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Abstract,—Recruitment [s the process by wiich young birds are added to the breeding population, The swe most
commanly used methods 1o estimate recruitment in ducks are pairbrood counts, and Esll age ratios based on wings
renirned by hunters. Direct counts on the wintering asea to determine the progortion of young miales b adul: males
(e ratics), can he used for species with delayed pumage maturtion. This is useful for apecies that are difficult o
sty an the breeding grounds and are seldam bunted, such as Harlequin Ducks { Histrisnices listrionime) . Such an
approach is only walid if age clsses an: equally sampled. Beneeen 1994 and 1999, the proportion of male Harlequin
Drucks thas were immatures in the Serais of Georgia, British Columbia, was estimated at 0.068, The proportions dif-
fered across years, Livle difference occurred through the winier months until spring, when there was a significant
increase in proporritns in March. 1f these age ratios are accurate, then recruiment would not be comperaating for
anaual adult mortalicy and the populaton could bave been declining during the pericd of aur study, However, if
immature males are not dissributed evenly among the populagion, teen our assesment may underesimace or over-
essimate proponions, Delayed breeding means that imnuture birds experience several additional ssasons of mor-
raliny pricr 1o breeding, 2nd thiss the actisal recruibment rabe inbo the hroeding population would be lower than thas
presented here. R |1 Agril 2000, accepted I8 iy 20000

By words,—Age rativs, British Columbia, Harlequin Duck, Minrisriog histrimious, recruitment, Strain of Georgia,
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Papulation size is a funcion of both how  count, followed by a brood count on the
many individuals are added to it, through  same area, is used as an index to recruii-
Birth or immigration. and how many leave it,  menc. This method is often suspect because
through death or emigration. The process it does not account for loss of entire broods,
by which young birds are added 1o the breed-  and the number of broods is often under-ss
ing population is known as recruitment and — timated due to the ducklings’ tendency to
reflects natality and pre-breeding mortality  hide in emergent vegemtion {Cowardin and
(Cowardin and Blohm 1992). For 2 popula-  Blohm 1992). Such counts also exclude non-
tion o remain stable, each breeding adult  breeding females, Autumn age ratios are the
must recruit at least one individual inwo the  proportion of all ducks that are immatre.
breeding stock (Owen and Black 1990). For - Immature males can be distinguished from
large populations that are difficolt o count,  adult males by plumage (Weller 1980}, but
recruitment cannot be measured directly,  usually only in the hand. For most duck spes
but must be estimated. cies, age ratios are obmined from wings

The two most commonly used methods  turned in by hunters (Bellrose e ol 1961
to estimate recruitment of ducks are pair/  Cowardin and Blohm 1992}, This method,
brood counts and autumn age ratios. A pair - used asa relative measure across years, needs
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ta be corrected for differential vulnerabilicy
of the age and sex classes to hunting, relative
recovery rae and huner effore.

Ape ratioe, based om direct counts of hirds
on both autumn staging and wintering areas
after hunting seasons close, do nat require
the extensive corrections of wing-hased ratios.
Direcy field counts are themselves subject Lo
potential sources of error, mast of which
involve ability 1o sample age classes equally:
timing of migration, geographic locaton,
accurate identification of age classes, differ
ential use of habitas and behavioral differ-
ences between age groups, and variable
group compasiton (Owen 1980; Lambeck
15405, This method has been used success:
fully for Arcicbreeding geese (Ebhinge

1985; Lambeck 1990; Ely o of, 1993}, but to-

our knowledge has only been used in one
duck, the Common Coldeneye | Bucsphala
clanguln) {Duncan and Marquiss 1993).
Obraining age ratios on the wintering
arep can be particularly useful for species
that are difficult to study during the breed-
ing season, such as the Harlequin Duck {His-
frionicus histrionicus), Also, this species is
seldam hunted, so wings are rarely found in
hunter-based samples. This small sea duck
breeds at low densities along fast-flowing
streams and rivers in mountinous terrain
throughout its range (Palmer 1976). Broods
can be difficult to obsérve in this habitat, On

the wintering arcas, however, these hirds -

feed and rest within shallow near shore wa-
ters of the rocky coasal zone. Age rato
counts only work in the field if plumages are
distinet and non-overlapping. Bue 1o a prar-
tial body molt inwo firs; alternate plumage in
autumn (Witherby o al 1945; Palmer 1976;
Cramp and Simmons 1977), hatch-pear
rmales can be disinguished from females as
early as late September (Smith ef ol 1998),
and aitain definitive alternate plumage after
the following year's autumn mole (Robert-
sofn of al. T997).

Berween 1994 and 1999, we studied a
population of Harlequin Ducks wintering in
the Strait of Georgia, British Columbia. Our
objective was to estimate the proportion of
immature males in the populadon and thus
provide an index of recruiunent, To check

for biases in the protocol we also investigated
annueal, seasonal and sitespecific differences.

METHODS

The maln study area was in' the Strait of Geongia,
British Columbiaand encompassed the shoré of Van-
couver Dsland, from Sooke (123°43'W, 48°21°N) 1o
Campbel] Biver (195°15W, 45°59'N), including Den

*man, Hoenby aid Ousdra isdands, Oocssional observa:

tions were included from the east side of the S,
between Powell River and White Rock. :
We counted Harlequin Ducks in the autimn and
winter months (Movember o March) betwesn fall 1964
and spring 1999, We started our snrveys in Movernber
becanse by then all juveniles have arrived from the
breeding areas and should have had dme 1o moll e
first alternate plumage. We ended our sarveys in March
hecause in April many adult males leave for the hreed-
ing stredms, Observtions were made frot land using §
A0 binoculars aivd S0-60: telescopes, Al individuals
weze identified 251 sex, based on plumage characreris-
tics, and males were aged as [mnsanere or adult, Obser
vatons fromn December 1904 1o March 1996 are from
Goudie (19006). Gowdie originally thoaght thay thers
were i age classes with subzdult plamages, bud Semich
# al [1988) showed theat only one class exises, so all

anales showing incomplete adult plumage were classed

s Imimatures.

Twelve road-accessible survey sites were identified
benwesn Hormby Bland and Cuadr Tsland, These sites
varied in length from a few hundred meters o several
kilameters of shoreline. Five sirveys o these loca-
tions berween Cetober 1997 and March 1998 were ased
b investigars seasonal wrends and site msage,

Areas nat accessible by road were surveyed by inflar-
able boat during 10-16 December 1515 By traveling at
slew speed, the observers were generally able o ap-
proach to within 50 m of growps of Harlequain Ducks,
Distance from haat 1o shove during surveys varied due
1o exposed rocks, bt averaged 100 m. Two observers
used 8« ) binociburs e scan groups of bids o cassify
ihem by sex; and the males by age as ahove, Birds thar
were oo Far away from the boat b be classified were nog
counted. This survey was used 10 compare proportions
AMOE s, but was not inchided §ioverall numbers
becanse it eccuried outside of the roadside suvey arems,

Marzation in the proportion of immamre males by
vear, seasen, or by site were analysed wsing the Ceiest
iFowler and Cohen 1996), The data for birds obsereed
by vear and by sisson are notindependent, as some sites
wete visited more than once, and cumulative 1oak are
given.

We define year a5 the winter momnths, November 1o
February, spanning nwo calendar years [eg., 1997
1998), Observations from March are considered sepa
rately, in comparkson o the rest of the winter. Unles
atheruise noted, proporuos (prop.} refers o the rado
ot imunature males o ojoal males, P i significant ar

=005, and 95% confdence interval {GI) is presented.

RESULTS

During random observations and site sur-
veys the combined proportion of immanre



HarLeguin DUGK AGE Ramios 41

males from MNovember w February was 0,068
{range 0.042-0,082; Table 1) bewween 1994
and 1999, The ratio differed significantdy
among years (G, = 17.59, P < 0,01}, but finear
regression anabysis showed that there was no
trend (R* = 0.079, ns.).

Age rato differed among months, from

Movember to February, in one of four vears.

(Table 2). In three of the four years, there
was an increase in the mean proporion
from February to March (Fig. 1; 1985, G =
927, P LB0]; 1997, G = BB, P < 0.01; 1993,
Go= .26, ns; 1999, G=54.1, ' < (LOD1).

Analvses of roadside surveys showed sig-
nificant differences in proportions of imma-
ture males at different locations on vy of the
five roadside surveys (Table 3). During the
boat survey during 10=16 December, 1995,
the mean propordon of immatwre males was
1039 (I = 1,015), but ranged from (0034 to
0,161 among the five areas (Table 4). These
dilferences berween sites were highly signifi-
cant ({z, = 25.6, P < 0.001).

DisCUISsION

‘l'o maintain a stable population, the rate
of recruitment must be equal o annual adul
mortality, During the five years of our sidy,
the mean proportion of immaiures in the
meale Harlegquin Duck population {our index
of recruitment) in the Strait of Georgia, Brit-
ish Columbia, did not exceed 10%; this rare
is below what i3 required o offser annual
aclult male moriating. The lncal mortality race
of adult males was estimated at ca. 18% at
White Rock, British Columbia, from 1994 1o

1999 {Cooke o al, 2000}, There ni‘e four pos-

sible explanations [or the apparently low pro-
pertieng: 1} immature males misidentified as
females, 2} high proporions of immaturesin
other locations where we did not survey, 3)
Iocal adule survisal rares in the lierase are
underestimated, or 4) the proportens are

real and the population is declining,

Al sevenn marked haich-vear males ob-
servied in the autumn were distinguiishable
from females by mid-October (Sioith e al
1998). One marked immature male ob-
served on 9 October 1998, and again on 26
February 1995, was given the same plumage
seore. both tmes {C, Smith, unpubl. data;
H. Regehr and- M. Rodway, pers, comm.).
This suggests that there is no changs in’
plumage characteristics that would make
immature males either casier to disanguish
from females or more difficult to- distnguish
from adult males, as winter progresses, there-
by affecting age rados.

If immature males were not distributed
evenly among the population then we might
expect significant varation among sites or
seasons, Site differences were significant on
wo of the fAve roadside sorvevs, and during
the single boar survey. We tested seasonal dif-
ferences by comparing proportions through
the. winter, }'iarr'ltinned by month. Seasonal
differences could also have been influenced
by survival if immanires have lower survival
than adult males. There was a significant dif-
ference  in  proportions from  November
through February in only one of the four

years, This supgests that immature survival

was relatvely constant through the winter,

Tahle 1. Numher of Harlequin Ducks observed in the Strait of Goorgin, British Columbia, 1994-1999, by age and

sex (F = Females, M = males) ¢lass,

Vi Total F MF Adule M - Lloma Mo Propocion” 9% Cl

1994-1995 1423 S A4 T Al 0076 HLOW i 0,122
1495-1496 1071 435 638 536 5% 0082 0026 1wy +0.197
T9OG-19497 53 219 307 ag 13 hO4E AROTY Lo S 1546
105171908 2418 1056 1477 1510 57 040 A o 4084
1B0R- 14900 A0 1E8L 2484 G156 178 TLOTE +0.055 po 40008
Taal o450 2050 54 5135 374 [L.06S +L05E b +0U0ED

*Mowember io February.

BAdult and immature femabes.

“Audult and Immature males.

Proportion of all males that are Immanere.
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Table 2, Teats for hemogeneity in the proportion of mmatare male Harlequin Ducks to adult males in the Sorait of
Georgla, Britsh Columbis, November to February, 1984-1999. The proporton, ounsber of adult males and namber
of immature males given for esch month, G-est statistic, degrees of freedom and probabifity reponted for monthly

comparisons in each year.

Mot
Year® Nov, Tier Jan. Feb &) df P
19941995 Proporuion nl* 0058 LR 0.081 .05 2 n.s.
) Aduly male . i 1E5 LT
Imim. make nat. 1% 0 25
1996-1597  Proporton nad, n.d. 0058 {047 LINTES 1 L5,
Adult male . n.d. 127 163
I make nad. .ol 3 i
19971898 Propostion 0053 033 0108 G076 1115 3 L4
Adult male ay i) T4 (E:+4
Tmim. male 1 2% a 15
199E-1 5400 Prnpo'rrinn 0,078 i nal, 055 1.50 1 M.
Adult male B26 n.d. nad. HE
Linwn. male 67 n.el . 15

'Cln!}'f..m.e manth mailable for 1595-1996; no comparisan possible.

"Moo dara svailable For this month.

There was a highly significant increase in
proporions, however, from February to
March, driven by very high proportions of
irmmature males at Hornby Island. This
rnight have cocurred for two reasons: 1) Im-
mature birds may winter in small numbers
scattered throughout the Strait, or in large
aggregations cutside our study area, and then
migrate oo Hornby Island in spring, They may
fiollow adults to participare in social behavior,
or to exploit the spawn of Pacific Herring
(Clufea pollasi) (Hacgele 1993). Unpaired
© Barrow's Goldeneye (Sueepliala  isdandica)
males and yvearlings sometimes form large
flocks separate from females (Savard 14987
2} The high proportions observed in March
could be caused by early movements of adult
males, particularly unpaired birds, o the
breeding grounds. Unpaired males were ab-
served on breeding streams in the Cascade
Mountains in Oregon by 22 March, when
Bruner {1997} started feldwork. Rosenherg
and Petrula {1998) suggested that age ratios
were higher in spring surveys (prop, = (L31,
M =% 512} than in their one winter survey be-
canse of movements by adult males w breed-
ing areas. Their departure might vary yeario-
year depending oiv environmental variables,
" The accasional differences in proportions
between sites on roadside surveys and on the

one boat survey, and the sudden increase in
some years in March, show weak support for
clumped distribudon of immature birds.
However, surveys need to be conducted over
a broader study area to investigate this possi-
bility, The low proportons of immature male
Hardequin Ducks observed in the Swait of
Georgia are similar o proportions observed
in other areas, In Prince William Sound, Alas-
ka, from 1319 March, 1997, the ratico was 0,04
{N = 1,679 males toral; Rosenherg and Petrula
1994). Winter age ratio surveys in leeland
showed a ratio-of §.0% from January to March,

= 1B e T |
-] =0 T Ta00 =D TRER-16E

1
fn i 2 .
Pimgribet Cwveribe: araay Fugramy [T
Kigeih
Figure 1. 5 ] trends (4 to March) in pro=

portion of male Harlequin Ducks that were immatare in
the Stralt of Georgia, British Columbia, for 1904-19495
and 1056-19949.
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Tahibe 3. Tests for homogeneity in the propartion of immanere mole Harlegoin Ducks to sdubt mabes in the Stealt af
Gemﬁﬁﬁﬁhﬂhhmuﬁumwmlﬂwlmmmmw [in parentheses) of

proportions, nismber of adult males and number of immansre males sre given For each
plies to site comparisons within susvey; dingrees of foeedom and probability reported.

survey. G-test stadlstéc ap-

ik
Survey dare ol sites®  Propartion Adult male Irmm. male ] d.f. P
2991 Oxcr., 1997 7 Buis5 .7 1.8 6,446 ] ns.
. (00,125} (7110 (-6}

48 Dec., 1997 a (hO3Y 710 20 20,2 7 <001
{0:0.127) (35112) [ty

1920 Feb., 1998 i 076 3.3 25 Ak 5 ns
{0:0.129) (T-6} (X4

B-11 Mawv, 1998 12 076 50.6 1.8 0 11 <0001
{00.289) (B-151} {013}

9% Feb. - | Mar., 1999 1] LLNE=H 3LE 17 168 i o.s.
{0-0.200]) (B (k4]

"Number of sites sampled during survey.
19949 {N = 1,514 4 Gardarsson, unpubl. datm).  population was declining during the period

Winter (January to March) ratios at Isle au
Haut, Maine, berween 1989 and 1998 aver
aged 0,11 (N = 1,700 £ 0.008), but ranged
from a low of (.03 in 1991 w 0.22 in 1996

{Minelhauser 1999). There has been an in-

creasing rend in proportion of immatere
males over the 10vear period, cormesponding
tor an increasing trend in that wintering popu-
lation {G. Minelhauser, unpubl. data).

CONCLUSIONS

O finding of low proportions of imma-
ture Harlequin Ducks on the wintering area
in the Strait of Georgia, Brigsh Columbia, is
cause for concern. If these age ratios are ac-
curate, then recruitment would not be com-
pensating for annual adult moraliy and the

of our study, OF our three hypotheses, one
needs more detailed investigation: Do imma-
ture males aggregate in some areas, resulting
in higher proportions of immartures winter-
ing beyond our study area?

While our age ratios provide an index of
recruitment, e recruitment only ocours
when new individuals enter the breeding
population [Cooke and Francis 1993). This
may be confounded by delayed breeding,
which is commaon in sea ducks (Goudie o al
1994). If birds breed in the first year of life,
the proportion of immature males is a good
reflection of the proportion of recruis. With
delayed breeding, however, immature birds
experience several additonal seasons of
mortality prior o breeding (Cooke o al
1991}, and thus the actual recruitment rate

Table 4. Number of Hardequin Ducks ahserved in the Serain of Georgia, British Columbia, at varioos bocathons dier-
ing @ broal survey, 10-16 December 1998, by age and sex (F = females, M = males) class.

Lacation Total F M Adult male  Imm. male  Propartion® ane Ol

Gulf Ts. 203 Bl s 104 13 0148 D012 e +0.807
Harnbry s 0 208 a6 285 ] 0034 A0 1 40,158
Denman s, 416 171 245 228 149 nAaTE 0L037 e +0.1592
Chandra Is, A36 146 oy 189 puil 0096 0,026 o 021T
Cortes Is. 257 114 143 120 ] 161 ALES po +0.200
Taal 1781 g 1015 BEs B0 L] 0.05] 1o +0.127

"Adult and immamire females,
"Adult and immature miles,
“Proportion of all males that are Immanere.
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of young Harlequin Ducks ino the breeding
population would be lower than the propor-
tions recorded during our surveys,
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