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Seed dispersal, large herbivores
and ecological restoration:

a Synthesis

A.M. Mouissie

CHAPTER 7



Introduction

In the current fragmented landscape, seed dispersal is often a constraint for the
restoration and conservation of plant communities (Bakker & Berendse 1999). The
omnipresent vector for seed dispersal is wind, but for most plant species seed
dispersal by wind is limited to a few metres, or tens of metres from the parent plant
(Strykstra et al. 1998, Bullock & Clarke 2000, Jongejans & Telenius 2001). Only plant
species bearing seeds with very low falling velocity (e.g. light plumed seeds and dust
seeds) are dispersed over long distances in appreciable numbers (Tackenberg et al.
2003). In contrast, large herbivores can disperse large quantities of seeds of many
plant species (Welch 1985, Malo & Suarez 1995b) over distances of several kilometres
and more (Pakeman 2001, Vellend et al. 2003). Therefore seed dispersal by large
herbivores has become the focus of this thesis, while aiming to
● identify species dispersed by large herbivores,
● quantify seed dispersal by large herbivores,
● estimate distance of seed dispersal by large herbivores,
● get insight in the direction of dispersal, 
● effects of large herbivores on plant establishment 
● and implications for ecological restoration
Large herbivores may ingest seeds or attach seeds to their fur, move and excrete or
detach seeds at a different location. Because seeds ingested end up in dung piles and
large herbivores also graze and trample, large herbivores also influence plant
establishment after dispersal. Using a combination of survey-based techniques,
experiments, modelling and literature study, I have been able to identify the influence
of many factors on this system of plant-herbivore interactions (Figure 7.1). 

Plant species dispersed by large herbivores

Endozoochory
In total 61 species germinated from dung samples of free-ranging domestic herbivores
and 15 species from dung samples of wild herbivores. The highest numbers of species
emerged in dung of Scottish highland cattle (Bos Taurus: 51 species), followed by dung
of Exmoor ponies (Equus caballus: 35 species), dung of Drenthe heathland sheep (Ovis
aries: 31 species) (Chapter 3), dung of fallow deer (Dama dama: 10 species), red deer
(Cervus elaphus: 9 species) and roe deer (Capreolus capreolus: 2 species) (Chapter 4).
The higher number of species found in dung of domestic herbivores as compared to
dung of wild herbivores should, at least partly, be ascribed to a larger sampling
volume. Also others have found high species diversity in herbivore dung (Welch
1985, Malo & Suarez 1995b, Pakeman et al. 2002, Myers et al. 2004). Species found in
dung are not restricted to a specific phylogenetic group or morphology. Species
recorded in the dung samples of aforementioned herbivores are from 17 families
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including Juncaceae, Poaceae, Leguminosae, Caryophyllaceae and Ericaceae. Although,
classically only species with fleshy fruits are considered endozoochorous (Ridley
1930), only one such species emerged in the sampled dung: Vaccinium vitis-ideae. 

As predicted by Janzen (1984) there are many small-seeded species in herbivore
dung, but also larger-seeded species (Chapter 3,4, Pakeman et al. 2002). At least
some seeds of 24 of 25 fed species survived chewing and digestion in a feeding
experiment with fallow deer (Chapter 5). These results suggest that most species
that are part of the diet of large herbivores are also dispersed. The potential for
endozoochory should hence be viewed as a continuous rather than as a discrete
variable. 

Epizoochory
The observed number of species recovered from fur of sheep and cattle (Chapter 2) is
much lower than the number of species recovered from dung samples. Only four
species attached to the fur of our real sheep and 13 species attached to the cattle and
sheep dummies. However, others have found a large number of species in the fleece
of sheep (Fischer et al. 1996), donkeys, Galloway cattle and ponies (Couvreur &
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Hermy 2002). The low number of species that we observed must be ascribed to the
short period of possible attachment: three hours for the sheep and one minute for the
dummies. Even in the small sample of species observed in our experiments, there
were seeds without hooks or other typical appendages classically associated to
epizoochory. Plumes ‘designed for’ wind dispersal may also enhance the probability of
adhesive dispersal, but also many species without bristles or awns are dispersed. Seed
attachment to sheep fur seems little selective in relation to the abundance of seeds in
the vegetation. However, in short cattle fur intermediate sized smooth seeds such as
Medicago lupulina and large-sized smooth seeds such as Iris pseudocorus are not
dispersed (Chapter 2). 

Quantity of seed dispersal by large herbivores

Endozoochory
Surveys of herbivore dung show the quantity of seed dispersal by three domestic
herbivore species, Scottish highland cattle (approximately 2.5 million seeds per year),
Drenthe heathland sheep (approximately 40 thousand seeds per year) and Exmoor
ponies (approximately 0.5 million seeds per year) (Chapter 3) and three wild
herbivore species, red deer, roe deer and fallow deer (Chapter 4). Seed density in
dung is very variable, depending on herbivore species, season and plant species
composition at the study site. These factors often co-vary in different surveys because
not all herbivores happen to live in the same site and dung is not always collected at
the same time. Therefore, experiments are needed to provide causal explanation for
the observed differences (Figure 7.1).

Large ruminants disperse more seeds than smaller ruminants, due to higher dung
production and higher seed density in dung. More seedlings emerged from equal
quantities of cattle dung than from pony or sheep dung (Chapter 3). Germinable
seed density is higher in dung of the larger deer species red deer and fallow deer than
in dung of the smaller-sized roe deer (Chapter 4). However, when comparing
herbivores with different digestive systems aforementioned pattern does not always
emerge. Seed density in dung of rabbit (a small-sized caecum fermenter) is not
consistently lower and in some sites even higher than in sheep (over an order of
magnitude larger ruminant) dung (Pakeman et al. 2002). Higher dung production in
larger herbivores is an obvious effect of higher food intake, but higher seed density in
dung of larger ruminants needs further discussion. 

Large ruminants require lower quality forage and select for higher intake rate with
more mature and fibrous plants than smaller ruminants (Hofmann 1985, Wilmshurst
et al. 2000) and are thus more likely to ingest unattractive fruiting stems. Although
digestion efficiency slightly increases with ruminant size (Wilmshurst et al. 2000),
chewing intensity is almost inversely proportionate (~M-0.85) and size of the molar
teeth is approximately proportionate to ruminant size (Shipley et al. 1994).
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Consequently, seeds are more likely to be damaged when chewed by a small ruminant
than when chewed by large ruminant. In a feeding trial, more seeds survived
ingestion by cattle than ingestion by sheep or goats (Simao Neto et al. 1987). While
passing from rumen to rectum of deer, seeds seem to be concentrated rather than
killed, corroborating the view that the most critical phase for seed survival is in the
mouth of herbivores (Chapter 4).

The pattern of increasing seed density in herbivore dung with decreasing seed size,
increasing roundness of seeds and increasing seed longevity (Chapter 3) is at least
partly explained by seed survival (Figure 7.1). Small, round and long living seeds are
most likely to survive ingestion by fallow deer with seed size being the best predictor
of survival, followed by seed shape and seed longevity (Chapter 5). The number of
species we fed (25) was high in comparison to previous studies, but also in an
experiment with three legume species fed to sheep (Russi et al. 1992) and in an
experiment with six pasture species fed to sheep and goats, seed survival was
negatively proportionate to seed size (Simao Neto et al. 1987). In contrast seed size
does not appear to be related to seed survival after ingestion by cattle (Simao Neto et
al. 1987). Due to the large size of the molar mills and low intensive chewing also
larger seeds may pass the mouth of cattle undamaged. 

In general seed density in dung samples seems to follow a seasonal pattern
analogous to the seasonal pattern in seed production (Chapter 3, Malo & Suarez
1995b). Thus seed density is highest in summer and lowest in spring. Especially,
grass seeds are very abundant in cattle, sheep and horse dung collected in August.
However, some plant species are not dispersed shortly after seed set but at a later
stage when they become part of the herbivore diet. The dwarf shrubs Erica tetralix and
Calluna vulgaris are almost exclusively dispersed in winter (Chapter 3) when
palatability and availability of most grasses has declined and the diet of large
herbivores shifts towards other species (WallisDeVries & Schippers 1994). 

Plant species associated to fertile soils disperse a higher proportion of seeds
through herbivores than species associated to less fertile soils (Chapter 3). We
hypothesised that this pattern could be explained by seed ingestion and seed survival
(Figure 7.1). First because plant species from fertile soils are more palatable than
species from less fertile soils according to the carbon/nutrient balance hypothesis
(Bryant et al. 1983, Hobbie 1992, Iason & Hester 1993). Second because species with
attractive –fruit like- foliage should have seeds adapted to survive the alimentary tract
of herbivores (Janzen 1984). However, when feeding seeds to fallow deer, species
associated to fertile soils (high Ellenberg nitrogen indicator value) do not survive
better than those from less fertile soils. Furthermore, seeds with high survival rates
are not particularly intermingled with foliage. The aforementioned pattern should
thus be explained by seed ingestion rather than survival.
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Epizoochory
The quantity of seeds recorded in fur was lower than the quantity of seeds recorded in
dung samples (Chapter 2). This is mostly due to the short period of possible seed
attachment. Extrapolating the number of seeds attached during three hours grazing
based on eight hours daily grazing yields 43 thousand seeds dispersed per sheep per
year. This estimation could be close to reality. Fischer and colleagues (1996) recorded
almost 9.000 seeds in the fleece of one sheep in 16 searches from July through
September. For cattle and other smooth-furred herbivores the number of externally
dispersed seeds is much lower. Seed attachment to the cattle dummy was about a
fifth of the attachment to the sheep dummy (Chapter 2) and brushing Galloways,
donkeys and pony’s yielded only a mean number of 2.8 germinable seeds per animal
(Couvreur & Hermy 2002). Hence, for sheep internal and external seed dispersal are
about equally sized, whereas for cattle internal seed dispersal comprises many more
seeds than external dispersal. For other smooth-skinned herbivores the picture looks
similar (Heinken et al. 2002). 

Bristly and hooked seeds are overrepresented on fur of sheep grazing in calcareous
grasslands, while short species (<20cm) are underrepresented (Fischer et al. 1996).
Short species must rely on attachment to the head when sheep graze or to the belly
when sheep rest. Seed attachment to the head and belly comprise respectively 22%
and 2% of total seed attachment (Chapter 2). Hence, short species have about four
times smaller probability of attachment to sheep than species releasing seeds above
leg height (30-40 cm). Due to high variation in seed density in the vegetation and in
seed attachment and a general low number of species found in fur of the dummies,
little testing of the influence of plant traits on attachment probability was possible.
However, in relation to its abundance in the vegetation, significantly more Nardus
stricta seeds attached than any other species, suggesting that a long awn enhances
attachment probability. Although epizoochory is usually associated to seeds, also
whole seeding branches attach to fur (Chapter 2). 

Distance 

In seed dispersal by large herbivores long distances are rule rather than exception.
Estimated modal seed dispersal distances are; 100 m for epizoochory by fallow deer
and cattle, 200 m for epizoochory by sheep (Chapter 2), 100-850 m for endozoochory
by fallow deer (Box 6.1) and 220 m for endozoochory by white-tailed deer (Vellend et
al. 2003). Differences between animals should be ascribed to different speeds of
movement, different digestion rates and fur structure. Seeds stay longer in the fleece
of sheep than in fur of cattle or fallow deer, but the latter two animal species move
faster (Chapter 2). Differences in distances of seeds dispersed by the same animal are
due to differences in seed retention. Mean seed retention in the alimentary tract of
fallow deer differed a factor three between the fastest (Cerastium fontanum) and the
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slowest passing species (Plantago major). On sheep, smooth and hooked seeds are
retained over significantly different time periods, whereas on cattle and fallow deer,
smooth seeds are not retained at all. Retention of bristly and hooked seeds did not
appear to differ between any of the investigated herbivore species. 

Modal distances of seeds dispersed by large herbivores are further than distances
reported for any other dispersal vectors, with the possible exception of dispersal along
rivers. For example in wind dispersal typical modal dispersal distances are within
metres from the parent plant (Nathan & Muller-Landau 2000), in epizoochory by
rodents within 5 m, in dispersal by scatterhoarding rodents within 40 m (Hoshizaki et
al. 1999) and in ant dispersal within 1 m (Andersen 1988). In contrast, the tail of the
distribution of distances of seeds dispersed by large herbivores is relatively short
compared to the mode. While fits for distributions of wind dispersed seeds require
mixed models to provide a sufficiently ‘fat tail’(Bullock & Clarke 2000), lognormal
distributions overestimate the amount of seeds moving the furthest distance via large
herbivores (Box 6.1, Vellend et al. 2003). 

An illustrative example in the comparison of seed dispersal distances for different
dispersal vectors is Calluna vulgaris, the dominant dwarf shrub in dry heathlands. This
species is usually considered to be dispersed by wind (Ridley 1930), but our data
show that it is also dispersed via fur of sheep (Chapter 2) and via ingestion and
defecation by cattle (Chapter 3). The distribution of distances for wind dispersed
seeds is based on measured data (Bullock & Clarke 2000), whereas the distribution of
epizoochorous and endozoochorous seeds are based on correlated random walk
simulations. As previous CRW simulation appeared to overestimate dispersal
distances (Box 6.1), for these simulations more conservative estimates of parameter
values are used. Speed of movement during grazing activity is corrected for the time
spend to ingest and masticate forage (Chapter 6). Furthermore retention of C.
vulgaris seeds in the gut of cattle is assumed similar to the retention in the gut of
fallow deer (Chapter 5), although a retention in the gut of cattle may be longer
(Simao Neto et al. 1987).

Dispersal of C. vulgaris seeds by wind takes place at a completely different scale
than seed dispersal by large herbivores. More than half of the wind-dispersed seeds
remain within 1 m from the parent plant, while seeds, dispersed by large herbivores,
rarely remain within 100 m from the parent. The 99 percentile of seeds, moving the
furthest distance by wind, is less than modal dispersal distances for endozoochory by
cattle or epizoochory by sheep. The distribution of seeds via fur of sheep is flatter
than the dispersal of seeds via ingestion and defecation by cattle. The proportion of
seeds dispersed less than 100 m is higher in the fur of sheep, but the proportion of
seeds dispersed beyond 2 km is similar in both dispersal vectors (Figure 7.2). 
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Direction of dispersal and establishment

‘It matters who defecates what where’ (Janzen 1986). There are three hypotheses how
plant can benefit from seed dispersal, ‘the escape hypothesis’, ‘the colonization
hypothesis’ and ‘the directed dispersal hypothesis’(Howe & Smallwood 1982).
Another possible benefit of herbivore-dispersed seeds is enhanced germination after
gut passage. The evidence for enhanced germination is not consistent and depends on
the plant and animal species involved (Traveset & Willson 1997). Breaking of
dormancy through scarification of seeds by chewing or digestion may result in too
early germination at an unfavourable moment for establishment (Janzen 1983). This
aspect is arguably not an advantage of dispersal per se (Wenny 2001) and will not be
discussed further. 

Escape
The primary advantage of seed dispersal is the escape from density or distance
dependent seed or seedling mortality near conspecifics (Janzen 1970, Conell 1971,
Clark & Clark 1984), but does not seem to play a role in seed dispersal by large
herbivores. After ingestion seeds are even concentrated in a dung pat, aggravating
rather than mitigating density dependent mortality. While attaching and detaching
from fur seeds are scattered more, but seeds are dispersed so far that this can hardly
be considered a way to dilute seed density. 
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Colonization
The colonization hypothesis applies to plant species dependent on unpredictable
habitat, such as tree-fall gaps (Brokaw 1985) or –in modern times- habitat restoration
sites. Whilst seeds are dispersed away from the parent, seeds are more likely to reach
such habitats. In addition, seed dispersal away from a parent plant can mean a safety
exit from temporal habitat or enable a plant population to keep tract of climate
change (Clark 1998). Basically, the colonization hypothesis implies ‘dispersal for
distance’ and has in fact already been discussed in the previous paragraph.

Directed dispersal: establishment on faeces
Directed dispersal is the third potential advantage of dispersal. Disproportionate
deposition of seeds in microhabitats especially favourable for survival involves an
important increase in fitness (Howe & Smallwood 1982, Wenny 2001). Dispersal of
seeds through ingestion and defecation by large herbivores directs seeds towards
faeces. Dung creates places free from vegetation with high nutrient availability (Dai
2000): a potentially favourable location for germination and establishment of plants.
Indeed many seedlings and flowering plants are observed on dung pats of Highland
cattle and pony, especially species from nutrient-rich habitat (Chapter 3). However,
the function of faeces as safe sites is not self-evident. No seedlings are observed on
sheep droppings and species from the most nutrient poor habitats (Ellenberg nitrogen
indicator value 1 and 2) are even entirely lacking on the dung pats of any herbivore
(Chapter 3). Water-retention capacity is a factor in differential germination rates on
dung (Traveset et al. 2001). Seed in dung with low water-retention capacity -such as
sheep and deer droppings-, may need to wait until the droppings have fallen apart and
seedlings can root in the underlying soil.

Toxic compounds can also affect seed and/or seedling survival (Welch 1985, Malo
& Suarez 1995a). Higher number of seedlings emerging from dung samples in the
greenhouse compared to dung pats in the field may be partly explained by washing of
the dung samples and consequent removal of potential toxic compounds (Chapter 3).
Toxic compounds may also be a factor in the increasing number of seedlings on cattle
dung pats in four years following deposition (Dai 2000). Some seedlings die after
several weeks of normal growing, which might well be due to toxic compounds
(Chapter 3, Traveset et al. 2001). Faeces are known to contain phenolic compounds
and fatty acids which affect enzyme activity and inhibit germination (Marambe et al.
1993, Marambe & Ando 1993).

In conclusion dung pats with sufficient water-retention capacity provide a safe site
for a number of species particularly those from nutrient-rich habitats that are able to
grow fast and root in underlying soil. For these species seed dispersal by large
herbivores can be considered directed dispersal. For other plant species and for plants
deposited in faeces with little water retention capacity or high concentration of toxic
compounds, internal seed dispersal is not directed towards particularly suitable
microhabitats. 
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Directed dispersal: mediating plant habitat
Large herbivores are mediators of the micro-climate in plant habitat (Bakker & Olff
2004). Grazing and trampling removes biomass and creates gaps of open soil, thereby
enhancing opportunities for the establishment of light-demanding and pioneer
species. 

Low light availability inhibits plant growth in general and growth of light
demanding species of the oligotrophic grassland and heathland plant communities in
particular. Shifts in the ratio red light/ far red light inhibit germination under tall
canopy. Since grazing and treading removes tall canopy and creates open gaps, large
herbivores improve the habitat conditions for light-demanding species (Kotowski et
al. 2001).

Patterns of tall stands and short stands are observed in grazed vegetation
throughout the world, including African savanna, grazed by wild ungulates
(McNaughton 1984), cattle grazed prairie in North America (Ring et al 1985), sheep
and cattle-grazed temperate grasslands in Europe (Bakker et al. 1984, Berg et al. 1997)
and sheep-grazed steppe in Tierra del Fuego (Posse et al. 2000). Simulations of a
vegetation-grazer model in a spatially structured environment of feeding station-sized
cells show that ruminants can create and subsequently maintain such structural
vegetation patterns (Chapter 6). The driving factor for long-term stable patterns is a
positive feedback between grazing and plant palatability. Many grazing herbivores
prefer short stands irrespective of the availability of tall stands (McNaughton 1984,
WallisDeVries & Schippers 1994, Wilmshurst et al. 1995) thus keeping short stands
in an immature state with high crude protein content, little structural carbon and
high energy content (Van Soest 1982). 

Simulated vegetation patterns change with herbivore size, stocking rate,
productivity and season. However, in many cases patterns are maintained long
enough to change soil properties and promote shift towards grazing resistant and
light demanding plant species (McNaughton 1984, Posse et al. 2000). Since large
herbivores continuously visit short stands large herbivores can subsequently disperse
these plan species throughout the area of short canopy.

Implications for ecological restoration

Whether the dispersal of a seed by a large herbivore is advantageous for ecological
restoration depends on a number of questions. Is the seed from a species that is part
of the target community? If so, is the location part of an ecological restoration site
and is it a favourable location for establishment (‘safe site’). 

Many plant species from grasslands and heathlands appear to be part of the diet of
large herbivores and most of these species have at least some probability of surviving
chewing and digestion. Especially to the curly fur of sheep, but also to the fur of other
large herbivore species many plant species are able to attach. Retention both in fur
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and in the alimentary tract is long enough to enable the herbivores to move seeds
towards ecological restoration sites hundreds or even thousandths of metres away.
However, especially smaller and more selective herbivores may not use the whole
grazing area or avoid the habitat restoration sites. Especially directly after top soil
removal when a bare substrate is left, there may not be much of an incentive for
herbivores to visit the site. In our study site, the ‘Dellebuursterheide’, Highland cattle
and Exmoor ponies use the whole habitat range from nutrient poor grassland,
heathland, nutrient rich grassland and habitat restoration site, while sheep are almost
entirely restricted to nutrient-poor grassland and heathland (Chapter 3). Since 13
Highland cattle and 18 Exmoor ponies use the site more or less homogenously
(Chapter 2) seed input into the ecological restoration site is proportionate to its size:
12.5 % of the total grazing area. Consequently, an approximate total of 5.2 million
seeds are deposited in the ecological restoration site per year, 4.1 million seeds in
cattle dung and 1.1 million seeds in pony dung. Endozoochory comprises only about
0.2 % of the total seed production of the site (Chapter 3), while the remaining 99.8
% of seeds are mostly dispersed by wind and gravity. An estimation of seed input via
epizoochory would be tentative, but is certainly lower than the number of seeds
deposited in dung. Yet, large herbivores may disperse more seeds from a target
communities towards a distant habitat restoration site. The longest distance recorded
for Calluna vulgaris seeds dispersed by wind is 80 m (Bullock & Clarke 2000), whereas
94 % of seed dispersed via fur of sheep and 99 % of seeds ingested and defecated by
cattle is dispersed beyond 100 m (Figure 7.2). 

The observed pattern of increasing probability of internal seed dispersal by large
herbivores with increasing habitat fertility is contrary to conservation aims. It implies
that more seeds are dispersed from nutrient-rich parts towards nutrient-poor parts of
a grazing system than vice versa. In the open nutrient-rich habitat that dung pats
create, seeds from nutrient-poor habitat do not germinate, while seeds from nutrient-
rich habitat germinate well and grow rapidly. The aforementioned pattern results in a
decline in heathland area when heathland is surrounded by former agricultural
pastures (Chapter 3). Also in Scottish heathermoorland, dung input reduces the area
dominated by heath (Welch 1985). 

Recommendations
When used with care, large domestic herbivores can increase the availability of target
seeds in ecological restoration sites (Chapters 2,3). To enhance colonization of
habitat restoration sites, the restoration site should be grazed in combination with
target plant communities, but not with nutrient-rich soils. Remaining heathlands and
species-rich grasslands should not be included in the same grazing scheme with
adjacent pastures until nutrient loads in such pastures are decreased to appropriate
levels for the establishment of species from target communities. Plant communities,
with high conservation interest, are best preserved with separate grazing or cutting
management.
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Deer can connect habitat restoration sites with more distant plant communities than
livestock (Chapters 4,5). If deer are presently unable to reach a habitat restoration
site, deer corridors may provide a solution. Creation of deer corridors is a more
parsimonious measurement than the creation of plant corridors, requiring less space
and less specific abiotic site conditions. 
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