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Goose droppings as food for reindeer

René van der Wal and Maarten J.J.E. Loonen

Abstract: Feeding conditions for Svalbard reindeer, Rangifer tarandus platyrhynchus, on Spitsbergen are generally poor,
owing to low availability of forage. We report on coprophagy: the use of goose faeces as an alternative food source for reindeer.
Fresh droppings from Barnacle Geese, Branta leucopsis, placed in afield were readily used as food by reindeer. The mgjority
of reindeer visiting the research areawere feeding on droppingsinstead of plants. Moreover, experiments reveal ed that reindeer
were highly selective, favoring droppings containing grass fragments over those containing moss fragments. This preference
could hardly have been based on differences in minera content (nitrogen, phosphorus, magnesium, calcium, sodium,
potassium) or energy content. However, fibre content was found to correlate negatively with the percentage of mossin
droppings. Selecting grass-containing droppings would therefore provide more digestible bites. The rate of intake of droppings
easily outwelghed the intake rate of forage. In total, 36% of all goose droppings in the research area were removed by reindeer.
We calculated that the goose droppings eaten met the entire daily energy requirements of 6—8 reindeer.

Résumé: Les conditions alimentaires du Renne de Svalbard, Rangifer tarandus platyrhynchus, dans le Spitsberg sont

généralement mauvaises en raison de la rareté du brout. Nous avons observé de la coprophagie, soit I'utilisation des fientes de
bernaches comme nourriture de rechange chez les rennes. Des fientes fraiches de la Bernachiraotarietteqpsis,

déposées sur le terrain ont été vite consommeées par les rennes. La majorité des rennes dans I'aire d’étude ont mangé les fiente
plutdt que des plantes. De plus, des expériences ont démontré que les rennes étaient treés sélectifs et préféraient les fientes
contenant des fragments d’herbes aux fientes contenant des fragments de mousses, une préférence fort peu probablement bas
sur le contenu en minéraux (N, P, Mg, Ca, Na, K) ou sur le contenu énergétique. Nous avons cependant constaté que le conteni
en fibres était en corrélation négative avec le pourcentage de mousses dans les fientes. Les fientes contenant des herbes
semblent donc offrir des bouchées plus facilement digestibles. Le taux de consommation des fientes, chez les rennes étudiés,
dépassait de fait le taux de consommation de brout. Au total, 36% des fientes de bernaches dans I'aire d'étude ont été
consommeées par les rennes. Nous avons calculé que la quantité de fientes consommées par les rennes pouvait satisfaire tous |
besoins énergétiques quotidiens de 6—8 rennes.

[Traduit par la Rédaction]

Introduction in quality (Klein 1990). Reindeer are known to be highly

, , selective feeders, preferring lichens over grasses, but prefer-
Svalbard reindeer, Rangifer tarandus platyrhynchus, on ring grasses over mosses (Danell et al. 1994). These prefer-
Spitsbergen must survive in one of the most inhospitable nat- ences might reflect special nutritional needs. Several authors
ural environments in the world (Orphin et a. 1985), where have focused on selection of certain nutrients, mainly on the
they are restricted in their movements by glaciers and open basis of correlative data (e.g., Staaland et al. 1983; Leader-

water. During the 8 months of winter, 70-90% of their daily \yjjiams 1988).
energy requirement is supplied by a sparse covering of Iow- pjant biomass on Spitsbergen is low. In our study area,
quality fibrous plants such as mosses and herbs (Reimerfchens are scarce, partly because of reindeer grazing. There
1977). For the rest of their energy requirements in winter, are only a few rich spots that offer a variety of grasses and
they rely on fat reserves (Orphin et al. 1985). forbs. These spots are near bird cliffs or lake shores, where

During the short Arctic summer, reindeer have 1o recovere vegetation is fertilized by faeces of seabirds and water-
from the effects of the past winter and build up new fat fq.
reserves for the following one. Their winter survival is largely gy study was performed along one of these lake shores.
dependent on these fat reserves, and the relatively rich fooghring summer, reindeer are not the only herbivores present.
supply in summer has to be exploited in order to gain mass. Ilnpoyt 600 adult Barnacle GeeSeanta leucopsis, raise their
summer the food supply is highly diverse, with plants varying young and spend the flightless period during wing molt in
close proximity to the lake. They remove almost all harvest-
able biomass of grasses and also feed on mosses. They there-
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1 2 , arnacle Geese have a simple digestive tract. Most of the

55}’5;35 (\)lfv glro?\ri]r?ggln',\]ﬁ;.] g_ -é—&?ﬁ%égi?ﬁzr;nﬁ%?mm food passes thr_ough the intestine wi_thin 2-4 h ar]d digg;tibil—
Netherlands. ity of cellulose is low (Prop and Vulink 1992). Digestibility
of organic matter ranges from 38 to 54%. Every 3-8 min
geese produce a dropping, consisting mainly of cell walls
(Prop and Vulink 1992). Casual observations had shown that

1 Present address: Institute of Terrestrial Ecology, Banchory
Research Station, Hill of Brathens, Glassel, Banchory,
Kincardineshire AB31 4BY, Scotland (e-mail:

rvaw@ite.ac.uk). reindeer eat goose droppings. Reindeer are able to digest
2 Author to whom all correspondence should be addressed cellulose with help of microorganisms living in the rumen
(e-mail: m.j.j.e.loonen@biol.rug.nl). (Van Soest 1982; Orphin et al. 1985). The proportion of plant
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Table 1. Time periods during which droppings
placed for reindeer disappeared.

No. of cases

Droppings disappeared within:
2 days
3 days
4 days
5 days
Total no. disappeared

R PRPPRPAD

0

Note: When droppings disappeared from a plot, a
maximum of 4 out of the 25 droppings initially placed
there were still present. In total, 14 plots with droppings
were established.

organic matter that they digest ranges from 74 to 87%, far
higher than in geese (Aagnes et al. 1996).

In our study area, where the food supply for reindeer was
low because of high goose grazing pressure, we report on the
use of goose droppings as an aternative food source for Sval-
bard reindeer. Fresh goose droppings were placed in afield to
see whether reindeer would accept them as food. At the end
of previous summers, an accumulation of droppings contain-
ing moss fragments was observed along the lake shore. Selec-
tive removal of grass-containing droppings by reindeer was
tested with droppings containing either grass or moss frag-
ments. Several nutritional parameters of droppings and forage
plants were compared.

Site description

The experiments were performed in Ny-Alesund, Spitsberge
(79°56'N, 11°57'E). This research village with about 100
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Table 2. Numbers of droppings containing either grass or moss
fragments eaten by reindeer.

No. of moss No. of grass
droppings droppings
26 July 0 43
31 July 0 23
31 July 0 4i
8 Aug. 0 47
Total no. disappeared 0 154
Total no. spread 200 200

Note: On each day, two squares with 25 moss droppings each and two
with 25 grass droppings each were spread in the field in & inatrix.

®Grass droppings in only one of the two squares were eaten; the other
square was untouched.

while grass-containing droppings (hereafter grass droppings)
were brought in by families. In the dry areas, droppings origi-
nated from goose families and contained mainly grasses.

In 1978, fifteen reindeer were introduced on Brggger-
halveya, the peninsula on which Ny-Alesund is situated
(Mehlum 1990). The area is enclosed by glaciers, and the
unhunted population of reindeer increased to 360 individuals
in 1993 (N. @ritsland, personal communication). Male rein-
deer visited the village and fringes of the lake mostly at night
or in the early morning. The geese were also most active at that
time, while human activity was low. At any given moment, up
to 10 male reindeer could be observed in the village.

Methods

Two small-scale experiments were performed in July and August
1993. In the first experiment we spread 25 fresh goose droppings in

nsquares of 0.5 x 0.5 m after removing old droppings. The fresh drop-

pings were collected in grassy spots in the village and placed on sites

summer inhabitants has become an important foraging aregat were used by geese. This experiment was repeated 14 times at
for Barnacle Geese. The vegetated areas in the village argifferent locations in the village. Over a period of 5 days we checked

dominated by tussocks Bfeschampsia alpina. Geese grazing
in these dry areas focused Boa arctica growing between

twice a day whether the goose droppings were still present or had
disappeared. Every time a reindeer was observed in the village we

these tussocks. The wet areas are covered by a dense carpetregorded whether it was grazing or feeding on goose droppings.

mosses (mainlgalliergon richardsonii) with a low cover of

grassesHoa sp.). Outside the village a typical dry Arctic tun-

dra vegetation is found, withryas octopetala, Salix polaris,
and Saxifraga oppositifolia. Sanionia unicata is the most
common mMoss species in these dry areas.

In the second experiment, fresh goose droppings containing either
moss or grass fragments were collected. Again 25 droppings of each
type were spread in a 2 x 2 matrix with an area of with the dif-
ferent types of droppings placed in adjacent parts of the matrix. This
experiment was repeated 4 times; all plots were checked twice a day.
From every sample we placed, a subsample was stored for later anal-

The local goose population increased from 13 nesting pairssis. In the field, we had discriminated dropping types on the basis of

in 1985 to 255 in 1993 (Loonen et al. 1997). After hatch, par-color, grass droppings being far greener than moss droppings. How-
ents took their young to the village and surrounding area,ever, some of the “grass droppings” contained rather large amounts of
where they grazed for about 1% months. All geese started tanoss fragments and were therefore analyzed separately in the chem-
feed in early July on grasses protruding from the moss carpeical analyses (“mixed droppings” in Table 3). We collected leaves of
around the shore of Lake Solvatnet. When grasses on the lak@ arcticaand sampled the live upper parts of the most common moss
shores became depleted over time, goose families switched t8Pecies€. richardsonii). Some samples were taken in the year before
drier areas in the village in search of grasses. A flock of 15097 after we carried out the dropping experiments. The plant material

. : . was sorted into live parts only. Plant material and droppings were
nonbreeders and failed breeders continued feeding on MOSSESicd at 76C and subsequently ground to pass through a 0.5 mm mesh

along the lake shore. Over the 24-h daylight period, geesgeye in a wiley Mill. We measured Kjeldahl nitrogen, phosphorus,
alternated feeding with resting (Prop et al. 1980). Goose famz;|cium, magnesium, potassium, and sodium in both forage and drop-
ilies usually returned to the lake shore to rest, where defecapings following standard procedures (Allen 1989). Energy content
tion continued. As a consequence, lake shores were coveregas determined using an adiabatic bomb calorimeter (Allen 1989);
with droppings. Moss-containing droppings (hereafter mossneutral detergent fibre (NDF) and acid detergent fibre (ADF) were
droppings) originated from failed breeders or nonbreedersmeasured following Van Soest (1982). We did not correct for sand in
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Table 3. Chemical composition of plants and goose droppings.
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Grass Mosses Grass droppings  Mixed droppings Moss droppings Analysis
N 27.1bc (7.9) 15.% (2.4) 19.&b (6.7) 30.k (10.3) 21.%mbc (2.0) One-way ANOVA
P 94.% (32.7) 67.% (22.7) 74.% (19.0) 108.4 (45.8) 117.4 (38.5) One-way ANOVA
Mg 5.2a (1.3) 10.Dc (2.3) 8.1 (0.8) 10.%c (0.5) 12.x (1.0) One-way ANOVA
Ca 10.@& (2.8) 19.% (6.4) 20.b (7.2) 19.3 (8.7) 22.8 (7.9) One-way ANOVA
Na 0.32 (0.25) 0.8D (0.48) 0.2 (0.16) 0.82b (0.55) 1.4e (0.32) One-way ANOVA
K 11.80 (1.9) 8.1 (1.6) 17.% (2.4) 19.2 (3.5) 12.1 (3.0) One-way ANOVA
NDF 47a (3) 7 (4) 53b (5) 5% (8) 75 (4) One-way ANOVA
ADF 1% (3) 42d (4) 31 (4) 37 (7) 47 (6) One-way ANOVA
Energy 19.24 (0.2) 17.3 (0.7) 16.3**b (0.5) 15.0%b (0.4) 15.D (1.3) Kruskal-Wallis test
% grass — — 84 (7) 4% (10) 2 (1) Kruskal-Wallis test

Note: Concentrations are given in milligrams per gram dry mass and energy content is given in kilojoules per gram dry mass. Values followed by the
same letter differ significantly between food items. Numbers in parentheses show the standard error. The percentage of grass fragments is alszppings
given.n = 5 for grass and moss amd= 3 for all types of droppings except where indicated byn*=(6) and ** (n = 2).

Fig. 1. Relationship between percent NDF and the percentage of
grass in droppings. NDF values for mosses (0% grass) and grasses
(100%) are also given. The correlation coefficient was calculated on
data for droppingsonly (r¢=—-0.92;n=9,P < 0.001).
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droppings, sinceit would a so beingested by reindeer. We determined
plant composition microscopically for every dropping sample used in
the above-described analyses.

In the statistical analyses, we used analysis of variance (ANOVA)
with least square difference contrasts, since samples were small.
Percentages were arcsine sgquare root transformed. Data were trans-
formed to satisfy the underlying assumptions of the tests used. If we
could not meet the assumptions of ANOVA, a Kruskal-Wallis test
was used instead.

Results
In 10 out of 14 cases, the majority (86—-100%) of droppings

uum cleaner, swinging their head from side to side with the
mouth held just above the ground. The reindeer walked at a
slow but steady pace while swallowing the droppings. When
they were grazing, distinct bites were taken with small tugs
and no swinging movement of the head occurred.

Reindeer in the village foraged mainly on goose droppings
instead of grasses or herbs. In 34 out of 48 cases, reindeer
were recorded eating droppings (71%). In 8% of cases, graz-
ing was combined with eating droppings. Only grazing was
observed in the remaining 21% of cases.

We repeated a cafeteria experiment 4 times, in which rein-
deer could choose between fresh droppings containing either
grass or moss. In all cases grass droppings were eaten, while
moss droppings were refused (Table 2). On average, 77% of
the grass droppings were removed, but none of the moss
droppings. Droppings labelled “grass droppings” contained
66% grass fragments (range 39-91%), whereas in “moss
droppings” only 2% grass fragments were found.

To understand the strong preference of reindeer for grass
droppings over moss droppings, we examined several param-
eters (Table 3). Fibre content was measured as both NDF and
ADF, the latter containing most fibre elements resistant to
digestion. Analysis revealed that NDF decreased with
increasing percentage of grass fragments in the droppings
(Fig. 1;r,= —0.92;n= 9, P < 0.001). The same trend was
observed for ADF in droppings.& —0.73;n= 9, P < 0.01).

Both NDF and ADF are negatively correlated with food
digestibility (van Soest 1982; Robbins 1993). Therefore, the
high NDF and ADF contents in moss droppings indicate poor
digestibility relative to grass droppings. Droppings containing
almost all moss or grass fragments had NDF contents only
slightly higher than the respective forage (Fig. 1). Therefore,
no large difference in digestibility between goose droppings
and plant material was expected.

Among minerals, magnesium and sodium contents
decreased significantly with increasing percentage of grass in
the droppingsr{ = —0.86 and —0.91, respectively; 9,P <
0.01), while a slight but significant increase in potassium con-

spread for reindeer in the plots disappeared, mostly within 3tent was foundr(= 0.66;n= 9, P < 0.05). No such correla-
days (Table 1). We observed a striking difference in the waytion was found for phosphorus or calcium contept(-0.49

reindeer foraged on either Arctic plants or goose droppingsand —0.13, respectivelyt= 9, ns). If reindeer selected their
When foraging on goose droppings, reindeer acted like a vacfood in order to obtain specific minerals, only selection of
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Fig. 2. A mae reindeer chases young Barnacle Geese in order to consume the fresh pile of droppings produced while the geese were resting.

potassium or avoidance of magnesium and sodium could
explain the observed preference for grass droppings over
moss droppings.

No correlation was found between nitrogen or energy con-
tent and the amount of grassin droppings (r = 0.04 and 0.26,
respectively; n =9, ns). Nitrogen content was highest in the
mixed droppings, while energy content did not vary among
dropping types (Table 3). Nitrogen and energy contents,
therefore, do not explain the preference for grass droppings.

If reindeer prefer grass droppings over moss droppings
because grass droppings contained less fibre, grasses should
be preferred to grass droppings. Grasses contained the lowest
amount of fibre. However, grasses were heavily grazed by

observations come from several countries and the droppings
were produced by several goose species. The present study is
the first dealing with a wild herbivorous species eating goose
droppings.

Why do these herbivores show this coprophagous behav-
ior? It has been argued that in this way trace elements are
more easily obtained (Kear 1963) or the diet is enriched by
urea, which could facilitate the digestive process (Marriott
1973; Summers and Grieve 1982). Droppings consist of not
only plant material but also microorganisms and uric acid
(Prins 1977; Van Soest 1982). This could favor the use of
droppings as afood source.

In the present study we have shown that chemical elements

Barnacle Geese and biomass was only 7.8 £+ 1.4 g dryould play arole in explaining the preference of reindeer for
mass m2 (average + SE of live biomass of vascular plants grass droppings. Positive selection of potassium or avoidance
on 6 turves of 10 x 10 cm). Mosses were still abundant in theof high concentrations of sodium and magnesium could result

areas where the geese grazed (88.6 + 24.9 g dry-mads
Mosses contained more fibre and sodium but less potassium
than grass droppings. Earlier we showed that such a differ-
ence could explain the rejection of moss droppings by the
reindeer. According to this argument, reindeer should prefer
grass droppings over moss plants.

Discussion

Goose droppings lack the well-known penetrating odor of, for
instance, most carnivore faeces. Severa herbivores have been
reported to use goose droppings as a food source. Cattle,
sheep, horses, and donkeys have al been observed eating
goose droppings (Ingram 1933; Kear 1963; Rochard and Kear
1968; Marriott 1973; Summers and Grieve 1982). These

in a preference for grass droppings or grasses. We have not
found any data in the literature that would be consistent with
such selection by reindeer. Summers and Grieve (1982) sug-
gested that eating droppings enhanced the intake of phospho-
rus, nitrogen, and energy. In our study, the levels of none of
these explain the observed preference for grass droppings
over moss droppings. However, fibre content was far lower in
grass droppings than in moss droppings. Danell et al. (1994)
showed that the food preference of reindeer was negatively
correlated with ADF content. ADF content correlated nega-
tively with digestibility, as has been found in many other
studies of ruminants, hindgut fermenters, and geese (Van
Soest 1982; Duncan 1992; Gadallah and Jefferies 1995).

In feeding trials with Svalbard reindeer, the low digestibil-
ity of mosses compared with grasses was demonstrated by

© 1998 NRC Canada
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Ekern and Kildemo (1978, cited in Prins 1982)3. The maxi-
mum net energy gain from the moss Polytrichium alpinum
was only 0.3 kJ- g%, while the energy gain from the grass
Alopecurus alpinus was 5.4 kJ - gL If the difference between
grass droppings and moss droppings is a reflection of the dif-
ference between grass and moss plants (Table 3), the net
energy gain by reindeer feeding on grass droppings will be
greater.

Not only does diet selection depend on nutrient content, but
intake rate is also important (Hanley 1997). In our study area,
forage availability is low, owing to intense goose grazing.
Measurements on reindeer in the Canadian Arctic revealed
that short-term food intake was 4-5 g dry mattein— on
grasses and vascular plants of low stature (Trudell and White
1981). When reindeer consume more than 5 droppingg/min,
this already equals the rate of intake of grasses. Although no
data on intake rate were collected, based on our own observa-
tions we conclude that this would be fairly easy to do. Anec-
dotically, an Irish farmer observed an intake of 100 goose
droppings/5 min by his cows (Ingram 1933). This record is
close to the ad libitum maximum intake of 26.6 g - min™* by
Canadian reindeer fed hand-picked lichens (Trudell and
White 1981).

The density of droppings in our research area was high.
During regular periods of sleeping, the geese produced piles

of 6-8 droppings (Fig. 2). Several times we observed rein-
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