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INTRODUCTION
Interviewing experts and using their knowledge to construct models is one

approach to understanding the effects of grazing management on vegetation

processes (Campbell et al. 1999).  The paper presented describes the first devel-

opments towards a qualitative model which uses expert knowledge to pre-

dict the impact of seasonal sheep grazing regimes on plant species abundance.

A large body of unpublished knowledge is held by individuals with cumulative

years of  experience of grazing ecology in Scotland. This knowledge

includes the seasonal selection preferences of sheep and the responses of plant

species to seasonal grazing.  These variables are thought to determine veg-

etation change in grazed systems (Augustine & Mcnaughton 1998).  

The model combines information from literature and nine experts to make

qualitative predictions.  The aim is to generate predictions of change in species

composition for seasonally grazed mountain vegetation.  A greater under-

standing of vegetation processes will benefit land-users, by allowing more effec-

tive management for biodiversity conservation and economic animal pro-

duction.
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MATERIALS AND METHODS
EXPERT  INTERVIEWS 
Sheep preferences 
Nine experts were shown species lists for four Scottish upland vegetation

types; acid grassland, calcareous grassland, heath, and bog.  They consid-

ered sheep constrained to one vegetation type and ranked the plant species

in order of sheep preference during the year.  For example, in acid grass-

land (Tab. 1) the most preferred species are ranked ‘1’ and the least preferred

is ranked ‘9’; ties are given joint ranks. Species considered by the expert to

have no live material above ground were assigned ‘not applicable’ (NA).

Experts assigned the same rank to several species if they considered them

to be equally preferred. 

Plant responses to grazing
Experts placed 30 plant species into five categories on the basis of their

response to biomass removal.  The categories were 0 - 4, with 0 being ‘no

regrowth’ (death), 1 ‘regrowth considerably less’, 2 ‘regrowth a bit less’, 3

‘regrowth equal to’ and 4 ‘regrowth greater than’ an ungrazed plant (Tab. 2).

Standard dataset from expert information
Sheep preference ranks

One standard dataset was compiled from the nine expert datasets. First, each

expert dataset was standardised to re-scale the ranks from 0 (most preferred)
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Tab. 1: Sheep preferences for acid grassland species (one expert’s data). ‘1’ =

most preferred species; least preferred species has the largest num-

ber. Ties have joint ranks; ‘NA’ = species without live material.

Species Jan/Feb Mar/Apr May/Jun Jul/Aug Sep/Oct Nov/Dec
Agrostis capillaris 1 1 1 1 1 1

Festuca ovina 1 1 1 1 1 1

Galium saxatile 4 4 4 4 5 4

Nardus stricta 5 6 7 7 7 4

Potentilla erecta 4 4 4 4 5 4

Deschampsia flexuosa 1 1 1 1 1 1

Luzula campestris 5 9 7 7 7 4

Carex binervis NA 6 7 7 7 NA

Juncus effusus 5 9 7 7 7 4

Carex pilulifera 5 6 4 4 4 4

Rhytidiadelphus sp 5 9 7 7 7 4



to 1 (least preferred).  The mean and standard errors of the scaled ranks were

then found (Tab. 3); in general there was a good level of agreement between

the experts. Means with standard errors less than 0.25 were accepted, those

greater than 0.25 were re-examined, and outliers excluded from the cal-

culation of a new mean. 

Grazing response ranks

One standard dataset for the plant response information was calculated,

using the modal value.  Where a single modal value was present, it was

accepted. Where the data were bimodal, the datum supplied by the expert

assumed to have the best information in that situation was used.

MODELLING
Model construction
The model was constructed using seasonal information on species for two

variables: ‘grazing tolerance’ ranks and ‘ungrazed productivity’ ranks.  The

‘grazing tolerance’ ranks were generated from the expert datasets

described above.  The ‘ungrazed productivity’ ranks were obtained from lit-

erature. 

Tolerance ranks
The tolerance of species to grazing was calculated by multiplying the sheep

preference ranks (0 - 1 scale) by the grazing response ranks (0 - 4 scale).  The
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Tab. 2: Acid grassland plant responses to grazing (one expert’s data). Num-

bers are categories of  0-4, where 0 = no regrowth and 4 = regrowth

greater than if ungrazed.

Species Jan/Feb Mar/Apr May/Jun Jul/Aug Sep/Oct Nov/Dec
Agrostis capillaris 3 3 4 4 3 3

Festuca ovina 3 3 3 3 3 3

Gallium saxatile 2 3 3 3 3 3

Nardus stricta 3 3 2 2 3 3

Potentilla erecta 2 3 3 3 3 3

Deschampsia flexuosa 3 3 3 3 3 3

Luzula campestris 2 2 2 3 3 3

Carex binervis 3 3 3 3 3 3

Juncus effusus 3 3 3 3 3 3

Carex pilulifera 2 2 2 2 2 2

Rhytidiadelphus sp. 3 3 3 3 3 3



rank of the products were then adjusted to a scale of negative one to pos-

itive one.  Plants which are not preferred by sheep and which do not respond

well to grazing decrease in abundance, and vice versa. 

Ungrazed productivity ranks
Data for seasonal species production in ungrazed vegetation was obtained

from Holland (2001).  These were ranked and re-scaled. Plants with high

production increase in the absence of grazing and vice versa. 

Inputs and outputs
The inputs to the model are:

a) Numerical abundance scores based on the subjective D.A.F.O.R. scale

(Sutherland 1996) of cover-abundance (Dominant = 5, Abundant = 4,

Frequent = 3, Occasional = 2, Rare = 1); 

b) The seasonal grazing regime being applied; either zero or one ewe per

ha in each of the six time periods of the year. 

The model predicts changes in species abundance as follows.  If the first time

period, January / February, is grazed then the tolerance ranks are adjust-

ed by a correction factor and by the maximum tolerance rank. The prod-

uct is added to the input D.A.F.O.R. score, giving a value for January / Feb-

ruary.  If the time period is ungrazed the productivity rank is adjusted by

a correction factor and by the maximum productivity rank. The model iter-

ates this process for the other time periods, adding the products for each
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Tab. 3: Level of agreement between seven experts for acid grassland.  Num-

bers are means of standardised preference ranks, numbers in paren-

theses are standard deviations of means. 

Species Jan/Feb Mar/Apr May/Jun Jul/Aug Sep/Oct Nov/Dec
Agrostis capillaris 0.12  (0.05) 0.11  (0.03) 0.13  (0.04) 0.12  (0.04) 0.12  (0.04) 0.13  (0.07)

Festuca ovina 0.21  (0.07) 0.18  (0.08) 0.20  (0.09) 0.19  (0.10) 0.23  (0.13) 0.26  (0.11)

Galium saxatile 0.50   (0.32) 0.49  (0.26) 0.51  (0.28) 0.56  (0.24) 0.57  (0.25) 0.58  (0.32)

Nardus stricta 0.79  (0.18) 0.69  (0.09) 0.76  (0.17) 0.78  (0.18) 0.81  (0.15) 0.79  (0.15)

Potentilla erecta 0.30  (0.40) 0.32  (0.35) 0.46  (0.29) 0.49  (0.25) 0.47  (0.32) 0.42  (0.43)

Deschampsia flexuosa 0.31  (0.11) 0.28  (0.14) 0.27  (0.12) 0.26  (0.13) 0.30  (0.14) 0.36  (0.08)

Luzula campestris 0.46  (0.29) 0.51  (0.28) 0.47  (0.27) 0.52  (0.24) 0.49  (0.25) 0.49  (0.27)

Carex binervis 0.46  (0.30) 0.59  (0.25) 0.65  (0.27) 0.63  (0.27) 0.59  (0.31) 0.45  (0.33)

Juncus effusus 0.81  (0.15) 0.83  (0.16) 0.78  (0.20) 0.81  (0.16) 0.81  (0.13) 0.83  (0.13)

Carex demissa 0.63  (0.26) 0.56  (0.22) 0.58  (0.20) 0.59  (0.21) 0.52  (0.24) 0.61  (0.31)

Rhytidiadelphus sp. 1.00  (0.00) 1.00  (0.00) 1.00  (0.00) 1.00  (0.00) 1.00  (0.00) 1.00  (0.00)



time period to the value for the previous time period.  The abundance scores

for the final time period (November / December) are adjusted so that no value

is greater than five, in accordance with the D.A.F.O.R. scale.

Model Assumptions
The assumptions of the model are: 

a) Plant tolerance to grazing can be inferred by multiplying sheep pref-

erences (0 - 1 scale) by plant responses to grazing (0 - 4 scale); 

b) Competitive interactions in an ungrazed situation can be inferred from

the production of species in ungrazed sward; 

c) In a grazed situation, plant tolerance to grazing is more important than

competition in determining changes in abundance.

RESULTS
The model was tested against data on the responses of acid grassland species

to summer-only grazing in Hulme et al. (1999).  In this experiment, sward

dominated by Nardus stricta was grazed during May - October.  The initial

species composition was recorded in 1989. The experiment started in 1990

and ran for six growing seasons.  The model was run using the 1989 species

abundance, and iterated for the six years.  The actual and predicted abun-

dance show significant differences after six years (Tab. 4).
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Tab. 4: DAFOR abundance scores (‘5’ = Dominant; ‘1’ = Rare) for acid grass-

land species in 1989; DAFOR scores in 1995 after 6 years summer-

only grazing; model predictions of abundance for the same treatment.

1989 & 1995 data (HULME et al. 1999).  

Species 1989 1995 Predicted Year 6
Agrostis capillaris 5 3 5

Festuca ovina 3 3 4

Galium saxatile 4 4 1

Nardus stricta 4 5 1

Potentilla erecta 2 1 1

Carex pilulifera 2 3 1

Rhytidiadelphus sp. 5 5 5



DISCUSSION
There is growing awareness of the benefits of seasonal grazing of upland

areas for both animal production (Hulbert et al. 1999) and conservation man-

agement (Harris & Jones 1998). This model is the first development of an

approach to allow predictions from qualitative information.  

There are various explanations for the discrepancy between the observed

and predicted changes in abundance.  The tolerance rank calculation does

not sufficiently favour species which are not preferred.  Also, values for

November / December, a time period with low productivity, may be over-

weighted.  Future developments will address these problems and introduce

sheep selection between vegetation types.  The model predictions have been

tested against just one dataset, as little published information is available

on the impacts of seasonal grazing.  Further monitoring studies are need-

ed to allow more robust testing of the model.  

In conclusion, although the predictions of this model do not match the

observed results of the empirical study, the combination of expert knowl-

edge with qualitative modelling is considered to have merit.  From an inter-

disciplinary perspective, gathering expert knowledge is useful, since peo-

ple with different areas of expertise can be interviewed.  The qualitative mod-

elling approach is an ideal alternative to quantitative models if there is lim-

ited information on a wide range of components of a system. 

Acknowledgements 
Thanks to the experts for sharing their knowledge: R. Harris; A. Hester; J.H.

Holland; B. Huntley; C.J. Legg; A. MacDonald; L. Nagy; R. Pakeman; D. Welch.

REFERENCES
Augustine, D.J. & Mcnaughton, S.J. (1998) Ungulate effects on the functional

species composition of plant communities: herbivore selectivity and plant

tolerance. Journal of Wildlife Management 64, 1165-1183. 

Campbell, B.D., Stafford Smith, D.M. & Ash, A.J. (1999) A rule-based model

for the functional analysis of vegetation change in Australasian grasslands.

Journal of Vegetation Science 10, 723-730. 

Harris, R. & Jones, M. (1998) The nature of grazing. SNH, Edinburgh.

Holland, J.P. (2001) Plant herbivore interactions within a complex mosaic of

grassland, mire and montane communities. PhD thesis, Glasgow Uni-

versity.

Ecological interrelations in mountain ecosystems 205
Modelling changes in abundance of plant species under seasonal sheep grazing: a methodological study using expert knowledge



Hulbert, I.A.R., Waterhouse, A., Gordon, P. & Morgan-Davis, C. (1999) Silvo-

pastoralism for the uplands of Scotland - A new approach to an old prob-

lem - The integration of farming and forestry. Scottish Forestry 53, 231-235.

Hulme, P.D., Pakeman, R.J., Torvell, L., Fisher, J.M. & Gordon, I.J. (1999) The

effects of controlled sheep grazing on the dynamics of upland Agrostis-
Festuca grassland. Journal of Applied Ecology 36, 886-900.

Sutherland, W.J. (1996) Ecological census techniques A handbook. Cambridge

University Press, Cambridge. 

206 Ecological interrelations in mountain ecosystems

Modelling changes in abundance of plant species under seasonal sheep grazing: a methodological study using expert knowledge



Ecological interrelations in mountain ecosystems 207
Modelling Changes in Abundance of Plant Species under Seasonal Sheep Grazing: a Methodological Study Using Expert Knowledge


