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Coastal seagrasses are declining at increasing rates worldwide, forcing herbivores
previously reliant on these habitats to abandon them in search of alternative ways to
fulfil their daily energy budgets. After two decades of declining seagrass abundance in
Mariager Fjord, Denmark, the Svalbard breeding population of Light-bellied Brent Geese
Branta bernicla hrota has experienced substantial changes in habitat use at this traditional
autumn staging area. Declines in seagrasses have caused birds to depend increasingly on
Sea Lettuce Ulva lactuca in recent years, and forced birds into terrestrial habitats such as
saltmarsh and winter wheat. In contrast to those birds exploiting aquatic habitats, birds
relying on these new habitats showed higher energy expenditure and failed to balance
their energy budget. Eelgrass (Zostera) was energetically superior to other food resources,
with marine Ulva being second best. Predicted body mass development under two differ-
ent scenarios indicate that present habitat use resulted in a midwinter body mass around
122 g lower than just 20 years ago, equivalent to c. 9.4% of Brent Goose body weight.
Even after controlling for inter-annual differences in thermoregulatory costs, the effect of
changes in habitat use translated into a body mass reduction of c. 56 g, which could
adversely affect survival and future reproduction. Flyway-wide declines in Zostera abun-
dance and further reductions in traditional habitats due to climate change give cause to
reassess projected population trends and consequent management implications for the
East Atlantic flyway population of Light-bellied Brent Geese.
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Habitat deterioration caused by humans is a major
threat to many biomes. During the past century,
submerged aquatic vegetation communities (e.g.
eelgrass Zostera and ditch-grass Ruppia beds), inter-
tidal mudflats and coastal saltmarshes are among
those habitats that have been subject to the largest
distributional reductions. Reclamation, disease and
increased eutrophication have adversely affected
many seagrass communities (Short & Neckles
1999, Waycott et al. 2009), whereas changes in
land use and management have reduced saltmarsh
habitats, whose availability may decline further as a
consequence of climate change-induced rises in sea
level (Adam 2002, Hughes 2004). Seagrass beds

and intertidal mudflats are very productive and
home to a diverse community of small fish and
invertebrates, and seagrasses themselves are con-
sumed by some mammals, many fish and herbivo-
rous waterbirds (Valentine & Duffy 2006).
Saltmarshes function as important breeding and
staging habitats for a variety of waterbirds, many of
which forage on seagrass beds, mudflats and salt-
marshes in alternation (Evans et al. 1984). Reduc-
tions in the distribution and abundance of the
preferred seagrasses have obliged herbivorous
swans, geese and ducks to exploit secondary habi-
tats (intertidal algae and saltmarshes) (Tubbs &
Tubbs 1982) as well as completely new habitats
such as pastures and fields of cereal, sugar beet and
oil-seed rape (Brunckhorst 1996, Chisholm &
Spray 2002, Nolet et al. 2002). This has prompted
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a need to understand the energetic and behavioural
consequences of these alternative foraging strate-
gies (e.g. Prop & Black 1998) because herbivorous
waterbirds rely on accumulation of body stores in
spring to fuel long-distance flights to the breeding
areas and initiate subsequent breeding, and in
autumn to enhance winter survival (Drent et al.
1978/79, Ebbinge & Spaans 1995, Tinkler et al.
2009).

Herbivorous birds with short gut retention
times and limited digestive capabilities exploit
high-quality food at high rates of food consump-
tion (Demment & Van Soest 1985, Prop & Vulink
1992). They prefer to feed on plants with low
cellulose and hemicellulose and high protein and
soluble carbohydrate contents, and exhibit a daily
schedule of almost uninterrupted feeding (Prop &
Vulink 1992, Stock & Hofeditz 1997). Conse-
quently, even small changes in food availability,
quality or behavioural constraint can accumulate
into considerable energetic and fitness conse-
quences on a seasonal timescale (Stock & Hofeditz
1997).

We aim to assess the consequences of observed
habitat shifts resulting from loss of seagrass habitat
over the past 20 years on a critically small popula-
tion of Brent Geese. Such knowledge is necessary
for effective management of staging areas for Brent
Geese and other herbivores and is a prerequisite
for effective conservation measures. By comparing
historical (1989) and present (2009) habitat use of
Brent Geese we aim (1) to describe the magnitude
of change in habitat use, (2) to model energetic
consequences of this change in habitat use and (3)
to describe changes in winter condition and body
mass development. This permits an evaluation of
ecological constraints associated with the loss of a
major food resource, and a reassessment of likely
future population trajectories and management
implications for a small and vulnerable population.

METHODS

Study species, population and range

The Brent Goose Branta bernicla has a strong prefer-
ence for feeding on eelgrass Zostera (Einarsen 1965,
Ganter 2000). The East Atlantic population of
Light-bellied Brent Geese B. b. hrota has one of the
smallest populations of any goose (Clausen et al.
1999), numbering only 7600 individuals in 2008/
2009, and it is one of only two goose populations

with unfavourable conservation status in the
Western Palaearctic (Fox et al. 2010). During the
non-breeding period the majority of birds reside at a
few well-defined staging areas in Denmark and at
Lindisfarne in northeast England (Clausen et al.
1999, Denny et al. 2004), where submerged and
intertidal vegetation are the most important food
sources (Clausen & Percival 1998).

Study area

The study was carried out in Mariager Fjord, Den-
mark (56.70°N, 10.22°E), the most important
autumn and winter staging area for the population
since the 1950s (Salmonsen 1958, Clausen et al.
1998). Fieldwork was carried out during 1989 and
2009 in and around the shallow inlet, on a range of
Brent Goose habitats including seagrass beds (Zos-
tera marina, Ruppia maritima and Ruppia cirrhosa),
shallow bays with Sea Lettuce, saltmarshes domi-
nated by Common Saltmarsh Grass Puccinellia mari-
tima, and agricultural fields of wheat Triticum sp.
Mariager Fjord is designated as a Ramsar site and a
Special Protection Area under the EU Birds Direc-
tive for Light-bellied Brent Geese, and as a Special
Area of Conservation for saltmarsh, intertidal mud-
flats and large, shallow inlets and bays under the EU
Habitats Directive (Naturstyrelsen 2011). Despite
these protection measures, the distributions of Rup-
pia and Zostera in Mariager Fjord declined by 95
and 31%, respectively, between 1989 and 2009
(Fælled 2011), followed by a decline in Brent Goose
numbers (Fælled 2011). Birds are now restricted to
a few coastal Zostera beds outside the fjord, which
are situated in deeper water and can sustain bird
numbers only for a limited period of time. The only
accessible macrophytes that remain are a population
of Sea Lettuce fluctuating greatly in both spatial dis-
tribution and temporal availability throughout the
staging period.

Goose counts and habitat exploitation

Habitat use was based on monthly total counts in
Mariager Fjord during September to December
1989 and 2009. Bird numbers and geographical
locations were marked on field maps (scale
1:25 000), and flocks were assigned to one of the
five habitats Zostera, Ruppia, Ulva, Puccinellia
(saltmarsh) or Triticum (winter wheat), as mapped
by vegetation surveys carried out in the preceding
summers.
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In 1989, Mariager Fjord still had a relatively
large community of macrophytes (Fog 1972,
Clausen & Percival 1998) and we assume habitat
use in that year to indicate traditional levels. In
the energetic comparison of the two years, birds
counted on Ruppia during 1989 were included in
the Zostera group. Today Ruppia has completely
disappeared from the fjord (Fælled 2011) and
energetic analyses of Brent Geese using this habi-
tat in 2009 were unattainable. However, both
Ward (1983) and Clausen (1991) found that
Brent Geese preferred Ruppia slightly to Zostera,
and it is therefore assumed that energetic returns
for birds feeding on Ruppia are at least as good
as for Zostera.

Time budgets

Detailed time budgets were compiled in all habi-
tats by scan sampling with 10-min intervals
(Altmann 1974) from September to December
2009. Birds were assigned to one of nine different
activity categories (Table 1) and data were analy-
sed based on daily averages of time spent in each
of these activities. Data are presented as overall
means (mean-of-means), describing the average
percentages of time across all observation days in
the four habitats. Data were arcsine-square root-
transformed before analysis, and assumptions of
normality carefully evaluated.

Daily metabolizable energy

Daily metabolizable energy (DME) was quantified
from data on the daily excretion rate (DE), daily
ingestion rate (DI, both in g organic dry weight
per day), and gross energy content of food (GEf)
and excreta (GEe), measured as kJ/g dry organic
weight (Stock & Hofeditz 1997):

DME½kJ=day� ¼ ðDI�GEf Þ � ðDE�GEeÞ:

Daily excretion was assessed from dropping
mass (dried to constant weight at 80 °C for 24 h)
and defecation rates in the exploited habitats,
following the hourly block method (Bédard &
Gauthier 1986). As the cloacal region is out of
sight when geese forage in water, dropping rates
for birds feeding on Ulva and Zostera were assessed
from observations of birds immediately after leav-
ing the water. Whenever possible, collection of
droppings from aquatic areas was made at foraging
sites exposed at low water levels, but on some
occasions they were collected from terrestrial areas
following aquatic feeding bouts, carefully selecting
fresh droppings. Ash content was determined
by burning the droppings in a muffle furnace at
400 °C for 2 h. Daily excretion is defined as:

DE½g org DW=day� ¼ ðDR� T þ 25Þ �me

where DR gives the defecation rate per minute, T
the daily time available for excretion (in minutes)
and me the average ash-free mass (g) of one drop-
ping in the given habitat. The addition of a con-
stant of 25 is an estimate of faecal output during
the night (Stock & Hofeditz 1997). Because geese
arrive on their morning feeding grounds with
empty stomachs, there is no excretion until newly
ingested food has passed through the digestive sys-
tem. Thus, daily excretion time corresponds to
local day length (sunrise to sunset) minus a
throughput time of 90 min (Owen 1975).

Daily ingestion was quantified indirectly through
knowledge of daily excretion and apparent digest-
ibility of food sources (Stock & Hofeditz 1997):

DI½g org DW=day� ¼ DE=ð1� ADÞ

where DE is daily excretion measured as above,
and AD the apparent digestibility of ingested food
items. Measures of gross energy in food and
excreta are obtained from previous studies

Table 1. Behavioural activity categories used in time-budget
studies, and estimated energetic costs for Brent Geese,
expressed as multiples of basal metabolic rate (BMR)

Activity
BMR-

multipliers Reference

Foraging 1.7 Stahl et al. (2001)
Roosting 1.6 Stahl et al. (2001)
Swimming 2.2 Wooley and Owen

(1978)
Flying 13.4 Ladin et al. (2011)
Preening 1.8 Stahl et al. (2001)
Aggression 1.9 Stahl et al. (2001)
Walking 1.9 Stahl et al. (2001)
Alert 1.7 Stahl et al. (2001)
Drinking 1.5 Persson (1989)
Nightly activities* 1.7 Wooley and Owen

(1978)

*Night time behaviour is not fully clarified and is described
here as a composite measure of the activities roosting and
swimming.
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(Table 2). When modelling the development in
DME throughout autumn, the contribution from
the four habitats Zostera/Ruppia, Ulva, Puccinellia
and Triticum was weighted according to average
habitat use on a monthly basis.

Daily energy expenditure

Daily energy expenditure (DEE) is expressed as
the sum of habitat-specific active metabolic rates
and energy expenses associated with thermoregula-
tion under fluctuating ambient temperatures:

DEE½kJ=day� ¼ RðBMR� xi � piÞ þCt

where BMR is the basal metabolic rate in kJ/day
(cf. Lasiewski & Dawson 1967), xi the energetic
cost of activity i expressed as multiples of BMR, pi
the proportion of time per day spent engaging in
activity i, and Ct the thermoregulatory cost in kJ/
day. Stock and Hofeditz (1997), Stahl et al.
(2001) and Ladin et al. (2011) studied Brent
Geese using this approach, and the BMR-multipli-
ers applied in this study are adopted from their
work (Table 1).

To quantify thermoregulatory costs (Ct), we
used the +6 °C lower critical temperature (LCT)
for Brent Geese found by Irving et al. (1955), and
assumed an energy loss of 1.272 kJ/h/°C whenever
temperature falls below LCT (Lefebvre & Raveling
1967, based on Lesser Canada Goose Branta

canadensis parvipes with a mass of 1400 g). Previ-
ous studies of thermoregulation in waterbirds have
found that because of the air-trapping capacities of
abdominal down and feathers, very little additional
heat is lost from the isolated belly of surface-float-
ing waterfowl to the surrounding water (Stephen-
son & Andrews 1997, Bakken et al. 2006, Van
Sant & Bakken 2006). Consequently, most of the
extra thermoregulatory costs associated with aqua-
tic feeding represent heat lost from the legs and
feet. Kilgore and Schmidt-Nielsen (1975) showed
that for Mallards Anas platyrhynchos this additional
heat loss is insignificant at ambient temperatures
above 0 °C, probably as a consequence of effective
counter-current exchange in the limbs. Because
Brent Geese are high-Arctic birds likely to be
adapted to cold conditions, we assume that this is
also true of our study population. As water tem-
peratures below 0 °C cause the brackish inlet of
Mariager Fjord to freeze over, conditions triggering
important habitat-specific differences in thermo-
regulation are never met in our study area. As a
consequence, we considered likely differences in
thermoregulatory costs between terrestrial and
aquatic feeding to be negligible.

The expression of daily Ct was estimated from
local temperature data acquired from Hald and
Foulum, 14 and 32 km southwest of Mariager Fjord
(source: the Danish Meteorological Institute):

Ct½kJ=day� ¼ 1:272�N � Dt

where N is the number of hours with tempera-
tures below Brent Goose LCT, and Δt the average
number of degrees below LCT within these hours.
Daytime activity patterns are based on habitat-spe-
cific time budgets, while the hours of darkness are
covered by nocturnal activities (cf. Table 1). Like
DME, modelled DEE is weighted according to
average monthly habitat use.

Energy balance and body mass
development

Determination of DME and DEE allows for a joint
expression of energy balance (ΔE, Stock & Hofed-
itz 1997):

DE½kJ=day� ¼ DME�DEE:

Depending on the sign of ΔE, body mass devel-
opment can be expressed in terms of the weight

Table 2. Digestibility and energy content of food sources for
Light-bellied Brent Geese in Mariager Fjord

Habitat AD
Energy in
food (kJ/g)

Energy in
excreta
(kJ/g) References

Triticum* 0.45 21.10 18.61 Brunckhorst
(1996)

Puccinellia† 0.31 22.26 20.39 Drent et al.
(1978/79)

Ulva‡ 0.34 19.63 15.28 Drent et al.
(1978/79)

Zostera 0.37 20.38 18.00 Drent et al.
(1978/79)

*As there are no studies of Brent Geese on wheat so far, pre-
sented values are from studies on Wigeon Anas penelope,
which is similar in both size and feeding habit.
†Other plants are occasionally eaten on saltmarsh, but Puccin-
ellia is by far the most frequent within this area (P. Clausen
unpubl data).
‡From studies on the closely related Enteromorpha.
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gained or lost on a daily basis. Assuming an ener-
getic investment of 26 kJ/g mass change (Stock &
Hofeditz 1997), the daily change in body mass is
estimated as:

DWeight½g=day� ¼ DE=26:

To investigate potential fitness-related conse-
quences of Brent Goose habitat change in Mariager
Fjord, we modelled expected seasonal body mass
trends from habitat use in 1989 and 2009. Change
in body weight is modelled from an initial mass of
1305 g (average weight in early autumn for juve-
nile and adult birds, Fog 1967). To emphasize the
influence of habitat changes and clarify the signifi-
cance of climate-induced differences between the
two scenarios, data for 1989 were modelled using
both 1989 and 2009 weather data.

RESULTS

Habitat use

During the study period the number of Brent
Geese present in the area ranged between 762 and
3048 individuals (mean = 1962 birds in total
counts) in 1989, and 725 and 2271 individuals
(mean = 1360 birds) in 2009. Habitat exploitation
changed significantly across months both in 1989
(v2 = 1237.94, df = 6, P < 0.0005) and in 2009
(v2 = 3252.48, df = 9, P < 0.0005) (Fig. 1).

In 1989, Zostera and Ruppia accounted for the
majority of Brent Goose habitat use, averaging 62%
of total monthly counts, and birds feeding on Ulva
made up roughly 22%. Birds feeding on Puccinellia
on saltmarsh accounted for around 7% during the
period September to November, but rose sharply
to 44% in December. This increase occurred simul-
taneously with a drop in the exploitation of the
two fjord habitats, perhaps as a consequence of
heavy grazing and winter die-offs in these areas.
Agricultural land was not used at all in 1989.

In September 2009, most birds (82%) fed on
the remaining coastal areas with obtainable Zostera.
In October the fraction of birds in this habitat fell
to 21%, and the Geese exploited secondary habi-
tats such as Puccinellia saltmarsh and Ulva beds. In
November, most birds were feeding on Ulva
(68%), and the first Brent Geese were seen feeding
on wheat. By December, exploitation of both
wheat (24%) and saltmarsh (34%) peaked,
whereas the use of Ulva had halved and Zostera

dropped to under 6%. Brent Goose habitat use
had thus undergone substantial changes within a
period of 20 years (month-by-month comparisons,
September–December: v2 > 148.05, df = 2–3, P <
0.0005).

Time budgets

Time budgets revealed clear differences in activity
patterns between habitats (Table 3). Brent Geese
on winter wheat and saltmarsh spent considerably
more time flying, being more aggressive and alert
than birds in Zostera and Ulva habitats. Further-
more, the proportions of time spent flying and
being alert were significantly higher on agricultural
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Figure 1. Monthly habitat use in 1989 (top) and 2009 (bottom)
among Brent Geese in Mariager Fjord (proportion of total
counts).
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land than on saltmarsh. In contrast, time spent
roosting was significantly higher in both aquatic
habitats than in terrestrial ones. The differences in
proportions of time spent swimming and walking
are a natural consequence of the different habitat
types, and when the proportions of swimming and
walking are pooled, all habitat-specific differences
are non-significant (one-way ANOVA, F = 1.0265,
df = 3, P = 0.3953).

Energy budgets

Both defecation rate and dropping weight were
highest on saltmarsh and lowest in agricultural
areas, with aquatic habitats in between (Table 4).
Ash content in individual droppings was signifi-
cantly higher on agricultural land than in the
remaining habitats (one-way ANOVA and subsequent
Tukey’s HSD, F = 4.4598, df = 3, P = 0.0136) but
with no differences between the remaining three
(F = 0.1967, df = 2, P = 0.8231). This might be
explained by the relatively sparse vegetation in a
newly sprouted winter cereal field, where ingestion
of soil particles may be inevitable.

The modelled daily costs associated with
thermoregulation around Mariager Fjord predict
that for both years the energetic expenses related
to Ct can be accommodated during early autumn.
In 1989, November was relatively cold with
increased thermoregulatory costs, whereas Decem-
ber was energetically inexpensive. In contrast,
November 2009 was comparatively mild, but the
onset of an exceptionally cold winter in mid-
December implied a rapid increase in thermoregu-
latory costs in this year (Fig. 2).

The calculated energy budget is illustrated as
the habitat-specific average DME and DEE in the
period 15 September to 31 December 2009
(Fig. 3). The highest energetic returns are found
for birds feeding on Zostera, where DME exceeds
DEE over the season. DME is highest for birds
feeding on Triticum, but their total energy balance
is negative due to elevated DEE in this habitat.
Birds feeding on Ulva have low DEE, but the lim-
ited DME from this food source prevents it from
being a high-quality habitat. When translated into
average daily weight gain (Fig. 3), Zostera appears
to be of particular importance to Brent Geese in
terms of energetic favourability. With an estimated
mean weight change from 15 September to 31
December of 2.54 g/day, the potential of this hab-
itat greatly exceeds the other habitats. The second
best energetic situation was for birds foraging on
Ulva, which had a near neutral energy balance
when extrapolated over the season, and an average
weight loss of 0.11 g/day. Both terrestrial habitats
were energetically expensive and if Geese were to
forage exclusively on either Puccinellia or Triticum,
the average weight change during autumn would
be negative and involve losses of 0.90 and 2.81 g/
day, respectively.

Table 3. Mean percentages of time (+ se) that Brent Geese spent engaged in different activities around Mariager Fjord during
autumn 2009 in the habitats Triticum, Puccinellia, Zostera and Ulva. n = number of observation days. Different letters indicate signifi-
cant differences in the behavioural activities between habitats (ANOVA and subsequent Tukey’s HSD, P < 0.05)

Activity Triticum (n = 5) Puccinellia (n = 5) Ulva (n = 10) Zostera (n = 13)

Feeding 75.5 (3.1) A 77.0 (3.5) A 71.2 (6.4) A 65.0 (5.7) A
Roosting 0.8 (0.2) A 1.8 (0.7) A 16.2 (4.2) B 23.1 (4.4) B
Swimming 0.0 (0.0) A 3.0 (1.9) AB 7.7 (3.3) B 6.3 (1.0) B
Flying 8.8 (2.0) A 3.8 (1.0) B 0.6 (0.4) C 0.8 (0.3) C
Preening 2.4 (0.2) A 4.2 (1.4) A 2.4 (0.6) A 3.9 (0.8) A
Aggression 4.1 (0.7) A 3.6 (0.6) A 0.6 (0.5) B 0.1 (0.1) B
Walking 3.1 (0.6) A 4.1 (0.6) A 0.9 (0.8) B 0.7 (0.2) B
Alert 5.2 (1.5) A 2.1 (0.5) B 0.0 (0.0) C 0.0 (0.0) C
Drinking 0.2 (0.1) AB 0.4 (0.2) A 0.4 (0.3) A 0.0 (0.0) B

Table 4. Defecation rates and excrement weights from
autumn 2009. Sample sizes for defecation rates indicate the
number of hourly blocks (cf. Bédard & Gauthier 1986)

Habitat
Defecation
rate (n/h)

Excrement
weight (g dry
organic mass)

Ash content
(% of dry
weight)

Triticum 9.19 (n = 2) 0.5077 (n = 10) 37.3 (n = 10)
Puccinellia 13.99 (n = 2) 0.5819 (n = 14) 18.6 (n = 14)
Zostera 12.98 (n = 2) 0.5326 (n = 14) 18.6 (n = 14)
Ulva 12.01 (n = 2) 0.5153 (n = 14) 21.5 (n = 14)
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Energy balance and body mass
development

The calculated Brent Goose energy balances in
1989 and 2009 enabled us to quantify the ener-
getic effects of recent changes in habitat exploita-
tion. Brent Goose energy balance was positive
under both scenarios in September–October, but
ΔE was considerably higher in 1989 compared

with 2009, and remained positive longer into
autumn (Fig. 4a). Only during November did the
2009 energy balance exceed that in 1989 due to
differences in weather-induced thermoregulatory
costs. December brought a major drop in ΔE in
2009, corresponding with both changes in habitat
use and the first cold period of the 2009–2010
winter. The 1989 energy balance was therefore
consistently higher during this period, although
still negative. Figure 4(b) shows the comparison
between 1989 and 2009 with both models based
on 2009 weather data, so that differences are
attributable only to differences in habitat exploita-
tion. This indicates that changes in habitat exploi-
tation in October and November in 2009 with
respect to 1989 resulted in a less favourable energy
balance for Brent Geese. In both September and
December, the energy balance is virtually identical
from this comparison.

When the estimated differences in energy bal-
ance are expressed in terms of potential body mass
changes, our model indicated that birds in 2009
had generally lower body mass than their 1989
counterparts. The average Brent Goose staging in
Mariager Fjord during 2009 was predicted to be
approximately 122 g lighter in late December than
a corresponding individual 20 years ago (Fig. 4c),
equivalent to a drop of c. 9.4% in body mass. After
taking into account differences in weather between
years, this predicts a reduction of 56 g (equivalent
to c. 4.3% of body mass) due specifically to habitat
change (Fig. 4d).

DISCUSSION

We have demonstrated a substantial change in
habitat use around Mariager Fjord between two
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winters 20 years apart, over which time Geese left
their estuarine habitat and switched to terrestrial
areas in response to eutrophication-induced reduc-
tions of submerged vegetation and reduced salt-
marsh management (Clausen & Percival 1998,
Fælled 2011). Similar changes have also occurred
in the three other major autumn staging areas (the
Danish Wadden Sea, Lindisfarne, Nibe and Gjøl
Bredninger; Clausen & Percival 1998, Clausen
et al. 2009) and Brent Geese have switched partly
to saltmarsh and agricultural feeding in these areas
too (Denny et al. 2004). On arrival in 2009, Geese
clustered together in the few remaining Zostera
beds outside Mariager Fjord, which were largely
abandoned after 2 weeks. Most Geese were then
dependent on Ulva beds and saltmarsh as their
main feeding grounds, supplemented by a growing
importance of winter-sown cereals on agricultural
land – a new and only recently recognized food
source for this subspecies. The initial preference
for Zostera and the energetic returns associated

with this habitat indicate that Geese move on to
Ulva, Puccinellia and agricultural land because of
energetic necessity, and that habitat use conforms
well to the theory of optimal foraging, in which
birds behave as fitness-maximizing individuals
optimizing their rate of energy intake (Pyke et al.
1977, Kamil et al. 1987). Tubbs and Tubbs
(1982) also found that Brent Geese preferred feed-
ing on Zostera whenever available, moved on to
Enteromorpha- and Ulva-dominated areas when
Zostera became depleted, and only as a last resort
to terrestrial habitats. Clausen and Percival (1998),
Ganter (2000) and Inger et al. (2008) also empha-
size Zostera and other marine resources as the
most favourable food source for Brent Geese.

Habitat-specific activities showed similarities
between wheat and Puccinellia on the one hand,
and Zostera and Ulva on the other, indicating that
differences in Brent Goose behaviour are deter-
mined by the dichotomy between terrestrial and
aquatic foraging habitats. Birds on land appeared
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Figure 4. Modelled development in Brent Goose energy balance (upper) and predicted body mass (lower) based on the 1989 and
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wary and insecure, resulting in a behaviour in
which intensive feeding bouts are separated by
flight, aggression and vigilance. Birds in aquatic
habitats displayed high frequencies of roosting
activities and longer regular feeding periods.

Behaviours observed in this study confirm the
‘busy herbivore’ lifestyle described by Owen et al.
(1992) and Stahl et al. (2001), in which birds forage
for the vast majority of the day. Reports of geese
feeding for less time derive from studies in which
time budget methods distinguish between ingestion
and searching for food (e.g. Ladin et al. 2011).

Differences between energy budgets in different
habitats are mostly attributable to the elevated
energetic cost associated with vigilant behaviour
and high frequencies of flying in terrestrial habi-
tats. Vulnerability to terrestrial predators and
human disturbance in the winter staging areas are
probably partly responsible for this difference and,
as Brent Geese are one of the most marine species
of goose (Einarsen 1965, Ganter 2000, Ward et al.
2005), the transition to a more terrestrial lifestyle
might be a significant challenge. In western
Europe, Dark-Bellied Brent Geese B. b. bernicla
have a more terrestrial lifestyle, foraging mainly on
saltmarshes and pastures (Rowcliffe et al. 1995,
Spaans & Postma 2001) and, in time, Light-Bellied
Brent Geese may habituate to a similar pattern of
habitat exploitation. For now, however, the ele-
vated energy expenditure associated with these
habitats render them clearly secondary to preferred
aquatic habitats.

The disappearance of Zostera and Ruppia in
Mariager Fjord makes Ulva the best available habi-
tat to foraging Geese for most of the autumn. The
abundance and distribution of Ulva in Mariager
Fjord has remained relatively unchanged between
1989 and 2009 (Fælled 2011), and while the
spread of Ulva may be an indirect contributory
cause of loss of Zostera (Zaldívar et al. 2009), this
food source is now essential to Brent Geese in the
area. Similarly, saltmarsh is now the best terrestrial
alternative to marine foraging habitats. Moreover,
the negative average weight change found in this
study is only representative of autumn energetic
demand when days are shortening and Puccinellia
energy content is decreasing (Mathers & Mont-
gomery 1997). As the significance of saltmarsh in
spring is well established for this population (Clau-
sen 1998, Clausen et al. 1999), this habitat is now
of high importance throughout the wintering
cycle.

The potential fitness consequences of habitat
change are illustrated by modelled body mass
trends. During early autumn, birds put on substan-
tial body mass under both 1989 and 2009 scenar-
ios, foraging mainly on seagrasses in aquatic
habitats. This post-breeding build-up of body
reserves is considered essential to winter survival
because birds return from the breeding grounds
with depleted energy stores (e.g. Butler et al.
1998). From October onwards, the poorer body
mass trends in 2009 results in a predicted reduc-
tion in body mass of 56 g relative to 1989 habitat
conditions after controlling for weather variation.
The seasonal pattern of autumn body mass change
found here is consistent with findings in other
studies of Brent Geese (Ebbinge 1989, Tinkler
et al. 2009) and seems to rely on the joint effects
of declining available food, shortening day length
and environmental conditions. Both DMEs and
DEEs estimated in this study conform to previous
results (Drent et al. 1978/79, Stock & Hofeditz
1997), and estimated daily change in body mass is
well within observed values (Ebbinge 1989). In
late December, the model indicates weights are
around 1350–1470 g.

Lane and Hassall (1996) describe nocturnal
feeding among Brent Geese that could potentially
compensate for habitat loss. However, no observa-
tions of nocturnal feeding have been made in the
Danish staging area, which might be related to the
fact that feeding at night is usually restricted to
aquatic habitats (Tinkler et al. 2009) and these are
now rare in Mariager Fjord. Night feeding was
therefore only possible under 1989 conditions,
thereby exacerbating differences in energy accu-
mulations between the 1989 and 2009 scenarios.

Linking autumn weights to their demographic
consequences is a complex task. It is well estab-
lished that Brent Geese have higher mortality in
colder winters (Clausen et al. 1998, 2001) and the
predicted drop in body mass (and therefore energy
stores) might reduce winter survival. Moreover, it
is known that juvenile recruitment is tightly cou-
pled to pre-breeding body mass among females
(Ebbinge 1989, Ebbinge & Spaans 1995, Spaans
et al. 2007). If females are unable to compensate
during spring fattening for the energetic shortfall
experienced throughout autumn, then habitat
changes in the winter staging areas could also trans-
late into lower reproduction on the arctic breeding
grounds. In recent years, Light-bellied Brent Geese
have also started to feed on cereal fields in spring
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(Denny et al. 2004), as Zostera distribution has
declined in spring staging areas (Frederiksen et al.
2003, Clausen et al. 2009). This has been followed
by a decade of poor gosling productivity (on aver-
age 9.0% in the 2000s, compared with 14.6% in
the 1980s, and 13.8% in the 1990s; updated from
Clausen et al. 1998), and the ability to compensate
during spring may therefore be limited. Any causal
link between low autumn weights and effects on
fitness requires further investigation, as conditions
for spring fattening are also certainly deteriorating.

The East Atlantic Light-bellied Brent Goose has
a small population that is covered by a suite of
international habitat protection designations under
the EU Birds and Habitats Directives, the Ramsar
Convention and the African–Eurasian Waterbird
Agreement (AEWA). Thus this population of
Geese is probably among the best protected in
national and international legislation, yet favour-
able management of its habitats is not secured.
The results presented here call for dedicated man-
agement actions from the two main wintering
range states, Denmark and the UK.

Seagrass and saltmarsh resources may be even
more threatened in the future. Climate change sce-
narios predict higher nutrient loads which threaten
to further increase problems with oxygen deficiency
in inner coastal waters, thereby negatively affecting
submerged seagrass beds (Short & Neckles 1999).
Moreover, rising sea levels may increasingly result in
coastal squeeze and loss of alternative saltmarsh
habitat (Hughes 2004). Collectively, these changes
threaten to reduce substantially the area of suitable
coastal habitats for herbivorous waterfowl in their
temperate wintering areas. The outcome of these
changes may be a landward shift in habitat use
among many species, and many waterfowl species
might face the challenge of adapting to a more ter-
restrial lifestyle in coming years. Even if this transi-
tion proves possible, further problems may then
arise from rapidly changing land-use practices and
conflicts with farmers.

We thank Tony Fox, Poul Hansen, Morten Frederiksen
and three anonymous reviewers for very constructive
comments on previous drafts of this paper.
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