
Foot adaptations in four species of 
Whistling Duck Dendrocygna

E R I C  G.  B O L E N  a n d  M.  K E N T  R Y L A N D E R

Introduction

A daptations in the foot structure of N orth  
American whistling ducks ,( =  tree ducks) 
were exam ined using the com parative ratios 
of tarsus and m id-toe lengths as indicators 
of foot size (Rylander & Bolen, 1970). The 
results indicated th a t Fulvous W histling 
D ucks Dendrocygna bicolor have p ro p o r
tionately  larger feet than  Black-bellied 
W histling D ucks D. autumnalis. W e believe 
th is difference in foot size is correlated  with 
the highly aquatic nesting and feeding habits 
of the Fulvous W histling Duck.

A second pair of dendrocygnids, the 
W andering D. arcuata and Plum ed D. eytoni 
W histling D ucks from A ustralia, were 
similarly exam ined to  estim ate divergence in 
foot structure. This paper reports these 
results, m akes a brief ecological com parison 
betw een the A ustralian species, and discusses 
the evolutionary im plications of these da ta  
with those obtained from the N orth  Ameri
can species.

Results

M ean lengths of the wings, tarsi, and m id
toes of the tw o A ustralian w histling ducks 
are presented together with m easurem ents 
for the N orth  A m erican species in T able 1. 
Culm en length, while otherwise useful for 
size com parisons, was no t used here because 
of the rem arkably short bill length of D. 
eytoni; th is feature rem ains singularly dis
sim ilar from any of the o ther seven species 
o f dendrocygnids. Hence, using the wing and 
tarsi da ta  as indicators of overall body size,
D. eytoni and D. autumnalis are show n as the 
larger birds of each geographical pair, re
spectively. Body weights also bear out the 
larger sizes of these species over their respec
tive congeners discussed in this paper (see 
Bolen, 1964; F rith , 1967), bu t weight da ta  
are no t useful for ou r present analysis.

R atios com paring  the relative wing and 
tarsa l lengths (Table 2) show  th a t the four 
species are p roportionately  ra th er sim ilar (i.e. 
a w ing/tarsus ratio  of about 4 for two

Table I. Comparison of wing, tarsal, and mid-toe lengths (mm) for four species of whistling duck 
Dendrocygna. Ranges shown in parentheses

Species N Wing Tarsus Mid-toe

D. arcuata 3 214* 52-3 65-6
(196-230) (51-55) (64-68)

D. eytoni 6 232+ 59-6 55-8
(222-242) (58-62) (55-60)

D. bicolor 28{ 210 55-8 66-6
(196-225) (52-60) (64-70)

D. autumnalis 21 + 238 62-3 64-5
(229-248) (58-66) (61-68)

* D a ta  from  eighty-tw o m ales exam ined  by F rith  (1967 p. 65). 
t  D a ta  from  fifty-nine m ales exam ined  by F rith  (1967 p. 79).
I  D a ta  ta k en  from  earlier sources as cited  in R y lander & Bolen (1970).

Table 2. Proportions among linear dimensions for four species of whistling ducks, Dendrocygna. 
Data calculated from means in Table 1

Proportions

Species

D. arcuata D. eytoni D. bicolor D. autumnalis

W ing/tarsus 4-1 3-9 3-8 3-8
Wing/toe 3-3 4-2 3-2 3-7
Toe/tarsus 1-3 0-9 1-2 10
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Table 3. Proportionate sizes for two pairs of sympatric whistling ducks, Dendrocygna, 
based on means and ranges for adult birds shown in Table 1
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Species ( =  sympatric pairs)

Feature D. bicolor/D. autumnalis D. arcuata/D. eytoni

Wing 0-88 (0-86—0-91) 0-92 (0-88-0-95)
Tarus 0-89 (0-89-0-90) 0-88 (0-88-0-89)
Middle toe 1-03 (1-02-1-04) 1-18 (1-13-1-16)

A ustralian species and  abou t 3-8 for the two 
others). However, when m id-toe lengths are 
in troduced in to  the ratios, these similarities 
are no longer apparen t and the ratios become 
d isto rted  (e.g. a  w ing/toe ratio  o f 3-3 for D. 
arcuata v. 4-2 for D. eytoni). This discrepancy 
prom pted  still ano ther com parison to  deter
mine the relative difference in size between 
each of the two species in each pair (Table 3). 
This revealed th a t D. arcuata is about nine- 
ten ths the size o f its sym patric congener, D. 
eytoni, and thus parallels the size relationship 
also occurring between D. bicolor and  D. 
autumnalis.

In  bo th  geographical pairs, then, the 
sm aller species— D. arcuata and  D. bicolor— 
have proportionately  larger feet as m easured 
by m id-toe lengths. W e believe these features 
are adap ta tions consistent w ith certain eco
logical d istinctions th a t can now be briefly 
considered.

Comparative ecology

D. eytoni: P lum ed W histling D ucks ( =  G rass 
o r E yton’s W histling Duck) are found on 
trop ical grasslands th roughou t m uch of 
A ustralia; no subspecies are recognized.

N ests are placed on the g round in the 
shelter of tall grass or a bush, and  often 
at a  mile or m ore from water. Lavery 
(1967) observed th a t the daily feeding routine 
started  in the late afternoon when, at first, 
the birds walk or graze near roosting  sites, 
then  fly to  feeding areas elsewhere. P lum ed 
W histling D ucks feed m ainly on land, 
selecting foods heavily dom inated  by grasses. 
They will dive when w ounded, bu t they 
do no t otherw ise exhibit this behaviour. 
P lum ed W histling D ucks perch rarely and 
awkwardly. Likewise, they are slow and 
aw kw ard swimmers, whereas on land, the 
birds walk long distances gracefully (Frith, 
1967 p. 80).

D. arcuata: there are three races of this 
species, differing in size, present in Australia, 
Indonesia, and  the Philippines. The largest 
o f these, D. a. australis, frequents the m ore

perm anent freshwater lagoons of tropical 
A ustralia.

T h en esto fth e  W andering W histling D uck 
( =  W ater W histling Duck) is a  sheltered, 
grass-lined depression on the g round often 
far from  w ater; the species m akes little o r no 
use o f tree perches. They feed entirely in 
w ater taking small am ounts of anim al m atter 
in addition  to  various parts of aquatic plants ; 
their foods are secured by expert and constant 
diving. F rith  (1967 p. 66) once watched 
several thousand  W andering W histling 
D ucks froth the w ater to  a boil as they swam 
and  dove for food. It is prim arily  in this 
respect— a utilization  of aquatic  foods in 
relatively deep w ater th a t the W andering 
W histling D uck rem ains ecologically separ
ated  from the Plum ed W histling D uck 
th roughou t their sym patric ranges in 
A ustralia (F rith , 1967 p. 88). W andering 
W histling D ucks exhibit a nearly horizontal 
posture and thus are unlike the vertically 
oriented posture of P lum ed W histling D ucks 
(Rylander & Bolen, 1974a).

Evolutionary considerations

The foregoing com parisons show  th a t D. 
arcuata possesses (a) a  foot size d isp ropor
tionately larger th an  its sym patric congener 
and (b) feeding behaviour th a t is distinctively 
aquatic and, as such, quite dissim ilar from 
th a t o f D. eytoni. M oreover, these sam e dis
tinctions are also found in a pair of dendro 
cygnids D. autumnalis and  D. bicolor sym
patric  in N o rth  America.

T hat such duplication  in m orphological 
and ecological features occurs in tw o geo
graphical pairs of whistling ducks suggests 
an instance of parallel evolution. H ow 
ever, we believe this is best explained in 
the case of the tw o rather cursorial species 
of each pair, D. autumnalis and  D. eytoni. 
The similarities between the highly aquatic 
species, D. arcuata and D. bicolor, m ore likely 
indicate a com m on and rather im m ediate 
genetic ancestry; they are perhaps best con
sidered as super-species, as suggested by 
m any additional sim ilarities in their plum age
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Figure 1. Correlation phenogram of four species 
of Dendrocygna based on NT-SYS computer 
analysis of thirty-five seemingly non-adaptive fea
tures (e.g. downy plumage pattern, threat displays, 
etc.). The computer program is adopted from the 
concept of numerical taxonomy as developed by 
Sokal & Sneath (1963). Note that D. eytoni is more 
nearly related in the correlation to D. bicolor and
D. arcuata even though its foot adaptations and 
ecology closely resemble D. autumnalis. Scale 
shows units of correlation.

bicolor and  D. arcuata th an  to  the New W orld 
cursorial species, D. autumnalis (Figure 1). 
Hence, the cursorial hab its and  similarities 
offoot structure of D. eytoni and  D. autumnalis 
m ay have evolved independently in each of 
tw o pairs of w histling ducks on opposite 
sides of the world. The associated similarities 
of gait and feeding adap ta tions are fully 
discussed elsewhere (R ylander & Bolen, 
1974a, 1974b).
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(ef. D elacour & M ayr, 1945) and  their nearly 
contiguous d istributions across southern 
Asia.

The case for parallel evolution gains strong 
support using num erical taxonom y, as de
veloped by Sokal & Sneath (1963). Each of 
thirty-five presum ably non-adaptive features 
for each species was coded for com puter 
analysis using the standard  NT-SYS p ro 
gram . The resulting phenogram , direct from 
the com puter prin tou t, shows th a t D. eytoni, 
the  cursorial A ustralian species, is m ore 
closely related to  the aquatic species, D.

Summary

A comparison of the mid-toe and tarsus propor
tions for two geographical pairs of whistling ducks 
Dendrocygna spp. shows that each pair contains 
one member with disproportionately larger feet. 
These species, D. bicolor and D. arcuata, have 
highly aquatic habits whereas the other members 
of each pair (D. autumnalis and D. eytoni respec
tively) are far less aquatic and exhibit cursorial 
habits. In the latter case, the similarities in foot 
sizes suggest an instance of parallel evolution that 
is strongly supported by phenetic analysis of other 
characteristics.
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