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Introduction

A little over 60 years ago H einro th  (1910) 
published the first of his classical papers 
pioneering the study of waterfowl behaviour. 
In  th a t paper an account is given of the 
rem arkable ability of newly hatched Am eri­
can W ood D ucks A ix  sponsa to  climb up the 
often vertical and som etim es alm ost sm ooth 
inner walls of nest-cavities. N orm ally a highly 
com petent observer who interpreted his 
observations w ith a great deal of insight and 
clarity, H einro th  stated  th a t in o rder to  suc­
ceed in its climb the W ood D uckling is p ro ­
vided w ith needle-pointed claws which can 
effectively catch on  to  the clim bing surface, 
and, further, the duckling is able to  climb up 
a perpendicular o r even an overhanging face, 
like a w oodpecker bu t w ithout the aid of the 
tail.

W hen a newly hatched W ood D uck is 
exam ined an obvious feature is the relatively 
long and  stiffened caudal down. These special 
natal tail feathers were noted and described 
by Beebe & C randall (1914) who, how ­
ever, m ade no attem pt to  explain their 
function.

The W ood D uckling does no t norm ally 
dive for its food, so why should it have a tail 
very different to  th a t generally possessed by 
ducklings of o ther surface-feeding anatids 
w hose young also frequent ponds and other 
placid w aters? A part from differences in 
agility, W ood D ucklings forage similarly to 
dow ny young of M allard  Anas platyrhynchos 
and  o ther dabblers (Beard, 1964). The answer 
is th a t the newly hatched W ood D uck uses 
its ta il in clim bing up vertical faces, and, 
con trary  to  H ein ro th ’s (1910) statem ent, the 
specialized tail actually  functions as a brace, 
som ew hat as in woodpeckers.

O ncehav ingestab lished that W ood D uck­
lings used their tails in climbing, I extended 
my observations to  m easure the climbing 
ability of the species and  o ther cavity-nesting 
waterfowl.

Material and methods

Newly hatched young of the following species 
were used in the tests: W ood Duck A ix  
sponsa; M andarin  A ix  galericulata; Ameri­
can G oldeneye Bucephaia clangula; H ooded 
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M erganser M ergus cucullatus; M allard  Anas 
platyrhynchos.

G oldeneye and  M allard eggs were taken  
from wild birds nesting at Delta, M anitoba, 
and  those of the o ther species cam e from the 
N iska W aterfow l Research S tation  near 
G uelph, O ntario . There were three separate 
clutches of W ood D uck eggs, three of M al­
lard and one each for the rem aining species. 
H atching of the eggs occurred in an  incuba­
tor. Each clutch was incubated separately 
and  hatched as a separate b rood  to  m aintain 
norm al sibling relations. As soon as the duck­
lings were ‘d ry ’ they were taken  straight from 
the incubato r and  placed in a high-sided, 
darkened  carton , where they were kept for 
24 hours. T hus, all had had a m inim um  of 
visual experience—sim ilar to  th a t which they 
w ould have had  when hatching in a hole deep 
in a  tree. The carton  was kept in a sem i­
darkened, constan t-tem perature  room .

T he testing appara tus was a  chim ney 
(Figures 1, 2), built of three hollow  cement 
bricks (know n to  the building trade as 
‘breeze-blocks’, which are form ed from a 
m ixture of lime m orta r and  coarse sand). 
D ucklings were introduced, singly, in to  the 
chimney. T heir responses were observed 
from a vantage point above its opening. A 
screen m ade it possible to  observe the duck­
lings w ithout disturbance. Since the bricks 
had been m ade of coarse sand, the chim ney’s 
in ternal walls were ju s t rough enough to 
provide ‘claw -holds’ for the ducklings. The 
tow er of th ree bricks sloped at an  angle of 
10° from the vertical, and was so placed tha t 
light from  an electric bulb above penetrated  
p art of the way dow n the chimney. Thus, 
when at the bo ttom  of the chimney, a duck­
ling was exposed to  a m ore or less unidirec­
tional source of light resem bling th a t which 
it w ould have seen when looking up at an 
entrance hole above the gloom  of a natural 
cavity.

At the end o f 24 hours in the darkened 
carton  individual ducklings were transferred 
directly to  th e  testing room , which was effec­
tively sound-proofed. The duckling was 
placed on its own at the bo ttom  of the 
chim ney and  its responses noted during a 
5-m inute period, after which it was rem oved 
from the test-room . Each of its siblings was 
then  tested in the same way in isolation. 
Im m ediately after the conclusion of this
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Figure 1. The experimental set-up. A, electric light bulb; B, wire cage containing ducklings when 
test individuals were permitted vocal contact with their siblings; C, chimney having internal dimen­
sions 11-5 x 9-5 cm. D and E, screens.

Figure 2. G round plan Of testing room  and experimental set-up. B, C and D as in Fig. 1.
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series, a  second series o f trials was started 
in which the bird in the chim ney could hear 
the calls of its siblings kept in a  w ire-netting 
cage near the base of the tow er (Figures 1, 2). 
Thus, every duckling was subjected to  two 
trials. The tim e before each duckling initi­
ally vocalized, the tim e before it initially 
climbed, and  the to ta l tim e spent climbing 
while in the chim ney were recorded. Also 
noted  was the num ber o f separate attem pts 
(jumps initiating climbs) m ade by an in­
dividual duckling. Series of trials were 
operated  alternately  over a run  of test-days. 
Between test-days, the ducklings were kept 
in a  heated b rooder room ; they had  free 
access to  food and  water.

M otion  pictures of the climbing activities 
of W ood D ucklings were taken  at sixty-four 
frames per second ; and fram e-by-fram e trac ­
ings were obtained. The ducklings were 
photographed  while clim bing the vertical 
sides of a rigid container m ade from panels 
of fine wire gauze, norm ally used to  screen 
small insects.

Three 1-day-old specimens of each species 
were X-ray photographed , to  facilitate the 
m easuring of skeletal parts. All linear m ea­
surem ents of bones were taken  betw een their 
articulating  surfaces. Functional lim b: trunk  
ratios were com puted after the m ethod of 
Spring (1965). The angle o f curvature o f the 
claw on the m iddle tow  was determ ined by 
the m ethod of Engels (1940). Values for length 
and  w idth of the shafts of caudal dow n were 
obtained as follows: the lengths of all shafts 
on the tails o f three specimens were sum m ed 
and then  divided by the to ta l num ber of 
shafts ; m easurem ents of the w idth of the two 
central shafts were taken  at five standard  
points between the base and distal end of 
each shaft, and  the  results averaged for each 
species.

Results

Figure 3 illustrates a 1 -day-old W ood D uck­
ling’s m ode of progression up a vertical sur­
face. I t is clear th a t the duckling progresses 
by a series o f leaps, ra ther th an  by a foot- 
over-foot climb. The bird leaps upw ards 
against the vertical surface, to  which it clings 
with the aid of the claws on its toes. The 
hooks on the wings provide no assistance to 
climbing. W hen clinging, the b ird ’s body is 
placed between its legs and  feet which gener­
ally are splayed outw ards with toes fully 
spread. F rom  a sta tionary  clinging position, 
the next stage upw ards proceeds by an  in­
w ards pulling, o r hitching, of the body fol­
lowed by an upw ard lift, retaining the body’s

Figure 3. Climbing in 1-day-old W ood Ducks, 
drawings traced from cine film. Numbers 1-6 
denote sequence of progress.

long axis in a vertical plane. This m ovem ent 
is aided by the bracing effect of the stiffened 
caudal down, pressed against the climbing 
surface. At the zenith of the body-lift, the 
feet are released and  the wings are swung 
outw ards and upw ards and then inwards. 
The tail is generally kept in contac t with the 
surface th roughou t this p art of the climbing 
m otion, and  is only flipped outw ard  in the 
last phase of the upw ard m ovem ent when 
the feet, extended upw ards, m ake new con­
tac t and  purchase.

Tt is apparen t tha t, in a  num ber of aspects 
the W ood D uckling’s clim bing strategy, p a r­
ticularly the way in which the tail is used, 
resembles, and  functions similarly to, the 
m ethod em ployed by w oodpeckers in clim b­
ing vertical surfaces. Bock & M iller (1959) 
and  Spring (1965) discuss the gravitational 
forces acting on w oodpeckers. The longer 
g ravitational com ponent passes from the 
centre of gravity of the bird th rough  the tail 
feathers to  a poin t where they m ake con­
tact with the clim bing surface. The shorter
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Table 1. Average linear dimensions and toe-claw curvature in 1-day-old ducklings. All measurements 
in millimetres except caudal down shaft-width (epu) and toe-claw curvature (degrees of arc)

Hook
Tibio-
tarsus

Tarso Total
M iddle

toe
Claw

length

Caudal down shaft

Species Culmen wing Fem ur tarsus length curvature Length W idth

W ood Duck 14 Yes 14 27 19 60 25 3-3 89 18-2
M andarin
Hooded

15 Yes 15 30 17 62 25 4 0 102 17-9 17

M erganser 17 No 16 31 27 74 25 4 0 107 17-4
Goldeneye 17 Yes 20 30 21 71 25 3-9 110 17-7
M allard 20 No 16 30 19 65 24 3-3 94 91 15

Table 2. Average functional limb-trunk ratios in 1-day-old ducklings. Ratios computed after the 
method of Spring (1965)

Fem ur
Species

Tibiotarsus 
(4 TV)

T arsom etatarsus 
(4 TV)

Total leg length 
(4 TV) (4 TV)

W ood Duck 165 323 223 711
M andarin 200 407 227 834
H ooded M erganser 229 443 393 1,065
Goldeneye 286 429 300 1,014
Mallard 254 462 292 1,008

4 TV =  four thoracic vertebrae.

com ponent is directed a t right angles to  the 
first and  tends to  pull the bird outw ard. The 
first com ponent is effectively countered  by 
an teriorly  directed toes and  m inim al slippage 
of tail, and  the second by laterally directed 
toes o rientated  a t right angles to  the trunk. 
In  the upw ard  lift, h itching inw ards of the 
body decreases th a t gravity com ponent tend­
ing to  pull the bird off the trunk . If the bird 
is able to  m aintain  this position, w ith the 
help of the tail, until the feet a re  extended 
upw ard, there will be a m inim al tendency 
to  fall outw ards while the feet are m oving to 
a new purchase point. Short leg bones in­
crease the efficiency of fixation while the bird 
is pulling its body tow ard the clim bing sur­
face. Also, short bones generally increase the 
effective pow er of muscles inserting on them.

Based on the da ta  contained in Tables 1 
and  2, it appears tha t, com paratively speak­
ing the W ood D uckling has relatively short 
legs; strongly decurved toe-claw s; and, 
relatively long and  b road  caudal down 
shafts.

The m ain findings of the clim bing trials 
are sum m arized in Tables 3-7. The data  are 
intended to  do no m ore th an  suggest trends. 
Refined analyses are unw arran ted  in view of 
the small sam ples; in particu lar the avail­
ability of only one brood of each of three 
of the species tested.

Table 4 shows the degree of success tha t 
ducklings had in climbing ou t of the chim ­
ney. The W ood D uck was consistently m ost 
successful, followed by the G oldeneye. M an­
darins and H ooded M ergansers were less 
successful, and  all M allards failed the test. 
W ood D ucklings were consistently lighter 
than  ducklings of the o ther species (Table 
3). The heaviest ducklings were Goldeneyes, 
yet generally they were m ore successful at 
climbing than  the lighter M andarins and 
H ooded M ergansers. D ucklings usually 
fared best when between 2 and  3 days old. 
All species were m ore successful then  than  
when first tested at 1 day old. Exem pting 
the W ood D uck, after 3 days an  increasing

Table 3. Average weights in grams of ducklings, and numbers of ducklings tested and successful at 
climbing out of a chimney

Species

Day 1 Day 2 Day 3 Day 4

Weight
Birds

successful
Birds
tested Weight

Birds
successful

Birds
tested Weight

Birds
successful

Birds
tested Weight

Birds
successful

Birds
tested

W ood Duck 22 5 7 24 6 8 35 7 7 38 13 13
M andarin 26 2 8 29 5 8 36 1 8 46 T 8
Hooded

M erganser 31 3 11 34 3 9 44 I 4
Goldeneye 36 3 16 43 10 14 48 9 14 54 4 14
M allard 29 0 10 31 0 12 34 0 12
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Table 4. Climbing success (number of individuals which climbed out of chimney as a percentage of 
number of ducklings tested), and average time (and S.D.) in seconds taken by successful 
ducklings in climbing (sample sizes as in Table 3)

Species
Day 1 Day 2 Day 3 Day 4

Success Climb Success Climb Success Climb Success Climb

W ood Duck 71 78 +  64 75 80 +  71 100 32 +  13 100 68 +  65
M andarin 25 1324-152 62 120 +  87 12 254 25
Hooded Merganser 27 135 +  76 33 116 +  103 25
Goldeneye 19 199 +  27 73 145 ± 70 64 113 +  85 29 158 ±78

Table 5. Climbing success and the climbing performance of older successful Wood Ducklings

Day 5 Day 6 Day 7 Day 8

No. birds tested 17 19 17 16
Percentage successful 100 79 59 25
Mean weight (g) 39 45 52 62
M ean climbing time(s) 60 ± 60 60 +  31 111 +  38 194 +  53
Mean no. jumps 91 +  11-2 8-2 +  6-0 17-0 ±7-5 32-2 ±16-8
Mean no. jumps/m inute 8-1 7-0 6-8 9-1
Mean time before call (s) 24 ±25 47 ±67 29 +  27 21 +  17
Mean time before jum p (s) 33 +  27 62 ±76 44 +  29 40 +  25

p roportion  of ducklings failed to  get out of 
the chimney. The W ood D ucklings’ climbing 
perform ance started  to  decline sharply after 
5 days (Table 5). Thus, they sustained their 
relatively high rate of success longer th an  the 
o ther species.

A m ongst the W ood Ducklings which were 
successful in their climbing, older birds gener­
ally m ade m ost attem pts (num ber of jum ps), 
and rem ained longest in the chimney. O lder 
and heavier ducklings were less adept at 
clinging on to  the sides of the chim ney; they 
fell back repeatedly and had to  m ake re­
newed starts. W ood D ucklings which failed 
the test perform ed on average 7-0 jum ps per 
m inute as against 7-9 recorded for successful 
ducklings of the sam e age and tested in the 
sam e m anner. T hus for the W ood D uck, at 
least, it seems as if the successful birds were

those which were m ost persistent in their 
efforts.

In com parison with the o ther species, 
W ood ducklings tended to  m ake fewer s ta rt­
ing jum ps before emerging from the chim ­
ney. This suggests a superior climbing 
ability. However, climbing (or escape) ten­
dency, as m easured by num ber of jum ps 
by successful birds per unit time, did no t 
differ m uch between the four cavity-nesting 
species (Table 6). It is of interest tha t day-old 
M allards m ade relatively m any m ore jum ps 
(on average 17-1 jum ps per m inute) than  any 
of the o ther species; 2-day-old M allards, by 
contrast, m ade fewest attem pts (on average 
41  jum ps per minute) at getting ou t of the 
chimney. T able 7, again based only on 
successful birds, shows the ducklings’ initial 
response to  the experim ental situation. W ith

Table 6. Average number of jumps, taken before initiation of a successful climb, and rate of jumping 
(mean number of jumps per 60 seconds) performed by successful ducklings (sample sizes as 
in Table 3)

Day 1 Day 2 Day 3 Day 4

Species No. Jumping No. Jumping No. Jumping No. Jumping
jumps rate jumps rate jumps rate jumps rate

W ood Duck 7-4+ 3-8 7-1 11-5 +10-1 7-6 9-4+ 8-7 8-3 9-4 ±8-7 8-1
M andarin 15-0 ±18-3 5-7 13-5 ±  10-8 7-1 25 5-9
Hooded Merganser 47-0 ±54-0 9-7 9-0±7-5 7-1
Goldeneye 26-0 ±7-6 7-7 21-4 ±  10-0 8-8 10-8 ±10-4 5-6 20-7 ±10-3 7-1
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Table 7. Average time (and S.D.) in seconds elapsed before successful ducklings commenced jumping 
and vocalizing (sample sizes as in Table 3)

Species
Day 1 Day 2 Day 3 Day 4

Call Jump Call Jump Call Jump Call Jump

W ood Duck 46 +  41 73 ±46 27 +  17 49 +  39 7 +  4 8 +  5 9 +  7 19 +  10
M andarin 16 +  9 30 +  21 40 +  54 60 +  49 20 21
Hooded Merganser 10 +  9 28 +  18 4 +  2 14 +  9
Goldeneye 48 ±53 55±48 15 ±  18 23 ±18 16 ± 20 54 ±39 5 ± 3 59 ±24

the exception of the M andarin , and  leaving 
aside the M allards, tim e before vocalizing of 
the rem aining three species was shortest 
coincident with age a t which they were m ost 
successful at climbing. O ne-day-old W ood 
Ducks, Goldeneyes and H ooded  M ergan­
sers took  longer to  u tter first ‘distress’ calls 
th an  they did when 2 and 3 days old. 
Similarly, a  longer interval preceded first 
a ttem pts to  climb in day-old ducklings than  
later when they were perform ing best.

Vocally and in attem pting  to  ju m p  out of 
the chimney, day-old M allards responded 
with greater alacrity  than  any of the other 
species. M allards were observed to  be less 
well o rientated  in their efforts to  escape, 
d irecting their jum ps to  all corners and sides 
of the chimney. The ducklings of the cavity- 
nesters all tended to  orientate their jum ps 
in direction of the overhead light. D ata  on 
this was gathered only for the G oldeneye: 
in day-old ducklings 70% of the ir jum ps were 
d irected at the light (n=  141 jum ps, ten  test 
ducklings); a t 2 days 80% (n =  312 jum ps, 
th irteen  test ducklings); and  a t 4 days 97% 
(n=  123 jum ps, ten test ducklings).

Discussion

As m entioned, the sam ples were small and 
the experim ents lim ited and relatively crude, 
and caution  is required in in terpre ting  the 
d ata  and in reaching conclusions. N everthe­
less, som e o f the results appear definite 
enough to  justify discussion, including some 
speculation.

I t is clear th a t the W ood D uck perform ed 
b est—apparently  due to  its relatively 
superior initial response, clim bing (motoric) 
ability and sustained effort. The M andarin ’s 
poo r showing is som ew hat surprising in view 
o f the species’ supposedly close relationship  
to  the W ood D uck. The W ood D uck’s 
superior perform ance also is of interest in 
rela tion  to  the Goldeneye, and  especially 
regarding a difference in nest-site ecology. 
P rince (1968) found in N ew  Brunswick, 
C anada, th a t W ood D uck nest-cavities

averaged deeper th an  those of G oldeneyes— 
61-0 +  61-0 cm (2-183 cm) for the W ood 
D uck, as against 46-2 ±19-6 cm (15-76 cm) 
for the Goldeneye.

Paucity  of know ledge concerning the 
ecology and functional anatom y of the 
various ducklings considered here precludes 
discussion on climbing ability in relation  to 
the advantages of particu lar anatom ical 
arrangem ents; and  Bock & M iller (1959) 
have poin ted  ou t th a t anatom ical differences 
am ong species are no t always explicable in 
term s of relative functional advantage. In the 
case of the W ood D uckling, however, it 
seems fair to  state th a t the specialized caudal 
dow n represents an  ad ap ta tio n  facilitating 
egress from  relatively deep and vertically 
walled nest-cavities.

In relating the W ood D uck’s apparen t 
superior clim bing ability to  the natu ra l situa­
tion, allowance m ust be m ade for factors 
such as specific audito ry  stim ulation  which 
w ould come from the m aternal parent, and 
play an  im portan t p art in facilitating egress 
o f ducklings from  the nest-cavity. In  this 
context, ducklings of the o ther hole-nesters 
tested m ight have fared relatively better had 
they had  the benefit of m aternal calls to 
p rom pt their climbing. In  o ther words, 
although female vocalizations p rom ote a 
follow ing-response in all the  species, it is 
possible tha t aud ito ry  cues are of greater 
im portance in som e species than  in others. 
Be th a t as it may, the fact th a t the experi­
m ental ducklings of all the hole-nesting 
species attem pted  to  climb w hen first tested 
in isolation, and  w ithout previous experi­
ence, is in itself of interest. In  nature, healthy 
W ood D ucklings accom plish the exodus 
from the nest well w ithin 4 m inutes from the 
tim e the parent begins calling from outside 
(G ottlieb, 1963). Later, G ottlieb  (1968) con­
cluded th a t the ducklings perceive and  refine 
identification of m aternal vocalizations 
during the 2 days or so before they leave 
(or a ttem pt to  leave) the nest, and th a t the 
initial jum ping  and clim bing is a direct 
response to  the call of the female. The 
current tests indicate th a t such activities can
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occur w ithout aud ito ry  stimuli. Further, the 
tests suggest th a t m otoric behaviour is m ost 
strongly developed and  successful when the 
ducklings are 2 -3  days o ld —the age at 
which they norm ally  leave the nest in  nature.

My observations, a lthough m ainly quali­
tative, indicated  th a t W ood Ducklings, and 
the ducklings of the o ther cavity-nesters, 
tended to  o rientate their initial jum ps to ­
w ards light. In  discussing the responses of 
W ood D ucklings to  paren tal calls as well 
as visual stim uli, K lopfer (1959) postu lated  
the existence o f a releaser (for climbing 
activity) constitu ted  by a light object in a 
darker field, w hich is the p a tte rn  presented 
by the nest entrance. However, according 
to  Leopold(1951) female W ood D ucks often 
tem porarily  leave their newly hatched young 
in the cavity, return ing  later to  brood. 
D uring the fem ale’s absence, the ducklings 
rem ain quiet and  m ake no a ttem pt to  leave 
the nest. Therefore, in na tu re  a round  and 
bright nest entrance in itself is no t enough 
to  release climbing. O bviously the female’s 
call is im portan t in eliciting a following- 
reaction from the ducklings; and so p rom o t­
ing in tegrated  departu re , and guiding direc­
tion  of the young from the nest. This need 
not, however, invalidate a suggestion th a t the 
female’s call is a  function of the ‘instinctive’ 
na tu re  o f the ducklings’ m otoric readiness. 
In  short, it seems reasonable to  believe tha t 
the female’s call is no t a  releaser (strictly 
speaking) for climbing.

If the differences in response and  ability 
to  climb, as indicated am ong the hole- 
nesters rested here, are real, they m ust result 
from particu lar environm ents acting on the

species. Clearly, m ore com parative studies 
and experim ental analyses are needed to 
reach understanding  of the processes and 
conditions under which paren t and  young 
have come to  perceive selectively and  to  
respond to  particu lar stimuli.
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Sum m ary

The tendency and ability of newly hatched duck­
lings to climb out of an experimental chimney 
were examined in the following species : American 
W ood Duck Aix sponsa. M andarin Aix galericu- 
lata, American Goldeneye Bucephaia clangula, 
Hooded Merganser Mergus cucullatus and 
M allard Anas platyrhynchos. The W ood Duck 
performed consistently best. In climbing up a 
vertical surface, the W ood Duckling proceeds 
by a series o f leaps and uses its tail as a brace, 
rather like a W oodpecker. The W ood Duckling 
has relatively short legs, strongly decurved toe- 
claws, and long and broad caudal down shafts. 
The importance of stimuli prom pting the young 
of cavity-nesting waterfowl to leave the nest, is 
discussed.
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