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The mean retention time for food passing through the gut o f European Wigeon was determined, 
using a ruthenium isotope as an inert marker, at 74 minutes. This was compared with other 
published figures for larger grazing geese. The data suggest a relationship between body mass 
and retention time in grazing wildfowl, although this is not significant, with small species passing 
food through their guts proportionally more slowly than large ones. This should allow them to 
sustain a high digestive efficiency.

Grazing geese are known to have extremely 
low digestive efficiencies (Marriot & Forbes 
1970, Ebbinge et al. 1975, Drent et al. 1979). 
This is mainly due, in winter feeding condi­
tions, to their inability to digest cellulose 
(Marriot & Forbes 1970, Mattocks 1971). Fer­
mentation of this compound by microorgan­
isms requires a slow rate of food passage, 
and wildfowl usually pass food through the 
gut so rapidly that there is no opportunity for 
microbial breakdown. The low digestive effi­
ciency of wildfowl requires them to feed al­
most continuously through daylight hours in 
winter, and to take high quality plant food 
(Owen 1980). The problems of extracting suf­
ficient energy from the diet are accentuated 
for smaller species. Basal metabolic rate in­
creases with body mass at a decreasing rate 
(Withers 1992), so that small birds need more 
energy in relation to body weight. The rate at 
which energy can be extracted from the food, 
however, is partly a function of gut size and, 
across a wide range of animal species, gut 
volume scales linearly with body mass 
(Demment &Van Soest 1985). Thus small an­
imals need more energy, but have propor­
tionally smaller gut volume with which to 
obtain it from the food. Demment (1983) pre­
dicted from these relationships that small 
animals should retain food in the gut for dis­
proportionately longer periods than large 
ones, mainly because digestibility increases 
with the time food is retained in the gut (Prop 
& Vulink 1992). The European Wigeon Anas 
penelope is the smallest grazing Anseriform, 
being about half the size of the smallest of the 
British geese, the Brent Branta bernicla.

Wigeon feed, in a similar manner to grazing 
geese, on short grass swards (Mayhew & 
Houston 1989). This paper presents some 
observations on food throughput times in 
Wigeon, and considers whether there may be 
a relationship between body mass in grazing 
waterfowl and food retention time.

Methods

Passage time for the food was measured us­
ing a radioactive tracer based on the rare 
earth element ruthenium. Isotope markers 
have the advantage of being easy to detect 
accurately in faecal samples. The ruthenium 
was in the form of 103Ru tris (1,10 - 
phenanthroline) ruthenium 11 chloride, a 
compound which binds, in a non-dissociable 
complex, to plant fibres so that it travels at 
the same speed as the digesta (Tam et al. 1971, 
MacRae 1974). Captive birds were used, feed­
ing on a grazing pasture of Lolium perenne, 
Phleum pratense, Festuca spp. and Poa spp.. 
An isotope solution containing 0.02 pCi/ml 
was used to prepare grass samples by sub­
merging leaves of grass in the solution for 1 
hour at 15°C. The leaves were then removed 
from the solution and dried for 5 minutes at 
50°C. The birds were caught, and ten 3 cm 
long pieces of marked grass were placed in 
the bird’s oesophagus by inserting a soft rub­
ber tube into the open mouth. The grass piec­
es were extruded by pushing a narrow piece 
of rubber inside the first tube to act as a 
plunger. Once it was clear that the birds had 
swallowed the food, they were placed back in
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the grazing enclosure and watched to record 
the time at which they started feeding again. 
Faeces that they produced subsequently 
were collected about every 20 minutes (more 
frequent collection caused stress to the cap­
tive birds). Radioactive levels in the faeces 
were measured using a Nuclear Enterprises 
Scaler-Ratemeter SR5 coupled to a Nuclear 
Enterprises 663C Scintillation counter. The 
birds were allowed to graze freely for about 
two hours before the marker was adminis­
tered, to ensure that food was passing 
through the gut normally. Care was taken to 
minimise the stress to the birds, but they did 
take several minutes to resume feeding after 
handling. Although we had a flock of ten 
birds, we carried out all throughput tests on 
only one male, because this bird appeared to 
be least influenced by handling, and started 
to feed far more rapidly after capture than 
the other individuals.

Results

The time taken for the food to pass through 
the gut was found to be influenced by the 
time taken for the birds to resume feeding af­
ter handling. Six trials were run on the same 
male. On the four occasions when he started 
to graze normally within 15 minutes of being

released, the mean time taken for the first 
appearance of the marker in the faeces was 
31.3 ± 0.8 minutes, and from plots of the cu­
mulative percentage recovery of isotope 
against time it was found that 50% recovery 
occurred after 73.5 ± 6.8 minutes and 95% re­
covery occurred after 115 ± 16.1 minutes. On 
the two occasions when the bird did not start 
feeding until 38 and 143 minutes after release, 
the time for recovery of the faeces was con­
siderably longer, and there was a significant 
correlation between the time taken for the 
bird to start feeding and the time taken to 
record 50% recovery of the marker in the fae­
ces (t = 4.39, df = 4, / ’<0.02).

Discussion

The maintenance of energy balance is partic­
ularly difficult for a small herbivore, because 
of relatively large energy demands and small 
gut size which impose a short food retention 
time. Digestive efficiency is dependent on the 
speed of food throughput (Ebbinge & 
Ebbinge-Dallmeijer 1975, Prop & Vulink 1992). 
We might therefore predict that small spe­
cies would have relatively longer retention 
times. European Wigeon are the smallest of 
all grazing Anseriformes (mean weight 750 g). 
Their throughput rates reported here can be
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Figure 1. Mean retention tim e for food in the gut of w ildfow l in relation to body w eight.
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compared with data from other wildfowl spe­
cies grazing on grass in winter: for Barnacle 
Geese (mean weight 1800 g) by Owen (1975) 
and Prop & Vulink (1992), for Red-breasted 
Geese Branta ruficollis (mean weight 1250 g) 
by Owen (1975), and for Greylag Geese Anser 
anser (mean weight 3550 g) by Mattocks 
(1971). We have not considered data from 
species on other diets, because food quality 
is known to influence throughput time in ani­
mals (Lee & Houston in press). Only tentative 
conclusions can be drawn from comparisons 
between species in the above studies be­
cause there are differences in methodology, 
and throughput time does vary within spe­
cies on the same diet. However, Figure 1 sug­
gests that there is a relationship between 
body mass and throughput time for grazing 
wildfowl, although this is not quite significant 
(r = 0.78, N.S.). It does seem, therefore, that 
smaller wildfowl species retain food in the

gut for longer periods, as predicted by 
Demment (1983). Across species, a four-fold 
increase in body mass compares with only a 
two-fold increase in throughput time. Per­
haps as a consequence, Wigeon are as effi­
cient at digestion as the larger geese. 
Mayhew (1988) showed that dry matter di­
gestive efficiency in Wigeon was 28.8%, which 
compared favourably with that of grazing 
geese which was generally around 25 to 30% 
(Sibly 1981, although this is highly variable, 
see Prop & Vulink 1992). The smallest species 
can probably only achieve energy balance by 
retaining food in the gut for a sufficient time 
to result in an adequate digestive efficiency. 
This relatively slow digestion accentuates 
the need to feed for long periods, and 
Mayhew (1988) showed that Wigeon have to 
graze for around 13 hours a day in order to 
obtain sufficient food.

We are grateful to Dr J. MacRae o f the Rowatt Research Institute, Aberdeen, for supply o f the la­
belled ruthenium marker compound, and to Dr B.S. Ebbinge and Dr J. Prop for their helpful com­
ments on the manuscript.
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