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ABSTRACT -

The breed1ng b1o]ogy and. popu]atlon dynamics of Canada geese nestlng
at Dowllng Lake A]berta were stud1ed dur1ng 1971- 1975 The purpose of .
the research was to examine the factors affect1ng survival in this popu-~
lation, especially durlng the brood rearing period.. | -

Breed1ng pairs d1d not appear to compete for snow- free 1ocat10ns
on the breed1ng}1s]ands‘1n early spring. Terr1tor1es established dur1ng
" this perjod decreased in size nith the encroachment'of later nesttng f
fpairs. Nest and territory snacing approached uniformity, but'behavjoral
differences and heterogeneity‘of the veéetation prevented realization ot
a stat1st1ca1]y 51gn1f1cant uniform pattern.

Artificial nesting platforms were constructed to 1ncrease the
nesting dens1ty of Canada geese on the ]arge breeding island. Th1rty—.
ftve; 39, 20 and 39 percent'ofvthe avai1ab1e p]atforms were used as nest;
siteé’in 1971-]974; respectfve]y  Platform nesting success was no d1f—
ferent than that of ground nest1ng geese and there was no s1gn1f1cant \
difference between the. terr1tory s1zes of p]atform nesters and ground
nesters. Thus platform nesting ‘had no not1ceab]e impact on the Dowling
: Lake goose popu]at10n | |

' Production was affected by nest failure (deaertion,‘predatibng un;"
hatched eggsj-and_gos1ing mortality. Desertion rates varied frdn 3_t0‘22
(mean of 14) percent of the nests. The presence of the'ganderien the‘ter;ﬁ
ritory was the most ihportant factor in'maintaining the territoryiand
. thiis preventing desertion ef the nest sjte; In three of‘the four deeer-
. tions obéerved,-the ganders left the territory for no apparent reason’

and did not return. Predatbrsidestroyed 50 and 46 percent of theﬁnests :



in 1968 and ]972, respectively, but had 11tt1e 1mpact in other years
Unhatched eggs accounted for an average loss of 8.2 percent of those
]a1d in 1970-1974. Morta11ty in gos]1ngs up to 5 days of age averaged
14.5 percent in 1972 and 1973." The mean clutch size Was f1ve and the
production 1ost prior to f]edg1ng averaqed 50 percent; therefore, 100 ,
wpa1rs produced 250 f1y1ng Juven11es annua]1y ’ a
. Brood m1x1ng, where gosl1ngs hatched by one pa1r Join the brood of -:
another palr was prevalent at Dow11ng Lake. The synchrony of hatch1ng,
the tendency to aggregate and the affinity for the same small brood rear1ng .
areas faciiitated‘the many interbrood contactsinecessarytfor brood m1x1ng
| to occur. Forty three percent of the pa1rs successfu]]y hatch]ng goslings
subsequent]y 1ost them to other broods in 1977~ 1974 » Donor gos]1ngs were
a]ways less than 5 days o]d but gos]1ngs in the rec1p1ent broods ranged
from 3 to 20 days old. Brood mixing appeared to be a phenomenon resu1t1ng
from chance encounters between broods, and not the result of dom1nant
geese ' stea11ng gos]1ngs from less dom1nant pa1rs There were no obv1ous
behav1ora] d1fferences between m1xed and s1ngle family broods There was
no d1fference between mortali ty rates when s1ng]e and mixed family broods ™
were compared The - 1mpact of brood m1x1ng is not known but poss1b1e evo-
1ut1onary 1mp11cat1ons were dlscussed

Hunt1ng is the maJor cause of post- f]edg1ng mortality. The composite
dynamic morta]1ty rate, calculated us1ng 5 years of band1ng data, was 50
percent annually. and 1nd1cated a declining popu]at1on The popu]atlon was.
~ not' declining and theoretical popu]at1on mode]s were constructed to specu-
'late what m1ght be happening to the popu]at1on The recover1es from geese |
rbanded at Dow11ng Lake 1nd1cate that Colorado is the major w1nter1ng area

RN
while Idaho and California are secondary 1ocations K e
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- INTRODUCT ION

- Many aspects of the natural history and-socia] behavtor of Canada
geese (Branta canadensis) haYe been 1nvest1gated in varying deqrees of
detail (Kossack 1950, Balham 1954 Collias and Jahn 1959, MacInnes 1962,
Sherwood 1966, Raveling 1967, Cooper, 1973, and many others) throughout
much of the1r North Amer]can range. Eleven races or subspecies have been
v1dent1f1ed (see Hanson 1965:13-42, Hine and Schoenfe]d ]968 Bellrose
1976:141-164 for subspec1f1c descriptions. and d1str1but1ons), and many
authors have emphas1zed the 1mportance of collecting detailed information
on the biology of each race to deve1op sound management p]ans for each

race and the species as a who]e Raveling (1967 1969a) squests that »
subflocks in w1nter1ng areas represent'a/dont1nued association of geesev
from the same local nesting area, Thus 1t is also 1mportant to have in-
'format1on on local subflocks of each race rather than treating the race

as one large homogeneous f]ock The races and subflocks in_A]berta have

not been extensively studied, A

Vermeer (]970), studying Canada geese nesting on 1s]ands }

=y

_eastern A]berta .determined egg-laying intervals, 1ncubat1on er1ods, nest’
Vspac1ng and hat i success. He also suggested that a preference for
nesting on is1:1ds was a mechanism to counterract mam~ali=n predation.
Surrendi (1970) 1d1e behav1or morta]1tv and homing of transplanted
Juven11e Canada geese, He found that the maJor da11y pref11ght act1v1ty
of transplants ‘was feed1ng, that res1dent geese were dom1nant over trans-
p]ants and that non- breed1ng res;dent geese were Mmore tolerant of trans—

~plants “than breed1ng pa1rs After they atta1ned flight, movements of

transplants were localized near the release Iake under the\]eadership of



N1

_ behavior and survival and determ1ne how th1s affects productivity in this

<
resident geese, but dispersal from these lakes was immediate 1f no resi-

dents were present. Preflight morta]1ty was ‘4 percent. Homing to or near
their re]ease sites was s1gn1f1cant]y higher in females than males.
McDonald (1975) d1scussed Canada goose reproduct1on re]at1ve to existing

and predicted post impoundment conditions in the Bow R1ver basin, Alberta.

He sa1d the 1971-1972 production was about 175 goslings annua]]y and pre-

,ud1cted a severe decrease 1n post- 1mpoundment production if ame11orat1ve

measures were not taken.

Aeria] surveys revealed the existence of a large breeding colony
of Canada geese at Dowling Lake, Alberta. The Alberta Fish and Wildlife
Division made severa]'visits to check nests“cn the primary'breeding island
1nvthe Take 1in ]967 Vermeer (1970) intensively studied the nesting qeese
on the same 1s1and in 1968 and the Alberta Fish and N11d11fe Division

a]so_made per1od1c checks of the nests. Noting a high percentage of nest

desertion, 18 in 1967 and 27 in_ 1968 Ewaschuk (1979) 1nvest1gated in 1969

‘the poss1b1e role of territorial behav1or in determining the reproduct1ve

success of this popu]at1on. His study showed that nest desert%bn.was‘a

‘major factor invo]ved in loss of nests in 1969; the role of territorial

G

behav1or in the desert1ons was discussed, Westworth (]970) continued the
study in 1970 w1th periodic observat#ons and nest checks. The current
research at Dow]1nq Lake began in 1971

Severa] aspects of the breedinq biology of the Dow11nq Lake Canada
goose f]ock were studied dur1ng .the breeding seasons of 1971, 1972, 1973
and 1974;-these included ear]yfspring spacing behavior, territorial Ye-

havior, nest1nq success and success of art1f1c1a1 p1atform nesters. How-

| ever, the nr1mary purpose of this study was to mon1tor post- hatch brood

1]

< :

©



flock, Brood mixing has. been descr1bed in populations of Branta canaden51s

moffitti in the western United States and Branta canaden51s max1ma in the

northcentra1 United States (Kossack 1950, Miller and Co111ns 1953, BaTham
1954, Geis 1956, Steel et . . 1957, Co111as and Jahn 1959, ilanson and
Browning 1959, Mart1n 1964, Brakhage 1965 Sherwood 1966, Hanson-and
}Eberhardt 1971, and others). When one or mOre qos]ings hatched by one
pa1r of geese join the brood of another pair of geese, the resu]tant

- brood is termed a mixed brood. Ewaschuk (1969, unpublished field notes)
and Glasgow (1971, unpublished field notes) both observed severa1 1arqe
'm1xed broods during the 1969 and 1971 breed1ng seasons at Dow11nq Lake.
Therefore a maJOr ob3ect1ve of the research was to study how brood m1x1ng

occurred and to compare the behav1or and survival of mixed broods w1th

single family broods.



THE STUDY AREA

"The study area (Fig.\]) was situated near Hanna, Alberta about 320>
kilometers southeast of Edmonton. Many Takes and sloughs. were present

in the depressions created by the rolling topography. The Spondin

Lakes (Motz, .Mitche]1 Dale, Hok, Wolfert, Matt1s and James) are all -
impoundments resulting from earth- f1]1 dams bu11t across natural dralnage"
courses by Ducks Unlimited (Canada). A]though the study area 11esynear ,
the souther” edge of theuaspen parkland (Bird 1961 Rowe 1972), the grass:\‘
land plant community dom1nates with willow (Salix spp.) and aspen (Populus -
tremu]o1des) limited to some slough and lake borders. Much of the grass-
land has been cu]t1vated to produce cereal crops and tame hay w1th ‘most

- of the rema1nder used for ]1vestock grazing. )

The Spondin Lakes had small popu]at1ons of breed1ng Canada geese asso--
ciated with them. | The Spondjn geese, nesting at lower dens1t1es, were com-
pared to the Tgreﬁdgpse]y nesting f1ook on Dowling Lake. ‘However the pri-l
mary focus for the study was the Dow]ing Lake area. Dow11ng Lake 30 square
‘k1lometers in area w1th 42.5 k1lometers of shoreline, is s1tuated 11 kilo- .
meters north of Hanna’(F1ng1). A more deta11ed map of the Dow11ng Lake
study area (51°4é?N"112°10'w) is shown in F1gure 2. All the 1arger 1akes

in the Dowllng area, except Hutton Dam, cou]d be descr1bed as astatic saline i

/
/

/

1akes (White and Hart]and—Rowe 1969) with very hjgh turbidity and alka-
Tinity, but_nany of the smaller water bodies were much clearer and less )
alkaline- The large island in Doniing'Lake (Fig. 3), ~described in detafT -
by Ewaschuk (1970 3-5, 36) was the most 1mportant nesting locality on the

, ]ake, but the smaller 1s]and (Fig. 4) was also important. The herbaceous

cover on the small 1s]and was primarily lamb S quarters (Chenopod1um a]bum)
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" Figure 2. The Dowling Lake study area.
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- Figure 3. The large island 1in Dow]i"ng' Lake.
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Figure 4. The <small island in Dowiling Lake,
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METHODS

In ]97] fie]d work was conducted from March 28 to June 4. . Dur1nq
the nest1ng perlod five visits were made to the large 1sland (Fig. 3)
and two to the small island (Fig. 4) in Dowling Lake to determ1ne time
of\nest-1nitiation number « eggs laid and the Jocation and fate of the
- nests. A11 nests were marked temporar1]y by stakes (1.2 meter laths) to
facilitate measuring d1stances between them after the hatch was como]eted
After hatch1nq, the temporary markers (located 3 meters west of each nest)
were replaced by permanent markers (numbered a]um1numitags on top of 30
cent1meter wooden pegs imbedded in the ground about 10 cent1meters Just -
outside the nest rim). .

Observations.in 1971 were made from the 1arge observation tower
(Ewaschuk 1970: 7) on the large 1s]and on 27 days between April 2 and HMay
24 represent1ng 252 man- hours The purpose of the early observat1ons
was to determ1ne whether the geese were spacing themselves re]at1ve to the
Snow cover the vegetat1on, one another ~roa comb1nat1on of these factors
Spat1a1,d1str1but1on of ‘the geese on the island was mapped at 1east twice
‘dur1ng each observation day and any behav1ora1 1nteract1ons (espeC1a11y
threats and f1ghts likely assoc1ated with spac1ng) were recorded Mapp1nq
was d15cont1nued after snow melt was comp]ete s1nce it Jas d1ff1cu’t to
1ocate many pairs in the dense vegetat1on After nest1ng began, L recorded
the activities of 14 pa1rs and noted the outcome of 1nteract1ons between
- pairs as descr1bed by Ewaschuk (1970). One bird was recognizable by the
“neck co]]ar it bore but ‘the rest were recogn1zed on]y by the1r terrltor1a]

affinities, §1m11ar data a]so were recorded when poss1b1e for the e]even

_tree and platform nest1ng pa1rs visible from the tower Because the

13
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ganders of these 1atter paihs often could not be seen from the observation L
tower, this ihformation was {hcomp]ete Durlng periods of peak act1v1ty, e
‘on1y about ten nests could be observed effect1ve1v prec]udnnq observatlons
of the platform nests at these t1mes ’ . \\

The 1972 field season ran from April 1 to July 27. Fiftyﬁone man -
hours on 7 days between April 1 and May 12 were spent in the large obser—
vation tower during the nesting period, Observations (22 mahfhours) here:
also made trom the mainland bluffs southeast of the island. The purpose
of these observations was to follow platform use and locate marked adults
nest1ng on the large 1s]and Between Apr11 3 and June 5 the 1arge island
was v1s1ted 13 t1mes to determ1ne the 1ocat1on, c]utch size, stage of
incubation and fate of. each nest The small’ {s]and was v1s1ted 9 times
during the same period. C]utches of eggs were injected with embryo dyes
.so the marked broods could be fo11owed later. Each c]dtch size was marked
with a d1fferent color. The injection procedures, colors used. and the
resu]ts of us1ng this technique‘are‘discussed in- Appendix I. Hhen the
hatch was comp]eted a]l nests were permanent]y marked as in 1971. The
Spond1n“Lakes were v151ted twice during nesting to determinef1ocatioh,

- clutch size and fates of nests. B

" Brood behavzor observations in 1972 were made at Dowling Lake on 32
days between May 11 and July 1 and on. 5 .ys after that unt11 July 27. A
Honda trail blke was used for locating broods on the study area. Attempts
were made to search the who]e area at regular intervals to locate as.many
broodsfas»possible- 1 mapped 1ocat1ons of broods and observed them for
varying per1ods of t1me (usua11y about ]5 minutes). Because of- the areat

amount of time réquired tovcbver the entire study area, brood behavior

obseryations were limited to 57 hburs’during 1972. Permanent observation
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‘pejnts (fis. 2) overlooked 1§rge‘portioﬁs of the potentia1 brooding area
and were useful in observing’breods without.disturbing them. Observations
from tﬁese ppints were made with a variable 15-30x spotting scope. Broods
were located three times during June on the Spondin Lakes to determine
morta]ity and the exteﬁtlof brood mixihg. }

The 1973 field work’was conducted from March 23.torJQ1y 13. A
smaller ebservation.towe“b(see Fig. 3 for the location), bqi]t'éfter the
nesting season in 1972 was used 1n‘addit10n to the. Targe tower for ob-

f
servations in 1973. Six days between March 23 and Apr11 30, representing

,
fication and"Tocation of marked ‘geese. Twenty. days (133 man- hours) between

&f« 41 man~-hours of observat1on, were spent in the towers to facilitate identi-
~ May 10 and June 23 were spent in the tower55:§r1mar11y to observe broed
behaviors Nests were observed and marked es %h previous;years. Nest
su}veys also were done on the Spondin Lakes. "Complete surveys of the
study area, with the Honda, were made on 20 days between May 8 and June 25.
Six incomplete surveys were also made during this pefiod; Broods were
observed for 30 %6ur§rduring these surveys. .Spot surveys (17 man-hours
| observation) using a truck _as an observation point, were mgde on 9 days
betweeh May 25 and Ju]y'13. Broods Were observed to determine tﬁeir size
and makeup, movements, inferactions with Other.broods, and social behéyior
within the groee{ ’Brooae on the Spondin Lakes were observed once during 'é
brood»rearﬁng tq determine the exteht of brood’mixing.‘ |
The majer portion of the field QOrk was comp]eeed in 1971-1973 but
an exper%mene was conductee5inr1974.' NeSting pfogress‘was checked oﬁ
April 7 and 22. A1y:theweggs were reﬁoved from 24 nests (102 eggs total)
on April 23 andbtaken to be incgbateq.art}ficja1jy at Brooks, Alberta.

Eighty-four eggs hatched and 74 gos lings, marked byfho1es~punched in the

¥



: footiwebs,,were subsequently taken to Dowling Lake to be're1eased on the
Targe island. on June 4. They were 9 to 15 days old and had had no visual
gxposure,to geese other than themselves. Thirty—sik of these were
col]afed during the July 1 banding.drive. Dg;ervations were made on
July 28 and 29 to determine the fate of these marked goslings. Nests .
were marked and evaluated as in previous &ears. |

Reference will be made throughout thisnpapervto marked or collared
geese. ‘Geese were banded annually at Dow]ing Lake, 1969 to 1974. Each
year most of the trapped.adu1ts ;nd goslings were marked with individually
coded neck collars after Sherwood (1966) and U.S. Fish and Nildlife Service
leg bands. A single rivet wasvadded to the Sherwood (1966) desigh to
increase collar retention. Collars were p]aceg on 50 to 75 pércent of
each year's gdglings but a maximum_df 15 percent of the adu]is were marked
in any one year. Use Qf a weak plastic in 1970 resulted in a 100 percént
collar Toss that year.'fSightipgs of marked birdS'indicated collar re—:
tention was gﬁeater fhan 75 percent during other yéﬁrs.
| Most of the statistical cqmparisons between Héta were made -using a
chi-square test or t-test (Sokal andvRoh1f ]969){ Other tests, Qsed
infrequently, are indicated in the body of fhe.thééié.,}Statisticé1
cohorts were considered significantly different when the probability

Tevel was less than or equal to 0.05.
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RESULTS AND-DISCUSSION

A. Chronology.of Events During the Breeding Season
of Canada Geéese at Dowling Lake, 1971-1974
VThe timing of arrival, nest initiation, hatching, rearing of broods

and molting of adults is 11]ustrated in Figure 5. Data were insdfficient

to inc]ude 1974 fn the fignre The timing 6f these events in 1967, 1969,
1970 and 1974 was not0m0n1tored accurately, .but they appear to resemb]e

‘the situation in 1%71. Vermeer's (1970) descr1pt1on of the 1968 breeding.
.'season suggests it was simi1ar‘to 1972; | -
| The'popu]afion of Canada/geese nesting»at Dowling Lake does not arrive
' synchroneusly,as sUngsted.for other populations k3e]1rose‘1976:158). The
first geese seen'were on the 1arge‘isIand (Fig. 3) on Mareh 28, 1971 | |
March 11, 19725 March 1, 1973 and March-29; 1974, Fewer than. 10 1nd1v1dua1s
Were seen at these times. Lincoln (1950) suggested that Canada geese move
. northward f011owing the T. 70C isotherm. Ear11est arr1va1s at Dowling Lake 5
could be correlated with the sever1ty of the w1nter and onset of spr1ng "
snow melt which began when da11y air temperatures exceeded 1-2°¢. For_
example, 1974 was the most severe w1nter with deep snow and co]d temperatures
well into March, hence- ‘the latest arr1va1 during the 4 years. New1y

arrived geese were observed on the nestingzisiand over a period ofhabont

3 weeks each year. Sinee most geese nadeinitiated nests by the end ef
tnis.time, I assumed that all members of fhisapopu1ation had arrived.
'However,lthe presence of ‘large numbers or migrants made it difficult to
‘te11 when:the iast df tne Dow]ing'Lake birds had arrived. .Based on-a

samp]e of 33 marked adults and 21 marked 2-year-olds, I was unable to

d1st1ngu1sh any part1cu1ar order of arr1va1 in terms of age. Adu]ts were

17



Figure 5. Chrono]ogy of reproductwe events for Canada “geese at Dowling
. Lake in 1971 1973.
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always among the ear]ieét arrivals out no age cohort predominated. These
observat1ons were not consistent w1th the suggest1on by Balham (1954) |
that o1der birds arr1ve first. Three of nine marked pairs, known to

have ra1sed gos]1ngs the previous year, returned to the nest1ng grounds
accompan1ed by their marked broods. The fate of the other Six. broods

was not.known.

‘Nest initiation began, on average, 19 days (raoge 11;27) after
arrival (Fig. 5). Initiation was recorded wheo the first egg was laid
in a scrape. A]though arrival was re]dtive]y asynthronous, nest_inifiatfon
Vio most.years was relatively synchronous (Fig. 5). Heavy coyote (gggis
latrans) bredat{oh in 19Q8V(Verheer 1970) and 1972‘and egg removal in
1974 probably led to renesting by mény?pairs. ' The disturbance:thatvl
- caused, while dyeing embryos in 1972 (Appendix 1), ﬁay heve been an
imbortant addition to‘predation'in stimulating renesting in that year.

The reneStihg likely contributed to the prolonged nest initiation beriod-d
in those years. Eggs were laid at\e rate bf 1 every 1.5 days until the .
clutch was complete. Down appeared in.the heSt‘et about the time thed
”fourth eqgg wa5'1a1d. ‘Nest attentiveness increased during }ayihg until

the oneet of incubation with toe laying of the 1a$t egq. Based'on 74
nesfs, the incubation period averaged 27.8 days. | | _

The first broods were seen on May'16,'1971; May 11, ]972; May 8,'1973
~“and May 18, 1974. The hatcﬁing peak (90 percent of the nests) occurred
' duriog the week'thenffrét'brood was seen, even in 1972 ahd ]974 when'the
Vper1ods of nest initiation and hatch1ng were much 1onger This synchrony
‘1n hatch1ng had important 1mp]1cat1ons for brood m1x1ng wh1ch w111 be dis-
cussed,]ater. The,brood-rear1ng period (hatching t0°f1edglng) was about

68 days. Mixed broods with goslings of different ages did not fly away
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from the 1ake until the youngest b1rds were ab]e to take w1ng

F1gure 5 illustrates the durat1on of the adult flightless per1od
Adu]ts w1th broods molted the flight feathers about 4 weeks after the
'hatch and remained fl]ght]ess for 4 to 5 weeks. Thus they had rega1ned
flight just before the young but d1d not usually f]y un]ess d1sturbed
Most of the nonbreed1ng geese flocked together with broodless adults and
left the Dow]1ng area between May 25 and.June 25 in 1971-]974. I assumed
theyvtook part in the ahnua] mo]t‘mighatien of Canada geese as described
by Ster]ﬁng énd Dzubihv(1967);fbut there are no band returns or sightings
to sUhstantiate this.‘ Band_returhs (courtesy of the Canadian Wildiife
Service and. ﬁﬁcks Unlimited, Cahada) 1nd1cate these molt m1grants are 1n
central A]berta 1n early to mid-September and m1grate out of the prov1nce
about the same time as adults with their young. Whether they rejoin the

Dowling Lake flock either at the breeding lake or e]sewhehe is unknown.



B. Early Sbring Spacing Behavior of Breeding Geess

The snacing of nests and‘therefore territories was studied by
Ewaschuk (1970) at Dowling‘LakeAin 1969. He found nest spacing tended
towards‘uniformity and suggested‘that the spacing'wou1d have been more
'unjfbrn had the,vegetation that inf]uenced it not been so heterogeneous.
H1s data on spacing was gathered after ‘the breeding season was over. The
'spac1ng prob]em was investigated further in 1971 to see 1f and how previdus
nest site tenacity, arriva]s‘of more breeding geese and differential.snow
"melt were affecting the size and location of terr1tor1es Information on .
1 nest site” tenac1ty was also obta1ned from 1972 to 1974.:

The f1rst geese to arr1ve at-Dow]1ng_Lake, ]971-1974; were often
sing]es, bairs or groups of'lésé than;ten; fo]]owed by larger flocks during
'peak arrival frgi late March to early Apri]( Sma]l'groups and flocks frag~
mented very quickly into smaller greups (threes, pairs and.singles), often
. on the‘samevday as arrival. Most ot_the adu]t'geese (2 years or older)
appeared paired on arriva],and_separated very quick1y from the larger
' groups. The-gander defended»a relatively undefined area wherever the
pa{r-was at ‘any particd]ar tjme; this “noving territory" Was first des— ,
';eribed in geese by Jenkins (1944)‘ Fidelity to terr1tor1es of prev1ous
~ years was not obv1ous dur1ng the first: few days after arr1va1 as pairs
often occup1ed-areas more than 100 meters apart en consecutive days.

These attivities.occurred.when most of the neéting habitat was sti]]'snoW—
coVered so that the cues for 1ocation of,previous~terrjtories may not
have,been'Viéib]e, or perhaps the?geese were not ready to sett]e at a
‘fﬁxed'location Locat1on of terr1tor1es and nest s1tes for 22 marked

birds is d1scussed 1n the following paragraphs

o ~
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Four marked pairs of geese, for which a previous history was known,
returned to breed at de]ing Lake in subsequent years. One pair was ob-
served in 3 consecutive years and three pairs were observed ind2 con-.
secutive years. All four pairs used the same‘territory they -had occupied
the year previous]y. The teha]e of the bairuobserved in 3 years dsed a |
different nest site each year but all were within_d meters of one another.

Three marked.females lost marked‘mates and retdrned-the fo]]oang year
with new mates. Two of these (both with unmarked mat ° nested in the same
area as the previous year (one in the same nest»hOW]'a o 3 meters away).
, The‘other female. paired nith a é—year—eld ma1e.hatched ¢ Uo g Lake{
and attempted td‘return to her territory of the'previous-yef*, ot the
ﬁa]e was unable to hold any territdry and she djd not_nest_that sea’ nn.
Two‘marked'ganders, with known mates that were Tost and'rep]aced, : -t ~ned
to the same territor{es the fo]]dWing year The new fema]es both esta-
b]1shed different nest sites than their prev1ous mates

of s1x.marked females mated to unmarked males, five were known. to
nest in 2 suceessive_years and one, in 4 successive years. Two of the five
nested in the same territpry (dne-in’the same‘bow1 and one 5 meters away),
'hdt the other three'females nested 296, 189 and 159 meters aWay'from their
“previous nests. The sixth female nested the first two years 1n_thersame
nest, mored 159 meters in the third year and another'84 meters in the fourth
year.. Threelmarked ganders were paired‘withvfemales of unknownﬂstatds.-
Two of these remained on the same territory while the'dther'established'a
territory about 100 meters away in the successive year. |

These data represent a rather sma]] sample but suggest that both adult.
ma]es and females exhibit terr1tor1a] f1de11ty from year to year However,

they also 111ustratenthat the status of the mate 1s_1mportant and that



changes in territorial location and status can occur. Data were ‘insuf-

ficient to determine if aqge and dominance status were involved in move-

ments: the fact that a 2-year-old male was not able to establish a terri-

.tory suqqestS'that they are important. | It was also. evideﬁt that, a]fhouqh
- females choose the nest s1te, returning adu]t ma]es choose the location
of the territory. Thus spacing and territorial estab11shment are affected
by previous‘exper1ence and terr1tory or,nest—s1te tenacitv.

Accuréte horteTity estimates for the pop@Tation of geese nesting at

Dowling Lake are not available, but morta]ity'rateS’among juvenile Canada

geese éround Rrooks. (150 kilometers south. of Dowling Lake) were 49 percent

,,(Surrehdf 1970). »Adult morfa]ity‘is lower than tHa; er Jjuveniles and_
may be as low as 30,pefcent'(Grieb 1970).v Since 77 percent (17 of.22)

of the geese at Dew1ing Lake returned to the same territory the.foT]owing
year but enlyv70 percent of the geese ‘survived, about 54 percent of the
terriiories_from the previous yeak are reused By the same geese. This
Teaves considerable rooh for birds with previoﬁs breeding experience  to
/moye arohnd'aﬁd newly fecruited”breeding pairs to move in; Their sbaeine
tis obvious]y affected by faCtors_othek than site tenaciﬁv.

Three known family groups and- severa] marked pairs accompan1ed by one
to three other geese estab11shed themse]ves on or near the pa1r S previous
terr1tory. In all cases these ”fam11y 1nd1v1dua1s were ﬁo1erated‘very
" near the pafr Bqt-other geese were not. . This toTerance_near the pair
decreased.unti1 sometime durihg 1aying after which no geese were allowed
within the territoryd Thus yearling femaTes, when;they'reach'reproduetive
"age; may be éttracted ﬁo hest fn the'same area as their parents. Unfor-‘

tunately;, marked birds were'not quﬁ}abie'to_fest this hypothesis.
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Barry (1967) said' that arctic- nest1ng spec1es of geese, lesser snow

geese (Anser caeru]escens caeru]escens) and b]ack brant (Branta bern1c]a

nigricans), showed 1ntraspec1f1c compet1t10n for early ava1]ab]e Snow- free

nesting hab1tat which affected the d1str1butlon and spac1ng of nests

Since all or most of the island was covered wWith snow when many of the
breeding geese arr1ved at Dow11ng Lake, the poss1b111ty that snow cover
m1ght affect terr1tor1a1 behav1or and subsequent nest spac1ng was 1nvest1—
gated in 1971 and 1972. The geese were. plotted tw1ce da11y on maps of
the nest]ng 1s1and to determ1ne their spatial d1str1but1on re]at1ve to
: each: other and the snow-free versus snow- covered areas The geese, even
when they numbered less than 10 pairs, were spaced well apart on top.of
fthe snow-covered 1s]and The ear11est snow-free areas allowed nest ini-
tiation as much as 2 weeks before the Tatest nesters, but there was no
1nd1cat1on of strong compet1t1on for snow free 10cat1ons Many geese
1nc]ud1ng marked o]der pairs, defended terr1tor1es .on top of the snow,
nest1ng only after su1tab]e snow-free - s1tes were ava11ab]e | A ch1 square
test for 1ndependence compar1ng pairs per snow- free area and pa1rs per
Snow- covered area showed no s1gn1f1cant d1fference over time. Spac1no
‘rema1ned re]at1ve]y uniform over the whole island regard]ess of the 1oca—
't1on and extent of Snow- free nesting habitat. However, in 1974 after co]-

1ect1on of this data had. ceased “there was an unusua]]y heavy snowfa]]

' ~and slow spr1ng melt. Deep snow forced many pairs to abandon a. trad1t10na1 -

nesting area in the ta]] willows JUSt west of the large observation tower
on the Targe 1s]and 1n Dowllng Lake. Th1s may have caused the lower
numbers 0f ‘nests recorded in that year but I-was unable to conf1rm

this because the c]utches in a number of nests had been man1pu1ated Snow

melt was pr1mar1]y 1mportant in ucterm1n1ng when different pa1rs nested
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but did not appargﬁtly affect nest dispersion inllé71 énd 1972. The
results for 1974 are equivocal on this poiqt.
Arrival of additiona]“bﬁeegiﬁg’pairs'and growth of dense'vegetation
‘‘as snow hé]t progressed wéfe important in determining thé size and location
"Qf the terkitory.‘ Since 54 percent of the population returned to fradié
tional territories located a}]'over the islapnd, the rest of the breeding
.“'geese had to estéblish territories in the intervening space. Early in
| the season defended areas were often muqh Targer'than léter when only
the érea around the nest was defended. For example, bﬁe bair_initial]y |
defended a snow-covered area including six artificial platforms (Fig. 6).
The arrival of‘more.bkéeding pairs, as the snow melted and uncovered thé
~dense vegetation, decreased the size of the area that the original pair
could defend; . The Original area even%ua]ly'suppprteé-fbur additional ter-
‘ ritories’with nests (Fig. 6); It seems ]ike]yft@at the inability to patroi}';
such a large area and keep bther'pqifs outlforces‘é ngductién'in the siie
of the terrifory.» Ewaschuk (]970)'$howéd that nests werefsignificant]y
closer together .in dense vegetation énd suggestéd fhat the screeping pro-
-;fded by the vegetatioﬁ-was thelimporfant factor preventing defensé\ofla
151afgef territory. !This was ‘also apparent in 1971. The vegetation was‘éﬁ‘\\
effective visual screen but also interfered with movements of the gander,vl o
reduting‘therarea he “could qover. Thefe was also a tendénCy:for e gandef

. to concéntfate his défense éroﬁnd fhe_focé] point of the.nest'after iis
initiation regardless of the vegetation‘typé. 2 }

Thus, behavior'before'neét ihitiafion seemed,]ésS-important'td the
final.spatia1 distribution of nests than did traditional use of territorfes.v
and nest sites and'the.ability of a'gander to defend such sites adequately.

There did not appear>toAbé any competition for snow-free areas over SNOwW-



Figuré 6.. Defended area of a pa1r of Canada dgeese -on the 1arge 1s1and |
in Dowling Lake in 1971, comparmg the early Aprii and
m1d May time .periods.: .
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covered areas.. The time between arrival and availability of snow-free
nest §ites,'critiéa1 for arctic-nesting geese (Barry 1967), was not impoy-
tant to Canada geese nesting at Dowling Lake. Hence the apparent selectjve

advantage for early nesting arctic geese does not hold for prairie Jeese.
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C. Territorial Behavior, Nest Dispersioﬁ and Hatchina Success -

Territorial Behavior

During the "71 nesting period sévera] aspects of behavior were noted
to a]]ow comparison‘hith the study of‘Ewaschuk (1970) in 1969. The empha—
sis ‘of observation was - p]aced on outcome qf interactions between pa1rs

~The results of 1nteract1ons, involving 14 pairs under close observa-
tion, were classified in the same manner- as Ewaschuk (]970) except that
ties. were not recorded because they were d1ff1cu1t to evaluate. The nests
and terr1tor1es of the ]4 pairs under c1ose observation are 1nd1cated in
F1gure 7. The results of interactions 1nvo]v1ng these pa1rs are summarized
in Figure 8 Four of the 14 c]utches were deserted before hatch1ng, the
other 10 were successfully hatched In the four desertions, pa1rs K and
L lost s1gn1f1cant1y more 1nteract1ons than they won, pa1r M won a11 inter-
act1ons observed which was on]y three and pair H won and 1ost about’ equa]
numbers of 1nteract1ons (F1g 8) Most of the 1nteract1ons 1nvo]ved the .
ganders. Feha]es generally weré involved only if their ganders were
absent or had just been dr1ven off the terr1tory Details .of the desertions,
are presented in the fo]]ow1ng paragraphs |

Pair L was tota]]y dom1nated by the gander of pa1r A and was dr1ven
off before 1ncubat1on began. This was the on]y case where a pair was
dr1ven off together by a gander after they had estab11shed a nest. Breed1ng
- pairs are genera]]y dom1nant over a single goose - and thus terr1tor1a] pairs
are not often driven off by another gander. - = .. ' .

Pa1r H won and Tost about equal numbers of 1nteract1ons,qhowever
after the n1neteenth day of 1ncubat1on the gander ]eft and did not return

<

The adjacent gander drove the fema]e off in the ‘absence of her mate The

<
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Figure 7. Nest sites and territories

of the 14 pairs of Canada geese
under observation in 1971, : L '
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Figure 8, Numbers of 1nteract10ns for the ]4 pairs of Canada geese
under observation in 1971, - :



NUMBER OF INTERACTIONS

100 -
90-
804
70-
604
50+
40-
30-
20+

- 104

I Losses

[ Wins |

* Nest Abandoned

A-B C D EF GH I J KL M N

LETTERS DESIGNATING PAIRS

30



35

i
Frd
(a2

female tried repeatedly to return but was constantTy repelled by the adef
‘jacent gander, “She did not return after the second day Nest K was
estab11shed by a 2-year-old fema]e after nest L was abandoned Pair K
:was not observed to 1nteract with any of the other breed1ng geese but had
a very small territory about 12 meters 1n d1ameter The1r'nest was in the
middle' of an area heav11y used by non-breeders Many of the non-breeders
were pa1red and engaged in 1nteract1ons with pair K so the gander of K .
was under constant pressure. A\ The gander was sub dom1nant to most of ‘the
non- breed1ng pa1rs wh1ch made this pair except1ona1 -The fema]e 1n1t1ated
23 percent of the terr1tor1a] defense actions and most of the wins (Fig. 8Y
oceurred when she uas involved. HNo other females were ever seen to ini-
tTate a territorial defense .action (a walking- or running-threat'dispTay).
After 18 days of incubation the gander left for 6 hours and the female was

~driven off by non-breeders. . A Ca]ifornia‘guTT'(Larus caT1forn1cus) des- -

troyed two of the f1ve eggs but ‘the female returned with her gander and :
continued- to 1ncubate The foTTow1ng day the gander Teft aga1n, the femaTe
was again driven off and a Ca11forn1a guTT ate the rema1n1ng three eggs.
The pair were not seen again.

The gander abandoned terr1tory I but the nest was weTT h1dden from the
.nearest- ne1ghbors so the female was not d1sturbed and hatched the clutch
. successfuTTy |

, Nest M was 1. 7 meters above the ground in an on heron (Ardea herod]as)

nest in the w1TTows.f It was d1rectTy above nest N wh1ch was -on the ground
Pair M held no terr1tory on the ground and the M gander spent aTT h1s time
“on terr1tory r1ght at the nest site. .He won all three 1nteract1ons

in which he was observed. The female left after 13 days incubation

and did not return. The gander rema1ned at the nest s1te for 3 days but



when she did not return he deserted the nest site. Thislwas not the
usual desertion pattern. | v‘ |

-The 28 percent desertion rate for the 14 nests under observation
was not signiftcant]y higher than that for th% who1e co]ony;:]4 percent.

The mean nearest nest d1stance for deserted nests, 13.2 meters, was

's1gn1f1cantly Tess than that for successfu] nests, 17.2 meters, in 1971.

There was no s1gn1f1cant d1fference between these two 1n 1972 but the

overall success was great]y reduced by coyote predation wh1ch may have

affected the resu]ts > The mean nearest nest distance for deserted nests,

11.3 meters was again s1gn1f1cant1y less than that for successfu] nests,

17.7 meters, in 1973 Ewaschuk (]970) also found the mean nearest neigh-

bor d1stance for deserted nests was s1qn1f1cant]y less in 1969 '
The presence of the gander on the terr1tory seemed to be the

single most important factor in nest1ng SUC%SSS as found by Co]11as

and - Jahn (]959) and Ewaschuk (1970) Behav1ora] interactions that were

lost were not the only factor 1nvo]ved in a ma]e abandon1ng his - terr1-'

tory since other ma]es had proport1onate1y as many 1osses but did not

desert the1r terr1tor1es (Fig, 8). The terr1tory size was sma]]er

around the deserted nests but once aga1n many pairs with small terri-

tories (not observed but 1nferred by nearest nest distances) were success-

ful nesters. Geis (1956) and Brakhage (1965) suggested that the "attentive-

: ness" or f1de11ty to the terr1tory may be a function of age and exper1ence

(Younger ganders are less 11ke1y to be attent1ve and hence successful.

Geis (1956) assumed and Brakhage (1965) showed a progressively Tower.
clutch size with decreasing'age. Thus, if ‘deserted nests were mainly

those of young geese, the clutch size in them should also bé Tlower

36
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Deserted nests tn 1971 had a lower mean clutch size (5. O) than success-
ful nests (5.7) but the difference was not stat1st1ca11y 51gn1f1cant
HoWever, in 1972 and 1973 deserted nests had a srgn1f1cant]y ]ower
-c]utch size (4 T and 4.4, rESpectwve]y) than successful nests (6.7 and
5. 2, respectively). Further ev1dence that younger, Jess experienced
. birds may be involved in desertions was that only three of Six known 2~
year-old fema]es nested successfu]]y in 1971 and 1973. They were al] |
' nesting for the f1rst t1me, and if the1r ganders were of s1m1]ar age (‘this
seems likely), they would .also be 1nexper1enced No 2-year-old ganders
- were known to hold terr1toh1es at Dow]1ng Lake in 1971 to 1974. One 3
known 3- -year-old male he]d a terr1tory during 1973 and his fema]e nested
in platform 11n (Fig. 3)> This gander formed some kind of mutua] to]erance
»or perhaps sub- dom1nant bond with the adJacent gander whose - 2
, 1nc1uded the ground space below Iln These ganders often stoc N
than 3 meters apart but usually displayed noth1nq more than mild threats
toward one another. On occas1ons when they did f1ght the gander of 1]n
a]ways lTost but the female was never harasced, perhaps because she was .
‘on the p]atform | th

Although the ev1dence suggests ; that "2ttentiveness” of a gander may well
be assoc1ated with experience, Co]11as and Jahn (1959) have ev1dence that at
ledst one. exper1enced nester remained unsuccessfu] over a per1od of severa]
years. Ryder (1967) found that Ross" goose (Anser ggsslj)jmales graze on the
territory and do not show as much weight loss as females. It may be that
younger birds or habituaT "Tosers" can only establish poor territories in
terms of food potent1a] and ease of defense If so, “the ganders become S0
run.down before -the end of 1ncubat1on that they are forced to 1eave the terr]-

tory Perhaps continued. harassment by ne1ghbors does not- a]]ow much time for
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feeding regardless of the potential food supply.
Unsuccessful nesters mayvbe a combination of habitual "losers" and
inexperienced birds, but the data were insufficient to establish the

actual cause of gander ‘desertions in this study.

Nest Densities and Dispersion

' )
Nesting densities on-the larger 6.5 hectare 1s]and in Dowling Lake

were 14.8, 19.7, 16. 9, 14 3, 14.9, 16.9 and 17.8 per hectare in 1967-1973
‘respectivelyh Ewaschuk (1970) said about one-fourth of the 1s1and s tota1,d
area was mud flat leaving about 4.9 hectdres of hab1tab]e space, th1s
wou]d increase the dens1t1es recorded to range between 79 0 and 26.1
nests per hectare SR | 3 .‘ _
Vermeer.(]970) found that the pattern of nest d1spers1on on the larger
island in Dow]wng Lake showed a s1gn1f1cant dev1at1on from randomness in
the direction of un1form1ty in 1968, Ewas chuk and Boag (1972) found the
“pattern on the same 1s1and tend1ng toward un]form1ty but the dev1at1on
-from randomness was not s1gn1f1cant (1 e. P>0.05) in 1969, Both used the
.Clark and Evans (1954) nearest -neighbor test The data co]]ected in ]971-
1973 were subJected to both the Clark and Evans test and the Campbe]] and

C]arke (1971) test for non -randomness us1ng nearest neighbor distances.

" The 1atter test showed a very significant deviation from randomness

. (P<O O]) for all. years -and the former showed a non- 51gn1f1cant dev1at1on
toward uniformity similar to Ewaschuk and Boag (1972). Vermeer (1970 235)
‘sa1d_ "the .tendency toward uniform spac1nq may result from the strong
territoriality observed in- ‘this species." Ewaschuk and Boag (]972) agreed

but suggested that the heterogene1ty of the veqetat1on may have. been nore



effective in modifying this pattern in 1969 when the nesting density was
lower, and thus the non-signfficant deviation from randomness. ’My data
suppOrtshaaschuk and Boag (1972) since nest distribution in years with
greater numbers'of nests (e.g. 1973) was either much closer to‘uniform
distribution (C]ark and Evans 1954)_or more signif1cant1y non-random
(Campbe]l and‘C]arke,1971) than those years with fewer nests.

The percentage of nests 1nft1atedgwithin each of the seven sectors

-~ on the Targe island during 1970-1973 is shown in Table 1. There was no

N significant change 1in the percentage»of nests 1n1t1ated'within any sector
during the 4 years except in sector DE where 1971 was d1fferent from

the other years This suggests a rather constant response to the different

vegetative cover types within different sectors despite the chang1ng dens1ty

',of breeding geese. The reason for the 1971 change in sector DE-is. not
known Ewaschuk (1970'38) said, '"1arger terr1t0r1es were genera11y more
open with respect to vegetat1ve cover than sma]ler ones." This was also
_found in 1970-1974. The area encOmpaSS1ng a gu]] colony, consisting of

_several thousand ring-billed gulls (Larus de1awarensis) and a few hundred

California gulls, occupied about 33 percent of the pcter~ial nest1ng cover
but supported less than 8 percent of the goose nests in 1971-1974.

The. open cover accounted for the greater d1stances between nests but -
1arge areas of the qull co]ony Were not used by the geese, suggesting d
‘that the gu]]s were hav1ng some 1nh1b1tory effect on the geese. It
is-also ‘possible that gu11s were destroy1ng some goose nests and

taking over these sites before I could find them. The gulls nested
nuChmJate; than the geese but arrived at the sane_time and were on -
territories when the geese commenced nesting. -

. Ewaschuk (1970:39) showed an inverse correlation between vegetativel,
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Table 1, Distribdtion of Canada goose nests on the large island
in Dowling Lake, ,

1970 1971 1972, 1973

Loc.ati@_ N‘o.v % NO,’ % f No. % No. - .%'
Sector AB. . 12 13 14 15 > 13 12 4 12

Y 100 11 16 17 o7 20 17
cD 8 9 6 & 5 5 ¢ 5

DE 24026 12 12 2 26 24 2

EF 2123 27 8 - 30 27 28 24

66 7 M m  .4 4 g 3

G\ 10001 1" 1. 10 9 16 .14

Total 91 100 97 100 110 100 116 100




cover at the nest site and numbers of 1nteract1ons 1nvo]v1ng patrs of

geese and their ne1ghbors and suggested “that dense vegetation may act

as a screen thus reducing the visual stimulus for another bird to attack "

Ganders would be forced to concentrate their activities around the nest

Site where aud1tory signals and some ‘visual contact cou]d be used to i

defend the terr1tory, but terr1tory s1zes would be sma]]er ‘than those in

open vegetation. This hypothesis is supportedvby the h1gh.nest1ng den:

sities. recorded (TabTe 1) in the dense Vegetation in sectors DE and Ef-’.
Nesting densities on the smaller 0. 8 hectare 1s]and in. Dow11ng Lake =

(Fig. 4) were 3.8, 3.8, 10, 6.3 and 3 8 nests per hectare in 1969 and

‘ /
- 1971-1974 respectively. This island had a colony of about 100 pairs of.

California gulls and 20 pairs of common terns;(éterna hirundo) in all years
observed;v’The_vegetation was‘very similar to that tn'the gull co]ony on
the ]arge island. These dens1t1es were s1gn1f1cant]y lower than dens1t1es
on the large 1s]and as a who]e but were s1m1]ar to those -in the. -qull |
co]ony ongthe large 1s]and However, nearest ne1ghbor d1stances were much
shorter on t: ‘mall island than in the gu]] co]ony on the: 1arge island
suggest1ng that factors other than vegetat1ve cover and the gu]]s were.
important in nest spac1ng C]oser examinat1on revea]ed that the topo—
graphic re11ef acted as a screen between many of the nest sites on the
island and probably. acted in an ana]agous manner-to'vegetative screening
on the large 1s]and but terr1tor1es were st111 1arge because most . 1nc1uded
’ part of the flat, open 'shoreline!

Nest- d1spers1on on the sma]] 1s1and was‘very uniform for: a]] years
'when nests were recorded (1969 197] 1974) - The sma]] 1s1and had a
un1form open cover. type cons1st1ng most]y of grasses and forbs such as

1amb S quarters The guI]s trampled the lamb's dﬁarters over most of

41
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the small island early in the’season. Subsequent growth was rank and
over-winteredrp]ant skeletons were conhon. During the spring of 1972
over-wintered plant skeletons were more abundant than other years ‘and
may'have‘resﬁ1ted in the significantly higher number of nests, 9, when
_compared to the average, 5, for all years. |

Density and dispersion‘of'nests were difficult to determine for the
geese nesting on the Spondin Lakes. - In 1972, 27 nests were located and
in 4973, 18 were - located. It is evident that Canada geese in the Hanna
area have a strong preference for .nesting on isJands (Ew@schuk 1970,
| Surrendi 1970; Verheer 1970, this study). Islands are in short supply
and quite small 6n most of'the Spondin Lakes. Therefdre, density and
dispersion on and between water bodies were very 11ke1y contro]]ed by
the location and number of natura] 1s]ands and art1f1c1a1 nest1hg struc-
tures aya11ab1e.j'0n1y.one nest was foUnd on a mainland site during this
study. Hok and Dale (Fig. 1) had potentialvinsu1ar neét 1ocation5‘that'
were nof used. Behavioral observationsvshowed that they‘were not used
‘because ganders frem adjacent sites were holding these as part of their
territories. Nests were much more w1de1y spaced here than on the 1s1and
~in Dowling Lake 1nd1cat1ng perhaps a "reduced tolerance to ne1ghbor1ng

geese. A1l insular sites were used on the other five Spond1n Lakes.



Hatching Success

Fates of Canada goose nests on the two islands in Doviling Lake for
the 1967-1974 breeding seasons are presented in Tables 2 and 3. ‘Table 4
records the fate of nests on the Spondin Lakes. ‘Suecessfu1 nests were those'
i\hatching at least ohe egqq. Abandoned'nestsvwere thoseein which the eggs

‘Were deserted regardless of Fause Nests comp]ete]y destroyed by predators:
Were p]aced in the thtrd category and nests whose fate was uncertain were
placed under :unknown»;~‘

Predation'reddced the prdduction of the goose colony very signifi-

‘A cantly in 1968 and 1972 (Table 2) but was unimportant in the other 6 years.

K'Cenada geese nestihg_jn the Hanna area show a strong prefetenee”for island
sites, presumably to avoid mammalian predation (Ewasehuﬁ 1979, Vermeer
1970). 1In 1968 ahd 1972, coyotes were responsible for most of the pre-

. dation (Vermeer 1970, this study). The coyotes gained access to the’1arge
isTand in Dowling Lake’when Tow water levels e&pqsedfhud f]at;dcohnecting
it to the mainland in 1968 (Vermeer 1970). "Warm.temperaturesd?h March
1972 caused an eariy disappearance of snow on the island and allowed nesting
to start earlier. than the prev1ous f1ve years. The~warm early Mdrch

;temperatures were fo]]owed by much co]der weather in later March and early
Apr11 that retarded me1t1ng of the lake 1ce espec1a1]y between the 1arqe
1s]and and the mainland, The‘resultant ice bridge was used by the coyotes
to cross to the 1s]and. ‘As the ice melted on both the ieiand and main]and
shores, the coyotes SWam across progress1ve]y w1der expanses of water unt?
they were sw1mm1ng the entire d1stance of T80 meters. Coyotes were ob-

served oH the island on three d1fferent 0ccas1ons 1n 1972 twice a pa1r

and once one 1nd1v1dua1 The same female, marked throuqh ha1r pecu11ar1t1es



TaQ]e 2. Fates of Canada goose nests on the large ‘island in
@ Dowling Lake.

r

Nest Fate - :
: Total Number
o Destroyed by : : of .
«Successful ~ Abandoned ,,Predators Unknown "Nesting Attempts
Year . No. %  No. %  No. %  MNo. %
19674 s 60 17 18 13 14 8 8 ‘96 !
19682 34 27 27 21 64 50 3 2 © 128
19692 76 69 24 22 0 0 10 9 110
1970° 83 .89 33 o o0 - 7 8 93
1971 75 .78 13 14 22 707 97,
19727 34 31 - 17 15 50° 46 9 8 110
n v' . . 2]

1973 82 71 .21 18 6 5 76 116
19745 78 90 . 3 4 1 4 5 86
Total 5200 62 125 14 13 16 55 6 836

a _Dafa‘from Ewaschuk (1970)
5 b Data from YWestworth (1970)

Nests_were expekimenta]]y manipu]dted (see text)
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Table 3. Fates of Canada goose nests on the small island in DoviTing

Lake; Data is not available for 1967, 1968 and 1979.

Nesf Fate ’ ‘
_ ' ‘ 5estroyed by - Total Humber
Successful Abandoned Predators - of Nests
‘_erar No. % No, : No. = C
1969 3100 7 0 o o 0 3
1971 3 75 1 25 0 0 | 4
1972 8 8 1 m o g g
1973 - 5 83 | 1 17 0 0 6
1974 310 o o o g 3
Total- 22 88 — 3 2. o0 o s




~Table 4.

Fates of Canada goose nests on the Spondin Lakes in
1972 and 1973, . ‘
Nest Fate
, i Destroyed by Total Number

Successful Abandoned : Predators of Nests
Year - No. % No. % No. %
1972 22 81 3° 01 2 8 27
1973 8 44 2 12 8 a4 18

Total 30 67 5 M 10 22 45
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on her tail, was present on each occasion indicating that the same coyotes
were likely reSponsib1e for most of the predat?on. Figure 9 indicates a
drop in predation atter,the latter part of April. The difference between
the proportions of nests lost to predation before late April and after
approaches significance (0.05<P<0.7). The drop in predation occurred

at the same time the ice disappeared between the island and matn]and
' gdnce the number of nests 1n1t1ated was still increasing at th1s time,

it seems likely that the reduct1on in predat1on was due to fewer coyote
visits to the island, and the water_barrier, although, it did not stop
coyotes crossing to the island, did.act‘as a deterrent. Ryder (f967)
found that arctie'foxes (Alopex 1ag99us)rgained access to the Ross' goose
nests as long as an ice bridge remained between the mainland and the
is]ands,'but ceased to harass -the Qeese once a definite water barrier

© was established The coyotes were not a prob]em in years fo11ow1ng
' v1972 when hlgher water levels preva11ed at Dowling Lake and no ice bridge
existed after the geese began to 1ay. Nest destruct1on by mamma]1an pre-
ndators did ot occur on the small island dur1ng this study. This island

is. several hundred meters from shore and -was surrounded by water when‘
nest1ng began in all years. | Predators destroyed 10 of ‘the 45 nests on\the
Spondin Lakes (Table 4) in 1972 and 1973. ATl ten losses.resemb]ed the
pattern described by Rearden (]951) for coyotes. Losses were quite low
in 1972 but drierbweather in 1973 allowed easy overland access to many; ‘ \\'
Tocations that had been secure islands when nestfng commenced. | }
Aviarn predat]on, responsible for heavy losses of duck. nests at Dow11ng

, Lake (G1asgow, unpublished data), was 1ns1gn1f1cant on goose nests.  Cali-

forn1a gulls and crows (Corvus brachyrhynchos) scavenged fresh goose eggs dur-

ing the laying per1od and unhatched egqs after 1ncubat1on had ceased but were
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‘Figure 9. Re]_étionship between the vnumbers' of occupied nests and the -
' number of nests lost to predators on the large island in
Dowling Lake in 1972. e
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known to destrdy'on1y two nests complete]y Both nests were left part.y

'uncovered while the pair was away on a feed1ng excurs1on " Nests.on or

‘near the gull colonies suffered the most frequent ]oss, and this was

almost a]ways dur1ng laying when many of the’ geese fai]ed to cover

their eggs while away from the nest. As described prev1ously, Callfor—

nia gu]]s destroyed one -other goose nest while 1t was being abandoned

It appeared that covering the eggs W1th nestlng material or down was

an 1mportant factor in prevent1ng avian predat1on. Some geese,recognized

the crows and gulls as potehtial predators and drove them away from the

terr1tory and/or the nest s1te but other geese a]lowed gu]ls to estab11sh :

]» nests ]ess than meters away from the1r own nests. The exact extent of .

the loss to av1JZ predators - 1s not known because they carry some eggs away-"':

from the nest site, but 1osses were probably Iess than 1 percent Few

1nterspec1f1c 1nteract1ons between the geese and gu11s 1nd1cated that

'the gu]]s had evolved a respect for the geese since they d1d not usua]]y
~attack exposed eggs or gos]1ngs even when left unattended but read11y

: . preyed upon duck -eggs and duck]ings (Dwernychuk and Boag 1972a, 1972b

th1s study).

The percentage of successfi'’ nests on’ the 1arge 1s1and 1n Dow11ng
Lake was not s1gn/f1cant1y different: between 1968 -and ]972 but success
in both these years was s1gn1f1cant1y 1ower than the other 6 years. There
was no stat1stica1 difference between the other 6 years but product1on in
1967 was we]] be]ow that for the other 5 years (Table 2). The:reason for
~this is not known As_d1scussed previous]y, the marked reduction ‘in
success in 1968 and 1972'can‘be attributed to coyote predation. ‘It should
be noted that a11 nest1ng attempts destroyed by egg collecting in ]974

were not included in Table 2. —Success was high on the small island during
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all years (Tab]e 3). Hatching success on the Spond1n Lakes was high 1in
‘1972 but very reduced in 1973 through predation (Tab]e 4).
The percentage of abandoned nests was s1gn1f1cant]y lower on the

large’ 1s1and in 1970 and 1974 than in all the other years. which were not
. different from each other. = If the data for a]] 5 years for the smal]
island are lumped, the percentage of .abandoned nests was not significant1y'
~different trom the lumped sample for the large ts]and. Even though the-
geese‘on the Spondin Lakes nested at 10wer‘densities,‘there was no signi-
ficant difference between .desertion rates in this group and the Dowling
Lake'group; This suggdests that the_perCentage of deserted nests.may be =
fairly constant independent'of density withtn certain limits,.but_data _
from ]970 and 1974 support Munro S (1960) suggestion that desertion=rates
', were dens1ty dependent Desert1on rates may have been influenced by this
study and other human disturbance but the impact is not known,

_ Ewaschuk and Boag (1972 F1g, 7 pp. ]105) suggest that the pertentage
of successfu] nests decreases w1th 1ncreas1ng numbers of nest1ng pairs, I
th1nk the1r study and th]S study in fact show this, but the numbers they
_used for "number of nesting pairs" may be m1s]ead1ng since these numbers
‘represent numbers of nests 1n1t1ated and not necessar1]y numbers. of nesting
pa1rs active at one t1me L suspect that the h1gher number of nests Ani-
t1ated and the Tonger per1od of nest initiation in 1968 and 1972 may reflect
many post predation renesting attempts’ and not actual numbers of nest1ng
pa1rs However natural renesting was not documented The 1974 experiment
showed that the potent1a1 for renesting is there and did occur when the
"nests were exper1menta1]y destroyed during or pr1or to the first week of
41ncubat1on ' The data from 1970 and 1974 strong]y support the hypothes1s

that nest]ng success 1ncreases with decreased numbers of nest1ng attempts



©o-are 1ow the compet1t10n for the few potential nest sites may be intense.
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Figure 10 depicts the regression line as drawn by Ewaschuk and Boag (1972).
This 1ine remains unchanged with the addition bf data from 1971-1974.
Howeyer,_if the years of high predation, 1968 and‘1972, are removed, the
slope of the line changes signif1cant]y (Fig. 10). i'fee1 that this

slope is probab]y more rea]ist1c as predation was not a factor in the

other years I also feel the number of nest1ng pa1rs was much more con-
stant than the number of nest initiations would 1nd1cate The extra-.
_polated values for the regression 11ne at 100 percent and zero percent . : .
' success will likely never be reached as there are a]ways unsuccessful
‘nesters and the upper Timits for density are restricted by territorial
behavior. If existing nesting densities and“average territory. sizes of
~'about 0.05 hectares represent m1n1mum to]erab]e territory size, then the
upper 11m1t of about 100 pairs has a]ready been reached on ‘the large
island in Dowling Lake unless the hab1tat 15 modified., If the sma]]est
known territory (0.02 hectares) is used in the ca]cu]at1on, then the
'theoret1ca1 maximum nunber of pa1rs wou]d be 250 Desert1on rates may have.
been just as h1gh on the Spondin Lakes - because even though nest densities :
| JREAN
_ Product1v1ty is determ1ned both by the percentage of successfu] nests

and the percentage of eggs that hatch in- those nests. Table 5 1nd1cates

the mean c1utch size, the percentage of eggs hatch1ng from successfu]

nests -and the mean brood size expected as a resu]t of . the hatch from 1970

to 1974. There was no significant d1fference between years for any of

these categor1es The reason for the var1ab111ty in the percentage of

eggs hatching is not known but may be corre]ated w1th 1eve1s of d1stur-
_bance, the year w1th the ]owest hatching success (79 percent) was 1972,

the year when d1sturbance from predators and observer visits was great1y



Figure 10.“ Relationship between the number of nesting attempts by = -
. ~* «  Canada geese and their nesting success on the large island

in Dowling Lake, 1967-1974. The coefficient of correlation -

(r) is -0.57 for the dotted line and -0.76 for the solid
line. :
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ggs‘that hatched on"thé large jsland in

Table 5.
Dowling Lake. The data were from successful nests only,
: | A .
. Mean Clutch Percentage of Estimated Mean Brood
Year - Size ‘Eggs Hatching Size at Hatching
a | b g
1970 5.3 (38)° - -
1971 5.6 (70) 89 5.0 (51)°
1972 5.2 (45) 79 4.1 (26)
1973 4.9 (83) .93 4.6 (73)
1974 4.8 (67) 95 '

4.7‘(64)‘

° Data from Westworth (1970)

b Number of c]utches used‘to dete}mine the mean are in parenthéses



<
increased. The percentage of eggs hatchlng in successful nests on the

small island, where predat1on was, absent and observer v151ts were fewer,
was 85 in 1972, Hatch1ng success in successfu] nests on the Spondin
Lakes was 85 percent in 1972 and 1973.° Five of 183 (2.7 percent) un-
hatched eggs were infertile ‘and ]78 (97 3 percent) had dead embryos in
them. Most (86 percent) of the dead embryos were less than 5 days from
hatching and probably d1ed when the- fema]e left the nest with ear11er-

PR

‘hatched goslings. % : ' ' o

T~
1
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'D. Platform Nesting, Associated Behavior and Hatching Success

It‘appeared that nesting was much denser in the willows where use
of heron nests allowed Canadapgeese to establish both ground and tree
nestg,very close together. - Ewaschuk (pers. cqmm.) erected 40 wooden
platforms on the 1arge isTand at Dowling Lake in the fall of 1968 to see

what effect use of these nest sites might have on adult behav1or and

territory size. These pTatfonns are-described in Append1x IIA. The 40

p]atforms remained in pos1t1on as shown in Figure 3 until late summer

- 1973. Nine meta] platforms (Append1x 11B) were p]aced 1n position over

water (Fig. 11) .in the fall of 1972. Twenty wooden p1atforms from the

north (n) group and eight from the south (s) group were moved and pla '

ot

over water in late summer 1973 as shown in Figure 11. High water Jevels

t and waye action destroyed 19 of the 0 ynrson platforms and five of. the

nine metal drums were flooded before the 19}4 nesting season began.

The use of_nestingvplatforms on ‘he 1arge island -in q,wTing‘Lake
during 1969 to 1974 is shown in Table 6. The number ot p1atforms con-
s*dered'"availab1e" were those which‘had sufficient<materia1 for nesting:'.
"Tested“ means that - the p]atform was 1nvest1gated as a potential nest site
by paired geese. Some p1atforms were tested even though they had no nest1ng
materia] fn them; “"Used" means that a nest was established and. at ]east '

one egg was Taid. Tree nests were those situated in the w111ows d1rect1y

west of the ]arge observat1on tower. A1l tree nests were more than 1 met

“ »; s
g «_,:

' above the ground 1eve1

The p1atforms were not used before 1971 wlth one except1on Westworth
(pers comm ) observed a gander s1tt1ng on one 1n 1970. Platform uSe in

1971 began on April 4 when a pa1r 1nvesttgated 415 Use -built up s]ow1y

N , unt11 ]7 d1fferent platforms were being tested at one t1me Th1rty—three

L4
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Table 6. Use df.ngsting piatfbrms by Canada'geeséyon the large island -

in Dowling Lake, 1969-1974.

Number of P]atform§

Available Tested Used

% of Availfible
Platforms Used_

Year Wood Metal  Wood Metal ~ Wood Metal

Wood Metal Total

1969° . 40 0 : 0 0

1970° 40 B 0 0

1971 23 3 . g 35

1972 31 40 12 39 7

1973 337 39 9 6 2 18 29 20 A
1974 20 4 - . 6 1 30 25 .29

Total 187 - 11 N3 9 . 32 3 47 27 1

a

Data’ from Ewaschdk.(pers. comm. )

.P Data from Westworth fpefs. comm.) ' . o
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. \
of the 40 p1atf0rms‘avad1ab1e were tested at least once (Table 6). The
- first nests 1n1t1ated on the island 1n 1971 were in p]atforms 21s, 41s
and 11n Most of the ground on the 1s1and,was snow covered at this time
SO th1s may have been the initial impetus for using the p]atforms. Nests
were eventually established on eight platforms; four on the island (21s,
41s, 11n, 34n) and foor over water (16s, 26s, 155, 35s). .The nests over
water were estab]ished after peak nest initiation on the is]and and'had a
Tower mean clutch size than tho&g,on\the island suggesting that they were
used probab]y by yaunger birds. An additional four nests were bu11t
directly below or within 1.5 meters of four p]atforms ~ Thirty- f1ve
percent of . the available p]atforns were used by nesting pa1rs (Tab]e 6),
but non- breed1ng geese continued to test the. p]atforms long after the
last nest had been estab11shed Use of embryo dyes (Appendix I) apoearedl
to have prevented 100 percent hatching success in the platforms 1n 1971 |
Tab]e_]). Three of the four tree nests were successful while one was
abandoned, N |
Platform use increased'in 1972, Eight different p]atforms ;ere

tested on April 4 with’a maximum of four at one tine Eventua]]y a11 40
p]athrms had been tested at 1east once with a maximum of 23 at one time.
Nests were estab11shed in 12 p]atforms (n1ne on land, three over water)
“of which five were abandoned, four were destroyed by predators (three by
:'coyotes and one by gu]]s) and three hatched successfu11y (Tab]e 7) The
’fpoqr -success para]le]ed that for the rest of the nests on the 1s1and The

S

p]atforms were obv?ouS]y not h1gh enough to prevent access to coyotes,

ST T
" and the increased dﬁsturbances caused by the predators. and observers
probably caused the h1gh~rate of desertion. Two of the three successfu]

nests were ‘over water and were much more secure than those on the #sland.
, S . .



Table 7. MHatching success of Canada geese using elevated nesting sites
~ on the large island in Dowling Lake, 1969-1974. -

Number of Clutches . SR
Number of Nests . Hatching Percent Nests Successful

Year Platform Tree . .P1atf0rm Tree_ ‘.P1atform Tree TotaT :
1969° 0 3 0 3 - 100 100
“1970P 0o 4 0 4 . 100 100
1971 8 - 4 8 3 100°¢ .75 9]
172 12 2 3 2. 25 100 36
1973 8 1 7. &7 10 88
1974 71 6 1. 8 00 87
Total = 35 5 24 o7 1 69 . 93 76
.a Daia from Ewascguk (pers. comm.)- -
b Data from Westworth (pers. comm.) ‘
. |

~ See text for qua]ifief



Both tree nests were successful. . They were not;higher than thé platforms . -
but weré much better cohced]ed. Thirty-nine percent of the a;;ilab1é.

N p]atf&rméyhad nests established in thém,in 1972 (Table 6); abdut the same
“as 1971 in spite of the jncreased‘useage in total huﬁbers.

There was a decreased useage of platforms in 1973 gIable 6)’even
though the_number§ of useable platforms 1n;reased substantially yith the.
addition of .nine new metal dgﬁms., A1l of thé artificia]'sites were °
tgsted at 1éast once during the hesting season buﬁ‘nésts were established
in only 20 percent (8 of 40) of the available platforms. Success was very
“high with only one clutch nbt hatching (Table 7).

Observations'were“not made in 1974 so the numbers of platforms tesfed
: o . | T~
is no;gknown, but nests wgrgﬂgstabljshed in 29 perqut (7 of 24) of the
availéble locations (Tabﬁgﬁgs. Hafchﬁhgﬁﬁﬁqcess was again very high'with
only one clutch lost (Table 7).‘n ’_ : ' : |
| The steps that led-to Canéda geése uging e]evated'nest sites are not
-known but leafning appeaféd to be involved. During years of heavy snowfall,
the snow packed info the willows so that oid'héron nests were any a few
centimeters above the snow.1e9e1 even thdugh thevaeré'é-B meteré above
the,grOUnd after fhe_gnbw me]ted.: Geése establishing nests early in the
season used fhe'énow-frée heron nests and were ab]é to walk right into
“them. . Once having successfully used.thesé nests, gegsgwmay'have refhrned
tb-them‘and similar sitesfagain in subsequent years e&en\though these |
nesf sites were we]].above.the snow:éndfground ie@e} at sUéh time§L
Thus they learned to use or became habituated to an é1eva£ed-nesting' )
situation. E]é?ated'tree nesters were présent throughout this study and

historically may have produced‘birds imbrinted'to an elevated site after

-

having hatched ‘there. It is possible that some of thése‘birds began the
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initial platform testing in 1971, but the numbers pf geese testing the
“platforms subsequent'to this could only be explained by a learned res- -
ponse in. the flock. Contagious béhavior, where an action by one bird
_causes the same action in another bird, is very common iﬁ Caﬁada'geese;‘
awd likely contributed to the rapid response fo the p]at%orms 6nce they
had been tested a fev. times. However, the grouhdbnestfng tradition also
remained strong ahd piatforh use never exceeded 40 percent of those avail-
abte.

"The‘origina1 hypothesis was that use of platforms would decrease
territory size and allow more geese to nest on the island. ~To test this, .
I Tumped the sémpies for\1971-1974,to ihcrease the samp]e siie. Cbmparing
'the'mean nearest-nest distance for platform nests (18.3 meters) with that'
for ground.nests‘(]6.9bheters) gave no signjficant di?feréﬁce? ‘Oniy plat-
forms located in the Vegetated part of the island were consideréd since
fhose over water could nét be c1oser‘to.the next nest than_30.5 meté;s due
té‘ﬁhe spacing of the p]atforms. Since fhe nearest~nest»4§stahces suggestl
thét territgries around land based platforms were similar in sfzé and
shape fo those of ground nestfng pairs in the:same»area, the hypofhesis
can bé_rejected;', | | |

.\Behayiérai?aifferences between platform nesters éndlground nesters.
were notéd in 1971, the on1y'year during thch.obsérvations wefe ﬁade.
Ganders with ground nesting fema]eélspent 1ess.than 1 percent of their
‘timevﬁithin 2 meters o;‘the'nest sife,.buf ganders with p1atf6rm nests
’spent from 18 t0‘38.percent of their time on the platform deck. Time
spent by ganders at the'nésts in over-water platforms was ndt'significaht]y
different from that at over-land platforms. The incfeased fime that ganders

spend on the platforms may bé necessary to deter attacks on the femé]e by



neighboring ganders. Fema]eé on pTatforms appeared to be more visible td
adjacent geese‘than ground nesters. A]]'ganders defending platforms also
had some ground based ten:itohy,,even those using bTatferms.ove? water.
Ganders from over-water platforms spent time away‘from‘the nesf in the
water arohnd'the blatfonm or on the adjacent shore of the 1slahd. The
‘sHbre areas were defended only while the'gander or the female were loafing
there; but ‘no attempt"was made to defend them‘if bbth geese were at the
'nest site. The water arbUnd the platform was defendéd‘just 1ike a terrﬁ—
tory around a land-based nest.  There were no ether obvidus behavioral
differences between'platform nesiing and ground nes%ing geese.
bHatching~5ucceSS_f0r Canada geese using e]eQated nest sites on‘the
large island in Dow]ing Lake is summarized in Table 7. Hate' 9 eucceSS-

" was consistently higher in elevated nests than in ground nests but the

' difference was not statist{cally significant'(GAtest, Sokal and Rohl1f 19@9).

The overall impact of the p}afforms-On the reproductive oufput of
‘Canada geese at Dow]ing*Lake was'very_smdil. If the‘p]atforms could be
successfu]ly.p1aced farfher‘off the is]aﬁd; the breeding population and
‘productivity might increase, but it seemed evident that the nesting“den-
sity on tHe island wasfat or approaching the méximum'for this ﬁopd]ation

of geese, with or without platforms.
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E. Post-hatch Brood Behavior-and Survival

-

Brood Movements, Dispersal and'Distribution
. v “\

Gos]1ngs and parents left the nest about 1 day after hatchlng No
broods were known to return to the nest s1te for brooding as Collias and
- Jahn (1959) observed but one female did return to her nest with 4 gos-
11ngs (after a short feed1ng -bathing foray of 63 minutes) for 1 day and '
successfu]]y hatched a fifth egg. Broods often went directly to the
. water and moved off the large and small islands in Dowling Lake to the B
mainland, but some broods remained on the island for severa] days All.
broods eventually moved to the mainland and exhibited extensive move-

.ments around and/or off Dowllng Lake'. _ | ‘

Many broods returned to the 1s]and at night, but others remained on‘
the ma1n]and at least until dark when last observed Th1rty four percent
.of a]] broods observed (106 brood observat1ons on 12 days between May 10
and June 23, 1973) at least once on the ma1n]and shore at some t1me dur1ng
the day were known to have returned to the large jisland by the time obser-
vat1ons ceased at dusk _ﬂbether the broods remained on the island a]] night
and whether more birds moved *here after dark are not known Th1s repre—
| sents , on]y birds seen from ti.c two observat1on towers on the large island.

(a maximum of 27 percent of the broods on the Jake were seen on any one

66

observat1on day) and not those. d1spersed e]sewhere on the lake. The is]ands

.provided a secure brood1ng site“free from mammal1an predation. Marked;
adu]ts 1nd1cated that the same broods were not 1nvo]ved 1n this movement -
every day Obse(vat1ons of th1s type were on]y noted unt1] the goslings

" were about Sﬁgaipeks old so it 1s not known if older broods show the same

tendenc1es fpr secure night roosting on the 1siand§

. “:4
' : 3 XD
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Brood movements varied among'broods'and from day to day. Broods

- often moved 1ess than 100 meters during an entire day if they were not
disturbed but moved several kilometers on other days. Figure 12 gives
s1ght1ng locations for two broods on sequent1a1 observation days to give
some 1nd1cat1on of their movement Movements on and around the lake
were more frequent on calm, sunny days than w1ndy, cool, cloudy days
Mdb111ty 1§creased as the goslings became older

i

There was a def1n1te'd1spersa1 from the breeding islands on Dow]fnq .
.Lake to water bodies off'the lake. This was quite d1st1nct from occasional
bforays by some broods off the ]ake to adJacent ponds as they subsequent]y
returned to the 1ake D1spersa1 was ass me if the brood erved
on the sam&?water body for more than 2 weeks. Figure 13 shiws the
dest1nat1on of d1spers1ng broods hatched on Dow]1ng Lake in 1972 and 1973"
E1ght broods ;19 percent of those produced) moved off Dowling Lake in
1972 ehd 22 (25 percent of thoSe-produced):in 1973. It is not known
whether the same adults Were'invo1véd fn'both years. Perhaps some of .
these adu]ts had been ra1sed in these same ponds Dispersal in all cases
occurred when the brood was 1ess than 2 weeks old ‘The actua] route of
- dispersal is unknown but movement of several hundred meters overland was
requ1red to reach some of the water bodies (Fig. 13). The numbers of
broods d1sper51ng to the var1ous 1akes are indicated in F1gure 13, A11 ‘
the broods remained on_these areas off the lake for the entire observation :
period'wfth‘bne eXception. In 1972 the broods on lake K were harassed
during.banding'and subsequently returned to DoWling Lake. In 1973 six
"broods'moved~from 1ake'P to 1ake S after having been.on P for about 5
weeks and one brood moved from 1ake 0 to P after having been there for

8 days. Lakes A, D E, J M, N and U were all used during the brood



Figure 12. Sequential s1ght1ngs of two Canada goose broods on
Dowhng Lake in 1973. , S o
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Figure 13. Locations to which broods of Canada geese, hatched .at
~ Dowling Lake, dispersed ‘during the summers of 1972 and
1973, Numbers of broods dispersing are indicated ,at

- the base of the arrows. o
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rear1ng per1od but no broods remained there for any great 1ength of t1mei ‘
- For purposes of d1scussion they are assumed to be part of the assoc1ated
shoreline un1t
The d1stribut10n of broods on Dowling Lake was recorded on 22 days

b 1n 1972 and. zp days in ]973 to give an 1nd1cat1on of the spat1a1 use of

| the shorgk Kigure 14~shows the shoreline un1ts These equal linear' .
umts aMmd 1 to 106 and are about 400 meters long Broods spent
the major1tybof their time. with1n 100 meters of- the\water so the un1tsf

\

ave! r rather than a certa1n area The 1arge and sma]] isTand were

] arb1trar1]y assigned shorellne unit numbers 107 and 108 A1l units were

observed an qua] number of times ”?ﬁ%ya?' w”';gh_'."fﬂaj o o R
»* Tab]e 8 1nd1cates the number of brood§£bseryat1ons w1thnn each shore-'r' B
»11ne un1t over the tdta] observat1on period (15e('ohe brood cou]d be i
tabu]ated more than once) It 1sg63$10us that the broods were us1ng ' .S

RS

on]y a smal] percentage of the potent1a1 brood1ng ahea vnlbOth 1972 and.
1973. Five areas were heavi]yﬁused 1n both.years Tﬁese were the 1arge )

and sma]] 1s]ands, the shore]1ne adiadent~to ‘the ]arge 1s]and (un1ts 5 8)

the shore11ne near the sMa]] 451and«€§b1ts 77- 81) and shore11ne un1ts

',° <
& v9101- 102 Comﬁarfson ‘of PJant communfties between heav11y used and unused

- shore]1ne 1ocat1ons “indigated very. Tittle d1fference “Most of the obgerva-

e
i

‘tions 1nd1cate an affini;

for the breed1ng 1s?ands or the adjacent shore
Thxs may Just be a functdon of be1ng more fam711ar w1tq‘the shore area |
; near or. on the nest1ng is]ands, on 1t-may be a se]ected behaviora] meghan1sm
for brood surv1va1 Obvious]y, those broSds near or on the 1s]ands heve .Q" .
rap1d 6asy access to.a sequre br od1ng 10ca¢1on day or n1ght‘< There was
a marked 1ncrease in brood use of the 1s]ands after the adults had mo]ted ﬁi

their f1xght feathers. This kupports the hypothes1s that a s1te free from .

N, Vot . . .. ' . T
ey L . ) . L . . . i)
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. ., Table 8. Continued
No. of % of

]S?gge- Observ, Observ. . ; ‘ .

Unit -~ 1972 1973 1972 1973 o , e
81 2 3 1.0 1.4 ' S .
82 1 0 0.5 0 : ' A
" 83 1 0 0.5 0 . ‘
84 2 0 1.0 0 G
85 1 0 0.5 0. .
86 0 0 0 0 @
87 0 0 . 0. 0 ,

- 88 1 0 0.5 0 . oL
89 ] 0 0.5 0 A
90 o .0 0 0 ) A
91 0. 0 0 04>
.92 . Oy O 0 0. g

93 0" 0 W0
94 0 0 0.0 '
95 1. 0. 05 0

96 0 0. 0 0
97 0 0 e 000 '

. 98 S0 om0 0 v Al
99 0 TR0 0 0 )

100 000 0 g

101 6 15. 2.9 7.2,

102 #3 .0 1.5 0

103 2 0 - 1.0 0

104 o 0 -0 C .

105 0 0 0 0

106 0 0 0 0

107 40 ~ 66 19.4 31.7

108 10 6 4,9 2.9 z
TOTAL , 206 208  100.5 99.99 o~ : )

. .
‘ ~ . N



mammalian predators was the preferred brooding location. There is no
known explanation for heav1er use of the 10] 102 shore]1ne un1ts which
were not close to the 1sTan1s xd dia not prov1de secure roost1ng sites.
1There was no correTat1on berwe( niand feeding sites used by adults
dur1ng nest1ng and subsequent dispersal or use of brood1ng s1tes by the
same adults. The use of very smaTT parts of the potent1a1 area for brood
rear1ng had 1mportant 1mp11cat1ons for«brood m1x1ng .
“When broods were observed in the shoreline un1ts, the distance to the
- nearest brood was recorded The purpose of th1s was: to see:whether broods
| were soT1tary or tended ‘to aggregate Table 9 shows the tendency toward

G

A=brood aggregation at . Dow]1ng Lake 1n 1972 and 1973 The numbers repre- 69';»'

{ /

3811 brood s1ght1ngs on the samp]xng ‘days sO’ any 1nd1v1dua1 brood

-

;coqu be’ 1ncduded severaT t1mes Th1rty)meters was arbitrar11y chosen A
because brobds thTS cTose together are w1th1n the ‘range of potentna] A
1nteract1on w1th thetr ne1ghbors Broods‘were observed in aggregates 78
percent of the t1me 1n 1972 and 75.percent in 1973 (Table 9). Groups;of

:2 to 4 broods were the most common 1n both years. Broods also spent a Tot

: of t1me alone, 23 percent in 1972 and 25 peecent i 1973 Thus- broods

Ashowed a‘significant]y c]umped distribution on any one samp]ing.day. Al-
th0ugh‘some of the aggregateslliké%y just represented mutua] use of an A
area, marked birds revea]ed that some brood assoc1at1ons cons1sted of -
the sgme 1nd1v1dua1 broods on consecutive days regard]ess of the
area they were in at-the t1me Three groups " in 1972 and 4 .in 4973
were seen together “on more than 70 percent of the observat1on days, but.

.no aggregates were known to remain stabTe during the entire observat1on
period.. As ‘the broods matured, aggregat1on became more ev1dent Just

prior-to fTedg1ng there were three large groups in 1971, two in 1972 and



9 4

?

Table 9. Tendency toward brood aggregatfgh at Dowling Lake in 1972
and 1973. Broods were considered an aggregate if two or
. more were within 30 meters -of one another. The term "brood"
means sibling brood or mixed brood,

No. of No. of Broods Percent of Broods
Observations . 'Represented Represented
1972 1973 1972 1973 1972 1973
Single Broods’ 77 170 . 77 70 ' 23 .25
Aggregates - R
2 52110 16 39
3 © 63 69 1922
o4 - 28 7 . m2 28 3 10
5 . .3 1. 55 5 2
6 RS ER B 6 6 -2 2
o R B 0 2 0
Ssutotal = 80 87 212 S 715
—_—— ' —
Totals 157 157 282 100 100
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three in 1973. These groups may fly as independent flocks in the fall,

but this' could not .be substantiated because observations were diseon- -

[y

tinued before flight was attained. _ ' ﬁi;ﬁjs
| @ o 4
Brood Mixing Behavior ' \) - : g ) ?ﬁw

The three factors- that set the stage for brood mixing to occur have

‘already been d1scussed These were’ synchronous hatch1ng, use - dﬁga re-
latively small area for brood rear1ng and . the tendency for broods to
aggregate. These three factors faci]itated-the‘many'1nterbrood contacts:
that were necessary for byood mixing to occur.. Seven individual brood .
-takeovers’wererbSerVed 13'1972 and 1973. These will be detailed to
i11ustrate the mechanism of takeover and describe the behavior of the
adults involved. The pair tak1ng over the gos%)ngs will be known as.:
~ the "recipient" pair or brood and the pair. los1ng its gos]1ngs will be
.:‘known as the "donor" pair or brood ﬁﬁh]l gos]1ngs were Class Ia (Southg
" wick 1953 and Yocum and Harr1531965)'un1ess otherwise speciffed !

_Takeover'] (May 23 1972): Two broods were first observed about
20 meters apart on shoreline unit 4 at 2027 hours (Mount - Day11ght Time - ‘
MDT) The donor brood of three gos]1ngs moved toward the v c1p1ent brood
of seven gos]1ngs at 2032 1‘Nhén‘the donor pair was about 3 meters away , ‘ -
" the gander of the rec1p1ent brood attacked and chased the donor brood, {
adults about 100 meters away The three donor gos]1ngs mixed w1th the oo
rec1p ‘ent breod The gander of the rec1p1ent pa1r returned to. the brood
w e the donor pair, ’ca111ng constant]y, approached within about 25 - C
wlers of the mixed brood. Intensive threats by the rec1p1ent gander

' kept them from mOV1ng -closer. The donor ggs11ngs'sh”‘ed no s1gns of

' return1ng to. the1r parents desp1te repeated ca111ng by the1r parents

-
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f/Ahtens1ty threats by the adults as the: gosT1ngs m1xed

v

- N *‘ L . .
The mixed brood continued to feed‘an'ﬁré“t in this vicinity until dusk,

about 2133,when the female started brooding the goslings. During this
time‘the donor pair remained about 25.meters away. The mixed‘brood of
ten gosT1ngs was seen the foTTOW1ng day but there was no s1gn of the
donor pair. GosT1ngs of both pairs were about 3 days on The‘donor
fema]e was a known adult (3+ years) that had raised a brood the previous
year. “The status of the other aduTts was not known '62?

Takeoyer 2 (May’ 14, 1973): A brood of five gos]1nqs was feed1ng on

shoreline unitkS'at 1330 hours (MDT), A brood of four gos1ings swam to

the shore in unit 6 at 1345 about 200 meters away‘whiTe a third brood of

one: gosling was sw1nm1ng in the water between . them, The brood of five
entered the. water at 1354 and swam &rds the broods of four and one )
(now onTy 25 meters aparfhgg éhe shore) At 1404 the broodsvofuf1ve ‘and
one were only 20 meters apart on the shore wh1Te ‘the brood of four moved

off toward shore11ne unit 7. The brood of one moved toward the brood of

f1ve at 1455 followed by bothabroods entering the water and moving toward -

one another. Swimming very slowly these two broods finaTTy came within -

5 meters’Of one another at 1523. Thene was mu;h head posturing w1th h1gh

» f1ve gos1ings moved off aTT Six gosTings went w1th them and the do}or pair

foTTowed about 10 meters behind, cont1nu1ng to threaten A1l went ashore

The donars preened for 2 minutes and then waTked sTowTy about the rec1p1ent

‘4

pa1r w1th Tow’ neck co1T threats (1525) wh11e the rec1p1ent~3rood rested

. on the: shore At 1528 the donor femaTe was preen1ng, the donor maTe was

. standing erect. and the m1xed brood was feedJng A brood of 12 gosT1ngs

swam by about 30 meters away and. the donor male. threatened them w1th head

fT1ps‘and a Tow neck coil approach. Afterwards at 1532 the donor pa1r

_When the pa1r with
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flew out into the water and was feeding andvpreening there. They returned

.to shoreline unit 6 at 1542 and continued to rest and feed there until

1700 when they swam out towards the middle of the lake. No attempt was

made by the donorsrto'regain their single gosTing after the initial trv,

and they did not follow the rec1p1ent brood when they left’ the area at

.1543 hours.  Both the donor and recipient goslings were less than 5 days'

old. The status (age, sex) of the fOur adults 1nvo]ved was not known
Takeover 3 (May 16, 1973): . A brood of 18 gosT1ngs was first seen on

the southwest point of the large - 1s1and at 1515 (MDT A newly hatéhed

brood of three goslings appeared at 1533. The ma&e of the brood of three

rushed and chased three subadu]t geese on the shore and in sq'powng brought

© hise brood within 5'meters of %ée brood of 18" (154T§ 53 The thnqe newly -

| hatched goslings moved over to join the Targer grouo BF 18. There was '

zZ" f

‘_'a great deal of head posturing and f]ipp1ng, feather shak1ng, Tow neck

co1] threats and ca111ng by both the donor and recip1ent ayders but no )

attacks The donors moved of f sTowTy and began preen1ng and bath1ng at

1607, and subsequently swam around the po1nt outjof sight at 1636 and did

not return There were z} 1nd1v1dua1 fights noted between the 18 rec1p1ent

gos]1ngs and the three donor gos]1ngs but byigaho these were occufring , @5

1nfrequent1y as the brood moved acros$ to shore]ine un1ts 6 -and 7.. They

I'3

were still there at dark (about 2145). | The brood of 18 hd& obv1ous]y been

-1nvoTved in. brood§h121ng prev1ous]y but there were still no gos]1ngs oner

than 5 to 7 days. Status of the-adults was not known

Takeover 4 (May 16, 1973) A brood of four gosl1ngs (about 7 days o '

'on) was f1rst seen at 1734 (MDT) Just north of the large observat1on

'tower on the large ‘island.” A brood of three gosT1ngs (not more than 2

days o]d) appeared from\around the north end of the 1sTand and was sw1mm1ng
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‘ toward the tower (1746) The donor brood of three came onshore about,

‘15 meters from the recipient brood of four which had been feed1ng There'

were m11d threats exchanged and both broods began feeding'with three
moving toward four. At 1806 one of the three goslings moved across to
Join the brood of four fo]]owed by intensive threat postures by both
adult ma]es The rema1n1ng two donor gosllngs Joined the rec1p1ent brood

at 1809 with both pa1rs cont1nu1ng to posture A1l seven gos]1ngs re-

mained with the rec1p1ent pair and cont1nhed feed\ng while the donor pa1r

contlnued to posture about 10 meters. away The rec1p1ent brood, now a
m1xed brood of seven, moved south past the t?wer and over to the ma1n1and
" {shoreline unit 5) at 1822, They returned to the southwest ponnt of the .

island at 21]6' The donor pair rema1ned 1h the area north of the” tower

-

for the rest of the day feedtng, preen1ng and rest1ng Status,of the

' AV &
adults was not known ; ‘

1.

Takeover 5 (May 18 ]973), Thesdonor brood of three was f1rst seen

near the tall w1110ws north of the TE?ﬁé observat1on tower on the large B

1s]and (F1g, 7) at ]4]0. The‘brood was new]y hatched and moved s]ow]y ‘

toward the shore of the isTand. A pa1r (Ye]]ow GI gander) w1th e1ght

gos]1ngs (about 10 to 12 days o]d) and a th1rd brood of seven were feedvng

~north of the, observat1on tower spaced about 30 meters apart The newly
hagched brood arrived at the shore between the other two broods at- ]520
There were mild threat postures by a]] ‘three - pairs, The brood of seven
moved s]owly toward the brood of e1ght and pushed ‘the brood of three

N

'toward them a]so unt1] a]] three broods were on]y 5 meters apart There

" was an 1ncrease 1n 1ntens1ty of threats by.. a]] three ganders The donor

ot

‘goslings were mov1ng s]ow1y toward the brood of e1ght wh11e the1r _parents

remalned statlonary At 1526 the gos]1ngs moved to Jo1n the brood of e1ght

l'- .
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One ‘of the donor gos]lnqs returned to his parents for 14 seconds but then
returned to the Targer brood. The rec1p1ent brood, now 11, moved around
.'the iisland out of s1ght at 1529 w1th the gander ]eadlng The donor pair
was foTTow1ng about 5 meters beh1nd 1n the Tow neck .coil threat posture
Ne1ther the donor nor recipient pa1r were seen again that day, but the
recipient brgod was observ aga1n in subsequent days with TT gos]1ngs
The gander (GI) was banded?s an adult in 1971 and had hke]y ra1sed a

brood tha% year He ‘was hot successfu] in raising a brood in 1972 because

% the nest was Tost to predatlon Status of ghe other aduTts/was/ngt/kn

Takeover 6 (May 24 1973) The largest brood geen on May 18 was 11
but on May 22 two broods of 30.and 25 30 were seen Subsequegtly on May

'arge brood - of 53 was seen w1th three adults (two. femaTes and one '

The gosT1ngs in the brood ranged in age from ~hout 6 to 20 days.

_Th1s br-od arr1ved on, the shonb of the Targe island at 1934 on ‘May 24
’SeveraT oi%er broods were’feéd1ng in the same general area on the 1sTand

' Another brood of s1x (about 4 days on) appeared at 2053 between the Targe
‘brood ,of . 53 and a brood of ]O ATT three broods were qu1et1y feed1ng as the
'brood’of 51x s]owTy moved toward 53 They . came«w1th1n about T@'meters before

- the gander showed any threat postures The aduTts of the donor pa1r stOppeﬁ

//,nmy1ng, but the gosTIngs contlnued to move and 3o1ned the Targe brood at

_The donor pair ShOWed v1gorous threat postures for 3 m1nutes but B
at 2] 07 after preen1ng and bathlng on the shore they swam away ‘from the 5{‘
1s]a_d and out of s1ght The Targe ‘brood rema1ned on the 1sTand w1th1n o
;few days only one maTe and -one femaTe accompan1ed the Targe brood."
Status of the aduTts involved in th1s takeover was not known '

\; Takeove> 7 (May 24 ]973) A brood of 16 (about 12 days 0ld) and
a brood of three (about 4 to 5 days 01d) were feed1ng on the. southwest

{
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point of the large iS]andla¢'1432. The broods, -about- 35 meters apart,

4

were slowly moving together, The males began to posture ngorously~at
1446 when the broods were oh1y 10 meters apart{ Goslings of both pairs.
_ continued to feed as they moved closer together. At 1453 the three donor

goslings moved about 4 meters to join'the gecipient brood of 10. The

donor pair continued to posture and fo]low'the mi xed brood of 13 around
the po1nt as they went outgof s1ght at 1507. There were s1x f1ghts bet- 2
ween the donortanﬁarec1p1ent goslings dur1ng the t1ﬁ% they wére in view.
> The' statys oﬁﬁ%he four adults was not known ' |

ﬂ')A]though on]y seven: 1nd1v1dua1 takeovers were: observed‘ a number of

‘ ,CO"“D“ themes emerge. C]earcut dom1nance of the donor adu]ts by the w*

i % : “: ‘,_:
rec1p1ent adults was noted in only one of the seven takeovers ’ In the

u -

other six cases there appeared to be-a standoff wwth regard t\§d0m1nance

The donor broods all had’fewer gosl1ngs than the rec1p1ent brgods Donor
9

fgos]1ngs were a]ways ]ess than 5 days old but the!rec1p1ent broods had

4

.gos]1ngs rang1ng from about 3 days to ZOVdays 1n age Jhe rec1p1ent
/

‘ adu]t geese d1d not appear to be act1ve1y retru1t1ng more gos1179 Inﬂ"-

-!:‘.. .

. one case they were 11ke1y defend1ng the area argund the1r own brood and,

. k- "
1n chas1ng the donor adu]ts away, a]]owedothe donor gos]1ngs to -join their

l'lown brood In the other six cases, 1t was’ obv1gusly the gosltngs that,were .
_irespon51b]e for the brood m1x1ng It appeared that young goé[lggs, 1ess

than 5.0r6 days o]d,.were more attracted to other gos]1ngs, espec1a]]y 1f1

‘they were in- groups 1arger than the1r own brood, than the1r own parents. ' ‘

eIhe,gosl1ngs.showed very strong “fol]ow the ]eader““tendenc1es s1m1lar to

that descr1bed in “ducks by Collias and Co]11as (J956) and N1111ams (1974)

In al] cases observed the entire brood was' 1nyolved in the takeoVer ) it .

was also obv1ous that they d1d not respond tu repeated cal]s by the1r - “;,' 'f-i:



parents and seemingly did not recdgnize them either through‘visua] or audi-
tory cues although one gosling returned to its parentsimomentari]y. Fabri- )
cius (1964) identified a very short critica1'period during which the fol-
lowing response can be elicited after hatch1ng but suggested further re-.
finement cou]d take place for a-longer period of t1me Dur1ng this study
the goslings 1mpr1nted on and follo-ad Canada geese but were not able to
distinguish individual geese until about 5 days ofhage.‘ Cowan (1973) showed

that ‘goslings exhibit some recognition of individual adult Canada gogse

calls and could distinguish them -from gull calls. Beer (1970) reviews the
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'1nd1v1dua] recognition of voice and its importance in several other species,

espec1a]1y in s1tuat1ons where nest1ng is, colonial and the young are mob11e
»It seems that a]though gos]1ngs learn quickly. to follow adult geese, it
 takes a few days to refine individual auditory and visual recogn1t10n of .
their parents. ' Goslings older than 5 or 6 days often interming]ed’on
the feeding areas bgt cod]d recognize their own parents aﬁd readily sorted‘
themselves out when the brqods moved apart.

The donor adults appeared to lose theirvbroodiness in the absence of
. their gos1ings and in most cases made little attempt to get them back. The
fact that“they did not attack the recipient pair in an‘attemgt.to get their
goslings back may be an indication that they were 1ower'ih dominance but this
- is unknown. They very quick]y'turned'to ﬁaintenaace or perhaps dispiacement
functfons suth as_preening, bathing ahd‘feeding and the > marked female
had joined a small grdup'of unsdecessfu] nesters and non-breeders the next
day. It seems likely that‘other donor pairs joined groups of unsuccessful

nesters and non- bree1e as well.

~ Another type of brood mixing might occur when goslings stray from their

]
- parents or their parents are k11]ed.‘.These goslings could then'Jo1n the

2}



‘broods of other pairs of geese. This may have happened at Dowling Lake
‘but was not observed during this'stUdy.f Acteptance of strangé goslings
by adult geese witq broods was not alwayg the rule. Two cases were ob-
served in which _ing1e>stray gdsiings atout 5 days old were preventéd
-%rom joining Class Ia broods with six and seven ‘goslings respective]&.
The adult geese in both caées peﬁked at the 1ntruder‘dr1ying it off jn
one instance and inflictingfhead wounds leac .g to acoth in the other.
The experimenta]‘iﬁtroductjon of gosl .y . ¢ hatchery in 1974
'Was attempted'for two reasons, 4A]though go. "inn~ 7 s than 5 days oid
would seem ideal because they would probably mix readily with resident
broods; they‘are difficult td catch and handle in the field at this age.
Thefefore,.the éxpeffhen; tested Whether or not’olderﬁgoslings, 9 to TS
days, woﬁ]d mix with andbbe accepted by resident_broods. Gos]fngs older
thén 5 days were not observed mixing at Dowling Lake. Thus, this experi- -
ment tested age and filial bonds as factors influe;cing’brood mixing in
Canada geese. . |
Seventy-four gos]ings, ranging in age from 9 to 15 dajs o]a, were
placed in ho]diﬁg pggs oﬁ the léqge island in Dowling LaLe on May 20,v1974..
‘.Territoria1 Ca?iforéﬁa qulls ki]]éd 12 gos\ings;in the honing pens during |
the first 2 hours So the rest of the goslihgs were fe]eased.4 After 5 hours
of observatioﬁ, theﬁe were still 62 gosiings'alive'aﬁd they weré split into.
grodps of 3, S, 7 and 47. No contact had been made with any of the resident
"'brbbds. Observations wefe not made agaih‘unti].the'banding drivé on July 1,
1974 when 56 of:the 62 were trapped. Tﬁ?ffy4$1x.were mafked with individual
| neck cpllars. Thirty;thﬁee Qf_tﬁgsé were seen during the;du]yv28,.1974

~ brood survey and were arranged as follows: 2 in a.brood of 27, 14 in a

brood of'17, 4 in a brood of 8, 2 in a brood of 4, 3 in a brood of 5,



3 in-a brood_of 6.and 5 in a brood of '11. Brood here means.on]ylihe
-goslings but all were_accompaﬁied by two adults. This indicates’that
the large group of goslings released had split into many smaller gro&gs
that wefe accepted by resident brbodé on the lake. Thus gos]fngs 9 to
15 days of age are suitable for tranSplantihg. |
Although goslings atmDow]ing did not mix when théy were older than
» dars, the hétchefy reared goslings did, suggeSting that age alone was
not the critical facfor. I suspect filial bonds weré\vé}y‘important.

In‘ofder to test this matter further, parentally exposed- and parentally

“naive goslings of different ages would have to be introduced into similar

situations. Both resfdent and infroduced geese should be testéd from
several diffgrénglgehetic stocks to see if innate beHaviér 6r gehetic :
predisposition for mixing are°inf16§n;ing,their behaviof, or if it is
'Simp]y a function'of density.

- Brood mixihg is mentioned frequentiy in 1iterature_concerning many

populations of Branta canadensis maxima anduBranpa canadensis moffitti,

lbut is has §e1dom been described in'detai].. Collias and Jahn (1959:496-
497) said: |

"Adoptions of strange goslings were most likely to occur’ .
when both their own and strange goslings were less than

one week old, and of about the same size. These younger

. goslings have apparently not yet become' thoroughly ac-
quainted and attached to a specific parent bird, nor their
parents to them. Adoption is also facilitated by dominance

- of the foster parents. When a gosling accidentally gets )
into another brood and is allowed to remain with that brood,
its parents may be thwarted in their endeavors to get it
- back, by the aggressive attacks of the other parents de-
fending the vicinity of their own brood. Adoptions were
rare in the case ‘of goslings more than one week of age.
Relatively permanent adoptions were common in the some-
- what crowded conditions prevailing within the breeding

pen, and three pairs of birds lost their entire broods
‘through adoption by other parents."
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~ They werelworking with a semf—captive flock but.their observations‘basi—
cally agree with those of this study. .There is some snggestion that the
donor pairs may have attempted to get the1r gos]ings/back which was not

the case in my study. They were also working in a.situationfwhehe the
broods were forced together rather than associating by.choice ‘They‘also .
suggested that the dominance of the foster parents was inpo;tant. ,fhis

was not obvious at Dowling Lake.

Sherwood (1966:243-244), studying Branta canadensis maxima invMichigan,

L

tound:

“Brood mixing was common at Seney. It was commonﬂ;o;\the
first two to three weeks of the goslings' lives and in some
cases, continued into the fourth week. The Targest mixed
brood contained 23 goslings. The mixing phenomena were
_brought about by the natural gregariousness and.because
neither the parents nor the goslings could recognize one
. another. Ihe parent geese deve]oped the ability to rec-
~ ognize their 'own' gos]ings in 2-3 weeks t1me, but the
gos]1ngs ‘could not recognize their 'parents' or 'brood-.
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- mates' until 5-6 weeks of age. Dominance and brood size* \‘;'

were the most 1mportant factors in the buildup of a large,
mixed brood. Pairs in which the adult female was a two-
year- -old usua]]y Tost the1r entlre brood through the
mixing process.

Sherwood'(1967:354) also stated that the, "2¥yeahr01d‘fema]es‘were most vul-

nerable in losing their goslings to. older, aggressive pairs." This is quite’

o -

~

different from the Dow11ng Lake 51tuat1on where gos11ngs and parents seeming-

1y recognﬁzed each other at about 1 week of age. F1ght1ng between recipient
and donor goslings at Dowling suggests that they did recognize “broodmates".
Dominance did not appear 1mportant at Dowling but brood sﬁze did. Llarger

o ' . .
broods appeared to attract potential donor goslings to join them more readily

than sma]]er broods. ) ' : o -
| There were not enough marked adnlts at Dowllng to determ1ne the impor-
tance of adult age in brood mixing, but it seems likely that.older, more

experienced birds might nest earlier as suggested by Geis (1956) and Brakhage

wi



(1965). They also showed clutch size incieased with'the age of the female.
Hanson (1953) and Raveling ¢1967) said that the size of the brood afTected
the doninance; 1arger broods being more dominant. Balhah'(1954) suggested
that the physical size of the goslings Wasoimportant; families with oldery‘
. goslings were dominant over those-with younger gos]ings; This may be i}
part]y a function ‘of younger fam111es show1ng more caution and av01dance-

p of all other geese If age of the breeding fema?e was corre]ated with
t1m1ng and brood s1ze at Dow11ng Lake then it wou;d fbl]ow that older
birds were the recipients in most of the brood m1x1ngr Age of the fema]es
was not known but larger broods were the recipjentsmin;all cases observedr
It\then fo]1ows that once a mixed brood is estab]dshed,'it wou]d attract
more and more gos]1ngs resu1t1ng in a few large m1xed broods rather than
'many sma]] ones. Two- year o]d females were not the maJor donors at Dow11ng
because they constituted on]y 10 percent of the breed1ng fema]es dur1ng

the years of this s tudy, and of this 10 percent about 20 percent were
successfulﬂ1n raising the1r own bjroods. No known 2-year o]d fema]es were
recipients'during‘brood mixfng. b'}T’though it is st111 poss1b1e “that most
of the donor broods were from yb/nger less exper1enced females (2 3

and 4 years of age), there were five donor females in 1972 and 1973 known _
to have ra1sed a brood successfu]iy the prev1ous season. Th1s suggest;\
that they were not always losers and . that 1os1ng broods’may‘be‘]argely

a matter of chance. - ' )

A Balham (1954) sa1d that the fema]e leads the brood during the f1rst

3 weeks. Since- the first week is’the critical time when other broods must
- be avofded to prevent brood mixing, the re]at1ve 1nportanceqof the domi-

nance status and exber1ence of the ma1e is not known. He is still the

maJor defender if the female 1eads the brood into contact with another

t



. brood.
Brakhage (1965:767-768), working with B. c. maxima‘in‘Misspuri,

- describes a different type of brood mixing as follows: -

'

"It ordinarily started after -the goslings were 5-7 days
old. Creches were accompanied by two to five productive
pairs and a variable number ‘of non-breeding females, The
pairs involved in gang brooding varied from year to year,

< but.those hatching goslings first were most likely to be-
come escorts. Pairs which started a creche remained.in
attendance throughout the brood-rearing period. Pairs
which gave up their broods to a creche usually returned
to the vicinity of their nesting territories. Some pairs
-appeared to approach social equality and, possibly as a
matter of convenience, accepted each other as fellow
escorts. The size of crecheés varied, but the largest-

+ recorded contained 110 goslings accompanied by 21 adults
and subadult geese." ’ : _ -

This is different than that described.by most authors. All known broods‘

at Dow]ing‘que'that were older than 1 week maintained their integrity

even when they did mingle, and there was a gradual'increase in flocking

, together of broods with increasing age of the goslings. One situation

éombarable to that descrjbéd by Brékhage occurred when two large broods

came,togethef.and most of thévgoslings in both broods were greater than

5 days old. This very Targe brood of 59 goslings was accompanied by

P

~ four adult géese for a few days, then threesadults and finally only one

pair. Both pairs appeared compatible during the short period they were

fogether:-’Why the two adults eventually disappeared is not known.

4.7} ’ : ’ € . o
~ .

e _ ‘
Behavior of Sibling and Mixed Broods : o .

Several compdnents of behaviof were compared between single clutch

and mixed broods. ~ The mixed b}oods-were every bit a§ stabléfas single

clutch broods. Dohor goslings obviously came to accept'the recipient  ._'

adults as their parents and respondéd similarly tovthe'goslings hatched
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by the recipient pair. There were no d1fferences in Tocal or da11y move-

ments between the two types of broods Brooding more than eight gos]1ngs s

-(even very young ones) is very d1ff1cu1t for a 51ng]e fema]e Since gos-

11ngs likely must be brooded at night and dur1ng 1nc1ement weather at ]east

during the first week or so, th1s wou]d 11m1t -the northward extens1on of

brood mixing. Even if there was some se]ective advantage accru1ng to brood

mixing, 1t ‘could be offset by gos11ng morta]1ty due to exposure However,

L]

the 1arger mwxed broods were observed forming a brood1ng-mass whereby the

female assumed the typ1ca] broodlng pos1t1on with a, few gos]1ngs under the

wings and the rest of the gos]1ngs crowded in c]ose to her body Smaller .

gos]1ngs were general]y c]oser to her body or wedged in under or between

larger gos11ngs | The re]at1ve efficiency of this type of brood1ng compared

"~ to the usua] s1tuat10n ‘is not known but. it is obv1dus}y effective at the

'.]at1tude of Dowling Lake where morta11ty among gos]1ngs in mixed broods

was little d1fferent from that in. s1ng]e broods Ganders were never‘ob—

'serVed brood1ng

The exact age at wh1ch gos]1ngs became aggress1ve towards sib]ings
and other gos]1ngs was “not determlned»but beak to beak f1ght1ng was ob-
served in gos]1ngs 1ess than a wéek o]d F1ght1ng was much more preva]ent
in mixed broods than 1n s1b11ng broods and ‘very often f1ghts were between
gos11ngs of d1fferent ages indicating non- s1b11ng fights. Fighting gene-
ra]]y sub51ded after a few days when the gos]]ngs were about 10 to 14 .days, N
old or after the donor gos]1ngs had been w1th the rec1p1ent gos]1ngs for 2 |
a few days. Radesater (1973) found agon1st1c tendenc1es deve]op1ng in

s1b11ngs of Canada geese dur1ng the first 2 days after hatching. Th1s

agonlst1c behavior often led to f1ght1ng in subsequent days ~After about

a week the numbey of - f1ghts showed a decrease and by ]2 days of age were

;
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almost non-existent. Contrary to other authors he found that a rank order
‘was estab11shed among s1b]1ngs and that thlS rank order was displayed
later in the cackllng ceremony. He also sald the rank order is only ex-
pressed in connect1on with fights or the cack11ng ceremony He did not
work w\th non-sibling geese but they must have been undergoing the same’
» deve]opment in m1xed broods at Dow]1ng Lake. A]though sibling flghtlng
,is reduced to an almdst non- exlstent 1eve] by age 12 days, there was
f1ght1ng between sib]angs and 1htruders (donor goslings): whenever brood
m1x1ng took place S1pce the .donotr gos]1ngs were very often smaller than
B the rec1p1ents, it is 11ke1y that they atta1ned a lower social rank than

that of the rec1p1ents Radesater (1973) alsg mentioned'that this rank

is reta1ned 1nto ‘adulthood. The 1mp]1cat1ons of this will be d1scussed

. Iater ‘ L " Co . E
. Donor goslings (always Jess'tﬁan 5 days old) were*accepted into

‘other broods with goslings upvto the age of ?O'days The eXperimentalTy

1ntroduced gos]1ngs (up to 15. days o]d) were . accepted'1nto broods simi-
lar in age in 1974. Gos]1ngs 5 days or o]der apparently recognlze

. :the1r parents, and. thus avo1d becoming donors but have not .yet deve]op&d
'1aggre551ve behav10r that'mlght prevent brood mixing. As ~described pre--

/
vﬁous]y some adults prevented strange gos]1ngs from joining their broods

when the1r own gosT1ngs were very young, but other adu]ts accepted gos11ngs

~when their own young were up to 3 weeks old ‘The greeting ceremony, as
~descr1bed by Balham (]954) appeared in the gos]1ngs when they were 3 to
4 weeks old in both s1b11ng and m1xed bronds. - Radesater's (1973) work
showed this was a gradually developing process. Fischer (1965:258) de-

<monstrated_that\the deve]opment and repetition of the triuhph ceremony

N
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in goslings was of‘fundamental importance 'n promofing fomily unity. It
would seem then that once family solidarity is assured and cocial rank

has been established (about 3 to 4 weeks after hatching), the brood,
inc]uding parehts and goslings, rebuffs attempts by younger goslings to
join their broods. This was not really tested at Dowling¢ Lake simply
because there were very few donors available at the time whon most broods
were 3 to>4 yeeks of age. Transplants in Alberta of gosi.ngs 7 to 8 weeks
'of age showed quite clearly that these goslings were not accepted as par:
of any of the broods of reSident,goslings (Surréndi 1970, personél chser-.
vation). Raveling (1970) found the dominance hierarchy.in.Canada geese
to be nanked! larger fami1y over smaller family over pair over single.
This was certainly true at Dowling where 1arge broods won 87 percent
(sample 51ze 131) of a]] 1nteract1ons w1th sma]]er broods. Thus the

mixed broods were a]most always higher in soc1a1 rank than single family

—

N "\.‘-
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broods - a , } S

» Extent of Brood Mixing ")\\\ B

Large mixed brodds were first observed at Dowling Lake by. Ewaschuk .

. (pers. comm.) in_19§9.' Hostworth (pers:joomm.)’o}so noticed‘the.oiigg;
rence,,0f mixed broods in 1970.  Neither had data pn_the extent of this -
'phenomenon:n‘Tabﬁe.10vdepicts thTe*tent of broggﬁgzziog;afgnowlgng‘Lake |

doringu]97] to 1974. ‘fhe~"meao brood sizes for sing]éxbroods" wére
obtaineo during ‘the first wéék after‘hafchfng'whereas the means for

"all broods“éaodf;mixed broods Were obta1ned about 3.weeks after hatch1ng
“Thus the mean . s1ng1e brood sizes cou]d be comparat1ve1y higher- since they
e11m1nate a potent1a] 2 weeks during which morta11ty could take place.

The mean brood s1ze for single fam1]y broods was s1gn1f1cant1y Tower |

- A
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than the mean size“for all broods and the:meanvsize for mixed broods ‘:N
(Table 10). Mixed brood sizes ranged from 8 to 45 in ]97] 5 to 16 in |
1972, 5 to 59 in 1973 and 6 to 29 in 1374. The number of broods lost
and ihe number of broods invo]ved in brood mixing were very simi]ar
during 197i¢ 1973 and 1974, but all three years were significantly

‘higher than 1972 (Table 10). The extent of brood mixing, as reflected
by the percentage of broods lost and the.percentage of hroods involved
in mixing, appears to be proportional to the numbers of broods produced

“on the study ared “This is loglca] since fewer broods wou]d have less
potent1a1 1nterbrood contact in a given time per1od thus the smaller

mean mixed brood size. The reason for the s1m1]ar1ty in mean mixed-

brood size between 1972 and 1974 is not known since the 1nc1dence of

brood m1x1ng was very different. | ‘;A '. o L\j

- Brood mixing on the Spondin Lakes, which_produced‘22 broods in -\/,—

1972 and 8 1n 1973, involved only'4 broods (13 percent) during these'

‘years. The two incidents of brood mixing took place on the Take with

‘the smallest brooding area and the gneate§t number of broods (6 in 1972

and 5 in 1973), further indicating that brood mixing is pr0portfona1 to

the number of broods produced per unit area. The*geese'ongthe Spondin“

' Lakes éhowed r ch 'iess to]erance toward nearest.neighbors during nesting.
than. those on Dow]ing Lake. This may carry on into the early brooding
period, reducing’ the chances: of any aggregat1on at this time and hence
prevent1ng a h1gher incidence brood rixing. The Spond1n broods f]ocked
together when the goslings were o]der JUSt as the Dowllng geese did.

Statements on the occurrence of brood mixing in Canada geese can be

‘found throughout the 11terature but none of the authors discuss the |

quant1tat1ve_extent and impact of brood mixing. Rave11ng (1966:54755)

n
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says:

“Extensive brood-mixing has occurved in situaticns where
one or a combination of the following relatively 'artificial’
or unusual conditions prevailed: geese were introduced,
captive, or semi-tame; densities of nesting geese were far
higher than those associated with most naturally occurring . .
populations; succeeding generations were nesting in close

. proximity; much contact occurred just after hatching.
Brood-size data are scarce for natural occurring Canada 4
goose populations in the Arctic and Subarctic but no evi-
dence exists to indicate that brood-mixing is a common
phenomenon. Mechanisms which prevent brood-mixing of
adults with very young goslings probably do not exist im
Canada geese because they have never been selected for,
as this is basically a species that has evolved under
conditions that lead to nesting in low densities. It is

. concluded that brood-mixing is an aspect of relatively

- abnormal conditions with respect to the basic nature of

the evolytion of behavior of Canada geese."

I do not feel that his bas{c’hypothesis holds true for Canada geese’néstiﬁg
in the prairie region of Alberta. My own obsefvations and'infonﬁafion
coi]ected on the d1§tribution, numbers and product{vitY”of’]arge Canada
.geese in éentpa] éha southern A]bertgrin 1973, 1974 and 1975 by Cole |
(1973, 1975, 1976) indicate the widespread dccufrence of brood mixing

in these regions. QUantitative data similar to the Dow]ing’Lake study
arelﬁbt’aVailable. The Alberta populations of the Canada geese in question
were not introduced, captive or semi-fame although they do nest in dense
associations_and:succeéding generations pr;bably do nest in close proximify
leading to much cpntact between broods after hatchihg: ”This, howevekj.is
a'very natural situation wﬁere water bodies are scarée and secure hesting
site;’;:;\\1mifed to island situations and thus one would expect\densé
nesting associations. There“is no reason to beTievé that these geese

have not»been.nesting here for centuries,but the recent proliferation

of Ducks.Unlimited (Canada) and irrigation district water impoundments

has undoubted]y provided numerous new hesting opportunities.- The possible
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implications of brood mixing will be = aborated in the con-luding dis:

‘cussion of this paper.

Brood Production and Survival N

Tables 2 and 3 out11ne the success of nesting at Dowling Lake. They
.show that the average success over an 8-year period was about 63 percent,
with variations between years the result of such factors as predat1on
Thus almost 40 percent of the product1on was lost before any gosl1ngs
left the nest. If the years of heavy coyote preqation, 1968 and 1972
are eliminated, “then the average hatching success was about 75 percent
or-25 percent of the potential production was lost before hatching.
\Table 11 summarizes what happened to the?goslings'from successful nests{lﬂpf
Data were comp]ete only during 1971, 1972 and 1973 The percentade of r ﬂ‘{‘
eggs not hatch1ng in successful nests was not significant]y deferent |
between years except in 1972 wh1ch was h1gher than all other years
The poor hatch1ng success in. 1972 is attrlbuted to the use of embryo

N

dyes . Est1mated mean brood s1zes based on the numbe: of eggs hatched

per nest,. were a]ways h1gher than the means for single, hroods observed E P -

: w1tﬂ'h the f1rst week after hatch1ng except in. 1970 when there was no

apparent difference. This represented”an 1mmediate annual post hatch.

loss of 2.2 to 12.3 percent of the g stings. 'Further I,pses occurred
when eﬁtire‘broods were not accounted for 1 1971 and 19}3 It is not -
known whether this loss is rea1 or the broods were just not observed on A.
the study area. The comb1ned losses attributed to unsuccessful nests,

~ unhatched eggs in successful.nests and early gosling mortality averaged-
49 perceh\\of the;potential production over the years for which the:data
isbavailabTeﬁw‘Duringz1971.J1972 and 1973 abOut'41; 76 and 39 percéht |
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respectively of the eggs laid failed to produce goslings about SVdays
: old.‘ Gosling mortality from age 5 days to 5 weeks was oﬁ]y studled
during 1972 and 1973. '
Gos]ingvmortality Qas calcutated usind knowﬁ Sing]é family broods or
mixed broods whose makeup was known. Mortality of'singﬁelfami]y b}oods
and mixéd broods was compared to see if selection mightlbe favoring one
group‘ovek thé ofhér. Mortality was 4.9 percept in j972vand 23.8 percent
. in 1973 1f-sing}e and mj*ed broods arellumped togéther. In 1972 single
b?oodrgosling mortality was neg]igib]e compared tg 9.3 percent for mixed
brdods,.but the impact on the population (about five gos}ings less) was
small. since produétion was poor that year and brood_mixing,wés not as
preva]ehi,(Tab]e 10); _Mofta]ity within single family Brogds (25.4’pércent)
: and mixed broods (21.2 percent) was very similar in 1973// fhe two years;
1972 and 1923, were very different.SQ it is not known wH%ch; if either,
represénfed’an average year, but there is TO strong indicatibn that sur-
Viva] favors either single family or mixed'broodsf Morta]ity‘from age 6
' weeks: to f]ight'ét‘9—10 Weeks was not monit@red Elosely, but goslings
6-8 weeks old, marked during banding, haq 1ess\;han a 1,per¢ént mortality .
. fafg. This meansAﬁn;an average year, Qﬁen about\‘ pairs nest,_the_‘
production at de1ing Lake s about 250 flying juvenf]es,_ Total prbduction
“on the Spondin Lakes was highly vaﬁiab]e (Téble 4) but gosling survival, |
about 95 p;rcent, was high in both years. Ciutéh and brood sizes for
single fami]ies.were consistghtiy ﬁigher than at Dow]ing'Lake. The

‘significance of this is not known.
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' F.  Behavior of Subadult Geese

Subadults were those geese that did not estabiish a nesting terri-
tory(that-led to subsequent production of eggs. It was assumed these
birds had not bred. prev1ou> y, but the status of many of them was not
known. The subadu]t group of geese at Dow]1ng Lake included known ‘1-,
2- and 3-year- o]ds. |

Homing of_transplanted Jjuvenile Canadadgeese was studied By Surrendi
(1970) in 1968 and 1969 about 40 kilometers east of Dowling Lake. ,He tound
that 25 percent of the yearling females nomed to the area around their
release siteé, while a significantly smaller proportipn; 17 percent, of
the males did so. During the 4 years of thie study 21 percent (38 of 175)
.of -the year11ng fema]es homed to Dowling Lake, while a s1gn1f1cant1y Tower
proportion, 9 percent.(]8 of 189), of the males did so. Assum1ngvthe |
juvenile morta]ity was.similar to that'found by Surrendi (1970), about 50
percent after the breeding season, then'19 percent of the yearling males
and 43 percent of the yearling females had returned to Dow11ng Lake the
f0110w1ng spring. The fate of the other year]]ngs that were st111 alive
is not known. Some of these birds were undoubted]y on -the study area and
just not observed. A sma]] number were accounted for when they returned
to Dowling as 2- -year- o]ds the following year. Homing in 2-year-old females
'was h1gher at Dow11ng Lake, 16 percent (18 of 116) than that reuorted by
Surrendi (1970), 7 percent (5 of'68). Surrendi (1970)~had no 2—year-oid
males home whereas 4 percent homed.to Dowling. However; nyear-olds_have
been through two seasons ofdhunting mortality. If this mortality is assumed
to be ccnstant at 50 percent per year, then the actual homing of 2-year-old

females has increased from:43 percent as yearlings to 62 percent (18 of 29)



101

as 2-year-01ds.’ This would be 17 percent (5 of. 29) for 2-year-old ma]es
compared to 19 percent for yearllng males. Sample 51zes are too small

to analyze the data for 3-year-olds. The percentage of marked geese that
lost co]]ars was ignored because it was not known It seems then that
females show s1gn1f1cant]y greater homing tendencies than ma]es to the
“area where they were hatched. Surrend1 s (1970) data showed that they
homed ‘to the aréa where they f]edged even if they had not been hatched
there, SO 1t is 11ke]y that the fam111ar1ty w1th the area, ga1ned dur1ng
the per&od immediately. after beginning to fly, is 1mportant \

| No year]1ngs of either sex were known to nest during this study.
About 33 percent ‘of the . return1ng 2- year -old fema]es nested; the rest
remained as non- ~-breeding subadu]ts No 2-year- o]d ma]es he]d a nesting
terr1tory A11 known 3- year -old fema]es nested while only one 3-year-old
‘'male d1d but samp]e s1zes were very small. Wood (1965), studying the
deve]opment of the reproduct1ve organs in Canada geese, sa1d ‘that both
sexes were 1mmatu?g in. the1r first year, and that 1n the1r second year
most ma]es were physically mature while females were not. ATl 3-year- olds
" were phys1ca1]y mature, but when p]aced under crowded cond1t1ons, did not
nest even though the gonads matured normally (WOod 1964). -Balham (1954)
and Col]1as and Jahn (1959) found a very sma]] percentage of 2—year olds
nestlng, but Brakhage (1965) ‘and Sherwood (1967) indicated ‘that 33 percent
- and 80 percent respectively of the 2-year o]ds they stud1ed had ‘nested. It
‘appeared that 2- and 3-year-old fema]es were phys1ca]1y mature at. Dow11ng
but 2-year old fema]es potentially capable of breed1ng,were suppressed
from doing so under crowded cond1t1ons The fact that only 33 percent

~of the 2 -year- o]d fema]es nested is.one 1nd1cat1on that cond1t1ons were

’ re]at1ve1y crowded at Dowling Lake and that pairs were not nest1ng because
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they were unable to.obtain a nesting territory with a suitable nest site.
- One examp]é’of this.occurred when an adult female, that had nested
successfully in'1972, paired with a 2-year-old ma]e‘in 1973. They tried
_repeated]y to secure a territory near .her previous year's nest site but
were unable to do so; the fema]e did not nest that season. |

Pa1r1ng tendencies of Canada geese have been discussed by many authors
(Martin ]9643 Brakhage 1965, Rave1ing 1967, Sherwood 1967,\Raveling 1969b -
and others). ‘Martin (1964) and Sherwood (1967) both suggested that year-
ling pairs represented only short—term'aseociations that were terminatedv

with the onset of the molt. Brakhage (1965:756, Table 3) said that 42

i percent of the malesland 14 percent of the fema]es paired as yearlings.
Brakhage (pers. co‘ , Raveling 1969b) also said that marked year11ngs,
pa1red in' summer, did not associate'the-foT]owing winter, but the same two
_geese often pa1red ina lasting assoc1at1on 1n late w1nter ear]y spr1ng

at the onset of their 2-year-old season. Rave11ng,(1967, 1969b) concludes
that the majority of yearlings (1+ yearé)’were s'ngles in winter andfbegan
the spr1ng migration as such. | |

Pairing of year11ng Canada geese in ‘Alberta was d1scussed by Ewaschuk

(1970) and Surrendi (1970). Ewaschuk (1970:40) observed short term associa-
“tions between year11ngs, or between o]der geese and year11ngs s1m11ar to
that found by Ba]ham (1954). Surrendi (1970:728, 730) found that 80 percent
of the yearling females and 68 ‘percent of the yearling males formed obser—‘
'Vable pair bgnds during 1968 and 1969. He also- sa1d that much of the
f’pa1r1ng appeared to take pldce on the breed1ng ground but later-arriving
yearlings were\more often pa1red than earlier arriving birds. Instab111ty

of yearling pair bonds was also apparent during his study.

Ninety-three pertent (31 of 32 females; 10 of 12 males) of the year-

o~
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11ngs observed at Dowling Lake in 1972 and 1973 appeared to be pa1red

Only 3'of the 44 marked yearlings-had marked mates. One of these pair
bpnds remained intact thrdughout“the observatipn period, that is, until
the molt migration, wh1le the other two bonds appeared to dissolve ear]1er
The three unpa1red yearl1ngs usually associated with other pairs when they
were tolerated, or remained off by themselves. All the'yearlings flocked

together in late May-early June with the other molt migrants in prepagation

-

.to’1eave the study area. Pair bonds were not obvious at this twne\But
st1]] may have been in existence.
0f 13 known 2-year-olds, six appeared paired on arrival and the re§t
paired very quickly after "arrival. A1l known pair bonds invo]ying 2—year—d]dé
remained stable throughout the obServation period Brakhage (1965) and
Surrendi (1970) also found a h1gh 1nc1dence of stable pair bonds in: 2 -year-"
olds. It would- ‘seem that some’ pa1r1ng must take p]ace during the spring
migrat1on to account for the gene mixing that occurs when males from one
}area mate with and return to the natal areas of the females they pair with.
“The evidence" at Dow]1ng suggests that very few ma]es hatched there actua]]y ’
breed there but sample sizes were too ‘small for the evidence to be conc]us1ve
I.found, similar to Ewaschuk (1970), that paired subadu]ts carrijed
out most of the activities of breeding geese but were less vigorous and
spent less time at them. Subadult ganders often defended the area arpqnd
the‘pair wherever they happened to be, but this could eastly be fd]]oWed by
two pairs loafing together less than 2 meters apart. Two cdpulations be-
tween'sdbadu]ts were observedt vThey often tested established territory -
,ho]ders but rarely won thege encounters. Subadu]t'females regularly ‘made
nest.scrapeé and one year1ing female made 23 difterent scrapes during a

3-daggperiod; On three occasions in 1972 and 1973 nesting adult females
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were left unattended by the1r ganders and non- breed1ng subadu]ts drove ‘
the resident female off. The subadult female 1ncubated the unattended
eggsvin a11 three cases; one for only 3 m1nutes ~one for 13 minutes and

: one for 87 minutes The firstitwdrfema1es appeared to tire very quickly
'and the pair left on their own before the res1dents returned but the
third female rema1ned on the eggs for 87 m1nutes unt1] the resident gander
and female returned'to drive the pa1r of f. Sunadu\ts were not tolerated
nithin the nesting'territories of resident geese regardless of their age,
sex or paired status. This was contrary to the observations of Brakhage
(1965) and Surrendi (1970) whovfound that ndh-breeding tema]es were to1e—
rated near‘the'nest, but similar to observations by Ewaschuk (1970) in.
1969 at(pdw]ing Lake. However, this intolerance of subadults broke down
after hatching nhen most pairs a]]owed subadu]ts to approach within‘3-5
"neters of their brood. E*perience gained by "practising“ the behaviora]-
patterns associated w1th breed1ng may provide va]uab]e conditioning for
~future nesting in a dense nest1ng association such as Dowllng Lake.
Breeding behav10r and aggress1ve tendencies subs1de qu1ck1y as the sub-

adults flock together for the assumed molt migratiOn. About }O subadults

remzined on the study area to molt:each year.
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G. Population Dynamics During the Non-Breeding Season

The study-at'Dowling Lake showed that on the average 100 pairs of

- geese nest annually and nroduce 250 goglings tO‘flight The primary -
cause for mortality after thlS time is harvest by hunters Table 12
shows the composite dynamic morta11ty rate estimates from shot recoveries
of Canada geese\banded and re]eased as locals on,Dow]1ng Lake during

.1969-1973. The mortality rate for juveniles (immatures), 52.2 percent,

is_eimjlar to that found in many other §tudies of Canada geese (Cnap
et'al. 1569:34); but the mortality rate for aduits, 51.9 percent, is‘mu h
higner than expecfed. SeQera1 authors (Hickey 1952, Haldane 1955, Gei
1959 and others) have suggested that small sample sizes with incomplete
data, such as that in Table 12, result in inflated morta]it} rate.. ‘Table
13 indicates the nnmber of collared adults sighted at Dowling Lake one
year after.they were marked Using these data the maximum annual mortality
rate poss1b1e for th1s ‘adult cchort was 5] 3 percent, and this makes no
“allowance for co]]ar loss and return1ng co]]ared adults that were never
s1ghted. The direct recovery rate for Juven11es, 0. ]4]7 was s]1ght1y
higher than that for adults, 0.1379, also 1nd1cat1ng that the morta11ty
~rates in Table 12 may be incorrect. Because the ca]cu]ated morta]1ty rate
Vseemed too high, several thebnetical'popu1at10n models were constructed ‘
ascuming the population was stable. | | |
4 The on1y known-information used was that 100 pairs produced 250
- goslings -to f]ignt.. Maximum'a]]owable mortality rates nnder'different
assumntions appeer in the,modeTs to fod1ow, Age classes will be designated
as follows: A - edult, J -.juveni1e or 1mnatnre, Y - year]ing and 2Y -_2—v.'

~ year-old. All birds 3 years or. older were classed as adults.
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Table 13. Number of collared adults 51ghted at Dow]1ng Lake one vear
: after they were marked,

Murber of Adults  Number of Collared. Adults Percent Adults

Year | Collared Sighted One Year Later -Returning
1969 7 s 571
o 28 I 13 o 6.4
w2 o w e s

1973 27 T 51.9

Total - 76 37 W




Population Model A

" This population is based on the following assumpt1ons

’

‘

1; Morta11ty is constant for a11 age cohorts

2. No breed1ng takes place until 3 years of age

3. Al bjrds 3 years and_o]der breed. .

4. The population size remains constant.

5. Two hundred adults produce 250 Juven1]es annua]]y

Therefore, the maximum allowable morta11ty rate is 34.7 percent.

population would appear as follows: - A

Nomber Alive After Breeding Season 200
Number Alive After Annual Mortality 130

Humber Alive After Next Breeding 200
Season

-"Th1s popu]at1on mode] is based on the resu]ts from Tab]e 12 where mortality

J

250

163

250

Yooz
163 107
107 70
163 107

rates for all cohorts were almost constant around 50»percent.
e , el ‘

LN

tical population shows that the population would very quickly become ex-’
tinct at a constant mortality rate of 50 percent because 34.7 percent is
the maximum. a]]owab1e loss. In order to maintain a stab1e population at

/
a 50 percent loss rate, the }00 pairs of adu]ts wou]d have to f]edge about

This

Th1s theore--

600 juveniles annually; th1§ is greater than the number of eggs 1a1d

S1nce the popu]at1on was not dec11n1ng, e1ther Tab]e 12 is 1ncorrect or
there was large scale 1mm1grat1on. Few geese banded at other Tocations

were retrapped at Dowling Lake indicating that 1mm1grat1on was probably

not s1gn1f1cant. Popu]at1on mode] B s s]1ght1y more comp]ex

'|
'3

108



Population Model B

This population is based on the following assumptions:
1. The mortality rate is 50 percent for ijeni1es and constant for
all other age‘cohorts.
2-5. Same as population A.
,Therefore, theﬁhaximum a]]owab]e_mortaiity rate for all age cohorts other.
than juveniles is 30.3 percent.. This'popnlation would appear as follows:

A9 Y

Number Alive After Breeding Season 200 250 125 87.1
Number Alive After Annual Mortality 139.4 125" 87.1 60:6

Number Alive After Next Breeding 200 250 125 87.1
‘Season o

The mortality rate’for juveni]es iS'c1ose to that in Table 12 and close to
that poss1b1e for a population of this type, but for the other age cohorts
‘it is we]] be]ow that suggested in Tab]e 12. Th1s is still a rather s1mp1e

- mode] and led to construct1on of popu]at1on model C, a more comp]ex mode]

Population Mode] 7 I

' Thisvpopu1ation is based on the fb]Jowing assumptions:
1. The morta]ity rate is 50 percent for juveni]es, 40 percent for
year11ngs and constant for a]] other age cohorts
2. Year11ngs do not breed but 33 percent of the 2-year-olds do.
3-5.  Same ‘as population A.
Therefore, the maximum allowable mortality rate for all other age cohorté

is 30 .percent. This population appears as follows:
Number Alive After Breed1ng Season - 200 250 125 50
Number Alive After Annua] Morta11ty 140 125 25+50=75 35

Number Alive After Next Breed1ng 200 250 . 125 50
Season : ' _
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This mbde] js‘very likely getting F]ose to tne attua] situation at Dowling
Lake. bThe annua1‘production and the percent 2-year-olds breeding are both
known. A1l indications were that, if anything, this pdpu]atibn had a
breeding surnlus, because only 33 percent of 2-year-old females breed.
Therefore, the model seems more representatfve of this pdpu]atinn of
geese than the band retur: iata.

The percentage of bends turned in for the 1969-1972 banding cohorts,

" assuming all bands from these ‘cohorts are now turned in, was 39.3 percent.’

The other 60.7 percent of the bands nere ]o§t~due to‘cripp]ing losses,
natural mbrta]ity and.failure 6f hunters’to_repont pgnds. Using 'the data
as'is,'with no adjustment for cripp]ing Toss orénatufe1 mofta]ity, and
the déta from Tab]e 12, the mortality rates would be 36.1 percent

(]00 x 14.2) for juveniles and 35.1 peréent.(g803 x 13.8) for adults.

Natura] mortality is.unknown. Crippling losses for the Dowling Lake goose
popu]ation are not known but Hopper et al. (1975) calculated an average

loss of 22% for mal]ards (Anas p]atyrhynchos) in Colorado If thispis

applied to-geese, the nunber of bands then accounted for is (39.3'p1us

%SO x 39.3) 47.9 percent. The adjusted mortality rates would then be
29.6 percent (1909 x 14.2) for Jnveni]es and 28.8 percent (1909 x 13.8)

for adu]ts,: The preced1ng ca]cu]ated morta11ty rates seem more realistic
than Table 12 and certa1n1y come c]ose tb or 1ess tha& the allowable 1oss
rates for a stab]e popu]at1on as out11ned Jn the three mode]s It is
possible that the 1ong term average production was higher than 250 JUVE--
n11es,annua11y as was the case during the 3 years of this study. This: '

woild mean that @llowable mortality rates could be somewhat higher than

those predicted in the population models. ;

|
i
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Ewaschuk and Neave (1970 24) 1nd1cated an average annual mortality
of 46 percent (50.7 for juveniles and 42 percent for adults) for Canada
geese breeding in the Eastern Irrigation District of Aﬁberta from 19551' e
to 1962. This population would require a production of about 350 juve-
niles per 100 breeding pairs annually to sustain itself with the same
assumptions as numbers 2-5 in theoretical popy]ation C. This wdu]d,mean,
however, that nesting success and gosling survival could not go much below
65 percent which seems possible in that area. Thus the banding data for
central Alberta and Dowling Lake gives an 1nd1cat1on of hunting mortality
rates but they are most likely too high since the popu]atfzn appears to
be stable in some localities and on the increase 1in dfhers, whereas the
band1ng data suggests it shou]d be decreas;ng

There was no. d1fference in direct recovery rates between single
family goslings, 0.1374 (18 of 131), and m1xed brood goslings, 0.1149
(10 of 87), but the sample sizes are qu1te small. However, this does
- indidate that there is probably no d1fferent1a1 hunting mortality between
1arge mixed broods and single family broods ) ‘ . ~

* Band recoveries a]so provide jnformation on the d1str1but1on of the

_* harvest, the timing and 1ocat1on of the fall m1grat1on and the 1ocat1on

of the wintering'areas. The magnitude of the recoveries from any one area
is a funct1on of not only how many birds are there but also hdw much. hunting
pressure there is. Thus the data must De 1nterpreted carefully. Recoveries
0utside the hunting seasons_wefé negligible. There were a few collar
sightings and retraps but they did not change the picture so they are not
included in th1s discussion. 7 |

Table 14 gives a sumnary of Dowling Lake Canada goose band recover1es

by\date and 1oca11ty. It is apparent that most of the Dowling Lake f1ock

.

\
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is present in Alberta durieg September and‘October leaving the province
during late October-early November There' are very few baﬁd returnsA

' between central A]berta and the two wintering areas, Colorado and Idaho-
California, probably reflecting lower hunting pressure and re1at1ve]y
quick passage through the areas between. Figure 15 shows the distribution
of the band recoveries in Canada and the United States. There were almost
seven times as many returns from the'central f]yway as the Pacific f]yway
(Alberta returns were excluded), but this may be misleading since the |
hunt1ng pressure around- the Denver Fort Collins, Colorado ‘wintering areas
is probab]y much higher than that in the Pac1f1c wintering areas. About
33 percent of tﬁe harvest is in Canada while 67 percent is - the United
States; Alberta and Colorado accounting for about 76 percent of the total

_ kill. The recoveries were div%ded into different age cohorts (Tab]e 15)
to see it they were migrating at different times. It is obvieus beth
from Tab]e 15 and Figure 15 that the ﬁo]t migrants-move along the same
routes and at the same time as the rest of the Dowllng Lake flock. Whether

'they move with each other is not known ‘but it seems Tikely. - There were no

an

p)
band returns to confirm the molt migration. It appeared the molt migrants

" were already back to the study area before. the hunting season opened. It
. is also evident that»the Dowling Lakevpopu1atioh migrates in smaller sub-

. flocks as returns from the same age cohorts were occurring simultaneously
in widely separated 1oca1itte5((e;gg Alberta and Coloradc  When the
Dowling Lake'geese']eaVe the.wintering grouhds and what routes.they follow

during the spring migration are not'knewn, but'theyfarrive back on the

breeding islands in March and April.

B
!
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Figure 15. locations of band recoveries of Canada geese banded at
Dowling Lake in July of 1969-1975,

o
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CONCLUDING DISCUSSION

The purpose of this stddy was to examine the factors affecting‘sur-
“vival in this popu]ation‘of Canada’geese, especially during the brood
rearing period. The chrono]ogy’of events during. the breeding season at
' Dow]ing Lake was dichssed. Timing of events was ]inkedvto-early spring
weather, but weather itseif did not direct]y affect proddction; However, ‘by
lowering water levels in 1968 ahd delaying the me1t1ng of the ice in 1972
weather 1nd1rect1y affected production by a110w1ng coyotes access to the
‘normally secure Tlarge nestlng island. Predation was 1ns1gn1f1cant in other
years of the study but 50 and 46 percent’ of the potential production was
destroyed by ‘coyotes in 1968 and 1972, respect1ve]y, through destructlon
- of the nests. Early spr1ng spacing behavior was stud1ed in 1971 to see -
if and how this might affect the f1na1 spatial d1str1but1on of nest1ng
territories on the large island. The conclusion was that it had 11tt]e
impact. Pairs did not appear to seek out and compete for early snow-
free ]ocat1ons. tarly estab]1shed terr1tor1es were larger but decreased
‘in size with the encroachment of later nesting breed1ng pa1rs

‘ Some of the behav1ora] studies done by Ewaschuk (1970) were repeated
in 1971. Resu]ts were very s1mtlarv__2a1rs that deserted the1r nests
usually lost-more interactions than they won and had smaller territories.
Unsuccessful pairs had signifjcant]y lower nearest nest distances‘in-b
dicating that these geese may-havehbeen of lower dominance status with
sma]]er territories The presence of the gander on the territory was
 the most 1mportant factor in ma1nta1n1ng the terr1tory and thus the nest
s1te Ganders often left the terr1tory for no apparent reason and did

not return. It seems possible that_because they had smal]er territories

118



|-

(that is, lower dominance), they may have become so ru: down during-the

early incubation period that they had to leave in ordee to surv1ve, or

they may have been 1nexper1enced and just lost interest. This aspect

© requires further study. During the years that data was avai]abie, 1967~

1974, desertion accounted for losses of 3 to 27 (mean of 14) percent of

the nests.

., The original reason for constructing wooden p]afforms’on the large
1s]and in Dowling Lake was to vertically stratify nest1ng territories
(that is, ground nesters and platform nesters) thereby decreasing terr1;
eory size and increasing nesting densities. This did not work and p]atfo

form nesting had no significant impact on production in this population.

Early indications were that. the nesting bOpulatﬁon could be increased if.

the platforms were p]aeede?er water, but a durab]e‘p1atform fhat could
: : o o

resistbchanging water 1evel§§and ice damage was not found and the experi-

ment was d1scont1nued

The study of brood behav1or was the maJor thrust of the work on

Fanada geese:atJDow]ing Lake during 1971-1974. Brood mixing, where

the goslings hatched by one pair join the broodvacéompanying another
pair, was very common and.was examined closely to see how it occurred
and what effect th1s had on the popu]ation BeCause the broods tended

to aggregate and ut111zed very restr1cted brood rear1ng ‘areas, the nunber

- of interbrood contacts was very high and hence the high 1nc1dence of

brood mixing ' The extent of m1x1ng wa§ proport1ona] to the number of
broods on the brood- rear1ng areas. Thus. brood m1x1ng was probab]y a
phenomenon resu]t1ng from chance encounters between.broods eggregatnng
on the same afea, and not a result of dgminant‘geese seeking out and

“stealing" gos1ings from less dominant pairs. ‘Durjng six of the seven
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brood takeovers observed,'there was no obvious dominance‘by the rec{pien}
pair. In one case the recipient gander actually chased the%donor ;air L
awayifrom their goslings and the donor goslings then'joined his brood

but in the other six cases it was the goslings that moved away from their

own parents to join the rec1p1ent brood with the donor parents not be1ng
’dom1nated in any observable way Donor- gos]1ngs were a]ways less than

about 5 days old but recipient gosl1ngs ranged in age - from 3 to '20 days.
hRadesater (1973) said that fighting between sib]ings 0 nada geese was

very common at an early age and quickly led to a dom1nar 2 ~archy

~ within the brood that was later ev1dent in the cackling ce emoii

F1ght1ng was 51gn1f1cant1y hlgher in.mixed broods between dor..- ;n: reci-
pient gos]1ngs than betweén sib]ings. This likely estab]ished the pori-
‘.t1on of the donor gos]1ngs w1th1n the dom1nance h1erarchy as llttle

f1ght1ng was observed 1n older mixed broods. D Whether donor gos]lngs

enjoyed a Tower or higher dominance status in the mixed broods was not "
ldetermlned A]though mortality during the brood-rearing period was

slightly h1gher for mixed than sibling broods in. 1972 there was no
dlfference in 1973 and no difference when the two samp]e years were

,1umped There is considerable room for specu]at1on because the im-

pact of brood mixing on the Dow11ng Lake"Canada goose population is.

: unc]ear

There are‘three,possib]e‘exp]anations for brood mixing as follows:
1. It is a phenomenon of sufficdent]y recent occurrence
to preclude any manifestationS‘of'se]ectionf
2. ldt'is‘a phenomenon,that has occurred for a.long beriod
“of time and has been selected for in some populations of

Canada geese because of the positive benef1ts accruing



to it and selected against in other populations because ﬁ
of the nedative attributes.
3. It is a phenomenon that occurs but has no sigpificahce. s
Raveling (1966, 1967) accepts_that brood mixing is a common occurrence
in some populations of 3. c. maéima anc B. g.'moffitti but suggests that
it occurs only in unuSua] or artificial situations. He~sugéests that
the geesetwere introduced, Eaptive 6r semistame, the nesting densities
: were h1gher than natura]]y occurring popu]at1ons and that much contact

between fam111es occurred Just after hatch1ng A]berta Canada geese do.

nest in high densities and ‘much contact between families occurs.just after

-hatching, but I cannot see why this is unusual or artificial; and it would
be very difficult to determine what nesting density is natural and what -

is artificial er unnatura]. Raveling also pointed out that some studies
of B. c. maxima and B. c. moffitti have not revea]ed brood m1¥:ng (Craig-
head and Cra1ghead 1949 Balham 1954, Kebbe 1955 K]opman 1958) He
suggested that the reason for lack of brood mixing in. these popu]at1ons
was that the geese were more d1spersed during nest1ng and firm faml]y
bonds develop before extensive contact with other families, and that
flock fohnation ocCUrs when the goslings are 2-3 weehs of age or more.
His argument‘is ]ogical but does not dtstount the'fact that hrood mixing -
may be of some benefit to some popu]at1ons of Canada geese wh1ch are not
dispersed during nest1ng

Brood mixing may increase survival in both adults and young by
1eaving more competent pajrs invcharge'of the young; by freeing more
adu]ts to participate.in the molt mjbrationi.by'ﬁncreasing sarvival of
young into adulthood. due to -better position in the domtnance hierarchy;

by more effective use of restricted brooding areas and by more effective
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predator evasion Negative aspects that shou]d be d1scussed in th1s
context are 11m1tat1ons to brooding by the female, greater Yulnerability
to predators (espec1a]]y coyotes) due to ]arge size and v1s1b111ty of
m1xed broods .and the greater poss1b111ty of brood d1srupt1on with the

death of the" parents

\
~

There was no clear cut indioation that certain pafr§ were more .in-
vo]ved as rec1p1entsoln brood m1x1ng, but' the percentage of adults marked
'at any one time was sma]] and made it d1ff1cu1t to determ1ne. Co]11as
and Jahn (1959) and Sherwood {1967) 1nd1cated o]der ‘more dom1nant pa1rs
were the‘recip1ents This is benef1c1a] to the young because the o]der,
more competent pa1rs may look after the gos]1ngs better and 1norease the1r
survival. Col]ﬁas and Jahn (1959) also said that there were habitual
losers or.donors who .cofitinually lost their broods. It is quite posstb1e
that these pairs would make poor parents also, but .if they can still con-
: tribute to production by nesting -and hatching‘young; they are making‘a_
useful contribution-to the'popu]ation.' | e

‘Brood mixing may‘a]so‘freerairs;‘that_are run. down physica]]yﬂfrom
.defending a'territory and incubating eggs, to .recuperate quickty.and thus
increase their own suerval. I‘have no evidence that this is so, but it
seems logical that there would be Tess stress on brobd]ess -adults and' |
hence a more rapid physdcal recovery Many of the pairs, unsuccessfu] '
nesters and those having lost broods, Jo1n the assumed subadu]t moTt -
.m1grat1on.l Ster]1ng and Dzubin (]967) specu]ated on the surv1va1 advan-

- tages of molt migratiohs ;n Canada geese.~ They suggested that'even with.
reTative]y Tong f]ights'to_areas where predator populations are Tow,
visibility is unlimited, grazing toods‘are common'ahd‘suitab]e,wet]ands
_for escaoe are'aVailable,.surviVa1uwou1d be higher than’if they had

S |
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stayed on the breeding grounds. Perhapsashorter daya, competition for

food resources and less escape cover make the\preedidg around 1ess-de—‘
sirab]e;, Having adults participate in the molt migration may increase
surv1va1 of “the popu]at1on as a whole. They will knoh‘the molt migration -
route and mo]tlng areas better, having particibated in previous years,

and could lead the younger, inexperienCed subadults. The molting group
provides the nucleus to restock a breeding area should a short terh-b
disaster (for example, dried-up water bodies'woald make melting adults

. with broods vulﬁerab}e to coyote predation) eliminate most‘ot the success-

- ful.nesters in any‘one year. | |

| The large broods may condition the young to tolerate larger, hore

. dense aggregatlons of -geese wh1ch w0u1d lead to greater to]erance dur1ng
nest1ng, that is, sma]]er terr1tor1es and fewer ser1ous f1ghts It has

been well establlshed that 1arger broods have a higher pos1t1on in the
dominance h1erarchy than sma]]er broods (Hanson*1953 Rave11ng 1970) | .
and that d0m1nance estab11shed at a very young age often carries on 1nto
adu]thood (Radesater 1973). Th1s means that young from mixed broods,
especially larger.ones, wou]d be more successfu] due to a h1gher dpm1nance
‘pos1t1on in the flock. Raveling. (]967 1969b) said that families. of Canada
geese remained intact all winter and’ that 1arger fam1]1es were the most ‘
‘dominant. H1gher_dom1nance also increases survival if there is any com-
pet1t1on for food resources or roost1ng sites on the w1nter1ng g Unds

The same may ‘be true on the breed1ng ground, espec1a11y where compet1t1on
for nest1ng s1tes is 1ntense as at Dow11ng Lake The\cont1nued existence

of single brood pairs could probab]y be attr1buted to\b1rds 1mm1grat1ng 1nto
_ the Dowling flock from dispersed nesting'popu]ations_in the surrounding areas.

If these.pairs»rematn secretive and avoid other broods during the first

A2



week after'hatching, they‘avoid brood mixing, bbt their goslings may have
~ a lower dominance rank than those in mixed broods, and ultimately they
will be 1ess successful. '
A]though there was no evtdence of food shortage or a shortage of
brood1ng areas at Dow11ng Lake, it is poss1b]e that it occurs in some
situations. Having adults and non-breeders 1eave,the area increases .the
survival of both groups by decreasing the competition for feod and space
and by decreas1ng the vu]nerab1]1ty to terrestr1a1 predators such as
coyotes. There-are two strategles-to avoid predation. The first is to
stay in sma11 groups that are well dispersed, secret1ve and h1dden in the
cover, thereby attracting little attention and avo1d1ng random predator
contacts. lhe second strate%y is to 301n ‘forces and move about in 1arge
obvioos groups that are not well h1dden but more'readi1y detect any
predator approaches andlescape easily. Larger broods would thus be
more effective in predator evasion, but they can be d{sadvantageous
A coyote 1ntercepted a large brood of 16 mov1ng between Dow11ng Lake and
lake H (F1g 13) and caused heavy losses. This type of behavior does
not favor the existence of ]arge}'visib]e groups.
Evidence from a study'of transplanted Canada geeSe at O]iver Lake,
Alberta suggests that without parental gu1dance juveniles suffeL much

higher hunt1ng morta11ty than those w1th parenta] gu1dance (W1shart

. pers. comm.). Thus 1t 1s poss1b1e that larger broods could more eas11y

become fragmented w1th the loss of the1r parents and suffer high mortality"

without parental guidance. However, there is some ev1dence from band1ng
recdrds that the geese from the same breeding population m1grate 1n sub-
'flocks together and thus Jrv1v1ng adults other than the1r parents -could

~prov1de the necessary gu1dance The initial indication at Dowling Lake
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was that no difference existed in hunting losses between single family .
and mixed broods.

The u]tinate limitation to brood mixing 4in many populations would
be the 11m1ted capability of the fema]e to brood large numbers of goslings.
Brood1ng at night ‘and during inclement weather is likely essential for
survival dur1ng the first few days of a gosling's 11fe in most northern -
areas of North America.: Thus the limiting factor for the northward or
altitudinal extension of brood mixing would'be the night temperatures
during peak hatching and the week following. All of the oreceeding
hypotheses on advantages ‘and disadvantages of brood‘mixing are largely
specuﬁative and require testing to determine the oause anddeffect re-
1at1onsh1ps However, its widespread occurrence suggests to me that there
must be some selective advantages to brood m1x1nq : | Pt

Brood mixing or creching has been described in several duck species,

9
including the she]duck Tadorna tadorna (Hor1 1964, Williams 1974), the

velvet scoter Melanitta fusca (Koskimies 1955) the common eider Somateria

mollissima (Gorman and Milne 1972) and others. »Hori (1964) suggested
‘that crech1ng allows the parents to 1eave earlier on their molt m1grat1on
and 1ncrease their chances for survival. Gorman an"h:]ne 1972) argued
"that creching has evo1ved in eiders where the parent fema]es have to
Teave their young in order to feed and recover body we1ght lost during
incubation. fhe role of the”'guard-fema1es' in this situation appears
mainly to-be that of detecting aeria1’predat0rs such as‘gu11s or crows."
Williams (1974) found that females attend1ng broods survived just as

we]l as. those losing broods, duck11ng morta11ty/was s1gn1f1cant1y higher

_in creches than family broods but growth of ducklings was faster in

lar..-* creches thanvin family broods. He felt higher survival of creche



ducklings aftgr fledging, because they‘were in‘F~ttér condition, might
offset the losses attributed to creching. The common theme emerging
here is that creching ‘is or may be important to the sur?iva]'éf adults
and/or young in some‘popu1ations of these duck species.. Since.most duck
species do not form cios: fami]y fies, it is djfficult to compare the
social imp]icationSIW1th those Qf Canada geese; Brood mixing has not
been recorded in other species of. North American geese, probably because
they are a11‘Aéct1c nesters and brooding and family integrity are essential
for survival. " |

"+ The study at Dowling Lake revealed'that an avéfage of 100 pairs

nested annually and ]afd abgut 500 eggs. About 50 percent of these

eggs resulted in flying juvenile geese. Loss of production up to fledging

has been discussed: Mortality losses duU& to hunting account for almost

all of the posf—f]edging losses in tﬁese Canada geeée. Sirnce morta]ity
‘estﬁmates,based on banding data_indicatéd a dec]ining population for
- which -there 1is contrary.evidence, some simple population models were
constructed and discussed using sdﬁé known information..

| FUfthervreseérch will be necessary before pobu]ation parameters
such_as nest desertions and the impact of brood mixing are understood.
__Phy%ica] condition, age, expefience,vdominénce status and family 11ﬁeage

b

"of males andAfemaTesk§Hou1d be monitored to evaluate the 1mportance'bf'
these factors in nest desertions and -brood mixing.
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MANAGEMENT NOTES AND RECOMMENDATIONS

A-very small percentage of fhe ootentjal'brood-rearing area is cur-
'rently_being used indiCat{ng there is room for many more breeding
“geese. |

._.There is a shortage of suitable secure island-type brood roosting

areas and this has probably resulted in significant 1ossea of gos]inos

to coyotes in some years -

Prov1s1on of add1t1ona] nesting s1tes, either su1tab]e art1f1c1a]‘

" structures or earth-fill .type 1s]ands, away from the current nest1ng
ie]ands would increase.the.produetion of Canada geese at Dowling Lake.
Brood mixing does not appear fo have any negative effect on tnis
population and may have some positire benefits as outlined.

If the encroachment of gulls on the shrobby vegetation on the large
island 1s.not stopped, there will Tikely be a resqgtant decreaee in
nestfng density and production of Canada.geese at Dowling Lake. Gu]]s
are also decimating duck production on the lake.

A]though both mixed and s1ng]e broods are fragmented during band1ng
-operat1ons, they regroup qu1ck1y and are back together w1th1n a coup]e
of days. | ‘

Banding data 1ndicates the'centra1'Alberta popu1atfon should be. de-
clining butda]] other indicators show that it is doing very well both»_
at Dowling Lake and in_the‘surrounding area. Therefore, banding data

. must be used verj'caﬁtious]y e |

Brood mixing behav1or is such tQ\F transp]ant goslings up to 15. days

of age will be accepted 1nto resident broods Broods w1th gos]1ngs

up to 21 days still accepted strange goslings into their broods. How
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2.

this acceptance might vary between dense—nesting geese and dispersed-

nesting geese is not known. Further experimentation is requ1red

" Use of artificial platforms on nest1ng 1s]ands already used by éeese

should be d1scouraged However, nest baskets, used in conjunction

with natural shrubs or trees, may provide additional useful'nest,

sites not otherwiseravailable to geese

Estab]1sh1ng shrubby cover on 1s]ands current1y covered w1th short

o

qgrasses w111 probably 1ncrease nest1nq densities.

Color mark1ng waterfow] broods, using techniques descr1bed in Appendix

T, shou]d proceed w1th the caut1on that it will cause embryo mortality.

Attempts shou]d be made to find the molting areas for subadults and
unsuccessful breeders of the. Canada goose in the western states and
prov1nces S0 these areas can b: jiven adequate protection as develop-:

ment proceeds in the north._
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Color Marking Canada Goose Goslinas at Nowling Lake

In 1971 and 1972
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g Introduction

The technique of using dyes, injected into eggs, to‘mark the
broods of waterfowl was first described extensive]y by Evans (1951)
although he was not the first to use it. This technique marks the hatch-
Ting and causes minimal disturbance to the female. The brood can thus
be distinduished and foi]owed.after hatchinq Evans' (1951) publication
,remains the authority on this technique because, even thouqh it has been
widely used since 1951 by others, their results have been rarely published.
Evans (1951) reported at least 70 percent hatching success among 79sferti1e "
duck eggs that he had 1njected wi th dyes; He recorded.no behavioral ab-
normaiities‘in the dyed ducklinas. More recentlv Titman (pers. comm') |
reported mortaiity rates as high as 16 percent in dye-injected eggs of
mallards. ‘Al though this technique has been widely used with ducks, I am
unfami]iar with any published reports describing modification of the
technique for use with Canada goose eggs.

1 felt that this technique would be usefu] for marking 1nd1v1dua1
lbroods or qroups of broods of Canada geese at Dowlina Lake. _ Having in-
.dividuai broods or groups of broods recognizable ehables one to study more
effectiveiy such aspects as brood movements, interactions w1th other ‘
broods, creching and mortaiity within broods._ The technique was used on
_Canada—geese at Dow]ing'take during the 1971 and 1972 breeding seasons.

Here 1 discuss the effects of using th1S technique on the Dowiinq Lake

' goose population.



-Methods

I followed the method of tnjectien'descr;hed by Evans (1951) for
injecting duck eggs, butlthe to]lowing modi fications were made for the
goose eqgs. ‘ | |

| ‘The number of days;fncubation, if not known, was'estimated by
floating the eggs in water. When the’eggs.had reached an incubation age

: qreater than.24 days, I considered them ready for 1hject10n The eggs
were removed from the nest and a ho]e was dri]]ed 1 to 2 cm from the small
end of the egqqg. The dr111 consisted of a pin s]1qht1y larger than #22
gaugethypodermic needle used for injection. AThe pin, st1cktng about 3 mm
threugh a #9 rubber stopper was'sterilized qsiné an alcohol swab before
-each Erilling The .dyes were sterilized (15 mtnutes in a pressure cooker)
and stored in 50 ml serum bottles. After swabb1ng the rubber - -caps of the ’

serum bottles w1th alcohol, the apprOpriate amount of dye was withdrawn

us1nq a 1 cc disposable syringe and #22 gauge disposable needle. New

: need]es were used for each egg and a new syringe was used for each clutch

of eggs. The tip of the need]e was placed into the hole about 3 mm at such

an angle as to hate the tip pointing tOwgrd'the sme11 end of the egg, énd
the dose was injected slowly (5,7 10lsec/eg§) into the ¢.g. The needle

was withdrawn, the hole was sealed using a small dab of sealant and the

eqg was p]aced'beck in the nest. The sealant used was Dow Corning Si]icone
Bathtub‘Cau1k as heqonngnded by Lewin‘(eehs. comm.) after he had tested

‘the compound on Japanese quail (Coturnix coturnix) eggs and wh1te-1eghorn

chicken (Ga11us'domest1cds)'eggs. “This sealant was used because it dries
quickTy, is water resistant, remains flexible throuch a wide temperature
range and is non-toxic. When all eggs in a clutch had beenjinjecteq, the

nest was covered with down and nesting material. This proceddre was used
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for each'nest in which ‘the eggs'were marked The period of disturbance
on the nestIng colon1es at Dowling Lake was restricted to about- one haur
per visit allowing a maximum of 10 nests to be completed.

The technique as descr1bed was first used on Canada geese at
'Dowling'LZke during the 1971 breeding season. Al1 the eggs from e]evated

nests (two in old heron nests and eight in art1f1c1a1 nesting p]atforms)

were 1nJected with Ponceau S (red) at a concentrat1on of 6 g/100 ml water“

The dosage 'was 2.2 ml/egg and 59 eggs were marked. It was‘hoped that gos-~

1nngs from these nests would st111'be recogn1zab1e'6'weeks later when they
could be marked permanentiy} In this way it would have been possible to
- determine if.these progeny showed greater se]ectionlfor_elevated pest
sites when breeding in subsequent years. A summary of the c1utches in-
jected aopears in Table 1. High embryo mortality caused by use of this
techn1que led to exper1menta1 test1ng of chicken eggs early in 1972.
Different concentrations and d1fferent dosages of several dyes were
1nJected into 19-day white leghorn ch1cken eggs. The same procedure as '
out11ned previously for the goose eggs was used except that the dﬁ1cken :
.eggs were hatched in an 1ncubator A summary of the dyes used,vconcenQ
trations and dosages and the number of eggs tnjectedéappears in Table 2.
'The"purpose of the experiment was to determine which'dyes at whfch con-.
centration and dosage gave the least mortality along with the best down
co]orat1on D1scovery of a procedura] mistake (the dye was too concen-
trated and the dosage was too high) in £hé 1971 goose egg injections that
~could be corrected and the high hatching success of the exper1menta1
) ch1cken eggs led to the use of the technlque aga1n on goose eggs at

o Dow]1ng Lake during the 1972 breed1ng season.
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Table 1. Hatching success of Canada Goose eggs at Dowling Lake in 1971
after the eggs had been injected with a dose of 2.2 ml/egq of
Ponceau S at a concentration of 6 g/100 ml water.

, Number of Eggs
» ‘ Not Hatched
) Number of With Embryos Number of
~ Nest . Clutch  Hatchable Young Leaving * Older Than Dead Young

Number  Size Eggs? the Nest 24 Days  In the Nest
71-€2 6 6 0 6 0
71-10 7 6l 5 ]
71-41° 6 6 0 6 0
71-17 5 - 5 2 1 2
Nn-62 6 6 1 5 0
71-48 9 4 0 1 3
-7 7 0 - 7 0
71-91 5 3 3 0 0
-9 3 3 ) 3 0
7-97 & 5 / P 0 ]
TOTAL 59 5 ®7)° 10 a7 3 (s8) 7 (12)

2 The term hatchable mearis those egg$ produc1ng young or having dead
embryos older than 25 days. )

b Percent of the total number of eggs in the 10 clutches.

]
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All the v1ab]e eggs from 37 nests were 1nJected with "Food Club"
concentrated 1iquid color produced by Scott- Bathgate Ltd., Winnipeg,
Toronto, Vancouver, Canada. The dyes were injected at_dosages of‘] ml/
”egg»for btue, green, purple and brown and 1.5 mi/egq for red as recommended
by Titman (pers comm. ). These amounts were lncreased to about 2 ml/egq
1f the eggs were p1pp1ng because Brace (pers. comm ) said amounts did not:
seem cr1t cal after the egg ‘membranes were broken and- that more dye was
.needed to . get an even co]or d1str1bgt1on at this time. A_summary of the
clutches injected appears in Table 3. | | |

All stat1st1ca1 cohorts were . considered significantly d1fferent 1f

/‘
P <0.05. " A2x2 Ch1 Square test for independence was used

"Results

~

The resu]ts of the 1971 1nJect1ons are summarized in Tab]e 7.
Embryon1c death a1nfert1]1ty and. predat1on caused\\Td3 percent.]oss of
all the eggs leaving 51 eggs potentia]]y hatchable Prehatch embryo
: mortallty among those older than 24. days occurred in 67 percent of these
‘eggs and immediate posthatch gos]1ng morta11ty (dled in the nest) occurred'
with 14 percent of them Thus ]9 percent. of the hatchab]e eggs 1njected
with dye producedAviable gbslings leavﬁng the'nest whereas'99 percent
of the” hatchable eggs not 1nJected produced v1ab]e gosl1ngs ]eav1ng the . e

nest

The resu]ts of the experimental 1nJect1on of white Tleghorn ch1cken

[
1

eggs are summarlzed in Table 2. The resu]ts show that 82 percent of all
the eggs injected produced viable young The average for all eggs in the

hatchery varwes between 80 and 85 percent Embryon1c death and 1nfert111ty

B
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caused 11.5 percent loss of all injected eggs 1eaving only 6.5 percent

due to’ some other cause. There was no sign1f1cant difference between

hatchab111ty of dye-injected eggs and un1njected eggs. The exper1menta1
~ injections a]so\showed that concentrated food—co]or1ng dyes produced

better colored down in most cases.

Results of the 1972 injection of Dowling Lake goose eggs appear in

Table 3. There were f1ve unsuccessful clutches and 32 successful (pro-

'duc1ng at least one young 1eav1ng the nest) The five unsuccessfu] nests

"~ The number of hatthab]e .eggs was 77 percent of the total number laid in the

Py

were all abandoned. It is not known whether they w.re abandoned because

of observer d1sturbance terr1tor1a1 abandonment as described by Ewaschuk

-(1970), failure of tne eggs to hatch because of injection or some other

factor S0 they wi]] not be cons1dered further in the fo110w1ng discu§s1on
marked nests in 1972 as- compared to 89 percent for 48 known nests”in 1971
The percentage of all eggs laid that produced young leaving the nest was 64

in 1972 and 88 in 197], among hatchab]e eggs these percentages were 83 in

\1972‘and 99 in ]971 There was no significant d1fference between the pro—'

Q
port1ons of the total number of eggs laid that were hatchable in 1972 and

*i previous years, but there was a s1gn1f1cant1y 1ower proportion of hatch—.

able eggs producing young 1eaving the nest in 1972 than in prev1ous years '

(1967 - 1971) ~ There was no s1gn1f1cant d1fference in hatchab111ty between

any of the colors used 1n the 1nJect1ons, however, the biological. s1gn1f1-

cance of th1s is open to question because of small. samp]e sizes.. '
Red and green produced we]] co]ored broods visible a* km

orimore w1th a 30X spott1ng scope. The co1ors rema1ned eas1]y distin-

,a1shed up “to 2 weeks of age, thereafter becom1ng less obv1ous until ‘they

3\ [«

N\
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Table 3. Hatching success of Canada Goose eggs at Dow1ing Lake in
after the eggs had.been injected with concentrated food
coloring dyes.

No. of Eggs .
Not Hatched No. of
_ No. of No. of Young MWith Embryos Dead Young:
Nest Clutch Hatchable Color Leaving Older Than in the
Number  Size Eggs Injected the Nest . 24 Days Nest
72-34 2 2 Red. -0 2 0
72-82 3 2 " Red 0 2 0
72-108 4 4 (. Red 0 4 0
72-343 4 4 Red 0 4 0
72-62a 4 4 Red 0 4 0
72-7 8 ©5 Green 5 0 0
72-12 5 5 Green 5 0 0
72-21 5 3 Red 2 1 0
72-24 7 -7 Green 7 .0 0
72-32 6 -1 " Blue 1 0 0
72-44 6 4 Red 2 o2 0
72-45 6 5 Blue 2 0 3
72-46 . 6 5 Blue 4 0 0
72-47 10 6 - Brown 2 3 1
. 72-49 6 4 Green 4 0 0
72-51 5 4 Purple 4 0 0
72-54 5 5 Red 2 3 0
72-59 7 4 Blue 2 0 2.
72-61 6 5 Blue 2 3 0
72-63 -6 4 Brown 4 0 0
72-64 2 2 - Red 2 0 0
72-77 - 5 4 Red 2 2 -0
72-78 5 2 ‘Red 2 0 0
72-80 .6 5 Blue 5 .0 0
'72-83 8 2 ‘Blue 2 0 0
72-84 8" 6 Green 6 0 0
.72-86 6 ) Green 5 0 -0
72-88 5 5 Red 5 0 0
72-89 5 -5 Blue -5 0 \ 0
72-92. 5. 5 Red 5 - 0 0
72-97 5 5 "Red 5 0 0.
72-108 = 7 7 Green 6 1. 0 .
72-110 7 7 Green .5 2 0
72-111 5 -5 Red 5 "0 0
72-113 6 5 Brown - 5 0 0
72-115 4 4 Red 3 0 1
72-116 6 5 Red 4 0 1
TOTALS 189 146 (77)b o 121 (64) =17 (9) - 8 (8) -

- @ These 5 nests were abandoned for unknown reasons so they are not included
in the totz1s and percentages. ,

b Percent of the total number of eggs in the 32 nests.

i}
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could no Tlonger be distinguished after abOut 4 weeks. Gradual fading of

the color and Tloss of the natal down contributed to the loss of color.

Brace (pers. comm.) said that the color may still be visible at banding age
(7‘to 8 weeks) on down under the wings and on the nape but there was no evi-
dence of this at Dowling Lake. Blue produced well cd]ored broods but they |
were unsuitable -as they could only be d1stingu1shed from green at very close
ranges (less than 50 meters) Purple and brown marked clutches did hatch

but these broods were never observed. Since all the green, red, and b]ue
broods were accounted for, it seems 11ke1y that the brown and purp]e dyes

did not mark the broods sufficiently to prcduce visible colors.

Discussion

The poor hatching success\ih the 1971 dye injected eggs likely was
due to. an error 1n technique when 2'2 ml/egg ot Ponceau S at a concen-
tration of 6 g/100 ml water were used 1nstead of 1.5 m]/egg at a con-
centration of 1.2 g/]OO ml water. The error resu]ted when Ponceau S
~ and Ponceau SX were assumed the same when in fact they were not.

Correction of this mistake reduced mortality from 81 percent in 1971 to
‘.17 percent in 1972 at Dowling Lake.~ |
_ _ The 82 perceht hatching success of ehpe?ihenta]]y injected white
-1eghorn chicken eggs did not d1ffer from the Su to % percent hatching
success norma]]y expected in uninjected hatcrery cgo< 'Thus very 1itt1e '
or no mortality could be attributed to the_1nJecL1on procedure in chicken
- eggs. , _ | - -

. The data on injected goose eggs‘from'1972 indicate clearly that

significant unaccountablevmortality occurred that most likely was due to -

Al
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the use of the embryo dyes. The reason why the 1nject1on technique causes
4 both add1t1ona1 prehatch and posthatch mortality 1s unknown. It seemed to
retard the growth of some embryos makfng them fall behind the others in
deve]opment Just enough so that they did not hatch or were left beh1nd
when the rest of the brood left the nest. In other cases the embryos
seemed to die at the time of 1nject10n No evidence of injury to the
dead enbryos themselves was found but in some cases there was b1eed1ng
from ‘ruptured vessels in the yo]k sac circu]ation that may have caused
death | |

The dyed broods allowed 1nd1v1dua1 1dent1fication of goslings and
made it much easier to study various aspects of brood behav1or such as
creching. There was no evidence of .any obvious behav1ora1 abnorma1ities
among-colored goslings. There was né rejection of co]ored oos]1nas by
the parent geese. “Red, green and norma1 qoslinqs were Dresent in one:

mi xed brood and two colors were present in three. other mi xed broods in-
dicating that there was no d1scr1m1n&t10n against gos]ings colored dif-
ferent than the broods the pairs had hatched themselves . Co]ored gos- |
lings were not disproportionately 1nvo1ved in the brood mixing of the f
geese. The effect of removing 17 percent of the potent1a1 gos]ings frod
the population was not known but may be. serious 1f the technique was use

over a period of severa] years, however there may be a surplus 1n'th1s 2y
popu]ation in which case this morta]ity would not reduce the subsequent \\\\

‘breed1ng populations, just the annual production. . , \\

Summary ’
- , .

Poor hatch1ng success of Canada goose eggs at Dowling - Lake dur1ng

the ]971 breeding season,after inJect1on of the eggs w1th an embryo dye



145

was attributed to an.error in dye concentration. Correction ofvthis
error and refinement of the technique increased the hétching success .
s1gn1f1cant1y from 19 percent in 1971 to 83 percent in 1972, however,
.hatch1ng success was still sign1f1cant]y 1ower than the 99 percent ex-
pected success based on previous years data. The incréased mortality
is thus corre]ated with the use of the injection . techn1que but the cause
of this morta]ity is not known ,

Marked broods facilitated better observation ‘of brood behav1or
There is no evidence that the colored gos]ings exhibited abnormal be-
havior. The effect of the increased morta]ity on the Canada goose

popu]at1on of Dow11ng Lake is. unknown o ' X
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APPENDIX IT

Artificial Nesting Platforms at Dowling Lake
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_ A. Wooden NeétingvPIatfofm

- The platform deck consisted of a 91‘cm square frame (5.1 x 10.2 cm
boards) with five 2.5 x 10.2 cm boards_nai]ed on top. The nesting box
was a 61 cm §quafe frame (2.5 x 15.2 cm boards) nailed to.the'dgck. < The
deck'and-nesting box’wefe.SUpborted by four treéted,-round fence posts
(10.2 cm in diameter and;4.7 m long). The posts were'pounded abbut 25 cm
,inté the ground with a t;actor driven pqét driver, and the decks were
‘nailed on fop[ Straw ba]es,'marsh vegetafion or wood chips were used as

nesting material.
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'ﬁg\y.
B. Metal Nesting Platforn |

The metal split drum nesting platform 111ustrated above is described

in the following reference: R1enecker W. C. 1971.

Canada goose nesting
platforms. Cal: Fish Game 57:113-7123.

3



