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Abstract

1. We describe the aggregative response of the Greenland white-fronted goose Anser
albifrons flavirostris to the main food plant Phleum pratense during spring staging in
Iceland in 1997 and 1999. -

2. Geese aggregatéé ﬁio’re as the density of individual Phieﬁm shoots increased but |
approached an asymptotic level at shoot densities above c. 10-20 shoots per 100 cm?.
3. There was a significant increase in aggressive encounters with increasing goose
aggregation in 1999 but not in 1997, and no correlation between aggression and food
abundance. Hence, weak interference (such as resource guarding) may influence the
aggregative response.

4. At lowest shoot densities the geese took most laminae present. As shoot densities
increased the proportion of laminae taken decreased exponentially reaching an
asymptotic level of c. 25-30% taken.

5. Mean lamina size decreased exponentially with increasing shoot density (i.e. many
small laminae occurred at high densities), suggesting density dependent effects on
shoot size.

6. At shoot densities above 10 shoots per 100 cm?, the number (density) of laminae
preferred by the geese (i.e. those > 13.7 mm) remained constant. However, the
percentage of preferred laminae present declined exponentially.

7. Because geese prefer larger laminae, we suggest that the asymptotic natﬁre of
goose aggregation may be due to the constant number (density) of preferred lamina
present at high densities.

8. The results suggest that measures of food density needs to take food availability
and unit size into account to fully understand the mechanisms ﬁnderlying the

aggregative response of consumers.
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Introduction

One of the main mechanisms determining the spatial and temporal distributions of
consumers is the relationship between their density and that of their food — the so-
called aggregative response. This has been demonstrated for a number of invertebrates
(e.g. Hassell 1971; Hassell & May 1974; Driessen & Hemerik 1991) and birds; e.g.
for woodpigeon Columba palumbus (Murton, Westwood & Issacson 1964), redshank
Tringa totanus (Goss-Custard 1970) and herbivorous geese (Ydenberg & Prins 1981;
Fox 1993; Sutherland & Allport 1994; Fox, Kahlert & Ettrup 1998; Rowcliffe,
Watkinson & Sutherland 1998; Rowcliffe, Sutherland & Watkinson 1999). In these
studies, consumers aggregate more as the density of their food increases. However, if
the aggregativé response should have some practical application, vy,sﬁiévﬁ'ﬁééjiZ"‘pre.diCtiVé""""'
function, it is important to understand the nature of the relationiShip_@étWééh the v
density of food and consumers, for example, whether it is linear or nof. Often ~
increasing food density above a certain threshold does not result in further increases
of consumers. The general explanation for this is that higher consumer abundance
increases the number of aggressive encounters (see Hassell 1978; Sutherland 1996),
which counteracts the advantage of aggregating in otherwise profitable areas.
Generally, agonistic interactions between feeding geese are rare and the strength of
interference consequently is relatively low. Rowcliffe et al. (1999) suggested that
resource guarding (despotism) could be responsible for a weaker aggregation in
feeding brent geese Branta bernicla than expected at high food densities. However,
apart from ’Fhis, no alternative explanation for the nonlinear behaviour of the

aggregative response in such herbivores has been provided.

The theory of the ideal free distribution asserts that profitability to the individual is
equal in each patch (Fretwell & Lucas 1970), but profitability is dependent on food
quality and availability as well as food density. Hence, the way that consumers
é.ggregate with regard to food density is likely to be affected by these factors as well
as intra-specific interference. Previous studies have hitherto focused on the latter (e.g.
Sutherland 1983; Van der Meer & Ens 1997) but less attention has been paid to food
availability and quality in the context of aggregative response. For a herbivore most-
vegetation is inedible (Sinclair 1975, Crawley 1983, 1997) and Rowcliffe e al. (1998)
suggested that the lack of continued aggregative response at high food densities by

brent geese to the biomass of Puccinellia was the result of accumulation of old
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biomass of low nutrient quality, although they provided no data to confirm this.
Hence, biomass per se may not necessarily be a good measure of food density for
herbivores, as high biomass in grazed systems often equates to dead litter, senescing
tissue, old fibrous tissue etc. which are not necessarily attractive to herbivores. '

Herbivores may therefore be constrained less by the gross apparent quantity of food

available than by the quality of that food (in terms of digestibility or nutrient content) -

(Belovsky 1981). This is confirmed by the fact that herbivorous bird species select
those habitats in areas of high plant quality (Boudewijn 1981), which may actually
represent those areas of intermediate or even lowest biomass (Moss, Welsh & Rothe‘r‘y
1981). Geese not only select the plants of highest quality but even select those _
. specific parts of the plant Whic_h: provide the highest profitability per peck (Fox 1993;
- Kristiansen ef al. 1998; Therkildsén & Madsen 1999; Kristiansen, Fox & Nachman -

2000); Therefore, if there is a predictable relationship between food density and tnit.

food quality, it becomes possible to account for, and model, such processes in the way

that they affect the nature of the aggregative response.

In the present study we demonstrate the nature of the aggregative response exhibited
by fhe greenland white-fronted geese Anser albifrons flavirostris to their main food
plant Phleum pratense during the first part of their spring staging in Iceland, and
analyse and discuss potential mechanisms (i.e. interference, food quality and
availability) responsible for the observed patterns. Greenland white-fronted geese
winter in Ireland and Scotland and stage in south and west Iceland for c. three weeks
en route to their breeding grounds in western Greenland (Francis & Fox 1987; Fox et
al. 1994, 1999). During this period the geese feed intensively to accumulate stores for
their onward migrétion (Anonymous 1997; Boyd et al. 1998). On arrival in south-.
west Iceland in mid April the geese feed predominantly on the food plant species
Timothy grass Phleum pratense and since these geese generally take one (the

youngest) leaf from each Phleum plant for each bite taken, the density of geese and

Phleum shoots are directly comparable as a predator/prey relationship in establishing |

the nature of their aggregative response: one préy (one Phleum plant offering one

youngest leaf) equates to one bite.
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Study site and methods

The study was cor;ducted at Hvanneyri Agricultural College, southwest Iceland
(64°34°N 21°46°W) during 1997 and 1999. The farm comprises some 70 hayfields,
all located within 1-2 km from the roost sites of the geese. The fields are dominated
by two native species Poa pratense and Deschampsia caespitosa together with the
introduced Phleum pratense which is reseeded regularly due to its gradual
displacement by the two dominant native species (Fox.1993). As Phleum has an
earlier onset of growth in spring than any of the other potential food plant species, the
above ground green biomass is almost exclusively comprised of Phleum during the
first c. two weéks after the arrival of the geese. Phleum has been recorded from
approximately 60% of the fields (albeit at different densities) and all these fields were
included in this study. The farm is intensively grazed by up to 1,400 greenland white-

: fronted geese at any one time during their spring staging (Fox et al. 1999). On a few

occasions small numbers of other goose species (greylag geese 4. anser, pink-foot/ed
geese A. brachyrhynchus, canada geese Branta canadensis and barnacle geesé B.
leucopsis) were recorded on the fields. When feeding on Phleum spring staging geese
in Iceland have been shown to select the middle erect youngest leaf (a0-lamina) (Fig.
1), which is the part of the plant with highest nutrient and lowest fibre content (Fox
1993).

PHLEUM DENSITY AND GOOSE AGGREGATION
Goose aggregation was assessed on 27-29 April ten to 12 days after the arrival of the
geese in 1997 and 1999 by relating dropping densities to shoot density of Phleum in
44 fields in 1997 and 42 fields in 1999. Droppings, which are produced at a rate of
0.315 droppings minute” (+ 0.04 SE, n = 23) by geese, give a good measure of goose
use within individual fields (Owen 1971). We therefore used counts of cumulative
droppings on each field as an index of grazing intensity, by counting the number of
droppings in 25 randomly placed one m?* quadrats in each field. Since goose
droppings pers’ist for 2-3 weeks (Percival 1993) it was considered unlikély that any
droppings had disappeared. The density of Phleum shoots was assessed by counting

_ the number of shoots in 25 randomly selected 100 cm? (10 cm x 10 cm) quadrats in
each field. Because of differing intensity of goose use of the fields at Hvanneyri in the

~

two s_tudied years, we related the use of particular fields to the use of the whole farm.
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We constructed a simple model to predict the proportion of geése (expressed as
dropping density) in the ith field: Di/D,o, = N{/ZN{ where D; is the number of geese
(expressed as dropping density) in the ith field, Dy, is the total number of geese
(éxpressed as dropping density), &; is the shoot density in the ith field and ¢ is a
constant. In addition, to assess the proportion of shoots eaten by the geese the number
of grazed shoots in each of the quadrats was counted in 1999. Phleum fields were
evenly distributed throughout the college farm area and disturbance by occasional
road traffic and farming operations is considered to have occurred to roughly similar
extent on all fields. Hence we do not consider human activity or travel costs from the
roost on mudflats less than 2 km from the furthest fields used to have caused any

significant influence on the distribution of consumers in this study.

BEHAVIOURAL STUDIES | ,_

To assess if égérekgat‘ion of the geese and/or thé abundance of food (i.e. density of
Phleum) caused an increase in aggressive behaviour among the geese, scan samples
(Altmann 1974) of goose behaviour were conducted in 1997 and 1999. These were
compiled at least three times every day on all of the farm fields. Only frequency of
aggression (i.e. the number of encounters per goose) are considered’here and this was
related to observed goose density at each field unit expressed as geese ha™' and to the
shoot density of Phleum in the particular field. Logistic regression (PROC GENMOD
in SAS) was applied to assess the effect of goose density, shoot density and the
interaction between goose density and shoot density (independent variables) on the

level of aggression among the geese (dependent variable).

| SHOOT SIZE AND SHOOT DENSITY

To relate size of the a0 lamina (i.e. the youngest lamina) to shoot density, 22
randomly placed 100 cm? quadrats were selected from one field (field 1) to reflect the
range of different shoot densities. All shoots in each quadrat were harvested by
clipping to soil level and the lengths of all a0 laminae were measured. Average a0
length per quadrat was then related to the shoot density of that quadrat.

~

NUMBER OF PREFERRED LAMINAE AND SHOOT DENSITY
Greenland white-fronted geese select only a0 laminae above a certain size when

feeding in Icelandic hayfields, however, the choice depends on the size distribution of
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laminae in the particular field (Kristiansen et al. 2000). To relate number of these
preferred laminae to shoot density we used the shoot densities from one field (field 1)
from which the geese select laminae larger than 13.7 mm (Kristiansen, et al. 2000).
We then related the number of laminae >13.7 mm to shoot density and percentage of

laminae >13.7 mm against shoot density.

Results
Based on the model Di/D,,; = N/ZN{ a good fit to the observed data was achieved in
both 1997 and 1999 (Fig. 2a & b). Hence we can expect geese to aggregate according

to this simple model within a shoot density range 0-30 shoots per 100 cm?.

In 1997 there was no effect of the density of geese, shoot den31ty and mteractlon

between these'two variables on the level of aggression among geese (L ,‘
regression, goose density: y*=0.1897, P = 0.55, d.f. = 1; shoot density: ¥ =03521, P
=0.66, d.f. = 1; goose density*shoot density: £=01841,P=067,df.=1.n= 173).
In 1999 however, level of aggression among geese increased significantly with
increasing goose density but there was no effect of shoot density, or the interaction
between goose density and shoot density on the level of aggression (Logistic
regression, goose density: y*= 13.6988, P = 0.0002, d.f. = 1; shoot density: y* =
0.1297, P = 0.7187, d.f. = 1; goose density*shoot density: y* = 2.3317, P=0.1268,
d.f.=1.n=387).

As shoot density of Phleum increased, the mean length of the laminz_ie available to the
geese (a0 lamina) showed a significant nonlinear decline described by the power
function L;=aN} , Where L; is mean lamina length (mm) in the ith patch, N; is the

shoot density (shoots/100 cm®) of the ith patch and a and b are constants (Fig. 3).

Based on the relationship between lamina length and shoot density, L=aN®, from Fig.
3, the a0 biomass, B (expressed as total length of a0 laminae, mm per 100 cm?) from
each field was measured using B; = L;*N; =aN;'*®. Where B; is the biomass per 100
cm? of the ith field, L; is the mean lamina length of the ith field, N; is the shoot density
(shoots/100 cm?) of the ith field and a and b ére co‘nstants from the lamina shoot
density relationship. Therefore, B; = 52.89 N353 The relative biomass, Bi/Bioi (Byo,

is the total biomass per 100 cm? of all fields) was then plotted against shoot density
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and compared with relzi\tive goose use, Di/Dyo; (from Fig. 2a & b) in Fig. 4a & b. It was
clear in both years that the relative density of geese did not rnatch perfectly to the
relative abundance of a0 Phleum laminae. Below ¢. 3-5 shoots/100 cm? the geese
crowded more than expected and beyond this density the proportion of geese Was-less
than expected if the birds were distributed in accordance with the distribution of their

food resource.

Only at very low shoot densities did the geese usually exploit all available shoots, but
as shoot density increased, the proportion eaten gradually decreased. Above densities

of c. 40 shoots/100 cm? only c. 20-30% of the shoots were taken (Fig. 5).

In the range 10-80 shoots per 100 cm?, there was no sngmﬁcant relatlonshlp between

the absolute number of preferred laminae present and overall shoot densxty (r

0.0004, r =22, P> 0.05). In this range an average of 9.6 lammae/ 100 cm? + 0.62 SE)
were of the preferred size. Fig. 6. shows the relationship between percentage of
preferred laminae present and shoot density. The percentage of preferred Jamina
decreased exponentially with increasing shoot density. At shoot densities above c. 30-
40 shoots per 100 cm? an asymptote was reached where c. 20-30% of the laminac

were of the preferred size.

Discussion

In contrast to most other studies which have used gross biomass to measure food
density (e.g. Ydenberg & Prins 1981; Sutherland & Allport 1994; Rowcliffe etal.
1998), this study was able to felate unit prey (shoot) density to predator abundance
(geese). Since the only green biomass available to staging geese at the time of the
study was Phleum pratense, this system can be viewed as a simple predator/prey
(consumer/resource) relationship. The Greenland white-fronted geese showed strong
aggregative response to increasing shoot density. However, the relationship was not a
simple linear ene, but was characterized by a steady declining slope leading to a
convex curve approaching an upper ztsymptote. This relationship between goose
density and their single food item only persisted as long as no other food was
available. After ten days or more, Phleum was exhausted while other food plants
became available (e.g. Poa pratense and Deschampsia caespitosa). The geese

gradually utilized these as a supplement in their diet (Kristiansen et al. 1998), as well
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as feeding on nearby Carex lyngbye meadows where the geese dug up the
underground nutritious overwintering low stems, available only when the meadows
had thawed (D. Stroud et al. unpublished). There was however, a clear discrepancy
between relative goose aggregation and relative abundance of their actual food
resource (a0 lamina). At low shoot densities the geese aggregated more than expected,
possibly because geese normally feed in flocks, the smallest unit typically being a
family comprising two adults with two to three immature birds. Contrary to the
pattern at low shoot densities, the higher shoot density areas provided fewer geese
than expected which could have been caused in two ways. First, in other studied
systems, increased interference has been invoked to explain the levelling off pattern |
between a consumer and its prey at high density (Hassell 1978; Sutherland 1996)
because at high predator densities intake rate of the individual may decrease due to

' increa;i;g‘i‘i‘lvtérference (Van der Meer & Ehs 1997). Rowcliffe ef al. (1999) suggested
that the low degree of interference in some goose grazing studies may be because the
geese avoid crowding at densities high enough to promote encounters, a phenomenon
which has been recorded for other animals (Arditi & Akcakaya 1990)5 Abovea
certain biomass threshold, aggression among geese suddeniy became evident, which
supported the hypothesis that resource guarding may have caused the observed pattern
of aggression (Rowcliffe et al. 1999). In our study we found a statistically significant
relationship between density of the geese and the level of aggression in 1999 but not
in 1997. Therefore, we cannot fully reject the hypothesis that this could contribute to
the asymptotic nature of the aggregative response. It is however, unlikely that the
pattern of the aggregative response shown here is caused purely by increased

interference at high goose density.

Second, Greenland white-fronted geese select laminae above a threshold level due to
profitability constraints, hence smaller shoots are ignored even when numerous
(Kristiansen et al. 2000). Therefore, because mean shoot length decreased with
increasing density, a declining proportion of shoots were of preferred size as shoot
density increased. The most likely reason for this is increased intraspecific |
competition among Phleum shoots which has been found to affect individual size in
many plant species —the so-called self—thinniﬁg effect- (Lonsdale & Watkinson 1982,
1983; Crawley 1997) and is a well documented effect of density dependent growth in |
some animals too (Branch 1975; Hughes & Griffiths 1991; Elliot 1993). In this study
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the net effect was a constant density of preferred shoots above a threshold of 10-20
shoots per 100 cm?, which probably caused the lack of continued aggregative
response by the geese above this threshold. Therefore, although weak resource
guarding and/or increasing aggressive encounters with increasing goose densities may
have been involved in this study, we suggest that an additiohal déterminant of the
stable aggregative response at high shoot densities was the constant density of

preferred laminae size classes at these levels.

These results have revealed that the geese did not distribute themselves completely
according to the Ideal Free Distribution (IFD) when all a0 size classes were included.
However, because these geese select a0 laminae above a threshold level depending on

field (Kristiansen et al. 2000) they must have been aggregating closer to the IFD if

" lamina size pxjcf;féféﬁce from each field was known and could be incorporated into the *

model.

As shown in natural salt marsh systems the aggregative response of grazing geese
relative to their food resource can have consequences for community structure
(Rowcliffe et al. 1998). In managed hayfields the effect on the prey (Phleum)
population (and subsequently the sward community) could be considered in two ways.
First, the very high proportion shoots grazed at low densities may give the later
growing native species (e.g. Poa pratense, Deschampsia caespitosa etc.) a
competitive advantage, leading to faster rates of extinction of Phleum, compared to
the more dense Phleum swards where, normally, there are heavier absolute
exploitation rates (in terms of goose days ha™). Secondly, because a lower proportion
of a0 laminae are removed at high shoot densities, shoots in these patches suffer lower
predation risk compared to the shoots in low density patches. Such inversely density-
dependent mortality of a prey population implies that the effect on the prey or
‘resource population will be highest at low prey densities (Heads & Lawton 1983; Van
Eerden 1984). Inversely density-dependent prey mortality could be due to increased
interference amongst consumers for example as a response of high consumer
aggregation (Sutherland 1996). However, in our §tudy this appears to be the result of

the distribution and availability of preferred laminae (i.e. prey) sizes.
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In recent years the management of sites for supporting goose populations on the
wintering grounds has received much attention (Percival 1993; Vickery, Sutherland &
Lane 1994; Vickery et al. 1997; Vickery & Gill 1999). Less attention has been given
to spring staging areas, where acquisition of nutrients for onward migration and
investment in reproduction is critical. The aggregative response demonstrated here
had a clear and predictive function which may be applied to managing hayfields for
geese. To optimise early feeding conditions for geese, Phleum hayfields need to
support more than ten shoots/100 cm?®. Above this density, goose density remains at a
high but relatively constant level, so from a goose management point of view, little is
gained by increasing shoot density further. Regular reseeding of fields will maintain
Phleu)n above this level p»rotecti'ng against the incursion of the native grass species: -

which inevita}?ly occurs (Fox 1993).

DT

In summary, we have shown in this relatively simple goose/Phleum system an
asymptotic relationship between aggregation of the geese and the shoot density of
their food plants. Furthermore, we have demonstrated that there is a predictable
relationship between shoot density and unit prey size. Therefore, assuming
interference plays a minor role in the relationship, this study has demonstrated the
importance of prey size and availability in determining the nature of the aggregative
response. We suggest that this feature may be important in influencing the spatial
distribution of other animals, especially those feeding on a single prey species

systems which may be subject to density dependent effects.
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Fig. 1. Schematic illustration of a Phleum pratense shoot showing the youngest (middle) lamina a0,
the second youngest lamina, al and the third youngest lamina a2. (From Kristiansen et al. 2000).
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Fig. 2. Relationship between goose aggregation (relative dropping density, droppings m?) of
Greenland white-fronted geese and Phleum shoot density (shoots/100 cm?), at hayfields at
Hvanneyri, West Iceland a) 1997, b) 1999. Each point refers to a particular field. Theoretical
relationship (—) between the relative dropping density (Dy/D;,;) and shoot density (N;) based on the
model: D/D,,; = N/ZNf, ¢ =0.3537. S '
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Fig. 3. Relatlonshlp between length of a0 Phleum laminae (mm) and Phleum shoot density
(shoots/100 cm ) Hvanneyn, West Iceland, 1999. The predlcted curve is based on the power
function L; = aN{, where L; is the (mean) lamina length, in mm of the ith patch, ; is the shoot
density of the ith patch and @ and b are constants. a@ and b were obtained from linear regression
between logL and logN: logL = 1.7234 -0.4425l0gN, n = 22, R? = 0.8085, P < 0.0001, thus a=
52.89 and b= -0.4425. Mean values + SE are shown
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'Fig. 4. Relationship between relative food abundance (----) (relative biomass of a0 laminae),
relative goose aggregation, predicted (—-) and observed (#) and shoot density (shoots/100 cm?) of
Greenland white-fronted geese, at hayfields at Hvanneyri, West Iceland a) 1997, b) 1999. The
relative biomass B is based on the relationship: B; = L;*N; = = aN;'*?, where B; is the biomass of the
ith field (expressed as.total a0 lamma length, mm), L; is the (mean) lamina length of the ith field, N;
is the shoot density (shoots/100 cm?), and a and b are constants obtained from the relationship
between mean lamina length and shoot density L; = aNP (see Fig. 3), a=52.89 and b =-0.4425,

thus B; = 52.89N 4% Predicted (—) and observed (0) goose aggregatlon curves and values are
taken from Fig. 2a & b.
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Fig. 5. Relationship between % Phleum shoots taken by Greenland white-fronted geese, Hvanneyri,
West Iceland 1999 and Phleum shoot density (shoots/100 cm?). Azcsine transformed data, (7 = -
0.34, n =182, P <0.0001).
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Fig. 6. Relationship between % of preferred lamina (by Greenland white-fronted geese (> 13.7 mm,
see Kristiansen et al. 2000) and Phleum shoot density (shoots/100 cm?) at Hvanneyri, West Iceland.
Arcsine transformed data, (+ =0.73, n =22, P < 0.0001). |
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