
the study area as winter advances.

A further assumption 1s made regarding the change.in

sex ratios, viz,, if one sex is more abundant in the three



Table IV, Probability values for uniformity of distribution with respect to sex and sex
ratio during period September 1951 - March 1952,
October November December January February March
Specles
A B A B A B A B A B A B
Redhead .99 .%~
Ring-necked , ,
duck 99 o5- .8- ,02%_ 200~ o8-
o? 09 005 095 09
Canvas-
back (.01 <.01*  ,1- ,7- .05-  .05-
02 ‘8 ol .1
Greater , % , % " %
scaup «1- L02% (o1 <.01% o1 <{01® (.01 01T <K.01 K.01%* 05 (.01
duck 0@ .05
American 5= .2~ ‘
golden-eye ¢.01 ¢.01%* .7 (01* .3 <.01%* >.99 <(.01% >.99 <.01* .5  ¢.01%®
Barrow's .01~ - . 05- .05~ e 5= 2 05—
golden-eye ,L,02 <¢ le <.Ol <001 o5 ol >.99 .1 D ol >o 99 .
Buffle- +90~ ,01% ¢ 3= % » 8-
head 95 .02 .5 <.01* L5 (o010 L2 (o1* L9 <o01* .99 L9
Old-squaw B . . ebH= o2~
09 <gOl >a99A !7 >°99 ‘3
Harlequin .98~ , l- ol
duck 299 <01 2,99 .2 5.99 .2

£9



Table IV,

Cont'd.

and sex ratio during period September 1951 - March 1952,

Probabllity values for uniformity of distribution with respect to sex

- October

Noveémber December - - January February ~ March

?pecies’ A B A B A B A B A B A B
White- L . o o . cy
winged o~ S .05~ o e2=  +05=- _ o , ) , el=
scoter 8 <.le 210 <.Ol3E ) o1 _ >o99 <.le >o99 b >099' o2
Surf e , . g e02- % Cw T Lk
scoter <.01 <.01% (01 (.01 s05 <.01% 3,99 (017 (.01 (.017 3,99 (.01
American o2- . o 3= o 7= G0l=. 3= ,5- 05 (5= +05-
scoter o3 <901 e 5 <4o 01 98 ’0255* ® 5 07 >o 99 el ° 7 ol

A - Probability of uniformity of distribution.

B = Probability that sample was taken from a 1:1
sex ratlio population.

®Tndicates a significant preponderance of males.

¥% ' :
Indicates a significant preponderance of females,

‘Significant values = 0,95 or larger; 0,05 or smaller.

19
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winten months - than in October and Novembef, it is assumed that
this results from an influx of the less abundant sex, and not
‘as a result of efflux of'the sex which was more abundant earller
in the fall.
| The percentage of;paired 1nd1v1dqals, by speclies, for
each month has been_calculated and confidence limits at the
0.95 level of significance have been applied in each case. It
has been considered that a palr is any two ducks, one of which
is a2 male and the other a female, which are detached from
other ducks or are closely assoclated when with other ducks.
Hochbaum (1944), states that in all species, courtship displays

are infrequent, or cease entirely immediately following the

formation of the pair. During this period of non-display, pairs
are gregarious. Males do not show belligerence to one another

writil courtship is resumed on the breeding grounds., For this

reason, any group of birds seen in the field 1in which the sex
ratio wés exactly 1l:1 was considered to consist of paired
birds. ~The data for the percentage palred for each specles 1is
presented in Figures 15 and 16, |

. The percentage of méles in each species for each month
has ‘been calculated 1n<a‘similarkmanner, (Figures 17 and 18) and
fiducial 1limits at the 0.95 level of confidence have been app-
lied to these percentages. Significant and non-significant
changes in percentages can be readily found\by,comparing_the

ranges of the fiducial limits for each month. If one set of

fiducial 1limits does not overlap another set of 1imits, then
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it can,be assumed with reasonable accuracy, that the two per-
centages are signiflcantly different.

Thus in the graph for percentage males for the
American golden-eye, it is seen thaf the percentage males in
November i1s significantly greater than the percentage in
October; The pércentage in January 1s significantly different
from thaf in all other months, and the percentage males in
November is not significantly different from that in December,
February and March. A trend is indicated tn which the peréent-
age of males increases from October to November; does‘not show
gignificant increase again until Jgnuary; and then shows a
significant reductlion in Februsry and March. Significant aif-

ferences on all other graphs showling fiduecial limits can be

obtained in the same manner,

Redhead

There are not sufficient data to draw conclusions
regarding the sex ratio Of'the sub-gamples, nor cén-differen-
tial'sea55ﬁal migration be determined.

The one probability value obtained in January
(Table IV), indicates a non-random distribution of males and
females resulting from palr formation-with the species. Thé
sex ratio of January's population was 1,26 males to 1,00

female, which shows moderate variation from a 1l:l sex ratio,
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Ring-necked Duck

Sufficlent data are also lacking for this species, but
a non-random distribution of the sexes occurred in December
(probability value greater than 0.99) as a result of pair for-
mation; There was a preponderance of males in January
(Figure 17) and the winter sex ratio was 1,28 males to 1,00
female.

No evidence was obtained to show that migration began
in March, but if ﬁigration had started, then the drakes and

hens had left in equal numbers,

Canvas-back

In January there was a significant preponderapce of
méleé in the study area (1.82 males to 1.Qvaemale), and these
showed the tepdéhcy tq flock ﬁogether (Figure 17) with ﬁhe result
that the sexes were not randomly distributed, The winter sex
ratio was 1,42 males to l;OO female and did not éhange signi-
ficantly 1n'March;‘ The'percentage of palred individualé re-
mained low throughout the winter (Figure 15), and in March,

only a small percentage of the population consisted of paired
birds. This, and the fact that there was no significant change
in the percentage of males in March, indicates that if spring

migration had begun, only paired ducks had left the wintering

grounds,
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Greater Scaup Duck

In all months, there was a departure from a 1:1 séx
" ratio resulting from a preponderance of males (Figuré 17).
The distribution of the sexes was significéntly non-rah@om
from November to February due to the preponderance of males
and thelr tendency to flock together. The sex ratio in bctober
and November (1,44 males to 1.00 female) indicates more males
than females on the study area, The preponderance of males
increased until, during the winter months, the ratio was 1l.77
‘males to 1,00 female. _This indicates that more males than
females were moving into the area as winter advanced.

The percentage of paired ducis increased in March
(Figure 15), but no evidence was obtailned to indicate that

spring migration had started.

American Golden-eye

In,all months there was a significant departure from
ca 1:1 sex ratio re§ult1ng‘ffom & preponderance of females in
Q'c:tober, and a preponderance of males during the remainder of
the winter (Figure 17). The distribution of the sexes was non-
random in Octobér due to the flockling tendencies of the females,
and 1n Jahuary and February, distribution was non-random because
many of the birds had started to palr. In March, distribution
of the sexes was random and, because there was a significant

change in the sex ratio at this time (1.72 males to 1.00 female
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in winter),.it 1s construed that elther many males had left
the study area for the breeding grounds, or more paired ducks
had arrivedAin the_study area from morelsoutherly wintering
grounds; | |

There 1s a significant lncrease in the number of
| paired ducks in March (Figure 15). The sex ratio in October
(0.25 males to 1,00 female) differs from the winter sex ratio
(2.68 males to 1;00 female), end a differential fall migration
is indicated where females-arrived on the wintering grounds
before the bulk of the males arrived. After October, the'pro—
portion of mgles became increasingly greater until January,

indicating a later migration of the drakes.

Barrow's Golden-eye

In October and November there was a departure from
ayl ¢l sex ratio resulting from a preponderance of males
(Figure 17), During the remainder of the winter there was
oniy a'smali preponderance of’drakes; The sex;ratio in
October (2 04 males to 1.00 female) shows that females remain
longer on the interior lakes and are the last to arrive on the
wintering,grounds.' This 1is further indicated during the win-
ter when the nunberhof femalee became prOportionately.greater
(winter sex ratio: 1.09 maies to 1,00 fenale). In November
the males tended to flock together, bnt this became less evi-
dent in December. The situation in January when there was a |

preponderance of males in most sub;samples, changed the
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foilowing'month when the sexes were randomly distributed, i.e.
showed more variation from a l:1 sex ratio, In March, the
sexes were distributed non—randomly due to the preponderance
of paired individuals (Figure 15).

Throughout the winter there was a preponderance of
males in the study area, and in March, this preponderance
' became even greater (1,25 males to 1,00 female). This indicates
that either more males had érrived in the study area, or the
population which had left the study area consisted of approxi;
mately equal numbers of males and females, thus leaving a popu-
lation on the coast in which there was an even greater prepon-

derance of males.

Buffle—head

During the winter the sexes were dlstributed at ran-
dom,'except in March when there was a high proportion of
paired ducks on the study area (Figure 16). There was a
marked prepondserance of drakes in all months except March
(Figure 18) when presumably there was an influx of palred ducks
from more southerly wintering grounds or an efflux of more
drakes than hens from the study area. |

The preponderance of males in October (1;63 males to
1.00 female) became even larger in November (2.30 ﬁales to
1,00 female). This is not so marked in December (1.65 males

to 1,00 female) when, it is believed, more females arrived in
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the study areae.
The data indicate that mgles are the first to arrive
on the wintering grounds, and  -they form the bulk of the popu-

lation of early spring migrants.

Old-SQuaw

Sufficient data are lacking for this specles to indi-
cate trends in distribution and sex fatio during the entire
study; " However, in January the sexeslwere distributéd at ran-
- dom, when'qonsiderable variation occurred in the sex ratio of
the sub-samples. In February and March, a non-random distri-
butlon occurred as a result of palr formation (Figuré 16). At
this time more than 75% of the sub-samples were paired ducks.

There was a preponderance of drakes in January (1°95
males to 1.00 female) when most sub—samples contained more
males than females (Figure 18). However, the proportion of
males during January éndvFebruary (1.51 male to 1,00 female)
did not show a significant change in March (1.15 males to
1.00 female), This indicates that if spring migration began
in March, it was not'a differential sex migration, but one

where both males and females had left in equal numbers.,

ngleguin”duck

Early winter data are also lacking for this specles
&and it 1s seen that the probabllity values for sex ratlo and

distribution of the sexes are very similar to those for
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0ld-squaws. (Table IV)

_In January the sexes were distributed nqn-randomly
owlng to the presence of more drakes than hens in all sub-
samples (Figure 18). The sexeS'were distributed non-randomly
in Februvary and Maréh, but this was due to palr formation
(Figure 16). At this time, 55%19fi%hé sub-samples were paired
ducks. '

A prepoﬁderance of drakes occurred in Janvary (2.33
males to 1,00 fémale) when there were more males than females
in all sub;samples; However, the proportion of males during
January and Febfuary (2,13 males to 1,00 female) did not signi-
ficantly change in Maréh, when the sex ratio was 1l.32 malés to
1,00 female, This indicates that if spring migfation began in
March, both drakes and hens had left the wintering grounds in

equal numbers.

Whiteéwinged Scoter

During;chober there was a high progértion of drakes
in the study*aréa (Figure 18) wheﬁ the sex ratio was 4,45
males to 1,00 female. This propprtién decreased in November
(2,91 males to 1,00 female) and December (1.24% males to 1.00
female), 1ndicat1ng'that a differential sex migration from the
‘breeding grounds had takeﬂ place, and the males were the first
‘to arrive on the coastal waters.

In October, November and December, the sexes were
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distributed at randoﬁ in the subssamples. Non-random distri-
bution occurred after December due to the preponderance of
males in most of the sub-samples, and in March, non—randqmness
resulted because more than 50% of the sub-samples were paired
ducks (Figure 16).

The winter sex ratio in the study area was 1.48 males
to 1,00 female, and no significant change from this ratio
occurred in March (1.1%& males to 1.00 female). This indicated
that spring migrétion had not started in March, or if it had,
then the majority of the emﬁigrating ducks were palred and the

majority of the migrants arriving frog the south were also

paired;

Surf Scoter

During the entire study, the wintering population con-
'slsted of a preponderance of males (Figure 18). The greatest
preponderance of drakes occurred in October, when the sex ratio
was 5.46 males to 1,00 female. The probortion of females
became progressively greater until, in January, the gex ratio
was 2,19 males to 1,00 female, A differential sex migration
1s indicated here, where the first fall migrgnté are predomin-
antly males, and the bulk of the female population arrives in
the study area during November and December;

A non-random distribution of the sexes occurred in

October, November and December when the drakes showad the
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tendency to flock together. In Jahuary, most of the subfsamplesv
showeéd a sex ratio of from 2 males to 1 fémale, to 4 male to 1
female., The proportion of males in the sub-samples was greater
in February (32 méles to 1 female, to 1 male to l_female) as a
result bf non-random distribution, In March, most sub-gamples
were either palred ducks or courting parties resulting in a non-
random distribution. |

No significant change from the winter sex ratior(2.44
males to 1,00 female).occurred in March (2.31 males to 1,00
female)., .This indicafes that spring migratlon had not yet star-
ted, or if it had, the majority of ducks which left the study
area were paired and the majority arriving in the study area

from the south were also paired.

American_Scoter

During all winter months, except»February, the sexes
in the sub-samples were distributed at random. In February,
non-random distribution occurred because most of the sub-
samples cénsisted of paired individuals (Figure 16).

There was a preponderance of drekes in October (5,15
males.toilgoo female) whigh became progressively smaller until
in December (Figure 18), . .. the sex ratio was 0,58 males to
1.00 female. This indicates that the early fall migrants were
predominantly drakes which preceded the hens to the wintering
grounds. The preponderance of females in December cannot be

explained unless there were actually more females in the
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wintering population., - Thls seems udlikely, however, because
the winter sex ratio was 1,06 males to 1,00 female, Possibly-
differential distribution of the two sexes occurred on the
study érea, although this was not detected during the study.
No significant change in sex ratio occurred in March,
indicating that if migration had started, thevdrakes apd hens
had.departed in equal numbers, and similarly, the.migrants
arriving from the south were predominantly paired ducke.
It_seems likely that some paired duéks had started
migrating becéuse there was no. increase in the percentage of
paired American:scoters on the study area dur;ng March (Figure

16). - Before this time, a signifidant increase had occurred

each month after December.
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AGE STRUCTURE

Within the diving duck group, many species, such as
the scotéré, golden-eyes, buffleheads, harlequln ducks, and
0ld-squaws, do not mature and assume adult plumage during the
first year, with the result that several age classes are pre-
sent on the wintering grouhds. ﬁIt was very difficult during
theAétudy to correctly identify Jjuveniles and yearling birds,
and no attempt was made to sex the birds identifled aé Juven-
iles. |

The descriptions of the species présented by Kortright
(1943), were used to distingulsh juveniles from adults, but
these descriptions wére not always sufficiently complete to
inclvde all plumage patterns encountered. Error is also intro-
duced because of the manner in whi¢h Juvenile birds, which
closely resemble the édult.female of the species early in the
fall, gfadually éhange their appearance during theuwiﬁtér;

More accuracy could have been obtained if all birds had been
obgerved at close'range, but often it was neceésary to speciate,
sex and age birds with binoculars at distances exceeding 400
yards; R _ |

With as much accuracy as could‘be‘obta;néd in the
field, the percentage of juveniles seén each month for each
species have been tabulated, and fiducial limits at the Oi95
level of confidence have been applied (Table V),

- The percentage Juveniles in most specles remained low
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Table V. Percentage Juvenlles, by specles, observed during

period, September 1951 - March 1952.

October

November December January February March

Redhead -

Ring-necked
duck -

Canvas-back -

Greater scaup
duck 0

American
golden-eye O

Barrow's
goldenegye 0

Buffle~-head O

Old-squaw

Harleguin ,
duck : -

White-winged.
scoter 4,7

Surf scoter 2,2

American .
scoter 0

. 23,0

945

o(?

9,0

0.5

5o 6
10, 4

0.3
2.7

2;1
1.0

8.5

5¢5

0.5

1,0

3o

4,0

6.4

560

1.8

0

2.9

1.9

1.3

0

4,0
1.6

1702

throughout the winter, and Juveniles of the redheads, ring-

necked ducks, canvas-backs, old-squaws and harlequln ducks were

not seen; No significant increase or decrease in percentages

of -Juveniles each month was noted in the greater scaup duck,

American golden-eye, buffle-head and old-squaw species.

There
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was a significant increase in Barrow's goldgn-eye Juveniles in
~ December, and white;winged scoters'in_November;' There was a
significant increase in the number of surf scoter juveniles in
November and December, and after this time, the percentage
decreased each month, From October to February, inj elght
Juvenile American scoters were seen., In March; a sudden in-
flux of juveniles occurred, and 17.2% of the population con-
sisted of young birds, This may be the result of spring
immigration into the area and represent the beginning of migra-
tion, ' ‘

Field observations indicaté that only a small percent-
age of juveniles of all species were present on the study area
during the winter. This suggests that possibly, the bulk of
the Juvenile populations concentrate in other localitiés

throughout the winter.
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DISCUSSION

This investigation was made in order to determine the
distribution of wintering ducks on the coastal waters of
southern British Columbia. During the study, an attempt was
made to discover and evaluate the factors causing distribution
and duck movement., Although distribution has been determined
throughout the entiré study area, the main emphasis has been
placed on distribution on the five ecological habitats in the
~vieinity of Vancouver énd Selt Spring island,

A study of the factors influencing seasonal distribg-
tion of the diving ducks showed that the winter climate in the
area can be tolerated by most species of ducks. The scarcity
of redheads, ring;hecked ducks,.canvas—backs and lesser scaup
ducks may be due to lower tolerance to freezling temperatures.

The irregular coastline and Juxtaposition of the many
sma11 islands in the Stralt of Georgla results in numerous
areas which are protected from strong winds. There are a suf-

ficient number of these protected areas to offer sanctuary to
all ducks during storms, although'nqt all waterfowl leave the
open waters at such times.

Observatlons indicated that diving ducks are influen-
ced by the distribution of their preferred food. It was found
that whiteéwinged scoters are most abundant on the'east coast

of Vancouver 1island where there 1s a rich supply of their
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preferred food, viz., clams and oysters. In Howe soqnd, white-
winged scoters are uncommon, but surf scoters, which feéd eXxX—
tensively on the rich fauna of blue mussels, are very abundant.
Few surf scoters are found on the east cqast'of Vancouver |
island, probably because their preferred food--blue musselsf;
are not too abundant there.

Other factors, related to food avallabllity, operate
to influence segéonal distribu;ion of the diving ducks. During
the sockeye salmon and Pacifle herring spawning periods, large
numbers of greater scaup ducks, American golden-eyes, Barrowfs
| gol@en-eyes, white-wlnged scoters, surf scoters and American
scoters cohcentrate 1naareas of spawn abundance in order to
feed on the available ova. |

Grain elevators weré found to affect the dlstribution
of the greater scaup duck, Americén_golden-eye, and Barrow'!s
golden4eye in Vancouver harbour, and concentrations of greater
scaup ducks, American golden-eyes and surf scoters were seen
many times feeding over sewer outfalls.

Dally movement 1s caused by changes in weather condi§
tions, although not all waterfowl appear to be affected to the
same degree. A counf immediately before and after s storm at
Ganges harbour, Salt Spring island, indicated that an emmigra-
tion from the area hed taken place during the‘advefse weather
conditions. Surf scoters appear least affectedhby stormy
weather.

In some localities, viz. the Iona Island Jetty, tides
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appear to increasé the availability of food, and this in turn'
affects distribution of waterfowl. Turbulent waters at the
Jetty dufing the-outgoing tides possibly dislodge invertebrates
from the bottom, This increased availabllity of food may be\
the reason for diving duck concentration at this time.
| Local movemgnts resulting from courtship activity are
commonly seen during early spring. During this time, the drakes
rapidly pursue the hen when she takes wing, and the males
_appear belligerent towards one another.
Observations at Pasley Island indicate that duck move-
ment 1s caused by diurnal¥ndoturnal rhythm, This diel period-
’;city apparently causes changes in local distribution, as many
ducks were seen to concentrate on protected waters at night,'
and depar; from these waters in early morning-;only to return
the fqlloﬁing evening., No definite conclusions can be drewn,
but it is possible that a similar flocking and dispérsion of
.species of diving ducks takes place at night and morning in
other areas.
Disturb;ng agencles éause frequent local movements and
dispefsion of waterfowl flocks, This is especially true in
the vicinity of Vancouver, where boats, and persons on the
beach disturb the ducks. |
Bag¥check records from the Delta Munic;pality indicate
that hunting is not a serious factor céusing diving duck mortal-
ity. This is probgbly due to the small degree of hunter-effort,
and the open water flocking hablt of the ducks.



86

01l on the surface of the water, discarded by ships
at sea, appears to kill many birds in some years. Eleven
birds were found aéad as a result of oiling on a two-mile
sample of beach at Boundary bay in February, 1952, Mortality
appeared to be greatest among oldJSquaws and Amerlcan scoters
in the Vancouver area in 1947, |

No evidence of death as a result of lead poisoning
was found during the étudye Probably little lead shpt is _.
ingested because of the deep water feeding habits of the diving
ducks.

Predation doeg not appear to be a serious factor of
mortallity in the study area during the winter.

Relative use of five habitatsAby all specles of diving
ducks was determined, and no'significant difference in use was
seen on unprotected-sandy, unprotected-rocky and protected-
rocky habitats. Bay and estuarine, and lake habitats appear
less important as wintering areaéQ The total numbér counted
by specles on all five habitats during the study wase determined,
and 1t was seen that surf scoters and greater scaup ducks are ’
the most abundant species on these habitats. The percentage
of the total number countea by species on each habitat is pre-
gented graphically; Greater_scaup ducks, American golden-eyes,
and buffle-heads were found on all habitats. Redheads, ring-
necked ducks, danvas-backs, Barrow's goldenéeyes, old-squaws,
harlequin ducks, whiteéwinged scoters, surf scoters and

American scoters, were consplcuously absent from some habitats.
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The dafa obtained on Observational Areas 1 to 9, repre-
senting five habitat types, were analysed 1in order to determine
if the different specles of diving ducks showed a preference'
for certain habitats. It was found that only a small popula-
tion of redheads and ring-necked ducks winter in the study afea,
and were seen only on lake habitat. Canvas-backs were not
abundant, but were observed on lake and bay and estuarine habi-
tate. Greater scaup ducks ‘were abundant on all habitats, but
were not common in Howe sound and Indian arﬁ. No lesser scaup
ducks were éeen wintering in the study area, although one
author cited has reported small numbers present during early
winter at Burnaby lake in 1946, American goldenfeyes‘were com~
mon on all habitats except iakes during the winter, and were
not common in Howe sound or Indian arm. Although the distribu—
tion of Barrow's golden—eye is somewhat similar to that of the
American golden-eye, these birds were not so abundant on the
east coast of VancouVer island.- However, they were very com-
mon in Howe sound and Indian arm; two afeas where Amefican
golden-eyes are‘noﬁ commoh; |
Protected areas appeér to be the preferred habitats
forqbuffle-heads. These biras were common in all areas.exéept
Indian arm, Old-squaws}were not abundant duringthe winter
and were most commonly seen in bay and estuarine habitat and
along‘unpfotected rocky shores at Ganges harboﬁr. Harlequin’

ducks were also common at Ganges harbour and along the east

coast of Vancouver island from Qualicum river to Courtenay,
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but only a small population was wintering in the study area.

White;winged scoters and surf scoters were generally
distributed over thé entire area, although their denslty varies
in local areas., White-winged scoters were abundant in all
localities except.Howe'sound and Indian arm. Surf scoters
were, on the other hand, very abundant in these two ;nlets,
but not as abundant as.on the east coast of Vancouver 1sland;.'

‘American scoters were most qdmmon in the Vancouver
area, and were seen only in the unprotected coast habitate,

All dats were analysed to determine the distribution
of the sexes for each species., The interpretation of the pfo-
bability values obtained forvthe‘specieé 1s based on observa-
tiéns on life history and behaviour,' Sufficient data are
lacking for redheads, ring-necked ducks, canvas;backs, 0ld- -
sQuaws, and harlequin ducks to indicate trends over the sntire
winter, |
| After December, most species showed slgniflcant non-
randomness in the distribution of males and females, This
occurred as a result of the preponderance of males in the
canvas;back ducks, and a prepqnderance of paired ducks in the
other species;

A differential sex migration during the fall was evi-
dent in most species studied. The males of Barrow's golden-
eye, buffle-head, white-winged scoter, surf scoter and
émer;can scoter formed the bulk of the early fall migrants.

Tﬁéh;everse sltuation was seen in Amerlican goldenweye, where
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the females were the predominant’ early fall migrants.

During March, it is believed that some species had:
started to migrate to the breeding grounds. It was found that,
if migration had actually started, only paired individuals had
emigrated in the'ringénecked duck, canvas-back, old-squaw,
harlequin duck, white-winged scoter,.surf scoter and American
scqter‘species; The data indicate that the bulk of the buffle-
 head spring migrants are males, A similar situation occurs in
the American golden-eye spediés, where elther dmakes had ieft
the study area first or only paired ducks had arrived from the
south. In the Barrow!s golden-eye species; it was indicated
wthat only paired dﬁcks had left the study area, or only drakes
had arrived from the more southerly wintering grouqua The
data did not indicate that greater scaup ducks had started to
emigrate in March, | |

The percentage of juveniles in each species remained
low throughout the winter, and redhead, ring-negked duck,
canVas;back, oldésquaw and harlequin duck Jjuveniles were not
seen; No upward or downward trends in the percentage of juven-
i1les was eviden?t in the greater scaup duck, American golden-
eye, buffle-head and oldQéquaw. Significant increases and
decreases in the percentages of Juveniles are seen 1ﬁ Barrow's
go}den4eje, white-winged scoter, surf scoter and American
scoter.

The data indicate that possibly juvenile birds con-
centrate in other localities outside the study area during the

winter.
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CONCLUSIONS

The low winter temperatures in thé study area are within
the tolerance limits»of‘ﬁost gpeclies of diving ducks.’
The study area is probably the northern 1imit of the win-
ter ranges of redheads,»ring;necked ducks and canvag-
backs, “ |

Not all specles of diving ducks are affected by adﬁerse
weather conditions.v

Abundance and availgbility of food aopear to be the two
chief factors influencing diving duck distribution°

Salmon and herring spawning, grain elevators and sewer out-

 falls influence seasonal distribution of greater scaup

ducks, American golden4eyes, Barrow's goldenéeyes, white-
winged scoters, surf scoters and American scoters,

Factors responsible for daily mbvement and distribution

earédWeather, tides; diel périodicity,Vdisturbances and
courtship activity.

The combined effects.of all agencles of mortality does h
not cause serious 1nroads in the wintering diving duck

population;

Ail specles of diving ducks showed differences in their

general distribution on the study area, and the data indi-

cate that they differ in their habitat preference.
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7; The sex and age. structure differed in each species, and
ju%eniles compfised'Only a small percentage of the winter-
ing population. ' |

g, A differential‘sex migration occurs in the fall when the
bulk of the migrants are males in the Barrow's golden-eye,
buffle;head, white-winged écotef, surf scoter and American
scoter species. The early fall American goldenéeye mig-

“-.irants are predominantly females,

9. If spring migration.commencés in March, then the majority
vbf migrants of the ringénecked duck, canvas-back, Barrow'!s
golden-eye, 0ld-squaw, harlequin duck, white-winged
scoter, surf scoter and American scoter species are palred
ducks. The data for the American golden-eye and buffle-
head in March, indicate that either the drakes had left
the étudy area in greater numbdrs than the hensé or there
had been a large influx of pailred ducks of these species

into the study area.
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