
COMPARATIVE ENERGY BUDGETS OF GREATER SNOW GEESE

Chen caerulescens atlantica STAGING IN TWO HABITATS IN SPRING

J. BEDARD & G. GAUTHIER

ABSTRACT During a recent population increase, the high-arctic nesting
Greater Snow Goose Chen caerulescens atlantica greatly expanded its
spring staging habitat. Over two decades, the flock over-spilled from its tra
ditional fresh-water Scirpus marshes of the upper St. Lawrence River estu
ary into the salt-water Spartina marshes of the lower estuary. It also consi
derably expanded its use of neighbouring fannland. Concurrent studies
revealed that the geese were completing the spring staging with substantial
ly lower fat reserves in the recently invaded area. The present study was de
signed to identify the causes of these differences in the level of pre-breeding
conditioning by making energy budgets covering the 6-week staging period
in both habitats. There were profound differences in energy budgets be
tween the two study sites, which was mainly caused by differences in
digestibility of food plants (Spartina rhizomes 25%, Scirpus rhizomes
51 %). An increased use of fannland and especial!y of cereal grains in the
newly-invaded habitat, partly made up for the inadequacy of the Spartina
rhizomes in supplying metabolizable energy. Under these circumstances, it
is expected that the geese wil! further increase their dependence on agricul
tural plants in order to complete pre-breeding fattening.
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INTRODUCTION

The food supply available to the female during
the pre-laying period has been considered by
many as the major determinant of clutch size in
precocial birds (see Winkler & Walters 1983 for a
recent review). Arctic-nesting geese, however,
are unique among precocial birds because of the
short season and harsh conditions that prevail on
their nesting grounds. They have limited feeding
opportunities during the weeks that precede lay
ing (Ryder 1967, 1970, Newton 1977, Raveling
1978). The size of the energy reserves stored se
veral weeks earlier during the spring migration
has therefore been proposed as the major deter
minant of clutch size and ultimately of reproduc
tive output in these birds (Barry 1962, Ryder
1967, 1970, Newton 1977, Ankney & Macinnes
1978, Drent et al. 1978/79, Raveling 1979a, b,
McLandress & Raveling 1981, Ebbinge et al.
1982, Thomas 1983).
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The Greater Snow Goose Chen caerulescens
atlantica is the northernmost breeding goose in
North America (Owen 1980). During a six-week
spring staging halt in the St. Lawrence Riv~T

estuary (Lemieux 1959), it stores the reserves es
sential for covering a part of the forthcoming ex
penses of a 3200 km migration to the high arctic,
vitellogenesis, territory acquisition and defence,
and incubation (Cauthier et al. 1984a, b).

The distribution of the entire flock of that
race in the spring has traditionally been centered
on an area, roughly 40 km in diameter, of stronge
ly tidal fresh-water marshes dominated by three
square bulrush Scirpus americanus (Lemieux
1959) (Fig. 1). Between 1956 and 1978, the spring
flock grew ex-ponentially from 25,000 to
180,000 individuals (Anon 1981, own obs.). Two
major changes, one distributional and one beha
vioral, have occurred in spring over that decade.
(1) No longer restricted to the upper estuary
Scirpus marshes, the birds have spread into the
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salt-marches of the lower estuary (Fig. 1). By
1979,40% of the flock (Bedard unpubl.) had spil
led over into a totally new spring staging habitat,
the coastal tidal marsh dominated by cordgrass
(Spartina spp.). (2) Hardly ever seen in the agri
cultural fields adjacent to the marshes prior to
1965, the birds also spent an increasing propor
tion of the daylight period in this habitat. By
1979, preliminary observations revealed that they
were spending 10-30% of their time foraging in
this habitat (Gauthier, et at. 1987).

The general objective of this study was to
establish whether these two changes had any re
percussions on the spring fattening patterns of
the geese. We have shown elsewhere that males
and females completing the staging halt in the
traditional Scirpus marshes leave for the arctic
breeding grounds with respectively 23% and 9%
more fat reserves than those staging in the new
ly-invaded Spartina marshes (Gauthier et at.
1984a). Two non-mutually exclusive hypotheses
could explain such a difference: (1) daily energy
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Fig.I. The St. Lawrence River estuary and the location of the two study sites (CAP and VER). The shaded area
shows the traditional (ante 1965) range frequented by spring staging Greater Snow Goose flocks. St-Roch-des
Aulnaies 'marks the point beyond which Spartina sp. replace Scirpus americanus as dominant monocots in the
coastal marshes. By 1980, spring staging Snow Goose flocks were encountered along the south shore of the river
as far as Rimouski.
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expenditures of geese staging in the salt-marshes
were higher than those of geese staging in the
bulrush marshes; or (2) the metabolizable energy
available to the salt marsh staging geese was lo
wer, either because of a lower food intake and/or
a lower food quality. Hypothesis (1) was rejected
when we found that daily energy expenditures
were nearly identical (1613 vs 1689 kJ day-l per
bird) in both marsh types (Gauthier et al. 1984c).
In the present article, we examine hypothesis (2)
by comparing metabolizable energy intake be
tween the two areas. This information, along
with data on daily energy expenditures (Gauthier
et al. 1984c), enabled us to construct complete
energy budgets of geese in the two marsh types.
A marked advantage of our study is that the ac
curacy of our energy budget calculations could
be assessed by contrasting them to the empirical
measurements of fat reserves stored by geese in
both habitats at the completion of the six-week
staging episode.

Study area
The study was conducted from 1979 to 1981,

Cap St-Ignace (CAP) was chosen as a represen
tative site of the traditional Scirpus marsh sta
ging habitat while Isle Verte (VER), 150 km
downriver, was selected as representative of the
newly-invaded Spartina marsh (Fig. 1). The site
attached flocks averaged 10,000 birds at CAP
and 14,500 at VER (own obs.) At each site, the
study area comprised the tidal marsh proper
(about 300 ha at CAP and 600 ha VER) and the
immediately adjacent agricultural plateau (rough
ly 500 ha and 1000 ha, respectively). Depending
on tide condition, time of day and moment of
season, the geese moved between the marsh and
the fields (Bedard 1982). A description of the two
strongly tidal marshes (tidal amplitude 4.0-5.0 m,
semi-diurnal tide) can be found in Bedard (1982)
and in Gauthier et al. (1984a). In the adjacent
agricultural habitat, two units had significance
for geese: new hayfield (NHF) and old hayfields
(OHF). In NHF, a small-grain cereal cover crop
(generally oats, Avena, or barley, Hordeum) had
been harvested during the previous fall while a

mixture of Timothy grass Phleum pratense and
red clover Trifolium pratense shown along with
the cereal was just getting established. In OHF,
the grass and legume mixture was well-establish
ed and had been subjected to one or two harvests
per year for 1-5 years. Further details about
farming and harvesting practices can be found el
sewhere (Bedard et al. 1986). Both NHF and
OHF are closely interspersed in a fine grained
mosaic and foraging geese readily move from
one unit to the other in the course of the same
foraging bout.

METHODS

General
Detailed energy budgets were constructed si

multaneously at CAP and VER in 1980. Daily
energy expenditures (DEE) were first calculated
using detailed time budgets conducted daily at
both sites throughout the 1980 staging season
(Bedard 1982) and a series of metabolic conver
sion factors expressed as multiples of the basal
metabolic rate (BMR) (Gauthier et al. 1984c).

Metabolizable energy (ME) is the energy ob
tained from food after the gastro-intestinal and
urinary wastes are subtracted at zero nitrogen ba
lance (King 1974, Kleiber 1975): it corresponds to
the apparent metabolizable energy (AME) of
Miller & Reinecke (1984). The following para
meters are required to calculate the ME intake:
(1) foodplants in the diet,
(2) apparent digestibility (AD) of these food

plants,
(3) rate at which these food plants are consu

med.
Separate estimates for each parameter were

obtained in the field on a weekly basis at CAP
and VER. The arrival of geese at the latter site in
the spring is delayed by 3 to 7 days, apparently
because all birds arriving from the Atlantic coast
wintering gtounds converge on the upper estuary
region at first. Some of these birds then drift
downriver toward other staging sites, including
VER (Gauthier et al. 1984a). The duration of the
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staging period was thus 5 weeks at VER
(14 April - 19 May) as opposed to 6 weeks at
CAP (7 April - 19 May). All the geese left the
estuary simultaneously for their arctic nesting
grounds.

Food plants in the diet
The diet of geese in spring was established by

examination of oesophagus and proventriculus
birds. About 20 geese were shot in the marsh and
20 in agricultural fields every week at each study
site in 1979 and 1980. Only those with >0.1 g (dry
weight) of food were retained for analysis. The
collected material was sorted by food types,
dried, and weighed. The data are presented using
the mean percentage of abundance by weight in
individual birds (aggregate percentage of
Swanson et al. 1974). Because we found appreci
able yearly differences in the food obtained by
geese in the fields, results for the two years are
presented separately.

Apparent digestibility of the food plants
Choice of a tracer The profile of the diet esta
blished in step (1) revealed a relatively simple
picture: one or a few key staple food plants were
harvested by geese in each of the four discrete
habitat units (Scirpus and Spartina marsh, NHF
and OHF). Using an indigestible chemical tracer
technique (Theurer 1970, Moss & Parkinson
1972, Moss 1973, 1977, Ebbinge et al. 1975, Drent
iN al. 1978/79), we could relate food intake and
excreta production through a series of analytical
steps.

Drent et al. (1978/79) used ash in balancing
budgets in semi-captive birds. However, this tra
cer, along with magnesium (Moss 1977, Drent et
al. 1978/79) and chlorophyll (Drent et al. 1978/79,
Boudewijn 1984), proved unreliable in our case
because large amounts of mud adhered to the
marsh food plants (rhizomes) and were present in
the excreta. Other workers have made use of cru
de fiber as an indigestible tracer in geese
(Ebbinge et al. 1975) because geese are not
known to be endowed with cellulolytic digestive
capabilities (Marriott & Forbes 1970, Mattocks

1971, Burton et al. 1979). Van Soest & Robertson
(1977), however, condemned the use of crude fi
ber in animal nutrition as variable fractions of
cellulose and/or hemicellulose are digested dur
ing the extraction procedure. To avoid this pro
blem, we measured the fiber content using the
neutral detergent (NDF) extraction technique in
troduced by Goering & Van Soest 1970). The
residue following digestion of the food material
and excreta is known to contain all of the cellulo
se, hemicellulose and lignin originally present in
the plant tissue.

Collection of food plant and excreta samples Our
sampling scheme for vegetation was spread over
a 7-week period (7 April to 24 May 1980). Three
permanent sampling stations were established in
each habitat unit at each study site. Every week,
we obtained 100 g samples (fresh weight) of
each of the following food plants: Scirpus ame
ricanus (live, healthy rhizomes), Sagittaria lati
folia (live, whole underground bulbs), Spartina
alterniflora (white, rapidly growing lateral rhizo
mes), Spartina patens (live, brownish rhizomes),
Phleum pratense (overwintered leaves, growing
apices and/or tips of new leaves), Trifolium sp.
(leaves only), Avena and Hordeum (spilled over
wintered grains only). Data obtained in the agri
cultural habitat at CAP and VER were later
pooled as no significant differences in plant phe
nology and chemical composition were found be
tween the two sites. In obtaining plant samples,
extreme care was taken to simulate goose for
aging so that only plant fragments of the same
type, gauge, length and color as those found in
the oesophagi of geese shot in 1979 were collec
ted. Plant samples were frozen within two hours
of collection.

Oats and barley grains (spilled during the pre
vious fall harvest) could be locally abundant in
NHF but remained available until the end of
April only: these grains became rapidly water
logged and either rotted or germinated soon after
snow melt as soil temperature rose. For the first
2 to 3 weeks of staging, geese feeding in NHF
and OHF used standing green foliage that had
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over-wintered underneath the snow, after which
new growth became available. We did likewise,
so both previous year and current year grass
growth were analysed separately.

Weekly samples of excreta were collected in
each habitat unit at both study sites. Only fresh
droppings produced by birds having fed during
one hour or more in a given habitat unit were
gathered (one h being taken as the minimum re
tention time, Burton et at. 1979). Samples were
frozen within two hours of collection.

1141) adiabatic calorimetric bomb. All samples
were analysed in duplicate and a third measure
ment was obtained whenever the difference ex
ceeded 4%.

The presence of a sizable inorganic fraction
Df non-food origin in the excreta (mainly mud in
gested in the marsh) compelled us to make all the
following computations on an ash-free basis.
Results of the analyses of the food plants, how
ever, are presented with respect to total sample
weight to render them comparable to published
values in the literature.

AD = 1 - {I.(Pn * % NDFn)}!%NDFe (2)

where Pn stands for the proportion of the nth item
in the diet.

Computation of apparent digestibility AD can be
obtained from the following equation:

where the subscripts f and e stand for food and
excreta, respectively.

In practice, the diet is seldom homogeneous
and NDF contents vary among diet components.
A more useful expression of AD in the goose re
gime can therefore be obtained:

(1)AD = 1 - (% NDFf / % NDFe)

Consumption rate of food plants
Assessment of defecation rate (DR) The con
sumption rate is sometimes estimated by directly
observing uptake in semi-captive geese (Drent
et at. 1978/79, Boudewijn 1984). In wild geese,
however, the rate of food intake can be more
easily assessed by monitoring fecal output.

So far, most workers have been content with
obtaining a quick blanket estimate of defecation
rate (Ebbinge et at. 1975, Drent et at. 1978/79,
Owen 1980). We have shown elsewhere, how
ever, that most current estimates are either
strongly biased and/or too variable to warrant
broadcasting a single blanket value across sever
al habitat units (Bedard & Gauthier 1986). We
therefore introduced the "hourly-block' method,

Chemical analyses of food and excreta Food and
excreta samples destined for NDF extraction
were freeze-dried to constant weight and ground
in a Wiley mill. Underground plant parts were
washed to remove adhering mud before freeze
drying. A one-g sample was then boiled for
60 min in the neutral detergent solution. The resi
due was filtered in a pre-tared, sintered-glass cru
cible and rinsed with hot water and then acetone
before drying again. Weight (± 0.0001 g) was ob
tained before incinerating for 3 h at 500°C in a
muffle furnace. All analyses were done in dupli
cate, and in triplicate whenever differences in
NDF between duplicates exceeded 3%. Scirpus
and Sagittaria proved difficult to filter because
of their high starch content. To complete diges
tion of the starch gel that formed in the flask, we
added 2 ml of an alpha-amylase solution (2 g of
enzyme Type II-A, Bacillus subtitis) to 90 ml of
water filtered through Whatman No 54 paper and
extended to 100 ml with ethoxythanol as sugges
ted by Robertson & Van Soest (1977). To make
sure that the procedure introduced no bias, we
compared 5 NDF estimates of starch-poor
Spartina alterniflora rhizomes treated and un
treated with alpha-amylase and found no diffe
rence.

Filtration of excreta following digestion also
proved difficult because of the high mud content
(clay particles clogged the pores of the crucible).
The addition of inert, pre-incinerated asbestos as
an adjunct to the filtering process solved the pro
blem. Gross energy contents of the food and ex
creta samples were measured on a Parr (No.



8 ARDEA 77 (1989)

which bypasses many of these biases. Some 84
independent samples were obtained in the four
habitat units, systematically spread throughout
the season. These results have been published in
Bedard & Gauthier (1986) and we give here only
those values that were used in computing the
energy budget.

mates were then combined into daily ME estima
tes (MEd) using the time budget figures of
Bedard (1982) for the time devoted to feeding in
the marsh (trn), in NHF (tNHF), and in OHF (tOHF)
at each site (CAP and VER).

RESULTS

These daily computations were then integra
ted over the entire season.

Weight of droppings Along with the fecal sam
ple collected for chemical analysis, another sam
ple of 20 droppings was collected weekly in each
habitat unit. Dry weight of individual droppings
was obtained after freeze-drying to constant
weight (about 36-48 h). The ash content was
measured by incinerating droppings for 3 h in a
muffle furnace at 500°C.

(tOHF * (MEh)OHF)}
(in kJ d- 1)

(6)

Calculations of ME intake To obtain daily and
seasonal ME intake estimates (in kJ), we first cal
culated the quantity of foodplants ingested I, in
each habitat unit from:

(in kJ h- 1)

where GE is the gross energy content of each
food item (GEn) and excreta (GEe).

These computations were carried out separa
tely for each week and habitat unit. These esti-

where We is the average weight of an individual
dropping, DR is the defecation rate in number of
droppings h-1 and I is a composite estimate of the
food ingested. The quantity of each food plant in
gested was obtained from:

Food habits
Diet composition is stable from year to year

in both types of marsh (Table 1). It is also very
simple and made up of one basic staple food. In
the agricultural habitat, however, important vari
ations in diet composition between years, habitat
units, and study sites need to be underlined. In
1979, cereal grains were unavailable and thus ab
sent from the diet, but in 1980 grains were abun
dant and, in the NHF diet, amounted to 32% at
CAP and 90% at VER (Table 2). The yearly fluc
tuations in grain abundance seem to be purely
stochastic, but as it is an energy-rich, highly
sought staple, geese should always respond to its
presence. The empirical differences observed in
diet composition in the agricultural habitat will
serve as a basis for realistically modelling spring
energy budgets under variable condition of relati
ve abundance of this key staple (see below).

The presence of measurable quantities of ce
real grains in birds collected in OHF in 1980
(31 % and 8%, Table 2) is an artifact due to the
close interspersion of the two habitat units. It is
probably impossible to collect a goose that has
rigorously restricted its foraging to OHF during
the half-hour or hour that precedes collection.

(3)

(4)

(in g h-1)

I = (We * DR)/(l - AD)

In = I *Pn

in which In is the weight of the nth component in
the diet and Pn is the proportion of this compo
nent in the diet.

The food intake can now be converted to ME
intake (per h) estimates by the following:
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Table 1. Spring food of Greater Snow Geese in two types of coastal marshes in the St. Lawrence River estuary
(mean percentage of abundance by dry weight, in individual oesophagi).

Habitat and food type

Bulrush marsh (CAP)
Scirpus americanus
(rhizomes)
Sagittaria latifolia (bulbs)

Cordgrass marsh (VER)
Spartina alterniflora
(rhizomes)
Spartina patens (rhizomes)
Other plantsa

n

38

34

1979

Average %
abundance

98.7

1.3

94.1

5.9

n

46

26

1980

Average %
abundance

96.6

3.4

94.8

5.2

Include mainly Salicornia europaea and Puccinellia sp.

Table 2. Spring food of Greater Snow Gees collected in the two units of the agricultural habitat (new hayfields,
NHF and old hayfields, OHF) at the two study sites in the St. Lawrence River estuary (mean percentage of abun-
dance by drey weight in individuela oesophagi).

Habitat unit and food type Upper estuary site (CAP) Lower estuary site (VER)
1979 1980 1979 1980

n Average % n Average % n Average % n Average %

abundance abundance abundance abundance

New hayfields (NHF) 13 11 11 47
Phleum pratense 86 64 96 11
(leaves)
Trifolium sp. 11 3 0
(leaves and runners)
Avena, Hordeum (seeds)a 0 32 0 89
Other plantsb 3 1 4 0

Old Hayfields (OHF) 13 13 40 22
Phleum pratense 87 58 90 60
(leaves)
Trifolium sp. 11 10 0 31
(leaves and runners)
Avena, Hordeum (seeds)a 0 31 0 8
Other plantsb 2 0 10 1

Both cereal seeds equally abundant (50-50) in oesophagi
Includes mainly weed grasses: Agropyron repens, Festuca rubra and Agrostis alba.
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Chemical analysis of food and excreta
Chemical composition (NDF, energy, and ash

contents) of the staple foodstuffs identified in the
diet is shown in Table 3. One-way ANOVA indi
cated that the chemical composition of Scirpus,
Spartina patents and Trifolium was constant
throughout the season (P > 0.05). In the case of
Spartina alterniflora, the one-way ANOVA on
log-transformed data (to respect homogeneity of
variances) indicated the presence of a highly sig
nificant seasonal decrease in NDF content (F6,l4

= 44.2; P < 0.001). Inspection of the weekly data
revealed, however, that NDF content was stable
at 56.0% until the first week of May, when it
dropped by 10% to 45.8% to remain stable there
after. The unexpectedly high NDF contents of
the Spartina rhizomes led us to suspect that our

weekly samples may have been of lower quality
than those obtained by geese. We therefore esta
blished the NDF contents of rhizomes extracted
from the oesophagi and found that this was in
deed the case: NDF contents averaged 49.0% in
10 samples from birds collected at VER during
staging weeks 2-4, instead of the 56.0 value of
Table 3 for the same period. We therefore used a
NDF value of 50.7% (ash-free basis) throughout
the season in computing energy intake estimates.
Similar comparisons between hand-collected
Scirpus rhizomes and samples extracted from the
oesophagi failed to reveal significant differences
in NDF contents.

Chemical composition of grass foliage chan
ged throughout the season: NDF content steadily
decreased while ash content increased (Table 3).

Table 3. Composition of the foodstuffs important in de diet of spring staging Greater Snow Geese in the St.
Lawrence River estuary (1980 data). Mean values (±SE) are based on the mean of three weekly samples at each
study site between 7 April and 24 May. Results are in terms of total sample weight (including ash content).
NDF = Neutral Detergent Fiber.

Food type NDF Energy Ash
n (%) (kJ g-l) (%)

Scirpus americanus 21 28,9 ± 0.5 16.7 ± 0.1 4.5 ± 0.1
(rhizomes)
SagittCfria latifolia 21 10.3 ± 0.5 16.3±0.1 6.0 ± 0.1
(bulbs)
Spartina alterniflora 12 56.0 ± 2.5a 16.6±0.1 7.6 ± 0.4
(rhizomes) 9 45.8 ± Lab
Spartina patens 21 61.0 ± 0.8 18.0 ± 0.1 3.4±0.17
(rhizomes)
Ph/eum pratense
(Old foliage) 16 36.7 ± 0.5e 18.9±0.1 4.3 ± 0.2d

(New foliage) 34 31.7 ± 0.5e 19.2±0.1 5.2 ± 0.2d

Trifolium sp. (leaves) 16 20.4 ± 0.3 18.9 ± 0.1 6.2 ± 0.1
Avena, Hordeume 4 37.5 ± 0.8 17.9 ± 0.2 7.4 ± 1.5

For staging weeks 1-4
For staging weeks 5-7
Two-way ANOVA (old and new foliage, NHF and OHF) on untransformed data revealed a significant decre
ase in NDF content with season in both old (F =7.14, df =2,14, P < 0.01) and new foliage (F =4.2, df =
6,26, P < 0.01). Habitat unit (OFH, NHF) had no effect.
Two-way ANOVA (old and new foliage, NHF and OHF) on untransformed data revealed a significant increa
se in ash content with season in both old (F =5.6, df =2,14, P < 0.05) and new foliage (F = 10.6, df =6,26,
P < 0.001).
Average value for a miXture of the two grain species.
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Overwintered foliage was the only one available
during staging weeks I to 3 at CAP and during
weeks 2-3 at VER, while new foliage was availa
ble thereafter. NDF and ash content values of the
grass foliage were derived from the following
equations for use in weekly ME intake estimates
(old and new foliage combined):

NDF (%) =- 0.18 (Julian day) + 55.1 (7)

(r =- 0.73, n =50, P < 0.001)

ASH (%) = 0.06 (Julian day) - 2.0 (8)
(r =0.79, n =45, P < 0.0001)

We were also less successful at hand-picking
quality overwintered grains (Avena and
Hordeum) than were geese. The mean NDF va
lue of 37.5% obtained from the former sample
(Table 3) was found to be significantly different
(P < 0.05) from the main of 26% for an even
mixture of Avena and Hordeum extracted from
the oesophagi. We therefore used the value of
26% NDF for grains in computing AD, I and
ME estimates.

The chemical composItIOn of excreta
(Table 4) is more complex than that of pure food
stuffs because each of different food plants eaten
by geese. The situation is still relatively simple
in both marshes because geese feed almost ex
clusively on one food item (Table 1). In the agri
cultural habitat, however, the diet is more diver
sified (Table 2), especially because of the

changing availability of grains. To simplify this
situation, we have found more appropriate to re
tain for analysis three sharply contrasting situa
tions. In the first, grains are not available and the
geese feed on grass (90%) and legume (10%) fo
liage. This is Diet A and it is exemplified by the
situation in OHF and NHF in 1979 (at both CAP
and VER, Table 2). Therefore, all droppings col
lected in these circumstances were associated to
this diet. In Diet B, grains are moderately availa
ble: this diet includes 60% grass foliage, 30% ce
real grains and 10% legume foliage, and is exem
plified by the situation that prevailed at CAP in
1980 (NHF and OHF, Table 2). In the third diet,
grains are widely available and make up the bulk
of the food eaten (90%) with grass foliage ma
king up the rest (10%). Diet C is exemplified by
the situation that prevailed at VER in 1980 (in
NHF). Diets Band C can only prevail until week
4, however, as grains disappear and birds revert
to Diet A afterwards. The assignment of drop
pings to diets A, B or C was confirmed in all ca
ses by microhistological analysis of fecal materi
al (J-F Giroux pers. comm., own obs.).

The analysis of excreta samples correspon
ding to the above proportions of food plants are
presented in Table 4. We found a seasonal decre
ase in NDF contents of the excreta of diets A and
B, but not C. Thus, in computing weekly energy
intake on diets A and B, we used values of NDF
content in the extra derived from the following
equations (on an ash-free basis):

Table 4. Composition (calculated on an ash-free basis) of Greater Snow Goose excreta collected in various ha
bitat units of the St. Lawrence River estuary in spring. The three diets for geese feeding in the fields are descri
bed in the text. Mean ± SE, n = sample size.

Habitat unit Diet

Bulrush marsh (CAP)
Cordgrass marsh (VER)
Agricultural habitat

Diet A
DietB
Diet C

NDF
(%)

61.0 ± 1.2
68.2 ± 0.7

a

a
68.2 ± 4.4

n

6
11

5

Energy n
(kJ gl)

19.0 ± 0.3 6
18.5 ± 0.2 12

18.7 ± 0.2 5
18.7 ± 0.2 6
19.0±0.2 5

a Varies seasonally: regression equation in test.
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Diet A: NDFe =-0.50 (Julian day) + 109.11 (9)
(r = -0.88, n = 5, P < 0.05)

Diet B: NDFe = -0.24 (Julian day) + 81.34 (10)
(r =-0.79, n =6, P < 0.05)

Weight of fecal matter
The weight of the excreta varies a great deal

with the ash content of non-food origin. Mean
weight of individual droppings collected from
birds having fed on the five diets described abo
ve are summarized in Table 5. Marsh droppings
show a high ash content because of the large
quantity of mud ingested by geese feeding on un
derground rhizomes.

Defecation rate (DR) estimates obtained in
various habitat units often differed significantly
(Bedard & Gauthier 1986). The DR values used
in constructing the energy budgets are presented
in Table 6.

Computation of AD, ME and the energy bud
get

Using the parameter values given in Tables 3
to 6, we have computed the weekly AD values,
hourly I and hourly ME intake (Table 7). These
estimates are based on the diets described in
Table 1 for CAP and VER marshes and on the
three different diets in the agricultural habitat
(Diets A, B, C).

Values of AD, I and ME were stable through
out the season in both marsh types because of the

Table 6. Defecation rate (DR in defecations, h) esti
mates of Greater Snow Geese in the St. Lawrence
River estuary in spring. n is the number of hourly
blocks (Bedard & Gauthier 1986) used to estimate
DR. Composite estimates for 1980 and 1981.
Mean±SE.

Habitat unit/Diet DR n

Bulrush marsh (CAP) 14.7 ± 0.2 33
Cordgrass marsh (VER) 15.6 ± 1.2 20
Agricultural habitat

Diet A 12.5 ± 1.6 8
DietB 9.0 ± 1.4 7
Diet C 6.2 ± 1.2 6

nearly constant chemical composition of the
Scirpus and Spartina rhizomes during that peri
od. In the agricultural habitat, however, these
values decreased steadily, in response to changes
in the quality of a major food item, grass foliage.
The effect is especially pronounced in grass foli
age-rich Diet A.

Daily ME intake, weighted for the amount of
time spent feeding in each habitat (Table 8),
could then be calculated for each staging week.
Along with these weekly estimates, we present
the DEE estimates (from Gauthier et al. 1984c)
and the balance between the energy intake and
energy expenditure for each staging week at CAP
(Table 9) and VER (Table 10). At CAP, the ener
gy budget was largely positive throughout the

Table 5. Dry weight of individual Greater Snow Goose droppings collected in various habitat units and from
birds having fed on various natural diets (see text for a description of Diets, A, B and C). Mean ± SE.

Habitat unit Diet n

Bulrush marsh (CAP) 328
Cordgrass marsh (VER) 413
Agricultural habitat

Diet A 117
Diet B 118
Diet C 97

Gross Organic Ash
weight matter in % of

(g) content gross
(g) weight

1.22 ± 0.02 0.59 ± 0.01 51.7
1.19 ± 0.02 0.75 ± 0.01 36.6

1.05 ± 0.03 0.81 ± 0.02 22.9
1.07 ± 0.03 0.88 ± 0.03 17.3
1.54 ± 0.03 1.23 ± 0.04 20.4



ENERGY BUDGETS GREATER SNOW GEESE 13

staging period with the exception of Weeks 4 and
5. At VER, however, our initial computations
produced a negative balance throughout staging

(Table 10), with the energy expenditure exceed
ing the energy intake by 13% to 198%.

Table 7. Calculated values of Apparent Digestibility (AD in %), Food Ingested (l, in g dry weight h- 1), and
Metabolizable Energye Intake (ME, in kJ h- 1) for Greater Snow Geese occupying different habitats of the
St. Lawrence River estuary in spring. Geese are absent from the cordgrass marsh during Week 1. Only Diet A
prevails in agricultural habitat during week 5 and 6.

Habitat unit/Diet

Bulrush marsh (CAP)
AD 51.3

I 17.8
ME 146.7

Cordgrass marsh (VER)
AD

I
ME

Agricultural habitat
DietAAD 37.4

I 16.2
ME 130.5

Diet B AD 42.2
I 13.8

ME 114.4
Diet C AD 60.1

I 19.1
ME 224.4

Week of staging

2 3 4 5 6

51.3 51.3 51.3 51.3 51.3
17.8 17.8 17.8 17.8 17.8

146.7 146.7 146.7 146.7 146.7

25.6 25.6 25.6 25.6 25.6
15.7 15.7 15.7 15.7 15.7
65.3 65.3 65.3 65.3 65.3

35.3 32.9 30.2 27.1 23.5
15.7 15.1 14.5 13.9 13.2

122.0 111.5 103.5 92.6 79.6
41.7 41.2 40.6
13.7 13.5 13.4 Diet A

113.3 111.3 110.8
60.2 60.4 60.6
19.2 19.3 19.4 Diet A

226.5 228.7 231.2

Table 8. Average time (in h d- 1) per week of staging devoted to feeding in the various habitat units of the two
study sites in 1980. NHF, new hayfields; OFH, old hayfields. Staging began on 7 April (14 April at VER as birds
arrived one week later) and terminated on 19 May. Data from Bedard (1982).

Site Habitat unit Staging week

2 3 4 5 6

Cap St-Ignace (CAP)
Marsh 12.8 12.6 12.9 7.5 10.7 11.1

NHF 0.0 0.1 0.3 1.4 0.6 0.3
OHF 0.0 0.5 0.9 0.9 1.1 1.2

Isle Verte (VER)
Marsh 8.1 7.8 8.0 5.7 10.4

NHF 0.0 4.0 3.5 l.l 0.6
OHF 0.8 0.1 0.1 3.9 1.3
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Table 9. Comparison of measured energy intake (Metabolizable Energy, ME, in kJ d- 1) and of estimated daily
energy expenditures (DEE, in kJ d- 1; from Gauthier et at. 1984c) for each week of the staging period in Greater
Snow Geese of the upper estuary site (CAPO). The agricultural habitat is divided into OHF (old hayfields) and
NHF (new hayfields), and three diets (A, B and C; see text) are considered in this habitat. Only Diet A is availa-
ble in OHF, and also in NHF during Weeks ~,and 6.

Staging Energy intake DEE Balance
week

ME marsh ME fields Total
OHF NHF

1878 0 A- 0 1878 1867 + 11

B- 0
C- O

2 1848 61 A- 12 1921 1717 +204
B- 11 1920 +203
C- 23 1932 + 215

3 1892 100 A- 34 2026 1688 + 338
B- 33 2025 + 337
C- 69 2061 + 373

4 1100 93 A - 145 1338 1424 - 86
B - 155 1348 - 76
C - 324 1517 + 93

5 1570 102 A- 56 1728 1768 - 40
6 1628 95 A- 24 1747 1674 + 73

Table 10. Comparison of measured energy intake (Metabolizable Energy, ME, in kJ d- 1) and of estimated daily
energy expenditures (DEE, in kJ d- 1; from Gauthier et at. 1984c) for each week of the staging period in Greater
Snow Geese of the lower estuary site (VER). The agricultural habitat is divided into OHF (old hayfields) and
NHF (new hayfields), and three diets (A, Band C; see text) are considered in this habitat. Only Diet A is availa
ble in OHF, and also in NHF during Week 5 and 6.

Staging Energy intake DEE Balance
week

ME marsh ME fields Total
OHF NHF

1
2 529 98 0 627 1668 - 1041
3 509 11 A - 446 966 1667 - 1101

B - 441 961 706
C - 915 1435 232

4 522 10 A - 362 894 1510 616
B - 388 920 590
C - 809 1341 169

5 372 361 A - 102 835 1387 552
6 679 104 A - 48 831 1554 723
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DISCUSSION

Food quality and digestibility
Our results indicate that the type and overall

quality of the spring staging habitat used by gee
se can strongly influence the energy balance of
these birds at a critical period of the year. The re
cent habitat shift has brought the staging geese in
what seems to be a marginal habitat. The appa
rent digestibility values of the staple food gather
ed in the traditional fresh-water marshes,
Scirpus rhizomes, is twice that of the staple food
obtained in the salt-water marshes, Spartina rhi
zomes (51.3 versus 25.6, Table 7). Apparent di
gestibility has been shown to be inversely related
to the fiber content of the foodstuff (Drent et al.
1978/79, Owen 1980), and our results are consis
tent with this trend.

Burton et al (1979) reported AD values for
Lesser Snow Geese Chen c. caerulescens feeding
on Scirpus rhizomes in captivity. Fiber (crude)
content in their study was lower (22%) than in
ours (NDF 29%), while AD estimates stood at
28% (versus 51.3% in our study). These parame
ters led to estimates of 6.0 kJg-l as ME content of
these Scirpus rhizomes, a value substantially lo
wer than our estimate of 8.2 kJ/g. Burton et al
(1979) were, however, feeding captive geese
hand-extracted rhizomes, and that may account
for the difference.

To our knowledge, AD values of Spartina rhi
zomes fed upon by geese have not been reported
before. Because of their extremely high NDF
content (45.8 to 56.0%), these rhizomes are poor
quality for the geese. We may thus expect the
birds to display food selectivity (e.g. Owen 1978/
79): that they succeed to some extent is shown by
the fact that gut-extracted Spartina rhizomes
have a slightly lower NDF content (49.0%) than
hand extracted ones (56.0%).

Staging Snow Geese accomplished about one
third of their foraging in the agricultural habitat
where they fed mostly on spilled grain and grass
foliage (legume foliage, Trifolium and Medicago,
only plays a minor role in their energy budget).
AD values reported here for grass foliage (23.5 to

37.4%) compare closely to published values.
Drent et al (1978/79) found AD values of 25 to
35% for Agrostis, Pao and Lolium used by
Whitefronted Geese Anser albifrons; Ebbinge et
al. (1975) reported values of 22% for a mixed
grass diet used by Barnacle Geese Bmnta berni
cia while Marriott & Forbes (1970) found AD
values of 33% for Medicago fed upon by Cape
Barren Geese Cereopsis novaehollandiae. It is
not clear, however, why our AD estimates for the
two grass foliage-dominated diets (Diets A and
B, Table 7) decreased during the staging period
while NDF estimates in the foliage also decreas
ed during the same period.

The abundance of oat and barley grains
seems to vary in a purely stochastic manner in
NHF. Windy and unfavourable (late) harvesting
conditions during the previous fall may locally
release enormous quantities of spilled grains for
spring staging geese while an early harvest under
optimal conditions generally means absence of
this food in the following spring. Despite our
best efforts, we were unable to collect grains of a
quality comparable to what geese gleaned. Our
overall estimate of 37.5% NDF content and
matching AD values of 40-45% were clearly sus
pect, and the 26% NDF content (61 % AD) ob
tained from gut-extracted seeds is apparently a
sound estimate. Owen (1980) also used a 60%
value of AD while Raveling (1979b) used what
seems to be an inflated value of 80%.

Energy return and profitability
The results of Table 7 clearly indicate that the

ME content of various staple foods available to
geese differ greatly. Some of these differences
may, however, be enhanced or attenuated if one
also considers the cost of obtaining these foods.
Drent et al. (1978/79) have introduced the profita
bility concept (sensu Royama 1970) as it applies
to geese. They defined the foraging cost (FC) as
the increment in energy expenditure over cage
existence, due to foraging. This method assumes
an even cost for obtaining various foods, which
is inadequate in our case. Elsewhere (Gauthier
et al. 1984c), we have estimated that a grazing
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goose spends approximately twice the amount of
energy needed for basal metabolic rate (BMR).
Thus, the energy expenditure of grazing (and that
of gleaning grain as well) can be approximated at
57.2 kJ h-1 (BMR value for Greater Snow Goose
was set at 686 kJ d- 1 or 28.6 kJ h-1). The energy
expanded while 'grubbing' for Scirpus and Spar
tina rhizomes, however, is clearly higher and
was valued at 3 * BMR or 85.7 kJ h-1. If we now
subtract the BMR from these estimates, we ob
tain FC estimates which can be used to assess the
profitability or the net return of using various
food sources. These FCs are minimum estimates
,18 the costs of flying to feeding sites or of dis
turbance are not included.

One striking fact that emerges from these cal
culations (Table 11) is the low profitability of
salt marsh feeding for Snow Geese. Birds using
this habitat must invest nearly as much energy as
they extract. Foraging in the Scirpus marsh, how
ever, is an attractive proposition and it is no acci
dent that the birds have used these marshes for at
least four and a half centuries (Lemieux 1959).

The extremely high profitability of Diet C
(Table 11) is not surprising considering the high
AD values of barley and oats. In the lower estua
ry (VER), Snow Geese will sometimes travel in
land over several km to forage in NHF units
where spilled grains are available. In this newly
invaded part of the range, it appears that the
availability of cereal grains is necessary for suc
cessful preparation for breeding. A similar con-

clusion has been reached by Raveling (1979b) for
the spring fattening of Cackling Geese Branta
canadensis minima. In the traditional part of the
range (CAP), geese also include grains in their
diet, although they can manage as well on a
blend of natural Scirpus rhizomes and agricultur
al plant foliage.

Unlike Canada Geese who have a long histo
ry of field-feeding (Owen 1980), Snow Geese are
relative newcomers to this habitat, a fact proba
bly related to their high degree of specialization
for grubbing (Bolen & Rylander 1978, Owen
1980). The evidence of Table 11, however,
strongly suggests that field-feeding will increase
in importance in this population. Monitoring of
the flock in spring reveals that this has indeed
been the case: in Table 8, the ratio of field: marsh
feeding is 3:7 in the VER flock. A mere five
years after the present study has been completed,
this flock had totally opted out of marsh-feeding
and is found in this habitat exclusively at night or
when persistently ousted from the agricultural
habitat by farmers. Although field feeding has
also increased in the upper estuary, an equilibri
um between field and marsh feeding is being
maintained because of the fairly high profitabili
ty of marsh feeding and the low availability of
cereal grains there. The increase use of farmlands
by Snow Geese in recent years (Anon, 1981,
Frederik & Klaas 1982, this study) can therefore
be explained by the high energy return of field
feeding for geese.

Table 11. Profitability of using different food plants by Greater Snow Geese in spring. Foraging cost (FC) is
the difference between the cost of obtaining the food plant and BMR (see text).

Inake units

ME (kJ h-1)a

FC (kJ h- 1)

Profitability
(ME/FC)

Food type

Scirpus Spartina Agricultural habitat
rhizomes rhizomes Diet A DietB DietC

146,7 65.3 106.6 112.2 227.7
57.2 57.2 28.6 28.6 28.6

2.6 1.1 3.7 3.9 8.0

Seasonal average, see Table 7.
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Energy budget of geese
Despite the great number of parameters in

volved and the difficulties of estimating several
of them in the field, we believe that we have
achieved a reasonable success in constructing a
detailed energy budget for these birds during the
spring staging period. In the upper estuary
(CAP), our model predicts a positive energy ba
lance except in week 4 and 5 (Table 8). Time de
voted to feeding during week 4, however, was
certainly underestimated because of a temporary
shift in the local distribution of the flock (Bedard
1982). If we exclude the 4th week, our model ac
counts for nearly 55% of all the energy storage
(192 out of 366 g of fat) that occurs in these
birds during staging (Gauthier et al. 1984a), assu
ming a conversion efficiency of 75% for the cost
of tissue synthesis (King 1974). The average dai
ly ME intake, estimated at 1860 kJ, is only 12%
lower than the calculated energy requirements to
cover the cost of existence plus that of fattening
as determined in autopsied birds (2104 kJ d-[,
Gauthier et al. I984a, c). This is probably well
within the error margins of such calculations.

The situation is more complex at VER where
our model does not even cover the existence
costs of these birds, let alone the costs of fatte
ning. Yet, they do accumulate fat, although to a

lesser extent than those at CAP (Gauthier et al.
1984a). Considering our near success at balan
cing the budget of CAP birds with an average
DEE of 1689 kJ d- 1, and our failure to do so at
VER with nearly identical expenditures (DEE
1613 kJ d- I ), we concluded that food intake was
underestimated at the latter site. We tested this
assumption by comparing our estimated values
of I with the observed amount of food in the oe
sophagus of shot geese.

Feeding rates were estimated using the hourly
fecal production. Between the time a goose be
gins feeding and the time when the first dropping
is produced, there is a time lag (T[) required to
fill the gut. Similarly, fecal matter is voided du
ring a time interval T2 after feeding has stopped.
For practical purposes, it is assumed that T1

equals T2• This implies that geese do not store
food in their foregut and, hence, do not feed at a
rate greater than the digestion rate. Because
through-put time is rapid in geese (I to 2 h,
Burton et al. 1979), we predicted that the ratio
Weight of oesophagus content: Hourly food inta
ke (I, Table 7) should be «1 if food was not sto
red in the foregut. Value of this ratio was on
average 0.2 for Scirpus, 0.1 for grass foliage and
0.05 for Spartina, suggesting that food was in
deed processed rapidly. In birds having fed on

Table 12. Redressed energy budget for Snow Geese staging in the lower estuary site (vER). The data are as in
Table 10 for ME intake from both marsh and OHF. Intake (I) in NHF corresponds to doubling grain intake for
Diets Band C of Table 10.

Staging Energy intake DEE Balance
week

ME marsh ME fields Total
OHF NHF

I
2 529 98 0 627 1668 - 1041
3 509 11 B- 734 1254 1667 - 413

C - 1730 2250 + 583
4 522 10 B- 635 1167 1510 - 343

C - 1533 2065 + 555
5 372 361 A- 102 835 1387 - 552
6 679 104 A- 48 831 1554 - 723
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grains, however, values of this ratio varied be
tween 0.5 and 4.4, suggesting that food storage
took place in the foregut. Although we estimated
that 13 g h-1 of grains (Table 7) could be proces
sed by the gut, as many as 15 out of 55 birds that
had fed OJ} grains had more than this quantity.
That geest< actually use this mechanism is consis
tent with the observation of Bedard (1982) accor
ding to which individuals birds foraging in NHF
would do so for short bursts of time interspersed
with resting. Owen (1972) reported a similar phe
nomenon when he observed White-fronted Geese
increasing markedly their feeding rate at dusk.

We can thus conclude that grain intake has
been underestimated. If we double the grain inta
ke for Diet C at VER (the diet encountered in
NHF in 1980) in Table 7, we partly redress our
faulty budget (Table 12). The balance becomes
positive during weeks 3 and 4 and these are in
deed the weeks when peak fat deposition occurs
(Gauthieret al. 1984a). The corrected VER mo
del then yields a total surplus of 7966 kJ which
leads to the storage of 150 g of fat, or about 65%
of all energy stored during staging. That birds
should lo~e some of these gains during the re
mainder of the staging season is perplexing and
signals an unknown weakness of our model. One
possibility is that geese feeding on very poor
quality food such as Spartina rhizomes are able
to compeJ;lsate by digesting some of the cellulose
fraction. Buchsbaum (1985) recently reported that
this was the case in captive Canada Geese fed
with Sparlina leaves. Although the gut of Snow
Geese is 110t known to be endowed with cellulo
lytic activity (Burton et al. 1979), this aspect war
rants further investigation.

CONCLUSIONS

The strength of our model lies in its ability to ex
plain profound differences in the pre-breeding
conditioning and behaviour of geese using two
markedly different habitats in spring. Our results
show that the energy obtained by the birds from
the Spartina marsh is clearly inadequate to cover

their energy expenditures, and geese must use
farmlands to complete their fattening.

We are unable at this time to establish wheth
er the range expansion, with the stress it has im
posed on a part of the flock in spring, has mea
surable repercussions on breeding output. We are
currently attempting to obtain comparative
breeding output estimates by establishing family
size of neck-collared geese in the fall, using indi
viduals known to have staged in Scirpus and
Spartina marshes during the previous spring.
This is important because a trend between spring
body weight and reproductive success has recent
ly been reported in a Branta bernicla population
staging in The Netherlands (Ebbinge et al. 1982),
loosely supporting the hypothesis of a close link
age between the level of spring fattening and net
breeding output in geese.
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SAMENVATTING

De Sneeuwgans, die in hoog-arctische gebieden
in voomamelijk Noord-Amerika (Canada) broedt,
neemt recentelijk in aantal toe. Gedurende die tijd
veranderde vooral de terreinkeuze van de foera
geergebieden in het voorjaar. De traditionele plei
stergebieqen van de Sneeuwgans zijn drassige
biezenvelden (Scirpus) langs de St. Lawrence ri
vier. Gedurende meer dan 20 jaar drong de popu
latie deslikken met slijkgras (Spartina) inhet
meer strgomafwaarts gelegen estuarium van de
St. Lawrence binnen. Ook werd steeds meer ge
foerageerd op aangrenzend bouwland. Uit tege-

lijktijdig uitgevoerde studies bleek dat de ganzen
aanzienlijk lagere vetreserves opbouwden in de
recentelijk veroverde gebieden. De auteurs onder
zochten de oorzaak van dit verschil.

Er werden energiebudgetten opgesteld gedu
rende een periode van 6 weken in twee gebieden
die representatief waren voor de traditionele en
de nieuwe foerageergebieden. Geschoten ganzen
uit de verschillende gebieden bevatten wortels
van bies en slijkgras in de slikken langs de kust
en op de bouwlanden yond men bladresten van
wilde grassen en klaver (Phleum, Trifolium), en
graan (haver en gerst).

De vertering werd bepaald door de hoeveel
heid uitwerpselen per gans te schatten en de ve
zelinhoud (NDF) van zowel de uitwerpselen als
de gegeten hoeveelheid te meten. De geschatte
hoeveelheid die verteerd was, werd vergeleken
met schattingen van de dagelijkse energiebeste
ding van de ganzen die werden verkregen uit een
gelijktijdig lopend onderzoek. Het model was niet
in staat om in een van de twee biotopen nauw
keurig de energiekosten van het levensonderhoud
vast te stellen. Toch ontdekten de onderzoekers
dat de beide gebieden zich opvallend van elkaar
onderscheiden. Daarbij nam het verschil in ver
teerbaarheid tussen slijkgras (25%) en wortels
van bies (51%) een groot gedeelte van het onder
scheid tussen de gebieden voor zijn rekening. Het
ontoereikende dieet op de slijkgras-gebieden
werd gedeeltelijk gecompenseerd door fourageren
op energierijke graangewassen van bouwland.
Men verwacht dat de ganzen steeds meer afhan
kelijk zullen worden van de gebieden met bouw
land om hun vetvoorraad voor het broedseizoen
op te bouwen.-HWdN


