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Endozoochory by free-ranging,
large herbivores: an aid or threat for the

restoration of plant communities 

A.M. Mouissie, W. Lengkeek and R. van Diggelen.

CHAPTER 3

Summary

1. Seed dispersal via dung of large herbivores provides a possible aid for ecological
restoration of plant communities, by connecting target plant communities with habitat
restoration sites. It is also a possible threat due to invasion of weeds, grasses or exotic
species. Insight into the factors determining internal seed dispersal could therefore
improve the management of grazed ecosystems.

2. Viable seed content of cattle, sheep and pony dung samples were recorded using a
greenhouse technique, dung pat colonisation was monitored in the field, and
distribution of dung pats was counted in plots spread over our mixed heathland/
grassland study site.

3. The three herbivore species internally disperse large quantities of many species (61 in
total) from a variety of plant families, monocots as well as dicots.

4. Germinable seed density of dung and colonisation of dung pats is positively correlated
with Ellenberg nitrogen indicator values and seed supply, but not with seed mass or
shape.  

5. Synthesis and applications: The results imply a net transport of nutrients and seeds
from high productive to low productive parts of the grazed area. In free-ranging
systems we recommend exclosure and separate management of plant communities on
nutrient poor soil with high conservation interest. For habitat restoration sites we
recommend integrated grazing only with target plant communities on nutrient poor
soils and not with plant communities on nutrient richer soils. 



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 meters, or tens of meters from the parent plant
(Strykstra et al. 1998, Bullock & Clarke 2000, Jongejans & Telenius 2001). In
contrast, large herbivores can large quantities of seeds of many plant species (Welch
1985, Malo & Suarez 1995c) over distances of several kilometres and more (Pakeman
2001, Vellend et al. 2003).

Herbivore movement has changed in the past century. Habitat fragmentation
limits movement of wild large herbivores and the practice of transhumance of
livestock has almost disappeared. Free-ranging livestock and wild animals, however,
are frequently introduced in semi-natural open plant communities. They are used to
prevent bush encroachment and to create heterogeneity (Bokdam 2003), but could
also serve as a vector for the re-colonisation of habitat restoration sites (Mitlacher et
al. 2002) and genetic exchange between plant populations. Unfortunately, there is
also a potential threat of invasive plant spread. For example, cattle dung is a vector of
weed and grass input into Scottish heather moorland (Welch 1985) and pony dung is
a vector for the dispersal of exotic species along trail corridors in the USA (Campbell
& Gibson 2001). 

To evaluate the consequences of internal seed dispersal by free-ranging large
herbivores insight is needed in the factors that determine seed density in dung and
dung pat colonisation. Despite the ‘foliage is the fruit hypothesis’ of Janzen (1984)
which suggests that multiple plant traits, including palatability and seed production,
have co-evolved to suit endozoochory, research so far has been mostly limited to seed
traits. Feeding trials showed that small, round and tough seeds survive the digestive
tract better then big, elongated and soft seeds (Neto et al. 1987, Russi et al. 1992,
Gardener et al. 1993, Stallings et al. 1995). Species recorded in herbivore dung have
smaller and rounder seeds than species not found in dung (Pakeman et al. 2002)

Little is known about the factors that determine the overall quantity of internally
dispersed plants. We hypothesised that besides seed dimensions, seed supply and soil
fertility are such factors. We tested this hypothesis using a survey of seed content of
cattle, sheep and pony dung and seedlings on dung pats collected in a Dutch nature
reserve harbouring grassland, heathland, woodland habitat and a habitat restoration
site.
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Methods

Study site
The study was carried out in the ‘Dellebuursterheide’ (200 ha, 52° 59’ N, 6° 17’ E) in
the north of the Netherlands. The site harbours a mosaic of heathland (HL, 55 ha),
oligotrophic grasslands (OG, 53 ha), meso to eutrophic grasslands (MEG, 55 ha) and
woodlands. Part of the area is habitat restoration site (HRS, 25 ha); former arable
fields where the top soil was removed in the early 1990s. The target was to create
nutrient poor habitat on mineral soils and re-establishment of heathland and
oligotrophic grassland. With top soil removal most of the seed bank was also removed
and re-establishment thus depends on seed dispersal. Currently, HRS is dominated by
Juncus effusus but also species of target communities have been recorded, such as
Calluna vulgaris, Drosera intermedia and Gentiana pneumonanthe (Verhagen et al. 2001).
HL is characterised by Calluna vulgaris, Erica tetralix and some Empetrum nigrum but
locally Molinia caerulea dominates. OG is characterised by the graminoids, Nardus
stricta, Festuca ovina and Agrostis capillaris, and the forbs, Galium saxatile and Rumex
acetosella. MEG are former agricultural pastures and are now dominated by Poa
trivialis, Holcus lanatus, Agrostis capillaris, Plantago major and P. lanceolata. On the site 14
Scottish Highland cattle, 13 Exmoor ponies and 22 Drenthe Heathland sheep graze
freely during the whole year. 

Seed density in dung and vegetation
Ten 1 litre samples of freshly deposited dung of cattle were collected five times from
July 2000 through June 2002. Additionally, ten 1 litre samples of pony dung and ten
0.5 litre samples of sheep dung were collected in August 2000. Each cattle and pony
dung sample was taken from a single dung pat or from two adjacent dung pats voided
by a single animal. Each sheep dung sample was taken from a single pellet group.
Samples were collected randomly across the study site depending on the location of
the animals. 

Dung samples were stored four weeks at 5°C for stratification of the seeds,
concentrated using 2 mm and 212 µm mesh sieves stacked on top of each other and
put into containers with, layers of potting soil, sterilised potting soil and sterilised
white sand according to a tested seed bank analysis technique (Ter Heerdt et al. 1996).
Three containers for each time of dung collection with the same soil layers served as
controls to test for contamination of outside seeds. Thanks to this technique, we were
able to process larger samples than previous studies on seed dispersal in dung. 

The number of fruiting stalks was counted in five squares of 1m2 for each of the
habitat units OG, MEG and HL in June, July, September, and October 2001 and 2002.
For each fruiting species ten stems were collected and the number of seeds per stem
counted. Multiplication of the average number of fruiting stalks/m2 and average
number of seeds/ fruiting stalk gave the average supply (seeds/ m2). 
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Distribution and colonisation of dung pats
In each of the land units HL, OG, MEG and HRS, ten randomly located quadrats of
20m x 20m were laid out in July 2000. Dung pats in the quadrats were counted seven
times from July through December 2000. To prevent double counting dung pats were
marked with paint, except for 200 dung pats that were marked with numbered metal
pins. Seedlings and adult plants were identified and counted on these 200 dung pats
from July 2000 through December 2002. 

Data analysis
To test whether dispersal probability was related to habitat fertility we used a linear
regression with relative seed dispersal as the dependent variable and Ellenberg
nitrogen indicator values (Ellenberg 1974) as the independent variable. Ellenberg
nitrogen indicator values indicate the fertility of the habitat where a plant species is
usually observed. Though designed for central Europe, Ellenberg numbers are valid in
a larger region including the Netherlands (Schaffers & Sykora 2000). Relative seed
dispersal was calculated as log10(seed density in dung/seed supply). This log-trans-
formation was needed to obtain a data set with homogenous variances. Each plant
species with known seed density and Ellenberg nitrogen indicator value represents
one data point. Seed dispersal by cattle, pony’s and sheep were tested separately. 

To test for relationships between density of seeds and seedlings on dung pats with
Ellenberg nitrogen indicator values, seed supply, seed mass, variance in unit seed
dimensions we used Spearman’s Rho, a non parametric bivariate correlation test.
Seed dimensions were obtained from the BIOLFLOR seed database (Klotz et al.
2003).

The data were then converted into present/absent in dung. Mean variance in unit
seed dimensions and mean seed mass in species present in dung and species not
present in dung were compared using Man-Whitney U, a non-parametric test for
independent samples. 

To test for habitat preference in the distribution of dung we used the non
parametric post hoc test Dunne’s T3, with plant community and seeds in dung as
testing variables for each of the herbivore species. All test were performed using SPSS
11.1 for Windows (SPSS Inc. 2001)
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Results

Quantity and species composition of seeds in dung
Cattle, sheep and pony dung contained large quantities of many species (in total 61 of
85 species present in the vegetation) from 16 plant families; monocots as well as
dicots (Table 3.1). Density of germinable seeds was highest in cattle dung (4604
seeds/ kg dry weight) and approximately the same in pony (901 seeds/kg dry weight)
and sheep dung (1052 seeds/ kg dry weight) collected in August. The herbivores
dispersed basically the same plant species in with 35 species in pony dung, 34 species
in cattle dung and 31 species in sheep dung (Table 3.1). Poaceae was the most
dispersed plant family in all three herbivore species, followed by Juncaceae,
Caryophyllaceae, Ericaceae, Plantaginaceae, Ranunculaceae and Veronicaceae. Even
some seedlings of the wind dispersed Asteraceae were recorded in the dung samples
(Table 3.1). 

Cattle dung contained germinable seeds during the whole year, but density of
seeds fluctuated and was highest in August (Figure 3.1). Also species diversity in
dung was highest in August (34), but samples from other months contributed to a
higher species diversity (51) for the whole study period. Calluna vulgaris and Erica
tetralix (Ericaceae) were only dispersed in winter (Figure 3.1 ). 

Distribution and colonisation of dung pats
Dung of cattle and ponies was spread quite evenly over all four parts of the study
area, although cattle dung density was significantly lower in OG than in the other
habitat units (P<0.05). Sheep dung was spread more unevenly, with higher density in
OG than in HL (P<0.001), no dung in the HRS and very low density in MEG (Figure
3.2). Pony and cattle thus potentially dispersed seeds throughout the study site, but
sheep only between HL and OG. 

Many seedlings were recorded on cattle and pony dung pats in the field (1200 in
total), but none on sheep droppings. Occasionally we found seedlings close to sheep
dropping, but never rooting inside. Density of seedlings on dung pats (on average 6.1
per pat) was orders of magnitude lower than seed density in dung, but species
diversity (34) was similar. Some seedlings could not be identified and Veronica spp.
seedlings could be identified to genus level only. Only 20% (7) of the species on the
dung pats flowered within the two years of observation (Table 3.1). Some dung pats
featured seedlings within a month of deposition and were completely colonised in the
first year, while other dung pats remained bare for the entire period of observation. 
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Table 3.1. Plant species and family recorded in dung. Seed supply (seeds/m2) or abundance following
(Klooker et al. 1999)(+ infrequent, * abundant, ** very abundant, ? unknown), average seed density
(seeds/ kg dry weight) in cattle dung year round (cattle year), cattle dung collected in August (cattle
Aug), sheep dung collected in August (sheep Aug), pony dung collected in August (pony Aug),
average number of seedlings recorded per dung pat (seedlings per pat). Data sorted in descending
order of seed density in August cattle dung. F, species observed flowering on dung pat. 

species Family supply cattle cattle pony sheep seedlings
(seeds/m2) year Aug Aug Aug per pat

Number of samples 15 50 10 10 10 200

Poa trivialis Poaceae 168 650 3249.7 339.5 247.3 1.37 F
Alopecurus geniculatus Poaceae 104 66.9 332.9 7.4 22.6 1
Juncus bulbosus Juncaceae 3 55 274.1 1.1 3.4 0.2
Cerastium fontanum Caryophyllaceae 202 49 230.7 13.7 22 0.84 F
Ranunculus repens Ranunculaceae 11 25.7 125.4 4.7 9.6 0.22 F
Holcus lanatus Poaceae 812 14.2 70.2 18.9 16.5 0.16
Juncus bufonius Juncaceae + 12.2 59.6 7 15.2
Poa pratense Poaceae ? 12.7 46.9 16.3 0.31 F
Veronica serpyllifolia Scrophulariceae 0 6.2 31.1 6.3 2
Poa annua Poaceae 6 5.6 26.8 84.2 1.4 0.4 F
Lolium perenne Poaceae * 5.3 26.3 12.1 1.4 0.3
Sagina procumbens Caryophyllaceae 0 8.5 25 20.5
Veronica arvensis Scrophulariceae * 2.7 13.6 5.8 0.6
Juncus effusus Juncaceae 2618 131.7 11.8 1 2.1 0.1
Juncus acutiflorus Juncaceae * 2.3 11.4 1.6
Carex ovalis Cyperaceae 66 2.2 11 0.5 15.2
Plantago lanceolata Plantaginaceae 6 2.2 10.1 5.3 0.5
Gnaphalium uliginosum Asteraceae * 1.5 7.5 7.4
Stellaria media Caryophyllaceae 2 2.8 7 0.5 0.6 F
Carex nigra Cyperaceae ** 1.3 6.6 0.5 18.6 0.2
Trifolium repens Leguminosae ** 0.9 4.4 2.1 0.7 0.1
Veronica catenata Scrophulariceae + 0.9 4.4
Cardamine pratensis Cruciferae * 0.6 3.1 0.5
Rumex acetosa Polygonaceae 40 0.6 3.1 0.7 0.24
Leontodon autumnalis Asteraceae * 0.8 2.6 0.2
Agrostis capillaris Poaceae 1213 19.9 2.2 5.8 1.4 1.38 F
Veronica scutellata Scrophulariceae * 0.4 2.2
Ranunculus flammula Ranunculaceae ** 0.4 1.8 2.1 0.1
Rumex acetosella Polygonaceae 81 0.3 1.3 1.6 11.7 0.18 
Festuca ovina Poaceae 323 0.2 0.9 12.6 68.9 0.03
Veronica officinalis Scrophulariceae * 0.2 0.9 0.7
Luzula multiflora Juncaceae * 0.1 0.4 1.1 10.6
Anthoxanthum odoratum Poaceae ** 0.1 0.4 0 0.7 0.01
Juncus articulatis Juncaceae 28 0.4 0.4 0
Lythrum salicora Lythraceae * 1 2.6
Plantago major Plantaginaceae 39 16 2.1 0.3
Deschampsia flexuosa Poaceae 11 0.1 1.6 0.7 0.2
Urtica dioica Urticaceae ** 4.2 1.1
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Table 3.1. Continued 

species Family supply cattle cattle pony sheep seedlings
(seeds/m2) year Aug Aug Aug per pat

Number of samples 15 50 10 10 10 200

Rorippa palustris Cruciferae * 0 1.1
Chamerion angustifolium Onagraceae * 0 0.5 1.4
Cardamine hirsuta Cruciferae * 0 0.5 0.7
Capsella bursa-pastoris Cruciferae ** 0 0.5
Veronica anagallis-aquatica Scrophulariceae + 0 0.5
Juncus squarrosus Juncaceae 35 0 24.8 0.01
Rumex obtusifolius Polygonaceae + 0.4 4.1
Agrostis canina Poaceae * 0 0.7
Hieracium umbelllatum Asteraceae * 0 0.7
Spergularia rubra Caryophyllaceae 2 0 0.7
Spergularia salina Caryophyllaceae 2 0 0.7
Calluna vulgaris Ericaceae 19265 48.9
Erica tetralix Ericaceae 2253 4.9 0.01
Molinia caerulea Poaceae 391 2.6
Agrostis stolonifera Poaceae ** 0.6
Viola palustre Scrophulariceae + 0.6
Achillea millefolium Asteraceae * 0.4
Cirsium arvense Asteraceae 16 0.3
Lycopus europeus Labiatae + 0.3 0.01
Epilobium ciliatum Onagraceae ** 0.3
Glechoma hederacea Labiatae * 0.2
Epilobium palustre Onagraceae 6 0.1
Phalaris arundinacea Poaceae - 0.1

Total seed density 1164.9 4604.8 660.5 527.0 5.12

Total number of species 51 34 35 31 27
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Factors determining internal seed dispersal
Seed supply and Ellenberg nitrogen indicator values were the most important factors
influencing internal seed dispersal. Both factors were positively correlated to seeds in
cattle dung and seeds in pony dung (Table 3.2). Seeds in sheep dung, however, were
correlated to neither of the factors (Table 3.2). The species from nutrient poor soils
(Ellenberg nitrogen indicator values 1 and 2) that were dispersed in considerable
quantities, Calluna vulgaris, Erica tetralix and Rumex acetosella, were very abundant
(Table 3.1). Colonisation is closely correlated to seeds in cattle and pony dung and
also positively correlated to Ellenberg nitrogen indicator values and seed supply
(Table 3.2). Seed supply and Ellenberg nitrogen indicator values did not have an
additive effect on internal seed dispersal, as they were negatively correlated (Rho=-
0.4, P=0.01). 

The correlations were improved when relative seed dispersal was considered.
Ellenberg nitrogen indicator values can explain about 50% of the variation in relative
seed dispersal by cattle (R2=0.51, P<0.01) and ponies (R2=0.48, P<0.01) but not by
sheep (R2=0.13, P=0.27) (Figure 3.3). Plants from nutrient richer soils of the study
area, thus, dispersed a larger proportion of their seeds via pony and cattle dung than
did plants from nutrient poorer soils.

Seed dimensions were poor indicators of seeds in dung. Quantity of seeds in dung
of cattle (Spearman Rho =–0.38, P=0.15) and pony (Spearman Rho =–0.37, P=0.16)
is negatively correlated to seed mass, though not significantly (Table 3.2). Seeds in
sheep dung were not correlated to seed mass (Table 3.2). Variance in unit seed
dimensions was not correlated to seeds in dung of any of the herbivore species (data
not shown). The interaction of seed mass times variance in unit seed dimensions did
not improve the correlations. Seed mass of dispersed species, however, was lower
than that of species not dispersed (P<0.05) (data not shown). Variance in unit seed
dimensions was not different in dispersed and non dispersed species. 
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Table 3.2. Spearman Rho correlations between seed content in cattle dung, sheep dung, horse dung
and plants recorded on cattle and horse dung pats and Ellenberg nitrogen indicator value, seed supply
and seed mass. *  Correlation was significant (P < 0.05, 2-tailed), + correlation shows a trend (P <
0.1, 2-tailed). Ellenberg nitrogen indicator value and seed supply are negatively correlated (Rho=–0.4,
P=0.001), plants on dung pats was positively correlated with average seed contents of cattle and
horse dung (Rho=0.4, P=0.01).

cattle dung sheep dung horse dung seedlings on
dung pats

Ellenberg nitrogen indicator value 0.46* 0.26 0.52* 0.44*
seed supply 0.46* 0.35 0.61* 0.033
seed mass -0.38+ 0.17 -0.37+
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Discussion

Quantity and species composition of seeds in dung
Dung of herbivores is an important vector for the dispersal of plants in a heathland-
grassland-woodland-mosaic; both in terms of the quantity of seeds and species
diversity. Year round, 61 of 85 species present in the study area are dispersed and
taking defecation rates into account (Welch 1985) cattle disperse 2.6 million seeds
per animal, pony 0.5 million seeds per animal and sheep 40 thousand seeds per
animal. Sheep disperse comparable amounts of seeds in their fleece (Fischer et al.
1996), but cattle and pony disperse orders of magnitude more seeds via dung than in
their fur (Couvreur & Hermy 2002). Our results support other studies that have
shown the importance of endozoochory in grazed ecosystems throughout the world,
including heather moorland in Scotland (Welch 1985), Mediterranean dehesa (Malo
& Suarez 1995c), grasslands in Sweden (Dai 2001, Mitlacher et al. 2002) and African
Savanna (Miller 1996, Milton & Dean 2001).

Although Grime (1988) only classified seeds with fleshy fruit as dispersed by
ingestion, we found that cattle, sheep and pony dung contains many viable seeds with
unclear adaptation and even winged seeds adapted to wind dispersal. This is also
found in previous surveys of cattle, sheep, rabbit and deer dung (Pakeman et al.
2002), indicating that more species should be classified as internally dispersed by
animals. 

Like seed anatomy, taxonomy is also not a reliable indicator for endozoochory.
Poaceae are not preferentially dispersed and Leguminosae are preferentially dispersed
in Meditereanean dehesa (Malo & Suarez 1995c), whereas Poacea were far over-
represented in dung from our study site and Leguminosae underrepresented.
Caryophyllaceae are the only plant family preferentially dispersed both in our study
and in the dehesa. In heather grassland mosaics, Poaceae, Caryophyllaceae and
Juncaceae are the most dispersed plant families (Welch 1985) but some species of
these families were not recorded in the dung despite an abundant seed supply. 

Factors determining internal seed dispersal
Janzen (1984) predicted that plant species adapted to internal seed dispersal have
small, round, seeds. Like (Pakeman et al. 2002), we observed that plant species
recorded in dung have lower seed mass than species that were not dispersed, but
unlike (Pakeman et al. 2002) seeds of dispersed species were not rounder (lower
variance in unit seed dimensions). The difference between these results could be
ascribed to smaller habitat range in our survey, but it also shows that seed
dimensions alone can not explain why a species is dispersed or not. 

Seed dimensions are not major factors determining the quantity of seeds in dung
either. In pony and cattle dung, lighter seeds tend to be more frequent than heavier
seeds, but seed mass explains little variation in dung seed density. Correlation of seed
mass with dung seed density is partly explained through negative correlation with seed
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supply. In sheep dung, quantity of seeds is unrelated to seed mass. Variance in seed
dimensions does not correlate to seeds in dung of any of the herbivores. Herbivore
differences can not be explained by differential seed survival (Neto et al. 1987) but
rather by more selective foraging behaviour and more restricted habitat use of sheep. 

Seed supply is positively correlated to seed contents of dung and explains more
variation than seed dimensions. Previous authors did not quantify seed supply but
observed that most species are relatively equally frequent in vegetation as in dung
samples (Welch 1985, Malo & Suarez 1995c, Dai 2001). The importance of seed
supply is also reflected in its similarity to seasonal variation in seed density of cattle
dung, which was also found by (Malo & Suarez 1995c). The sole dispersal of Calluna
vulgaris and Erica tetralix in winter, however, is not explained by seed supply but by
herbivore selectivity. These Ericaceae bear seeds from late summer through winter,
but are usually only eaten in winter when grass palatability and availability has
declined (Hester & Baillie 1998). 

Although a high proportion of nitrophilous species in dung samples was also
reported in previous studies (Welch 1985, Malo & Suarez 1995b, Malo & Suarez
1995c), this is the first study showing a statistical correlation between internal seed
dispersal and soil fertility. Plant species associated with fertile soils disperse a higher
proportion of seeds through herbivores than species associated with less fertile soils.
We hypothesise this relationship can be explained at three levels of selection. First,
plants on fertile soils are more palatable than species on less fertile soils according to
the carbon/nutrient balance hypothesis (Bryant et al. 1983, Hobbie 1992, Iason &
Hester 1993). Second, through co-evolution: seeds that are frequently ingested by
large herbivores are adapted to survive the alimentary tract (Janzen 1984). Third, in
the open nutrient rich habitat that dung pats harbour, plant species associated with
fertile soils can germinate better and grow faster than plant species associated with
less fertile soils (Dai 2001). 

Implications for community dynamics and management
The high quantity and species diversity of seeds in dung indicates that endozoochory
affects community dynamics (Janzen 1984, Malo & Suarez 1995c). Some plant species
gain cover through dispersal in dung, such as Arenaria serpyllifolia in limestone
grassland (Dai 2001), Biserrula pelecinus in Mediterranean pasture (Malo & Suarez
1995a) while other plants are killed by more dung pats than they can colonise, such
as Calluna vulgaris in heather moorland (Welch 1985). In mosaics of woodland,
grassland and heathland, differential foraging and non- foraging habitat preferences
lead to a transport of nutrients from grassland towards heathland and woodland
(Bokdam 2003). We observed a similar pattern for seed dispersal via dung of cattle
and ponies. Dung contains more seeds of plant species associated with fertile soils
(eutrophic/ mesotrophic grassland) than with infertile soils (heathland). Retention of
seeds in cattle is usually two to three days but can be up to six days (Simao Neto et al.
1987), and up to twelve days in horse (Janzen 1982), certainly longer than the daily
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shifts in habitat preferences (Bokdam 2003). Cattle and pony distribute dung over the
whole range of soil fertility of our study site. Hence, more seeds are dispersed from
nutrient richer parts to nutrient poorer than vice versa. Habitat restoration sites
receive a relatively high input of seeds from nutrient rich parts. 

In free-ranging systems, we recommend exclosure and separate management of
plant communities on nutrient-poor soils with high conservation interest.
Alternatively, grazing could be ceased in summer when most grasses bear seeds. For
habitat restoration sites, we recommend integrated grazing with only target plant
communities and not with plant communities on fertile soils. 
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