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In trod uction

K now ledge o f th e  biology o f  b reed ing  and 
w in tering  geese has increased  dram atically  
during  th e  last tw o decades. U ntil recently  
o u r u n d ers tan d in g  o f even ts occurring on 
p rem ig ra tio n  staging a reas lagged beh ind  
th a t fo r b reed ing  b irds. This is undoub ted ly  
because  geese o ften  stop  only briefly at 
s tag in g  a re a s  w hich  a re  usua lly  q u ite  
rem o te . H o w ever, recen t stud ies on spring 
staging a reas show ed th a t geese fo raged  in a 
m an n e r th a t increased  p ro te in  and  energy 
in tak e  (Y d en b erg  and  P rins 1981; M cL an
dress and  R aveling  1981) w hile E bbinge et 
al. (1982) d em o n s tra ted  th a t spring w eight 
gain on staging a reas influenced subsequent 
rep ro d u c tiv e  success in D ark -bellied  B ren t 
G eese  B ranta bernicla bernicla. In the 
au tu m n  L esser Snow  G eese  A n ser  caerules-

Figure 1. Locations of breeding, autumn staging 
and wintering areas of Cackling Canada Geese.

cens caerulescens also se lec ted  foods high in 
n u tr ie n t  c o n te n t (P re v e tt  e t al. 1979; 
T h o m as an d  P rev e tt 1980) and  juveniles did 
no t have sufficient lipid reserves to  com 
p le te  au tum n  m igration  until a fte r staging 
on  th e  Jam es Bay coast (W ypkem a and 
A n k n ey  1979).

C ackling C anada  G eese  Branta canaden
sis m in im a , th e  sm allest subspecies of 
C an ad a  G eese , nest on th e  coastal fringe of 
th e  Y ukon-K uskokw im  D elta  and  w inter 
p rim arily  in th e  C en tra l V alley  of C alifornia 
(F igure  1). In O c to b e r they  leave th e  D elta  
and  fly d irectly  to  th e  n o rth  side o f the 
A laska  P en insu la  w here they  rem ain  fo r up 
to  th re e  w eeks. In m ost years C ackling 
G eese  fly non sto p  from  the  A laska  P en in 
sula to  th e  K lam ath  B asin  (2,800 km ) on the 
O regon -C alifo rn ia  b o rd e r  in la te  O ctober 
(N elson  and  H an sen  1959). A  d irect flight 
w as confirm ed  in 1984 by observation  of a 
m a rk ed  indiv idual on th e  A laska Peninsula 
an d  resigh ting  o f th e  sam e individual in the 
K lam ath  B asin  3 days la te r  (H . M cCollum  
pers . co m m .). Since 1980 a significant frac
tion  o f  th e  C ackling G o o se  popu la tion  has 
begun  w in tering  in th e  W illam ette  V alley of 
w este rn  O regon  (J .C . B artonek  unpub . 
1986) reducing  the  length  o f the autum n 
m ig ra to ry  flight by ca. 450 km.

R ecen t declines in num bers o f C ackling 
G eese  (O ’N eill 1979; R aveling  1984) have 
s tim u la ted  in te re st in th e ir  biology during 
all phases  o f  th e  annual cycle. A u tum n 
staging is likely  to  be  especially  im portan t 
fo r these  geese because  of th e  energetic  
consequences o f th e ir  sm all size and  the 
long o v erw a te r m ig ra tion  they  u n d ertak e . 
T his re p o r t concerns th e  behav iou r of C ack
ling G eese  staging a t U gashik  Bay on the 
A laska  P en insu la  du ring  au tum n. T he im 
p o rtan ce  o f p rem ig ra to ry  staging for this 
p o p u la tio n  in view  of th e  energetic  cost of 
au tu m n  m ig ra tion , as ev idenced  by w eight 
loss d u ring  th e  flight to  C alifo rn ia , is also 
d iscussed. D e ta iled  accounts o f m igration 
ch rono logy  in re la tio n  to  w ea th e r pa tte rn s 
and  an n u a l varia tion  in th e  energetic  cost of 
m igra tion  a re  cu rren tly  u n d er p repara tion  
by p erso n n e l o f the  A laska  Fish and W ild
life R esearch  C en te r, U .S . Fish and  W ild
life Service.
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Study A rea M ethods

V irtually  th e  en tire  population  o f Cackling 
G eese is p resen t on  th e  A laska Peninsula in 
O ctober and  is restric ted  to  tw o areas, 
U gashik Bay and  th e  m outh  o f th e  C inder 
R iver (R . G ill pers. com m .). A ll obser
vations w ere m ade at U gashik B ay w here 
Cackling G eese used  tw o principal areas. 
T he first was a 10 km 2 peninsula form ed by a 
bend  in th e  U gashik  R iver as it en tered  
U gashik Bay (A rea  A , Figure 2). This area 
consisted o f a tall ( l m )  gram inoid com m un
ity in terspersed  w ith shallow  (10-30 cm 
deep) brackish ponds. P ond  shores had  a 
shallow  g rad ien t th a t suppo rted  stands of 
H ippuris tetraphlla , Spergularia canadensis, 
and  Puccinellia phryganodes. Triglochin 
palustris occurred  sporadically  in this hab i
ta t. G eese also used  an extensive tidal 
m udflat (A rea  B , F igure 2) w hich contained  
pure  stands o f H. tetraphylla  and  P. phryga
nodes , and  occasionally used  unvegeta ted  
m udflats along th e  river bank  and  exposed 
bars in U gashik  Bay.

O bservations w ere begun on 7th and  5th 
O ctober in 1983 and  1984, respectively, and 
finished on 16th and  20th O cto b er in the  two 
years. B ehaviours o f geese w ere classified 
as: foraging, drinking, locom otion (w alk
ing, sw im ming and flying), m ain tenance 
(preening and  bath ing), a le rt, resting and 
a g g re s s iv e  in te r a c t io n s  (c h a s in g  a n d  
fleeing). In 1984 tim e  sp en t in these  
behaviours by individual geese using inland 
ponds (the  only a rea  th a t could be consis
ten tly  observed) was estim ated  by reco rd 
ing th e ir activities a t 1 m inute  intervals for 
periods ranging from  lO to  ISO m inutes (X =  
46 m inutes). T he  percentage of tim e spen t 
in each behav iour for a given observation  
period  was estim ated  to  be the  p roportion  
o f  1 m in u te  sam p le s  on  w hich  each  
behaviour w as recorded . P roportions of 
tim e spent in each behaviour during a  single 
observation  period  thus prov ided  a single 
data  po in t fo r statistical anlysis. In 1983 a 
continuous reco rd  was k ep t o f behaviours

Figure 2. Ugashik Bay autumn staging area of Cackling Canada Geese.
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of focal individuals except th a t behaviours 
o f less than  1 m inute dura tion  w ere no t 
recorded . B ecause of th e  po ten tia l bias 
associated w ith th is m ethod  results from  
1983 w ere no t sub jected  to  statistical analy
sis. T he num ber of aggressive in teractions 
during an observation  p eriod , in which a 
focal individual was involved, w ere coun ted  
and th e  ro le o f th e  focal individual (aggres
sor o r displaced b ird) was no ted  (1984 
only).

Individuals w ere selected  fo r observation  
from  am ong geese w earing plastic neck
b an d s  w ith  a lp h a -n u m e r ic  co d es  th a t  
allow ed individual recognition , and  con
sequently  identification of age and sex. 
N eckbands w ere applied on  the breeding 
grounds by personnel o f th e  U .S . Fish and 
W ildlife Service, and  in C alifornia by p e r
sonnel o f th e  C alifornia D ep artm en t o f Fish 
and  G am e and  the U niversity  o f C alifornia, 
D avis, as p a rt o f a study exam ining survival. 
Sex was determ ined  during banding by 
cloacal exam ination . G eese w ere assigned 
to  one o f th ree  age categories fo r analysis of 
behavioural data: adults, at least 27 m onths 
o ld ; second -year, 15 m on ths o ld ; and  
hatching-year, 3 m onths old a t th e  tim e of 
th e  study.

W eights o f C ackling G eese  a t U gashik 
Bay w ere ob ta ined  from  b irds shot by 
hunters in 1980 and  1983. W eights o f geese 
from  1980 w ere provided by R . Sellers, 
A laska D ep t, o f Fish and  G am e, while KSB 
w eighed geese in 1983. H un ter-k illed  geese 
w ere classified as e ith e r hatching-year (3 
m onths old) o r after-hatch ing-year (> 15  
m onths old).

C om parison betw een sexes o f the  percen 
tage of tim e spen t in d ifferen t behaviours by 
adults and  hatching-year b irds was m ade 
using t-tests. Sam ple sizes o f  second-year 
birds w ere no t sufficient for this analysis. 
T hese analyses did no t ind icate  significant 
d ifferences in behav iour betw een  sexes so 
data  w ere pooled  and a 1-way A N O V A  was

p e r fo rm e d  to  e x a m in e  d if fe re n c e s  in 
behav iour am ong age classes. B ehavioural 
da ta  w ere collected from  som e individuals 
on m ore than  one occasion. Since da ta  
collected  from  the  sam e individual on 
d ifferen t occasions m ay not have provided 
independen t sam ples, d a ta  from  individuals 
w ere  nested  w ith in  age  classes in th e  
A N O V A . This analysis produces a X 2 
s ta t is t ic  re s u lt in g  fro m  a m ax im u m - 
likelihood test o f th e  hypothesis th a t there  
was no variation  in behav iour due to  age 
(D ixon 1983).

Results

Sam ple sizes o f C ackling G eese sho t by 
hun ters w ere no t ad eq u a te  fo r assessm ent 
o f w eight gain w hile a t U gash ik  Bay. 
B e c a u se  th e  s a m p le s  w e re  c o lle c te d  
th roughou t the  staging pe rio d , w eights p re 
sen ted  here  m ay underes tim ate  peak  d ep ar
tu re  w eights (T able 1). N evertheless, C ack
ling G oose adults w ere a t w eights equal to , 
o r exceed ing  pre-lay ing  spring  w eights 
given by R aveling (1979) o f 1,871 g for 
m ales, 1,890 fo r fem ales; young-of-the-year 
w ere betw een  38%* and  47%  heavier than  
fledging w eights given by Sedinger (1986), 
o f 1,284 g fo r m ales, 1,228 for fem ales. 
Ingesta w ere no t rem oved  from  geese at 
U gashik  B ay, so w eights o f these geese 
w ere possibly slightly inflated  (by ab o u t 48 
g, if ingesta w eight w as sim ilar to  th a t in 
b ird s d u ring  sum m er, S ed inger 1986). 
T h e re  w ere  no  sign ifican t d iffe ren ces  
am ong age and  sex classes in w eight lost 
during the flight betw een  th e  A laska Penin
su la  an d  th e  K la m a th  B asin  ( t - te s t ,  
P > 0 .0 5 ); Cackling G eese  lost betw een  400- 
600 gm during the flight, 23-33%  o f the 
starting  weight.

Foraging was th e  p redom inan t activity of 
C ackling G eese w hile a t U gashik B ay in

Table 1. Weights of Cackling Geese during autumn (X±SE)

Location 1mm. males
W eight (g) of geese 

Imm. females A dult males Adult females

Ugashik Bay 1775 ±78 1804±62 2053 ±39 1912±85
(N =7) (N =9) (N = 8) (N =  10)

Klamath Basin“ 1360 ±24 1200±21 1490 ±25 1320±26
(N =13) (N =18) (N =26) (N = 22)

“From Raveling (1978).
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Table 2. Percentage of time spent performing different behaviours (X±SE) by Cackling Geese during 
autumn staging, 1984, at Ugashik Bay, Alaska.

Age class Na Feed Rest
Behaviour 

Main Drink Alert Loco Aggress

Adult 32 53.3 17.2 15.5 0.7 6.5 6.6 0.2
(46) ± 6.8 ±5.2 ±3.8 ±0.5 ±1.9 ± 1.6 ± 0.1

Second-year 8 73.2 8.0 9.8 0.0 1.4 6.0 1.5
( 12) ±11.9 ± 6.6 ±5.5 ± 0.0 ±0.9 ±2.5 ± 1.8

Hatching-year 7 83.5 0.0 2.7 0.2 3.7 9.6 0.4
(9) ±4.7 ± 0.0 ±3.0 ± 0.2 ± 1.6 ±3.4 ±0.4

“Num ber of individuals sampled and total num ber of focal samples in parentheses.

1984 (T able 2). M ales and fem ales did not 
differ in behav iour bu t birds in the th ree  age 
classes d iffe red  significantly  (X 2= 6 .9 9 , 
P < 0 .0 5 ) in the p ropo rtion  o f tim e devoted  
to  feeding, w ith hatching-year birds spend
ing 84%  o f the tim e feeding com pared  to  73 
and  53%  fo r second-year birds and  adults, 
respectively. In 1983 hatching-year geese 
also spen t m ore tim e feeding (98%  of 5 
observation  periods, rep resen ting  3 indi
viduals) than  adu lts (68%  of 13 observation  
periods, rep resen ting  9 individuals). The 
in c reased  tim e d ev o ted  to  feed ing  by 
hatching-year birds resu lted  in th e ir spend
ing less tim e resting  and perform ing  m ain
tenance  behaviours than  adults o r second- 
year geese, a lthough these differences w ere 
no t significant.

A nalysis o f aggressive in terac tions is 
restric ted  to  adults ow ing to  sm all sam ple 
sizes fo r the o th e r age classes (T able 3).

Table 3. Aggressive interactions of adult male 
and female Cackling Geese at Ugashik Bay.

No. No.
Sex times aggressor times displaced Total

Males 22 7 29
Females 8 26 34
Total 30 33 66

M ales and fem ales did no t differ in the 
num ber o f aggressive in teractions p e r m i
nute: 0 .06+ 0 .02  and  0 .04± 0 .02  in teractions 
fo r th e  tw o sexes respective ly  (t- te s t, 
P > 0 .0 5 ). H ow ever, a significantly higher 
p ropo rtion  of m ale in teractions resu lted  in 
d isplacem ent o f th e  nonfocal individual 
than  was the case fo r fem ales, which w ere 
usually displaced (X 2= 6 .41 , P < 0 .02 ).

D iscussion

A utum n staging is essential for prem igra- 
to ry  w eight gain in L esser Snow G eese; 
hatching-year birds did no t have sufficient 
lipid reserves p rio r to  autum n staging to  
com plete au tum n m igration (W ypkem a and 
A nkney  1979). It is likely th a t this is also 
true  fo r C ackling G eese. T o estim ate the 
energy cost o f th e  autum n m igratory  flight 
from  th e  A laska Peninsula to  the K lam ath 
Basin it was assum ed tha t lipids yielded 9 
kcal/g w hen oxidized (R icklefs 1974). It was 
also assum ed th a t flight m uscles converted  
chem ical to  m echanical energy w ith an 
efficiency of 25%  (G reencw alt 1975). T he 
la tte r’s m odels w ere used to  estim ate  the 
cost o f flight because th e ir pred ictions w ere 
closest to  estim ates o f energy expenditu re  
in flying b irds m ade using doubly-labelled 
w ater (F lin t and  N agy 1984). U sing these 
m odels of th e  energy requ irem en ts fo r flight 
and assum ing th a t C ackling G eese flew at a 
speed  o f 38.9 km /h (thus com pleting the 
2,800 km m igration  in 72 h as observed) an 
average of 483 g of lipid w ere requ ired  to 
pow er the au tum n m igratory  flight. A n 
additional 35 g of lipid w ere requ ired  to  
m aintain  the b irds during th e  flight, based 
on th e  m odel o f the relationsh ip  betw een 
w eight and  basal m etabolic ra te  o f A shchoff 
and  Pohl (1970). T hus a to ta l w eight loss of 
518 g is p red ic ted  by th e  m odels. This 
estim ate is w ithin 5%  of th e  overall average 
m igratory  w eight loss indicated  by the data  
in T able  1 (543 g). This m ay have been an 
underes tim ate  because A laska w eights may 
no t have rep resen ted  peak  prem igra tory  
condition  and  som e w eight m ay have been 
regained  in C alifornia p rio r to  collection 
(D .G . R aveling pers. com m .). C onsidering 
also th a t o th e r factors m ight have affected 
th e  cost o f m igration  (e.g . d ifferen t flight
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speed , im perfect navigation , w ind) there  is 
rem arkab le  ag reem en t. C ackling G eese 
w ould requ ire  only 392 g of lipid to  com 
plete  au tum n m igration if they  flew at 58 
km /h, th e  speed  o f m inim um  cost o f tran s
port.

B efore leaving th e  Y ukon-K uskokw im  
D e lta  C ackling G eese  feed  heavily on 
E m petrum  nigrum  berries (C .P . D au  pers, 
com m .) which contain  high concentrations 
o f bo th  lipids and  soluble carbohydrates 
(Sedinger and R aveling 1984). Cackling 
G eese undoub ted ly  deposit large am ounts 
o f lipid befo re  departing . H ow ever, given 
the  energy cost o f the flight from  the A laska 
Peninsula to  the K lam ath  B asin it is unlikely 
th a t these geese could fly directly  from  the 
Y ukon-K uskokw im  D e lta  to  w in tering  
areas , w hich w ould entail a 20%  longer 
flight. T herefo re , th e  A laska Peninsula is an 
essential staging a rea  fo r C ackling G eese in 
au tum n. This m ay be especially  true  for 
hatching-year birds as ind icated  by the ir 
in tensive feeding a t U gashik  Bay. T he diet 
th ere  includes tubers o f Triglochin palustris 
(D . T im m  unpub. 1982) w hich have been 
show n to  be a good source o f energy for 
geese staging along th e  coast o f Jam es Bay, 
O n tario  (T hom as and  P rev e tt 1980). N ever
theless, one hatching-year b ird  shot by 
hun ters w eighed only 1,400 g, which is 
barely  100 g above average fledging w eight 
(Sedinger 1986). G iven the average w eight 
loss during m igration it seem s unlikely tha t 
th is individual con ta ined  sufficient reserves 
to  com plete  th e  m igration . H ow ever, at 
p resen t we have no estim ate  o f th e  num ber 
o f individuals th a t fail successfully to  com 
ple te  the  flight from  the  A laska  P eninsula to 
w intering  areas.

R aveling  (1970) show ed th a t la rger social 
un its  w ere  dom in an t to  sm aller ones in 
w in tering  flocks o f o th e r  C anada  G eese  B. 
c. interior. W e observed  associations of 
m ark ed  b irds th a t w ere  ban d ed  together 
an d  likely  rep re sen ted  fam ilies. H ow ever, 
associations w ere  seen  a t a low er ra te  than  
w ould  have  b een  expec ted , using unpub 
lished  d a ta , if m ost fam ilies w ere  still in tact. 
I f  C ackling  G oose  fam ilies had  been  intact 
a t U gash ik  B ay , w e should  have observed  a 
m ore  even  d is tribu tion  o f outcom es of 
aggressive in te rac tions betw een  m ales and 
fem ales (T ab le  3) ow ing to  th e  association 
o f  fem ales w ith o th e r fam ily m em bers. The 
d isparity  be tw een  m ales and  fem ales in the 
ou tcom es o f aggressive in terac tions sug
gests th a t m em bers o f pairs w ere  no t associ

a ted  w ith th e ir  m ates. T h e  observations of 
w eak  fam ily associations during autum n 
stag ing  w ere  consisten t w ith those o f Jo h n 
son and  R aveling  (1987) w ho observed  
sim ilar p a tte rn s  in C ackling G eese during 
w in te r. Fam ily  b reak -u p  has been  rep o rted  
during  au tum n  staging on  th e  A laska Pen in 
sula fo r a n o th e r  sm all goose, the Black 
B ran t B. b. nigricans (Jones and  Jones 
1965), suggesting th a t th e  benefits o f social 
b o n d s  m ay  n o t ou tw eigh  th e  costs o f 
red u ced  feed ing  due  to  tim e spen t in m ain
ten an ce  o f such bonds.

D esp ite  th e  im portance  o f the autum n 
staging an d  m igration  p e riod  to  th e ir annual 
en erg y  bu d g e t, we still have a relatively 
p o o r und ers tan d in g  of th e  biology of C ack
ling G eese  during  th is p eriod . Som e energy 
m ust be s to red  by geese on the A laska 
P en insu la  b u t w e do  n o t know  how  m uch 
w eigh t is ga ined  p rio r to  d ep a rtu re  from  the 
Y ukon-K uskokw im  D e lta , n o r do we know  
w h e th e r C ackling G eese  can com pletely 
co m p en sa te  fo r low lip id  sto res upon  arrival 
on th e  A laska  P en insu la  in years w hen they  
d e p a rt th e  D e lta  early . F u rth e rm o re , we do 
no t u n d ers tan d  th e  energetic  im plications 
o f  v a ria b le  w e a th e r  c o n d itio n s  d u ring  
d e p a rtu re  o f geese from  the A laska P en in 
sula. D o  geese d ep a rt th e  A laska Peninsula 
in som e years  w ithou t th e  benefit o f favour
ab le  w inds, and  if so , how  does th is affect 
th e  energe tic  cost o f m ig ra tion?  A nsw ers to  
th ese  questions a re  im p o rtan t fo r the  effec
tive m an ag em en t o f C ackling G eese.

T h e  p o p u la tion  o f C ackling G eese is 
p resen tly  a t ab o u t 15% o f historic levels 
(O ’N eill 1979; R aveling  1984). It is appa
re n t th a t U gash ik  B ay and  C inder R iver are 
especially  im p o rtan t to  C ackling G eese , 
particu la rly  those  in younger age classes. 
T h ese  tw o a reas have only m inim al p ro 
tec tio n  and  a re  un ique along th e  A laska 
Pen in su la  (R . G ill pers . com m .). G iven the 
p reca rio u s cond ition  o f  th e  popu la tion  and 
th e  very  res tric ted  n a tu re  o f its autum n 
staging a rea , steps shou ld  be taken  to  en 
su re  th a t these  a reas receive sufficient p ro 
tec tion  w hile biologists a re  gaining a b e tte r  
u n d e rs tan d in g  o f th e ir  im portance.
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Summary

C ackling  C an ad a  G eese Branta canadensis 
m inim a  undergo a long (2,800 km) migration 
betw een their autum n staging areas on the

A laska Peninsula and wintering areas in Oregon 
and California. A dults and young lost an average 
o f 543 g during this m igratory flight. W eight gains 
betw een fledging and autum n migration are 
essential for the successful completion of the 
flight. A utum n staging is im portant for the 
acquisition or m aintenance of energy stores, 
particularly for young of the year, as evidenced 
by the intense feeding of this age class at Ugashik 
Bay. Factors associated with the arrival and 
departure of Cackling Geese at Ugashik Bay are 
presently unknown.
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