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Summary 

The vegetation of the ?vIediterraneaii has been shaped by several thousand years of land use. 
Grazing by domestic animals and the associated burning of vegetation have been poi\erful 
factors in the evo l~~t ion  of species composition. stnlcrure and dynamics of the presi.nt plant 
communities. The last fev. decades. however, have seen rapid changes in Icind use with 
desertion of many marginal areas resulting in reduced tire frequency and successional change 
in the vegetation, but increased grazing levels elsewhere. Predicting the effects of c l i anes  in 
grazing pressure on landscapes req~~i res  an understanding of the processes of ~egcration 
change and the response of vegetation to tire and grazing. The ecosystem can be consiL!cri.~l :it 
a range of spatial and organisational scales. For example. the intensity of yraz~ng depends on 
the dispersal of animals at the landscape scale in response to attractiveness and ciccsssibility 
of the vegetation. At the community scalz. offtake by animals \vill vary depending on the 
choice of plant species available. At the individual scale different plant species will sbo\v 
particular patterns of resistance and resilience to grazing damage. At all le\,els. burning of the 
begetation will alter the behaviour of both plants and animals. Tlie objective of the J lod l lED 
project is to understand these processes that have shaped the present vegetation and to provide 
a modelling tool for investigating the likely development of landscapes follo\\\ing changes in 
grazing pressure and altered fire frequencies. This paper r e ~ i z w s  the infomiation that is 
required to model vegetation dynamics and the effects of changed management. The potential 
value of the modelling approach is disci~ssed in the context of research priorities for 
q u a n t i ~ i n g  grazing impacts. 
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Introduction 

The Xiediten.anea11 landscape has evolved over several thousand years o f  land use hy cutting. 
burning. grazing and agriculture. but the pattern o f  land use has been changing rapidly over 
tlie last k \ v  dsccides. 111 sonie areas tliere lias been cotitiniiing intensification of grazing due 
Inrgcly to 21-azlng slibsidies (t. p. Lytintzis. 19961. n l i i l e  i n  other areas tlierc lias been 
; i b a ~ ~ i ! o i i ~ i ~ t t i t  i l l '  the tiiarginal land on 111s less k n i l e  soils. Increa.;ed gaz ing  prcs>l~re has 
!cat1 it. t i  ~lcgr. iciat i~v i>f tlic \cgi.tatioti I nba~itlotitiicnt l l i r i  ipcriiiittsd 
L I I I  i l t l c p ~ ~ c ~ i t  o f  I \qeta t io t i  ii-om tIi.:~.:iclc.cl sct.iib to ~Ictisc C\CI.SI.CCI~ 

I I I  Tlic \ loci \ lLD pl.cyccr ( 'L lo i lc l l i~ ig  \Icil ircrrancii~i Ecoiy\ t i '~ i i  Dy i i i i~~ i i i . ' .  EC 
Environ~iic.~it  Progx~~ni i ic .  9 i s  \\orking t untlsrstruicl rhs. p~.occ:<,c> ot' 
\ e y t n t i o n  s1i:rnge in I-c.,pun>e to ~11atige.i in land ttje tiiciiicling tlie i.t 'S~ctj LIE cIi:i~igc\ in 
EI-azing patterns nnil burniiig ~.egi~>ics. 

L lodc l l~ng  p ro~ i i l es  a vcilitablc tool for i tut lying co~nplcu tlynnmic sysrstns s u c l ~  a.; tliose 
including tlie interactions hcr\veen vegetation xnd grazing. Models pro\ iJe :I cot iccp~l~a l  
framsnot-k tliat is \aluabls for so-at-dinating tlie rejsnl-ch effort. for illustrating tlls c~i i-r i '~it  
status o f  our k~io\ \ ledee ahoi~t  I ~ ~ I ' C C S S ~ S .  iind for c ~ p o s i n g  gaps in 0111- ~ ~ ~ i i i c ~ ~ t i i ~ i ~ l ~ ~ i ~ .  
4lotlell i1ig also imposes a constraitit 011 complsuiry i v i~ i c l i  focltszs tile i.csenrcli effort olito 
tliose processes tliat are conritlcrctl tni ly critical to tlie t ' i~~ictioning o f  t l ~ s  sy j ts~n.  

This pzper r c i e s  the modelling approach to ths i i i tenct io~is bet\\esn g r a ~ i ~ i :  .II?LI 
vsyctatioil that i s  being taken hy tile \locl\lED PI-oject a1111 i l i s c i ~ s ' ; ~ ~  the ;p~r: : : i~~l  
cot~t r ib~ i t io i i  of this ;~pproacli to an ilnilcrstantling of the ci)narnics o f  ~Ii.d~ti.i-runeaii ~>~tc~;w;. 

There lias recently been :I ?reat interest ~ii 11iz ti iod?lling o f  grazing sytri.111~. I,~rzcl> h,i,t,i 1.1~. 

tlie theory o f  optinial foragiiig and rile 'Ideal Free D ~ l t r i b u r i o ~ i '  ( l F D i  ~ F r c t ~ i c l l  f Ll.!i:~j, 
I 0  Tliis t ! i a i ~  . i ~ ~ _ i c " t <  tl lcir ;iiiiiiiiil< \ \ i l l  c l i i j ~c ' r~c  rI~c1!iscl\e2 ill ~i co~i:pl<\ <:I\ iri'!i,i:iti; 
S ~ I C ~  that a l l  i ~ i i l i v i ~ l ~ ~ a l s  ha\e accc\b to a sttnilar ~ ~ i i ~ o u ~ i ;  o f  ~reioursez. H'lbitat niilrii~i:;: I i.;- 

input matciiinp) is one eua~nple o f  an lde:~l Free Distribution in \ \ I i ich t i le  local cizii,~ty o f  
animals t<ntis to become propol-tionnl to the local availability o f  resources (Kenneciy S: GIYI~. 
9 3 )  LVIiile l i i < l s t  o f  tlic papers piiblislisd before the 19SO's stetncti to s~~ppol-I the Iilc'cll Free 
Distl-ibutioii concept (Kennedy 8 CiKiq. l99.;). tlioss 1prtblis1it.d tilore recsntl) >csnl to 
c1iipli3>1>e tlis i ~ i ~ t ~ l e ~ ~ ~ t : i c i e s  of1iabit:it iiiatcliitig to cupl:ii~i ;itiit~i:~I i l i ~ t r i h ~ i t i o ~ ~ ~  15.g. \ i i l ~ o \ i i .  
I L1c14). 

Iclc:il F1.z Distribution mocic l  ~1sc i ~ i t ~ s t l )  bLiscd i> i i  tllc , i s s ~ i t i i p t i ~ ~ ~ ~ ~  o f  ~ ~ l c ~ i t i c , ~ l .  l';.>c- 
tratigi~lg i~ t i i ~ i i a l s  \\it11 ,I pcrI;\ct k ~ i o \ \ l c ~ l g e  ut' tlic clistri 'cl~~t~nn o f  resources iit;d pre~lict tile 
~ ~ l ~ ~ i l i b r t i i t i i  distr ibi~t iot i  o f  aniniair s i \ c n  a c u n t i i i ~ ~ o u ~  input ot' resoiirces. t lo\\zver. gr.icing 
;y.;t<nis 111 :lie Lleditermiic.nn commonly cotliprise ~nliued tlocks ofshccp 2nd goat> \i I i ~ c l i  arc 
ihepliertleci by clay and col-ralled , ~ t  iiigllt. Althorigli the a\erage grazllig ~prcs>i~re \ \ i l l  be 
dispersed over a x i d e  area i t  w i l l  be concentrated around the corral and \\ill be highly 
aggregated at any one time. Tile resources are not then continuous becaiisc the \sget:ition 
must re-grow beforc the patch can be revisited. The pattern o f  dispersal is detenni~ied lnrgely 
by the slicplierd ivho may direct tlocks according to flictors other than silnple rcsource 
availability. resulting in  overniatcliing (s.3. by conccntmting on the bettsr cl~iality sites) or 
~tndermatcl l~ng (e.g. throueh an inadequate kno\vledge o f  Iiabitat quality resulting in olort. 
crazing on the low-quality patches than predicted by tlie IFD). The distribution iv i l l  cenaiiilv 



not be 'free' and will probably bc less than 'ideal'. Equally. with a strongly seasonal climate 
and a movement of animals between different vegetation types at different times of year. the 
system is ilnlikely to be at equilibrium. 

The literature is rich in functional and quantitative models of vegetation dynamics in 
boreal and tropical forests. for example those based on gap models (Urban & Shugart, 1992). 
These are mostly demographic tnodels based on empirical relationships or the physiolo~ical 
rsjponses of plants to rhe clianging physical environment (light. water) as s~iccession 
I,c:- L ,  , ' I ~ Houexer, ill 1Ledirsn.nncan s\iststus the dotninant forces in determining ve~rtatioit  
str~ict~ire and dynamics ha\e  been the Impact of grazing nniii1als and disturbuncc caused b), 
pcrtocli~ baniing or ciirting. Tlte \ iral .lttributr appro;icli of Noble Sr Slnt?'r 1 I9801 provides a 
qiialitari\e inludel of \sge!a:!on I-ciponse to fire for .-\ntrnlian vegetation. bur tl!i.re liave beet1 
fs\r ,titeiliptj ro crcnts q~iant!tat~\e filnctional modcls illat relate patterns of \cycr:itiori 
iuccession to fire and prazitig iinpacts. and. to our kno\vlsdge. no j u ~ h  ht~itlies 1iaj.e bcrn 
coinplsted ibr iledlterranean \.%erntion. 

The YlodMED approach 

The LiodblED tnodell in~ approach is both liierarchical and modular. This has permittzd tile 
de\::lopment of a flexible and user-kitndly iilotielling en~ironment vi hich sixes tlic !;sci- 
co~triderable control o\er  the stnlctltre oFrltc rnodel i ~ s i i ~ g  a graphical \Vindo\vs iittrrhcc. 

The modular approach (\icCu\vn ct al.. 1996) ellables each ei'olo$cal ;>!.oi.i'... 5+ 
represented as a discrete pat-t o i  rile tnodci ;\-hich is jinlple to moditi.. or to ir!)l.ici. t i  i rh .I 

dift'srent representation. oitlio~tt 1:eeding to re-\\rite large sections of <ode. Th t  moil~ilc~t- 
stt-i~ct~ire also enables the user to ,clecr tnodiiles from a 'library' of dit'ferent ci.iiil~on~nr:: to 
constnict n \vide I-anpc of d~iferen: and uniquz inodeis each suited to pat?icul:1r objcctiv es. [n  
Xlod>lED. moduliirity has been achieved rlirough ob-iect-oriented progt-animing. 

The representation is hierarchical in the sense that \cc rccupnlse tliar dtfferctit ccologiccil 
protxsses are domitian: i t  diffe:s~!i i :  and organ~s;i;ionai scales iLs\iti. 1~)02: I !..?I. 
1995). \Ye liace therefbre distingilished rhs landscape. conim!tnir! :itid ~~:ii/\i~!::.il i - \ - l \  
(Fig. I). Tlle landscape coinprises il collection of grid-based maps containing it~ndscnpe-\tale 
data and also a grid ofcommunir~-level ~egeta t ion modtls. Each co~nmunity-level lnodel is a 
discrete rnodulc which can therefore be removed and suchanged fo r  a differstir niodulc froti1 a 
library. present we are \$orking on both qitalit;lti\e. ntle-based cunimunity-lei-el nlodclls. 
and detailed individual-based siml~lation models i n  !vliicIi itidi\ id~ital plants arc r-sprssentsil 
iparially nithin a 'commnnity'. Indi\idunls intcrlict rl~rough shadiny and competition idr 
w t s r  resources. 1t is an liniierlying principle of this ~pproai.11 rhat 311 ~.intlerci:~ndiry of ilic 
fine-scale processes can be used to make predicttons of p;ittenis ar r l~c  c o s r w  sc:ili: (see ior 
example With & Crist. 1996). 

Distribution of grazing animals at the landscape level 

Prediction of the impact of grazing animals on vegetation requires infomiation on grazing 
intensity including the amount u f  time that animals w ~ l l  spend in any particular patch. how 
frequently they will return and ho\v much biomass will be removed n t  cnch visit. Levels of 
grazing intcnsity. however. are often stated as overall stocking rates (number of aninlais per 
unit area) that give httle indication of the impact those animals ~ v i l l  have on a particular patch 
of vegetatton. 



L a n d s c a p e  

C o m m u n i t y  

I n d i v i d u a l  

Figure 1. The hierarchical and modular structure of the ModMED modelling environment. 
The modular structure permits several alternative community-level models to be used in the 
same landscape. Equally, several different individual-level models can be represented in the 
same community. 

In reality, the amount of time that an animal spends grazing in a particular patch depends 
on many factors. Accessibility to the site is determined by the steepness of slope and distance 
from 'gathering points' such as places where the animals are corralled at night, or sources of i 

water that must be visited at least daily. For shepherded animals the distance from roads and 
tracks may also be important. In addition, the quality, quantity and accessibility of alternative 
food sources available elsewhere in the landscape will influence animal behaviour. These are 
all properties of the landscape and are independent of the individual patch of interest. 

Different species of animal have different ecological characteristics which will influence 
distributions. Thus goats will forage on much steeper slopes than cattle and will be attracted 
to different types of vegetation. If the model is to be extended to wild animals, then predator 
defence (e.g. in rabbits, Oryctoiugus cuniculus L.) and territorial behaviour (e.g. roe deer, 
Cupreolz~s C C I ~ I . ~ O ~ L ~ S  L.) may also influence distribution. 

Finally, the quantity and quality of food present in each patch ('pastoral value') and 
accessibility of the vegetation in terms of vegetation height and penetrability will influence 
animal presence. These are all properties of the individual patch of vegetation concerned. 
They ai-e also dynamic properties that will change seasonally, or as the vegetation develops, 
and they may be modified by the grazing animals themselves as biomass is removed. 

In the ModMED landscape, now modelled within the Landlord modelling environment (D. 
Heathfield, unpublished), the spatial data (e.g. topography, locations of gathering points) are 
handled as a collection of maps (Fig. 2). 



These are stored in a format compatible with a standard GIS and can be derived for any 
site. The properties of the each patch of vegetation can be obtained from the community- 
level models nested within the landscape and represented as maps. These maps are then 
combined to generate new maps showing derived data. For example, maps of pastoral value 
could be used to generate an Ideal Free Distribution of animals using simple habitat matching. 
A simple way to incorporate factors such as accessibility (slope, penetrability of vegetation 
and distance from gathering points) in this model would be to modify the pastoral value of 
each patch with an estimated 'energetic cost' (e.g. Grand & Dill, 1997) of access. These 
modified values for resource availability could then be incorporated in the habitat matching 
calculations. 

' 1  H!5 lope  map - Anim ... - 1 8 , .  X 1 I ~ h r e e  places in th ... a. 

M ~ a l a t a b l e  biomass ... - 1 1 x 1 

- 
- r y  =4 

'2)  t - :  - - -  . -* 

Figure 2. Screen display from Landlord software showing a collection of maps that might be 
used in the prediction of distribution of sheep in a landscape. These represent the slope, the 
distribution of gathering points, thickness (penetrability) of the vegetation, and palatable biomass. 

The modular approach means that more complex formulae can be applied where necessary. 
For example, Bautista et al. (1995) note that overmatching occurs when resources are 
plentiful, but undermatching may occur when the population approaches or exceeds carrying 
capacity. The degree of overmatching or undermatching could therefore be included as a 
function of the number of animals present in the landscape relative to the total amount of 



resources available. There would also be scope for inclusion of an individual-based grazing 
model in which each animal or each flock is treated as a separate object in the landscape This 
is similar to the approach currently being developed at the Macaulay Land Use Research 
Institute in Aberdeen, UK (K. D. Famsworth, pers. comm.) 

Grazing at the community level 

A'h~le  tlie landscape model deteimines the total amount of grazing that will occur in a 
par;iciilar patch of ground. it is the commi~nity-level modcl than must determine the response 
of ihe vegetation. The community-level model then determines the dynamic patch 
characteristics such as pastoral value and veyetation thickness (penetrability) t l u r  are required 
by the landscape-level model. 

The rule-based commrinity-level model provides infonnation on pastoral value i~sin,o a set 
of simple rules of the general 'IF ... THE,V ...' type. For example, a n ~ l e  might be: 

IF citi.i.en1 ~egetation !\.pe is maqltis 
,~IVD pcitch ivns b~irrieci nvo years itgo 
AND parch has not heell heavih) gutzzecl it2 the lasr year 

THE.V pastorrrl vnlrre will be high 
Although this type of rule is qualitative, it does represent valuable ecological information. 
The rule-based modelling approach therefore enables us to capture a considerable amount of 
information that is widely available and frequently used by ecologists and land managers and 
incorporate i t  into a predictive model at the landscape level. Rule-based models also ha \e  tlie 
advantages that they are simple for the land manager to understand and to modify or tievelop. 
they are extremely flexible in that almost any form of information can be incorporated. and 
they are compi~tationally efficient. While rules can capture something of our current Ie\el of 
understanding. however, more detailed simulation models of the community \\ill be more 
valuable as research tools and for quantitative predictions. 

Each individual-based community-level model is a simulation model of a small stanti of 
vegetation in which each s h n ~ b  or herb is modelled individually (Fig. 3) .  Succe~sion call bc 
represented through tlie establish~nent of new plants and through mortality. Plants inwract 
through shading and competition for water resources. Water availab~lity may be influenced 
by soil quality and organic matter content. These are all dynamic properties that will change 
with rime in response to changing environment and development of the vcgetation. 

Herbivores are an important component of this system. Their main influence on vegetation 
dynamics will be through modifying the environment and changing the relative cornpetitibe 
ability of different plants through selective bro~vsing or grazing of different spscies. 
Prediction o f  how much biomass will be renioved from individual plants recli~irss a 
knowledge of the relative attractiveness or palatability of each species available and the 
proportions of different species that will be selected by the animal. Thcrc have been 
niimerous published studies o f  the nutritional value of different s h n ~ b  species in 
Mediterranean vegetation and the proportions of different species taken in by domestic 
animals (e.g. Papachristou, T.  G.,1997; Papachristou, T. G. and Nastis. A. S.,1996: 
Papachristou, T. G. and Papanastasis, V. P.,  1994; Papachristou, T.  G ,  and Papanastasis. V. 
P.,1997). However, the value of different species changes with season. A suggested ranking 
of palatability of some common Mediterranean species for sheep and goats at diiicrent 
seasons is given in Table 1. Fire plays a crucial role in determining the age and stage of 
development of vegetation by removing indigestible woody material and encouraging a flush 
of young, palatable and nutritious shoots which are easily accessible to the animals. 



Figure 3. Screen display of the ModMED individual-based community-level model showing 
individual plants. The inset window displays the properties of one individual selected from 
w i t h  the community. 

The community-level model, therefore, needs to be able to model the offtake of biomass 
fiom each individual plant, given the total intake of grazing animals in that patch and the 
quantity and quality of food available from each individual plant within that patch. 

Domestic animals also influence the system at the community level through trampling 
damage which causes direct damage to plants, but also causes soil compression. Together 
with dunging this may have significant effects on the soil quality within the patch. The 
colonisation of new species brought into the patch in dung may also be a critical part of the 
successional process. 

Grazing at the individual level 

Each plant in the individual-based community-level model grows according to a physiological 
model based on light and water availability. Plants respond to browsing by the production of 
new sprouts. However, the sprouting ability depends on the status of the plant and the rules 
determining the allocation of resources to the different components of root, shoot and 
reproduction. The allocation patterns will vary with season and will depend on the ecological 
characteristics of the particular species. 

The research priority at the individual level is therefore to try to understand the way 
different species allocate resources to different functions within the plant, and how this 
responds to different environmental conditions and disturbances such as defoliation or 
browsing damage. Although there has been some work published on the re-sprouting ability 
of plants following browsing damage (e.g. Tsiouvaras, 1988), we still have little 
understanding of the processes that determine the root : shoot : reproduction allocation 
patterns of major crop species, let alone the native Mediterranean plants. 



Table  1. Preferences of sheep and goats to some common Mediterranean species. Data are 
rankings of the degree of utilization of the species for each season. Blank indicates species 
not taken in that season; ? insufficient data: * seed heads may be eaten; - eaten only vew 
little: S eaten when dead: + seedlings and young plants eaten. 

Browsing also changes the canopy stnlcture of s h n ~ b  species. both by direct removal of 
shoots and by promoting branching (Escos et al.. 1997) and sprouting from the base. In 
addition to altering the three-dimensional stnlcture of the vegetation this can, for example, 
alter the ability of plants to withstand fire. 

Goats 
Spring S~iiiliner ,Aututnn Li'inter 

I I .  l u i ~ c  - \<pi- \ 

Sheep 
Spring SUI~IIIICI.  ALI[LIIIIII  \I iiiler 

1111d \ l i i r -  I - O i l -  \ c I \ -  



Conclusions 

WIodelling as a framework for research 

The modelling approach as used in the ModMED project has proved to be a valuable tool for 
co-ordinating a complex research programme. The project includes many apparently 
disparate subjects spanning a wide range of spatial, temporal and organisational scales from 
the mapping of vegetation and land use by remote sensing, down to physiological work on the 
arowth response of individual plants to light and water stress. The field observations and 
u 

ecological understanding of the Mediterranean ecologists have driven the planning and 
d e ~ e l o p ~ n e n t  of the modelling environment and the modelling work has contributed to the 
planning and execution of the field research. 

The modelling process providis a clear frame\vork for ~inderstanding t l ~ i  iiieciianisiiis of 
succession. For example. attempting to model the interaction between \ egmtion and grazing 
animals quickly highlights the information that is required and the gaps in our knoivletl~e and 
understanding. Table 2 lists some of the processes for which there is at present relativ2iy poor 
understanding, or for which additional data are required before predictions can be made. 

Table 2. Some of the research priorities for understanding the effects of grazing and 
browsing on vegetation dynamics in the Mediterranean. 

Landscaoe Level 
Factors detenninlng the distribution of grazing pressure 

Relative attractiveness of different vegetation types 
Importance of accessibility - slope. distance fsom gatliering polnts. ctc 
Distribution patterns of shepherded tlocks 
Dispersal characteristics ofdiffirent animal species 

Community Level 
Relati\? palatability of different plant species 

Seasonal variation in palatability of different species 
Variation in palatability due to stage of development follo\ving fire 
Relative 'cost' of reduced accessibility of foliage 

Grazing characteristics of the animal 
Factors determining which species will be eaten 
Differences between shepherded flocks and free-rangins animals 

Role of animals in seed dispersal 
Et'fect of tranipiing and dunging on soils 

Individual Level 
Type of damage caused 

How much shoot material is removed by different animal species 
Which shoots are removed - 2.g. browsing height of different animals 

Response of plant to damage 
Re-sprouting ability 
Response through allocation of resources to root, shoot and reproduction 
Change in branching behaviour and crown geometry 



Models a s  predictive tools 

It is clear from Table 2 that much more research is required before precise predictions can be 
made of the impact of domestic animals on Mediterranean vegetation. However, the rule- 
based modelling approach demonstrates that even relatively simple models based on the 
wealth of qualitative knowledge already available from ecologists and land managers can be 
used to make useful predictions. As more data become available the precision of the 
predictions will increase and as research increases our understanding of the ecological 
processes, so the generality of ~uodels will improve. 

Even at the this stage, the models that are being developed as part of this project provide 
\.ali~able tools for exploratory investigations into the potential effects of management practice. 
For suample. models of plant gro~vth provide information on biomass accumulation ~vhich 
could be i~sed to explot-e the possible effects of reduced grazing pressure on fire 1i:rzard. 
Conversely. the use of prescribed fire for improving the management of grazing systems 
could be investigated. .Although predictions will not be perfect, the modelling approach can 
reveal emergent properties of the system and can indicate some of the potential ilnforescen 
consequences of different management options. 
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