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Introduction
Forests and biodiversity -  a brief review of the issues

Richard Ferris-Kaan
The Forestry Authority Research D iv ision , Alice H olt Lodge, W recclesham , Farnham, Surrey GU10 4LH

Biodiversity has becom e a popular word, its use no 
longer restricted to the scientific w orld. It is now 
w idely used by the m edia, the general public and 
politicians. A lthough interp reted  in a variety  of 
w ays, there is general agreem ent that biodiversity 
is w orthy of co n serv ation , and that its loss w ill 
have sign ificant econom ic, social and ecological 
co n se q u e n ce s  (S o c ie ty  o f A m erican  F o resters , 
1992).

D efin ing  w hat is m eant by b iodiversity  is p rob­
le m a tic , s in c e  it is  an  u m b re lla  term  w h ich  
d escrib e s  the v arie ty  o f n a tu re  (F en g er, 1990). 
D epending on context and scale, b iodiversity  can 
refer to alleles or genotypes w ithin a population, 
to species or life form s w ithin a biotic com m unity, 
and to species or ecosystem s across a landscape 
or even the planet (Burton et at., 1992). The ecolog­
ical structu res, functions and processes at all of 
th ese lev els  are  a lso  im p o rtan t co m p o n en ts  of 
b iodiversity .

F o re s ts  a re  in c re a s in g ly  v iew ed  as v a lu a b le  
re s e rv e s  in w h ich  la rg e  tra c ts  o f  la n d  can  be 
'm anaged ' to protect biodiversity . H ow ever, this 
does not consist solely of preserving virgin forests. 
P rotected  areas cover less than three percent of 
the earth 's land area (W ilcove, 1989), and it seem s 
clear that strict preserves w ill not be sufficient to 
protect the full range of species and populations on 
earth . F u rth erm o re , it n eed s to be realised  that 
som e natural system s are biologically diverse and 
som e are d epau perate; som e of m an 's econom ic 
a c tiv itie s  en h an ce  d iv e rs ity  and  som e o f them  
threaten it (Burton et at., 1992).

The challenge for foresters is to balance econom ic 
developm ent and biodiversity, and to achieve this 
there m ust be a com m itm ent to strategic m anage­
m ent o f all resources, w ith goals attached to each 
(Bonar, 1989). No m atter how  w ell stated , techni­
ca l d e f in it io n s  and  o b je c t iv e s  a re  ra re ly  o f

operational use, and biodiversity will not receive 
the attention it deserves as long as it rem ains an 
abstract concept in the m inds of m anagers and 
p olicym akers (W ilcove, 1989). It is necessary to 
develop clearly defined, m easurable targets, and 
to avoid view ing b iod iversity  in term s of local 
species richness. M anagement to maximise species 
richness at the local level often favours generalists 
at the expense of habitat specialists (Probsl and 
Crow , 1991).

It is c le a r  th at th e re  a re  no s im p le  so lu tio n s , 
although the application of som e general recom ­
m end ation s can help  to m aintain  and enhance 
biodiversity  in m ultip le-use forests.

•  M ake an inventory  o f the diversity  o f certain 
taxonom ic groups. M anaging for biodiversity 
req u ires  b etter in v en to ries o f all b io log ical 
resources.

•  Id entify  appropriate m anagem ent units. Plan 
and m anage over large areas rather than using 
a stand-by-stand approach, and use a regional 
perspective w hen considering biodiversity.

•  C on sid er lin k ag es b etw een  h ab ita ts  over a 
la n d sca p e  sca le . M aintain  o r crea te  spatial 
patterns that enhance conditions for target or 
problem  species, and avoid fragm entation of 
habitats.

•  Prom ote tree crop diversity. Em phasise m ulti­
sp ecies and ecosystem  m anagem ent instead 
o f single-species and tree m anagem ent.

•  E xp lo re  th e u se  o f  a lte rn a tiv e  s ilv icu ltu ra l 
system s. These include m anagem ent for a vari­
ety o f canopy structures, the retention of leave 
tre e s  d u r in g  h a rv e s tin g  o p e r a tio n s , and  
ex ten d ed  ro ta tio n  len g th s to p ro v id e large 
d iam eter, over-m ature trees.
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•  Set-u p  and m on itor a n etw ork  o f eco log ical 
benchm arks (standards against which com par­
isons can be m ade). 'N atu ral' stands can serve 
as eco lo g ica l b en ch m ark s a g a in st w h ich  to 
m on itor the effects  o f m an ag em ent; a lo n g ­
term com m itm ent to m onitoring is needed.
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Symposium Papers

Ecological diversity in managed forests

Phil Ratcliffe
Forestry Practice D iv ision , Environm ent Branch, The Forestry Authority, 231 Corstorphine Road, Edinburgh 
EH12 7AT

Summary
T h e 1991 re -sta te m en t o f forest p o licy  in G reat 
Britain and an em phasis on m ulti-objectivity have 
led to changes in forest m anagem ent objectives. 
In  re ce n t y e a rs  th e  la n d sc a p e , re cre a tio n  and 
w ild life benefits of forestry have been reinforced.

The low  wildlife value of m anaged forests in Great 
Britain perceived by m any people is, I suggest, a 
result o f the m anagem ent regim e rather than the 
tree sp ecies sim p ly  n ot b ein g  B ritish . Sen sitiv e  
managem ent, with nature conservation as an objec­
tive, can p rod u ce forests w hich  are ecolog ically  
d iverse w ith high w ild life value.

Biodiversity m ust be a product of rather low  levels 
o f intervention, as it is neither ecologically  sound 
nor econom ically  sensible to pursue biodiversity  
to a h igh level w ithou t consid eration  of the site 
p otential. H ow ever, non-intervention can result 
in 'u nd esirable ' changes occurring, such as inva­
sion by  Rhododendron ponticum  or over-grazing by 
deer.

But, w hat should w e aim  for in term s of biodiver­
sity ? In this p ap er I su gg est that w e a ttem p t to 
m im ic natu ral forest ecosystem s, paying  special 
attention to ecological processes.

Introduction
Increases in b iod iversity  m ight seek to m axim ise 
the num ber of species and genotypes living in each 
of a m axim um  num ber of ecosystem s which can be 
supported by the physical-chem ical environm ent. 
T h is necessarily  infers a structural d im ension in 
terms of the num ber of vertical layers, and a spatial 
d im ension  in term s of the num ber and the d istri­
bution of patches. M axim ising biodiversity  m ust

be m anaged w ithin  the con stra in ts  im posed by 
the physical-chem ical environment, thereby avoid­
ing high external inputs to preserve the status quo. 
A ttem pts to increase biodiversity  m ay jeopardise 
som e species, and conflicting objectives m ust be 
reconciled first.

First, we m ust consider w hat sorts of ecosystem s 
we are keen to develop. C learly  historic land use 
in B rita in  has left a leg acy  in term s of w h at is 
currently available. W e have forests derived from 
broadleaved and coniferous plantations, and the 
re m n a n ts  o f se m i-n a tu ra l w o o d lan d s rem ain . 
H ow ever, in the pursuit of m axim ising biodiver­
sity , w hat are the p o ssib ilities and p rosp ects in 
forests dom inated by exotic tree species?

Natural ecosystems
A reaso n ab le  ap p roach  m igh t be to a ttem p t to 
m im ic som e aspects o f 'sim ilar' natural system s, 
such as the native coniferous forests of Scandinavia 
and north w estern A m erica, and the broadleaved 
forests of Poland and Belarus. These forests are 
ren o w n ed  fo r th e ir  h ig h  b io d iv e rs ity  and are 
highly  valued representatives of tem perate and 
b o rea l ra in  fo re s ts . It is w id e ly  a ccep ted  that 
m anaged plantation forests can never replace or 
substitute for sem i-natural native forests, and it is 
vital that sem i-natural rem nants are safeguarded.

The existing  rem nants o f natural forest are very 
d ifferent from  the prim eval wild w ood, and the 
species abundance and com position have alm ost 
ce rta in ly  ch an g ed  d ra m a tica lly . F or ex am p le , 
sm all-leaved lim e and elm are no longer present at 
the d en sity  and d istrib u tio n  that the fossil and 
pollen evidence suggest w ere the case (Godw in, 
1956); large predators such as w olf and bear have
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b e c o m e  e x tin c t (L a n g le y  an d  Y a ld e n , 1977 ; 
R ack h am , 1986); and exo tic  sp ecies  h av e been  
introduced , for exam ple grey squirrel (G urnell,
1991) and Ja p a n ese  sika d eer (R a tc liffe , 1987). 
T herefore, in spite of the desirability  of recreat­
ing the prim eval wild w ood, it is hardly possible. 
It seem s that a realistic objective is to retain those 
historical com ponents which still exist, but beyond 
this should an increase in biodiversity be pursued? 
N on- or m inim al-intervention policies will alm ost 
c e r ta in ly  a llo w  the in c re a s e  o f 'u n d e s ir a b le ' 
sp e cies , su ch  as grey  sq u irre ls , sy ca m o re  and 
Rhododendron ponticum , and result in losing som e 
of the valued com p onents. Instead , it m ight be 
m ore realistic to allow som e m anagem ent in order 
to ach iev e sp ecific  ob jectiv es re lev an t to som e 
future natural state.

H aving stated the im portance of naturalness, or at 
least d egrees of it, how  can  forests estab lish ed  
from  plantations, often of exotic species, support 
nature conservation ob jectives?

T h e 'n atu ra ln ess ' p h ilosop h y  im p lies that only  
ecosystems which have always been present, albeit 
in an altered form , are valuable. O f course these 
are very valuable, bu t artific ia l ecosystem s can 
provide valuable w ild life assem blages and they

certainly  function by  natural processes. Indeed, it 
is frequ en tly  necessary  to halt or d elay  natu ral 
successional changes to m aintain  valued habitats 
such as rides and other ecotones, chalk grasslands 
and coppice w oodlands. This increases the degree 
of artificiality  but increases structural and spatial 
d iversity.

It seem s that m an ag em ent sy stem s w hich  have 
been  p ractised  over long p eriod s are at least as 
im portant as the long-lived ecosystem s which they 
m ay  p ro d u c e . F o r  e x a m p le , e s ta b lis h e d  r id e  
system s and grasslands w hich have received sim i­
lar treatm ent over long periods tend tow ard high 
biodiversity . The process o f restru ctu ring  conif­
erous plantation, such as that currently underw ay 
at K ield er Forest (H ibberd , 1985), is an ap p lica ­
tion in forestry w here rides and stream  ecotones, 
w hich surround m osaics o f d ifferent age classes 
o f spruce forest, w ill be m anaged in perpetuity.

T h u s, the n a tu re  co n se rv a tio n  c la ss ifica tio n  of 
p re se n t e c o sy s te m s  as g o o d  o r b a d , w h e re b y  
natu ral is good and artific ia l is bad , is an o v er­
sim plification, and the dynam ic temporal elem ents 
w hich are im posed upon these ecosystem s drive a 
change in their relative classification (see Figure 1)

Extended rotations  
o f  exotic conifers

M anaged edges

M ontane heath A rable m onoculture

H igh naturalness 
(long history o f  
low  intervention)

D Y N A M IC / T E M P O R A L
C O N C E P T

Low  naturalness 
(short history)

N atural A rtificial
(unm odified) (m odified)

S P A T IA L  C O N C E P T

Fig u re 1 The influence of tim e and intervention  on increasing forest biodiversity.
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(Ratcliffe, 1991). In this w ay, artificial ecosystem s 
a ll h a v e  re la t iv e  v a lu e  and  lo n g -e s ta b lis h e d , 
m anaged edges and extended rotations of exotic 
conifers, for exam ple, can be correctly seen as inter­
e s t in g , v a lu e d  an d  d iv e rs e  e c o s y s te m s . T h is  
philosophy avoids any conceptual problem s aris­
in g  from  re co n c ilin g  h ig h  m a n a g em e n t in p u t 
and artificiality  w ith nature conservation value.

Structural diversity
There are inherent dangers in m axim ising b iod i­
versity  per se  and it is im portant to recognise the 
regional ecology, which is dependent on site condi­
tions. M any natural ecosystem s do not appear to 
h av e h igh  b io d iv ersity  an d , m ore im p ortan tly , 
their m ost valued com ponents often rely on rather 
low  d iv e rs ity , for in sta n ce , g o sh aw k s and red 
squ irrels in m ature coniferous forests. Therefore, 
m anagem ent should only m axim ise biodiversity  
w ith in  the p h y sica l-ch e m ica l lim ita tion s o f the 
site (e.g. the inherent conditions o f nutrition, soils 
and clim ate) and in term s of the prevailing stru c­
ture of the forest (e.g. establishm ent, thicket, pole 
stage, or o v er-m atu re , old g row th  or exten d ed  
rotation). For exam ple, m axim ising  b iod iversity  
in a 70 to 100-year-old upland spruce forest would 
entail attem pts to fill the available niches in that 
ecosystem at its current stage of developm ent (such 
as encouraging dead and decaying wood com m u­
nities including fungi, lichens, plants, invertebrates 
and vertebrate anim als) and the developm ent of a 
shrub layer. It w ould not entail fragm enting the 
fo rest b y  crea tin g  m o re rid es and  in tro d u cin g  
broadleaved trees, unless these had been carefully 
co n sid ere d  and d ecid ed  u p on  as sep ara te  and 
desirable objectives.

Forty  to sixty  per cent o f b ird s and 65 to 75 per 
cent of terrestrial m am m als w hich breed in Europe 
and North America breed in forests (Bunnell, 1990). 
In N orth  A m erica, 20 per cent o f birds and 50 per 
cent of terrestrial m am m als depend on old growth,
i.e. forests re ta in ed  bey on d  norm al fellin g  age, 
w ith high structural d iversity  including a d evel­
o p ed  sh ru b  la y e r  an d  a h ig h  d e a d w o o d  
com p onent. W ild life species generally  associate 
w ith particu lar serai stages o f forests, m ainly due 
to their d iffering  feed ing and breed ing  requ ire­
m ents (Ratcliffe and Petty, 1986).

U nfortunately , extended rotation forests incorpo­
ra t in g  a h ig h  d e a d w o o d  c o m p o n e n t a re  n o t 
co m m o n , an d  m o re  e ffo r t  sh o u ld  be m ad e to 
increase these, even though the risks of wind throw 
m ay  b e h ig h . In d e e d , w in d th ro w  is a n a tu ra l 
p ro cess  re su ltin g  in d ead w o od  and p ro v id in g  
structu ral d iversity  and regeneration  op p ortu n­

ities. Bunnell (1990) has suggested that the m ain­
tenance of species dependent on dow ned wood 
and sn a g s  ( ly in g  and s ta n d in g  d ea d w o o d ) is 
in co m p atib le  w ith  a h ig h -y ie ld in g  forest. T h is 
presents a challenge to foresters, and m ulti-objec­
tiv e  fo re s try  m u st ca te r  fo r th e se  sp e c ie s  by 
p roviding  increased am ounts of extended  rota­
tion m anagem ent (Peterken, 1992).

Spatial diversity
W ildlife species w ill be m axim ised if a range of 
structural types (tree age classes) are present at 
one p oin t in tim e. A g a in , the re stru ctu rin g  of 
forests is attem pting to provide this.

A further im portant consideration is the scale of 
sp atia l b iod iv ersity ; this w ill depend  u pon  the 
p lan ts, bu t p articu larly  on  the m o b ile  an im als 
which are present. For exam ple, large, w ide rang­
ing species such as European bison and w olves 
need very large scale m osaics, w hereas w oodland 
butterflies are m axim ised in sm all scale patches. 
C learly, the scale o f m osaic m ust be related to the 
m obility  of im portant species. M any of them  are 
ind icators o f p erm anent ancient w oodland and 
include fungi, lichens, bryophytes, ferns, vascu­
lar plants, molluscs, insects and arachnids. Because 
of a lim ited  a b ility  to sp read , w o od lan d  frag ­
m entation  can cau se the ev en tu al loss o f these 
species. Recently established forests are unlikely 
to be n a tu ra lly  re -co lo n ise d  by m an y  o f th ese 
species unless the forests are in close proxim ity  
to existing ancient woodlands. However, this view 
is based on rather limited evidence, and the capac­
ity for spread in m any organism s m ay be greater 
than so far thought. In any case, the avoidance of 
fragm entation , the estab lishm ent o f perm anent 
m an ag em ent cou p es and ecotones, and carefu l 
m anagem ent of sedentary  species are necessary 
in the m anagem ent of spatial diversity.

Open spaces
N atural forests encom pass variable am ounts of 
open space w ithou t trees, and clearly  this adds 
m arkedly to spatial diversity. M an-m ade forests 
som etim es lack  this im p ortan t com p on en t and 
every effort should be m ade through forest design 
to m ain ta in  and re cre a te  open sp ace  h ab ita ts . 
Follow ing the general principles discussed earlier, 
the m ost valuable sites are likely to be those that 
rep resen t long stan d in g  op en  h ab ita ts  su ch  as 
u nim proved pastures, heaths, m oorlands, m ires 
and riparian areas adjacent to rivers, stream s and 
lakes. The sam e principles of m anagem ent apply 
to open sp ace as to w oodland  areas, and large
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areas are necessary to support large, w ide ranging 
species; afforestation should avoid fragm entation 
o f im p o rta n t la rg e  e x p a n se s  o f  o p en  sp a c e . 
H ow ever, if open space is scarce it can be created; 
opportunities arise, especially  at the end of ro ta­
tions, and tree lines can  be m od ified , bogs and 
m ires expand ed, and p onds and rip arian  areas 
created.

Management of ecological 
processes
W e have established that perhaps the m ost im por­
tant nature conservation objectives are centred on 
the m a n a g em e n t o f p ro cesse s  su ch  as n a tu ra l 
s u c c e s s io n , c o lo n is a tio n  an d  d is p e rs a l .  F o r  
exam ple, m anagem ent in terven tion  can  d ictate  
the speed and d irection  of su ccessional change, 
and it can even  halt it com p letely . W e can  also  
m anage the processes o f natural regeneration and 
natural thinning to alter tree species com position 
and density. This is an im portant m anagem ent 
p rin cip le  ap p lica b le  to all eco sy stem s and the 
p articu lar form  of p rocess m an ag em ent w ill be 
driven by the objectives. For exam ple, in a sem i­
natural w oodland the process o f colonisation by 
sycam ore m igh t be preven ted , and on a heath- 
Iand patch natural regeneration m ight be rem oved 
to prevent successional changes to w oodland.

Management of resources
In  a ll e co sy ste m s, im p o rta n t re so u rc e s  w h ich  
support large num bers of species can often be iden­
tified. W ater is perhaps the m ost obvious resource 
o f this sort and the provision and m anagem ent of 
w ater can clearly add substantially to the range of 
species present. Sim ilarly , tree seeds are im p or­
tant food for a range of anim als and this resource 
requires careful m anagem ent to provide a range of 
tree species which will in turn provide seed contin­
uously. At the single species level, the field vole, 
M icrohis agrestis, is the m ajor food for a w ide vari­
ety of avian and m am m alian predators in upland 
ecosystems and the dynamics of its cyclical changes 
m ust be understood.

Habitat creation and 
introduction
It will soon becom e clear that many potential habi­
tats, or even  en tire  eco sy stem s, are absent. For 
e x a m p le  w o o d la n d  g la d e s , r ip a r ia n  z o n e s , 
b road leav ed  and open p atch es w ith in  con ifers 
an d , in so m e u n a ffo re s te d  la n d sc a p e s , e n tire

w o o d la n d s  m ay  b e a p p ro p ria te . T h u s h a b ita t 
crea tio n  is a lo g ica l step  in  crea tin g  m axim u m  
sp a tia l d iv e rs ity , and  su ita b le  s ite s  sh o u ld  b e  
ch o sen  and  o p p o rtu n itie s  tak en  to c re a te  new  
habitats. A s w e have seen earlier, these perm anent 
fea tu re s  w ill a ttra c t m o re sp e c ie s  an d  b eco m e 
inherently  m ore valuable through time.

Perhaps a logical extension of this them e is to intro­
d u c e  n ew  s p e c ie s , an d  c le a r ly  m a n y  o f o u r 
w oodland habitats already inclu d e exotic species 
such as Sitka spruce, sycam ore, rabbits, and fallow, 
sika and m u n tjac deer. H ow ever, a lth ou g h  this 
m ay seem  logical, the history of introduced species 
th rou g h o u t the w orld  g iv es cau se for con cern . 
M uch of N ew  Z ealan d 's ind igenou s w ild life has 
been irretrievably dam aged by introduced species; 
in Britain, grey squirrels and rabbits m odify plant 
succession and cause considerable financial losses 
to forestry and agriculture, w hile the introduction 
of Japanese sika deer threatens the genetic conser­
vation  o f in d igen ou s red d eer by  h y b rid isa tion  
(Ratcliffe, 1987).

Clearly, very careful consideration is needed before 
new  species are introduced, but in princip le it is a 
m e th o d  o f m a x im is in g  b io d iv e rs ity  b y  fillin g  
v a ca n t n ich es, an d  few  w ou ld  q u e stio n  re cen t 
translocations of sea eagles and otters. The Jo in t 
C om m ittee for the C onservation  of British  Insects 
(JC CBI) has published  a code of cond u ct for the 
re -e s ta b lish m e n t o f in se cts  for re a so n s o f  p est 
control, research and wildlife conservation (JCCBI,
1 9 8 6 ). M an y  s e d e n ta ry  sp e c ie s  o f  p la n ts  and  
a n im a ls  are  u n lik e ly  to co lo n ise  n ew  h a b ita ts  
w ithou t assistance (Ratcliffe and Petty, 1986).

These in itiatives all focus on the re-establishm ent 
of indigenous species. M ore care m ay be needed if 
any consideration is given to the in troduction  of 
non-native species, particularly  if they have inva­
sive or opportunistic tendencies. In any case, the 
d etailed  eco lo g ica l req u irem en ts  o f the sp ecies 
m ust be know n, the likely im pact on other species 
understood and the in troduction  carefully  m oni­
tored (A non, 1979). This applies equally to extinct 
indigenous species w hen land u se and available 
habitats have been drastically m odified since their 
extinction.

In the fu tu re  G eo g rap h ic  In fo rm atio n  Sy stem s 
(G IS) and h ierarch ical land scap e m od els, incor­
p o ra tin g  n a tu re  c o n s e rv a tio n  an d  la n d s c a p e  
objectives will alm ost certainly becom e the tools for 
m anaging structural and spatial b iod iversity , but 
these need to be linked w ith au tecological data.
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Biodiversity measurement

Steven Cousins
International Ecotechnology Research Centre, Cranfield  Institute of Technology, C ranfield , 
Bedford M K43 OAL

Summary
Species are by definition different from each other. 
N ew  m ethods show  how  the degree of d ifference 
betw een species can be included in an index. The 
fu n ction al asp ect o f sp ecies d iv ersity  m easu re­
m en t is s tre n g th e n e d  by  in c o rp o ra tin g  o th e r  
d ifferences betw een  sp ecies, such  as bod y  size, 
predator or parasite, as a com ponent of diversity. 
T h e ch o ice  b etw een  ce rta in  e x is tin g  d iv e rs ity  
indices is d iscussed ; the size and d ensity  o f the 
largest predator m ay also be an ind icator o f the 
overall state o f the b io log ical system . F inally  it 
may be useful to make an independent m easure of 
h u m a n  im p a ct to co m p a re  w ith  b io d iv e rs ity  
m e a su re m e n t, as a b a s is  o f lo n g -te rm  p o licy  
assessm ent.

Introduction
M a x im is in g  b io d iv e rs ity  is  n o t n e c e s s a r ily  
achieved by increasing the num ber of species on 
a species list. Recent developm ents in both conser­
vation  b io logy  (V an e -W rig h t et «/., 1991; Faith , 
1992) and in functional ecology (C ousins, 1980; 
H arvey and G odfray , 1987) have pointed  aw ay 
from treating all species as equal units on a species 
list. Which species are on the list becom es im por­
tant rather than, or as well as, how many  species are 
on the list. These d evelop m en ts have poten tia l 
a p p lic a tio n  in  fo r e s tr y  p ra c tic e  as g u id e s  to 
m axim ising biodiversity.

This paper briefly review s these new approaches, 
and offers som e suggested im provem ents to the 
traditional m easurem ent o f species d iversity  in 
which species are treated as being of equal im por­
tance. H ow  the new  m ethods relate in detail to 
each other and to ecological theory in general is 
dealt w ith elsew here (C ousins, 1994).

Improvements to existing 
diversity measures
Species d iversity  m easu rem en t is based  around 
the species num ber curve. Each time an individual 
organism  is added to a count, N, o f organism s in 
an observed  sam ple, it can be o f the sam e species 
as organism s already present or it can be a new  
species in w hich case S, the num ber o f species in 
the observed sam ple, increases by one also. As N  
increases, S can also increase although it is progres­
sively less likely that, as the num ber of individuals 
in  th e s a m p le  in c re a s e s , th e  n e x t in d iv id u a l 
en cou ntered  w ill be o f a sp ecies not prev iou sly  
m et. Functionally , N  is proportional to area, such 
that if the area is doubled w ithin a sim ilar kind of 
habitat the num ber of ind ividu als encountered  is 
lik e ly  to d o u b le  a lso  a lth o u g h , for the reason s 
given above, the num ber o f species increases by 
a lesser am ount.

In sum m ary:

N  = k. Area (1)
S = f(N ) (2)
S = /(Area) (3)

This sim ple set o f relationships has had two basic 
effects on the m easu rem en t o f sp ecies d iversity . 
W hile the nu m ber of in d iv id u als is p rop ortional 
to th e  a re a  s a m p le d , an d  m e a s u r e m e n t is 
achieved  by nu m ber per u nit area, i.e. a nu m ber 
d e n s ity  w ith  u n its  o f  N  m '2, th e a p p ro a c h  to 
m easu rin g  sp ecies d iv ersity  has b een  tw ofold . 
Species diversity  is described either as a m easure 
o f the n u m ber o f sp ecies per unit area, g iv ing  a 
sp ecies d en sity  m easu re w ith  u nits o f S k m '2, as 
ty p ifie d  b y  th e s p e c ie s  a t la s e s  (D o n y , 1 9 7 6 ; 
Sh arrock , 1976), or by  m ak in g  m easu res w hich
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are assu m ed to be sam ple size in d ep en d ent and 
are d escribed  by the fu nction  (/), as typified  by 
W illiam s (1964). T he freq u en tly  used  Sh an n on  
in d ex is assu m ed  (P ielou , 1975) to fall into the 
c la s s  o f  s a m p le  s iz e  in d e p e n d e n t in d ic e s  
a lthou gh , as w ill be show n below , this is not the 
case for sam ples of the size norm ally encountered 
in the eco log ical literatu re.

In a study of breeding birds on farm s in the United 
K ingd om  (C ou sin s, 1977), u sin g  C om m on  Bird 
C ensus data from the British Trust for Ornithology,

Log2 S — ►

F ig u re 2 The relationship  betw een H ' and S, the 
num ber of species in each BTO  farm  census p lot 
in 1973 (after C ou sins, 1977).

the Shannon indices H ’ and / w ere analysed for 
sam ple size effects. From  the sim ple relationship 
w hich defines H ’ and /,

H ' = / log2 S (4)

W e know  that S increases w ith sam ple size and 
that, therefore, from  (4), H ' and / cannot both be 
constants, and either H ' or / or both are sam ple 
size dependent.

Figure 2 show s that for the 85 farm  plots (aver­
age area 40 hectares), as S increases so does H'.

N — ►  ha

Figure 3 The effect of area sam ples on H' and Log2 
S for a single farm  determ ined by random  aggre­
gation of sub-sam ples (after C ousins, 1977).

F ig u re 4 The relationship  betw een / and the num ber of species present on a single farm  determ ined by 
random  aggregation of sub-sam ples (after C ousins, 1989).
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T a b le  1 C om p arison  of rep resen tation s of bird 
d iv e rs ity  on th ree  U K fa rm s, u s in g  d iv e rs ity  
indices H ' and / (after C ousins, 1977)

315
Farm  code 

209 072

N 133 209 250

S 23 41 34

H' 3.90 4.28 4.22

1 0.86 0.80 0.83

S/10 ha 9 9 15

S/20 ha 14 15 22

S/40 21 22 30

S = num ber of species.
N  = num ber of individuals.

W hen individual farm s are analysed for sam ple 
size  effect throu gh  the random  ag g reg atio n  of 
subsam ples, the sam ple size dependence is clearly 
show n in Figure 3 for both S and H ’. j  is inversely 
related to the num ber of species in the sam ple and 
is therefore again sam ple size related (Figure 4). 
Therefore, as a conservation evaluation technique, 
the Shannon derived indices are very d ifficu lt to 
interpret. At a m inim um  the area of the sam ple 
should  be sp ecified . T h e co m p ariso n  betw een  
sam ples rem ains d ifficu lt if the sam pling is not 
standardised , as is show n in Table 1 w here three 
farm s are com pared.

The highest d iversity m easured by H ’ is 4.28 for 
farm  209. This is a p articu larly  large farm  w ith 
the highest total num ber of individuals (N ) and 
species (S) identified. H ow ever, farm 209 has the 
low est evenness value (/). W e need to know  if this 
is an artefact of sam ple size, as w ould be expected 
from the relationship of / with S shown in Figure 4, 
or w hether it is really  d ifferent to the value of / 
for the o th er tw o farm s. C learly  the m ost even 
d istribu tion  (/ = 0.86) is produced  by farm  315, 
but this sim ilarly can be a result of the low num ber 
of species (23) found in that plot. In fact w hen w e

co m p are the sp ecies d en sities  at 10 h ectares to 
40 hectares, farm s 133 and 209 are in effect id enti­
cal in their sp ecies d ensities. A lth ou g h  J  values 
w e re  n o t c a lc u la te d  fo r  su b -s a m p le s  c o r r e s ­
ponding to these species densities, the / value for 
farm  209 w ould  be exp ected  to rise if that farm  
w e re  sa m p le d  a t th e  sa m e sc a le  as fa rm  315 . 
F inally, it is farm  072 w hich turns out to have a 
m uch greater species density  than the other two. 
The lack o f sam ple size independence of H ', log2 S 
and / req u ires that each  of th ese p aram eters be 
plotted against sam ple area to establish  com p ara­
b ility  b e tw e e n  s ite s  (as o c c u rs  in  F ig u re  3 ), 
although the ratio of H ’ to log2 S would also require 
p lotting to give /.

G iven  these sam p le size prob lem s for H ' and /, 
it is preferable to use clearly understood m easures, 
su ch  as s p e c ie s  d e n s ity  an d  th e d e n s ity  o f 
individuals, to describe the variety and quantity of 
biota present in an area. A m easure o f the relative 
abundance is provided by W illiam s (1964),

S = a  log e ( l+ N / a ) (5)

w hich can be used as a sam ple size independent 
m easu re and , m ore im p ortantly , can  b e  u sed  to 
calcu late species d ensities at a com m on scale by 
substituting AT, the num ber of individuals per unit 
area, in equation (5) w here S and N are know n for 
the w hole sam ple. In som e habitats strong edge 
effects of the sam ple plot need to be rem oved from 
the data  b e fo re  ca lcu la tin g  the d en sity , AT nv2 
(C ousins, 1977).

Ordinal measures

Each of the above m ethods is a cardinal m easure 
of species diversity  in w hich each of the species is 
treated as equal and additive, form ing a count or 
index. A second group of m ethods is possible using 
ord inal m easu res o f sp ecies d iv ersity  (C ousins,
1991), w here species are ranked in an order and 
not added together. This difference is im portant for 
functional biotic m easurem ent. Earlier it w as stated 
that if species diversity  is m easured as a species 
density then this represents in som e w ay the vari­
ety  o f  e n e rg y  p a th s  p re s e n t in  a g iv e n  a re a . 
M em bers of species of d ifferent sizes or of d iffer­
ent trophic habit also have d ifferent qu antitative 
effects on those energy  flow s, and these can  be 
represented in an ordinal index.
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W ithin  the cardinal indices a sparrow  counts the 
sam e as an eagle in the count of num ber of species 
present. In an ordinal representation, such as the 
n u m b er of sp ecies  in  w eig h t classes , d ifferen t 
levels of im p ortan ce can be attached  to species

w hich individually  have very d ifferent im pacts 
on energy flow. Figure 5 show s the geographical 
d istribu tion  of average body size for species of 
UK breeding land birds (C ousins, 1989).

F ig u re 5 A verage species w eight (g) of land breeding birds (after C ousins, 1989).

11



F in ally , ev id en ce from  a su rv ey  of the feed ing  
habits of British insects (Price, 1977) show s that 
species of parasite (72.1%  of the fauna) are m uch 
m ore num erous than species o f predator (6.3% of 
the fauna, including non-parasitic herbivores). In 
this case parasites are about 10 tim es as n u m er­
o u s as p re d a to rs ; th e re m a in in g  sp e c ie s  are  
saprophytes.

This brief review  of 'functional' d iversity indices 
has su gg ested  sim p le  a lte rn a tiv e s  to the m ore 
fam iliar Shannon index. Species density, species 
size and species as predators, saprophytes or para­
sites p rov ide a set of fu n ction al d escrip tion s of 
ecosystem s. These categories m ay also be applied 
to the relations in a taxonom ic hierarchy of V ane- 
W right et al. (1991) and used to refine conservation 
priorities. For exam ple, a closely  related but very 
differently sized organism  m ay change its ranking 
in a species priority  list.

Taxonomic uniqueness measures
Species differ from  each other w ithin the range at 
w hich sibling species are very sim ilar. Species are 
increasingly different if they belong to dissim ilar, 
progressively higher taxa. These higher taxa reflect 
p rogressively  greater d ifferences in anatom y or 
body plan. C onventional species diversity indices, 
such as Shannon 's H' (Pielou, 1975), are typically  
a p p lied  to c le a r ly  d efin ed  tax o n o m ic  g ro u p s. 
The precise taxon level differs for the group stud­
ied. Thus, for birds the indices are at the level of 
Class, w hile for butterflies or m oths the taxonom ic 
level is the O rder. P lant d iversity  m easurem ent 
is often m ade at the Kingdom  level, w ithout refer­
ence to the plant divisions, but w ith observations 
lim ited to particular size categories, e.g. diversity 
o f trees or o f field  lay er p lan ts. T h u s, ex istin g

indices treat each sp ecies as being  equal w ithin  
apparently  arbitrary lim its o f taxonom y and treat 
species as being different if they lie outside these 
lim its.

In con trast to this, a stru ctu red  ap p roach  to the 
uniqueness of biological form  has been developed 
for use in conservation  biology. A tkinson (1989) 
states 'G iven  tw o threatened taxa, one a species 
not closely  related to other liv ing species and the 
o th e r  [re la te d  to a] w id e sp re a d  and  co m m o n  
species, it seem s reasonable to give priority  to the 
taxonom ically  d istin ct form '. V an e-W rig h t et al.
(1991) have explored the im plications of m easures 
of taxonom ic distinctiveness. They use the hierar­
ch ica l ta x o n o m ic  c la ss ific a tio n  to ca lcu la te  an 
inform ation content for species dependent on the 
branch points o f the classification  tree. They are 
able to show  the value of their technique by a study 
of the w orldw ide d istribution of bu m ble-bees in 
the Bom bas sibiricus group. If a sim ple species count 
is used to locate the grid square o f m axim al d iver­
sity then the E cu ad or squ are is selected  w ith  10 
species (23% of world total). H ow ever, w hen taxo­
n o m ic d istin ctiv en ess  is a llo w ed  for, G an su  in 
C hina is selected , w ith 23% of the w orld  total as 
against E cu ad or's 15%.

T his m ethod can be applied  at any sp atia l scale 
and indeed it has been argued (Cousins, 1994) that 
th e  m e th o d  is p a r t ic u la r ly  su ite d  to  th e  lo ca l 
e c o sy s te m  sc a le  an d  th u s w o u ld  b e  u se fu l in 
forestry applications.

The actual taxonom ic distinctiveness technique is 
based upon the branching hierarchies o f the taxo­
nom ic relationships betw een species. There are a 
num ber o f w ays of approaching this but a typical 
one is as follow s (see Figure 6).

Sum 16 100

w % / I I %
I

1 6.25 ---  4 3.5 10.7

1 6.25 ---  4 3.5 10.7

2 12.5 3 4.67 14.3

4
2 5  _ -------  2 7 21.4

8 50 1 14 42.9

Sum 14 32.7 100

F ig u re 6 M ethods o f calcu lating taxonom ic inform ation indices (after V ane-W right et al., 1991).
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The species w hich has the m ost branches betw een 
the stem  and the tip is set equal to 1, then the sister 
group to this is g iven a score equal to the sum  of 
the existing branch values. This is repeated until all 
species have been  included. The w eightings can 
b e  e x p re sse d  as a p e rc e n ta g e . H o w e v e r , th is 
appears to overw eight the value o f the taxonom - 
ically distinct species, since the m ost d istinct will 
alw ays be equal in value to the sum  of all the other 
species. To am end this approach, V ane-W right et 
al. (1991) have proposed an 'in form ation ' index

based on the num ber of branchings in the tree that 
include the species w hose characteristics are being 
m e a su re d . T h ey  th en  d iv id e  th e su m  o f the 
branches affecting each species by the value for 
th e in d iv id u a l sp e c ie s  its e lf . F in a lly , th is  is 
exp ressed  as the p ercen tag e co n trib u tio n  each 
term inal taxon  m akes to the total d iv ersity , as 
m easu red  by /. An exam p le of the u se o f their 
schem e is show n in F ig u re 7 for p arro ts in the 
A m azon Basin forests.

/

I
I
I
i

Pionopsitta

F ig u re 7 Phylogeny and d istribution of parrots of the genus Pionopsitta  in South and C entral A m erica. 
The relative am ount of conservation effort that ought to be allocated to each species is indicated as a 
percentage follow ing the taxonom ic w eighting schem e of V ane-W right et al. (1991) (after Barrow clough,
1992).
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Ecosystem concept and 
ecosystem object
The Lindem an (1942) definition of an ecosystem , 
'th e  sy ste m  o f p h y s ic a l- c h e m ic a l-b io lo g ic a l  
processes active w ithin a sp ace-tim e unit of any 
m agnitude' is problem atic for conservation eval­
u a tio n  s in c e , w h a te v e r  c h a n g e  o c c u rs , the 
ecosystem  alw ays rem ains. The ecosystem  object 
(hereafter referred  to as the E cosystem  Trop hic 
M odule (ETM ); Cousins, 1990), unlike Lindem an's 
ecosystem  concept, is cou ntable and has a char­
a c te r is t ic  sp a tia l s c a le , b e c a u s e  th e  E T M  is 
id en tified  as the territory  occu p ied  by a sing le  
social group of the top predator. These predators 
can be counted and it is then possible to evaluate 
particular effects on ecosystem s, including the loss 
of an ETM  or its dow ngrading to a sm aller scale, 
by  the loss o f the p rim itiv e ly  largest sp ecies of 
predator and its replacem ent by  sm aller p red a­
tors.

In B ritain  u ntil recen t tim es, the top  p red ators 
were brow n bears ( Ursus arctos) and w olves (Canis 
lupus), although their abundance prior to extensive 
h u m a n  m o d if ic a tio n  o f th e la n d s c a p e  is n o t 
know n. H arting (1894) reports that it w as proba­
ble that bears w ere extinct in Britain by the tenth 
centu ry , w hereas the w olf survived  u ntil about 
1500 in England and W ales, 1740 in Scotland and 
1770 in Ireland. In contem porary Britain the fox is 
the largest predator.

The loss, from  the U nited K ingdom , of the prim ­
it iv e  top p re d a to rs  and  th e ir  re p la c e m e n t by 
sm a lle r  o n es ra ises  in te re stin g  re search  q u e s­
tions. T he p rim itiv e  top  p red ato rs  are  g rou nd  
based since they are too large to fly or bu rrow , 
and so the system  can be view ed as two d im en­
sional. Sm aller rep lacem en t p red ato rs m u st be 
co n sid ere d  as in h a b itin g  a th ree  d im e n sio n a l 
space, w hich is of particular relevance to forestry. 
This points to special priority for avian and smaller 
m am m alian predators.

T o p  p re d a to rs  tend to h av e e x te n s iv e  sp e c ie s  
distributions. For exam ple, apart from its absence 
from  som e m ountainous regions, the fox is ubiq­
uitous in the UK. This does not m ean, how ever, 
that there is only one type of ETM  in the UK. The 
ETM , although defined by the area occupied by 
the social group of the top predator, includes, as 
its parts, all individuals o f w hatever species are 
present in that area at any g iven time. T rad ition ­
ally, plant functional types have defined biom es

and, at a sm aller scale, plant taxonom ic categories 
have defined  U K  ecosystem  types, for exam p le 
grassland, oak w oodland, heather m oorland, and 
so on. Sim ilarly, it is convenient to define types of 
ETM  by plant types and there m ay be links here to 
the biogeoclim atic classification of ecosystem  types 
presented by Pyatt (pages 28-31) and Nixon (pages 
3 2-34).

Human impact assessment
The m easurem ent of b iod iversity  has com m only  
been  used as an index of hum an im p act on the 
environment. How ever, for the purposes of conser­
vation evaluation, hum an im pact needs to be seen 
as an independent variable w hich is m easured and 
cap ab le  o f b ein g  eq u ated  ag a in st the resu lts  of 
d iffe re n t c o n se rv a tio n  s tra te g ie s . T h e re  is no 
con sen su s on how  this m easu rem en t o f hum an 
im pact should be achieved, but a num ber o f lines 
o f in q u iry  are opening  up and these need to be 
explored fully. The ETM  provides one fram ew ork 
to exam ine these issues.

H unting, appropriation  of the products o f p hoto­
s y n th e s is  an d  p o llu t io n , in  to ta l, r e d u c e  th e 
possible density  of prim itive top p red ators and, 
u ltim ately , the size o f top pred ator sp ecies that 
can be sustained in an area. C ou nts o f top p red a­
tors thus also provide an integrative m easure of 
the status o f natural ecosystem s (C ousins, 1990), 
s u ita b le  as a c o n s e rv a tio n  e v a lu a t io n  to o l. 
Significantly, it is not the num ber of types, bu t the 
quantity  o f top predators that provides the eval­
uation tool.

Conclusion
T h e fa m ilia r  and w e ll-e s ta b lish e d  m e th o d s o f 
species d iversity  m easurem ent (Pielou, 1975) are 
b ein g  exten d ed  by  new  d ev e lo p m e n ts  in ta x o ­
n o m ic  an d  fu n c tio n a l m e a s u re m e n t o f b io ­
d iversity, in w hich species are ascribed different 
relative w eightings. The new  taxonom ic m ethods 
m ay be applied at any spatial scale. In this paper, 
the eco sy stem  sca le , d efin ed  by  th e size  o f the 
ecotrophic m odule, has been stressed as being of 
p articu lar im portance. It is suggested  that func­
tio n a l m e th o d s o f b io d iv e rs ity  m e a su re m e n t, 
including species density , species body size and 
trophic categories o f predator, parasite or sap ro­
phyte, ensure a sound functional basis for choices 
co n c e rn in g  b io d iv e rs ity . T h e  ca se  is m ad e for 
im proving local conservation evaluation by  using 
species density  m easures and W illiam s' a  rather 
than the Shannon H 'a n d  / indices.
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N ew  aspects o f b iod iversity  m easu rem ent arise 
from  m onitoring  populations of top predators. It 
is suggested that m ethods of m onitoring hum an 
im p a ct a re  n ee d ed  to a sse ss  in d e p e n d e n tly  
com plim entary levels of biodiversity. These devel­
o p m e n ts , w h en  ta k en  to g e th e r , h o ld  o u t the 
possibility  of setting standards for levels of b iod i­
versity for particular land classes and geographical 
locations.
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Genetical aspects of small population size in relation 
to conservation

Terry Crawford
Departm ent of Biology, University o f York, H eslington, York Y O l 5D D

Summary
Both random  genetic drift and inbreeding increase 
as population size decreases. The resulting erosion 
of genetic variability, fixation of d eleteriou s alle­
le s  an d  in b re e d in g  d e p r e s s io n  in c re a s e  th e  
probability  that a sm all isolated popu lation  will 
b e c o m e  e x tin c t . F o r re a so n s  to  b e  d is c u s s e d , 
natural populations usually behave genetically as 
if they are sm aller than in fact they  are. T h is is 
term ed the genetically effective popu lation  size.

In the 1980s there w as consid erable enthusiasm  
for the concept of a m inim um  viable population 
(M VP) -  the size that would ensure a certain prob­
ability  o f persistence for a given length of time. 
H ow ever, it is becom ing increasingly recognised 
that M VPs based on genetic considerations alone 
may ignore crucial dem ographic consequences of 
sm all population size. Both ecology and genetics, 
and the way in which they interact, are im portant.

Introduction
Following Shaffer (1987), the risk that a population 
will becom e extinct is influenced m ainly by three 
types o f factor: genetic, dem ographic and en v i­
ronm ental. C hance plays a role in all three, and 
thev all becom e m ore im portant in their possible 
consequences as population size decreases. Their 
effects interact w ith one another, and m ay do so 
svn erg istica lly  so that the slop e to extinction  is 
steep er than co n sid eratio n  o f each  in iso lation  
w'ould suggest.

In th e  e a r ly  19 8 0 s  b io lo g ic a l c o n s e rv a tio n  
em braced genetical princip les w ith great en thu ­
siasm , and the relative neglect o f other factors had 
som e u nd esirab le  co n seq u en ces (Land e, 1988). 
The processes described below  are equally applic­
able to p lants and an im als, and althou gh  som e 
exam ples refer to inhabitants o f w oodlands this

need  not be co n sid ered  an im p o rtan t criterion . 
In terestingly, in the genetical chapter o f The fra g ­
m ented forest  (H arris, 1984) exam ples such as the 
northern elephant seal and the passenger pigeon 
are used.

T h e H a rd y -W e in b e rg  Law  sta tes  th at, g iv en  a 
num ber o f assum ptions including infinite popu ­
lation size, allele and genotype frequencies rem ain 
con stan t from  g en eration  to g eneration . In real, 
f in ite  p o p u la tio n s , tw'o in te rre la te d  p ro c e sse s  
occu r: ran d om  g en etic  d rift and in b reed in g . A 
particu larly  clear account o f these fin ite p op u la­
tion effects can be found in Falconer (1989).

Random genetic drift
In a population of constant size w ith N  ind iv idu ­
als, 2N  gam etes are picked at random  to form  the 
zygotes at the beginning of each new' generation. 
If the population size is sm all the frequency of an 
allele am ong the su ccessfu l g am etes m ay d iffer 
for purely  statistical reasons from its frequency in 
th e  p a re n t p o p u la tio n  an d  th e  g a m e te s  th ey  
produce. The result is that allele frequencies flu c­
tuate at random  from  generation  to generation . 
T his is random  genetic drift, and its m ain con se­
quences are as follow s:

1. genetic differentiation occurs betw een isolated 
populations; and

2. genetic variation w'ithin populations is reduced 
through chance loss of alleles.

The loss o f genetic variability  leads to an increase 
in hom ozygosity and reduced potential for evolu ­
tionary adaptation to environm ental changes. Rare 
alleles are lost m ore rapidly and these m ay include 
potentially  useful ones -  for exam ple, those that 
m ight confer resistance against som e future infec­
tion. C heetahs are notable for their lack of genetic 
diversity; m ore than half the cheetahs in Am erican
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zoos succum bed to a feline virus w hich rarely kills 
dom estic cats (O 'Brien et al., 1985).

T h e  ra te  o f lo ss o f g e n e tic  v a r ia b ility  is ab o u t 
1 /(2N) per generation, w here N is the population 
size. (Note that in this context there is a very im por­
tant qualification  attached  to the definition of N: 
this is dealt w ith below ). If N rem ains constant at 
ten individuals, after ten generations 40 per cent of 
the original genetic variation will be lost, w hereas 
if N  is 100, only 5 per cent of genetic variation will 
b e  lo st a fter  ten  g en era tio n s . In tw o sp ecies  o f 
p lan ts cu rren tly  d ec lin in g  in T h e N eth erlan d s, 
Salvia pratensis and Scabiosa colum baria, significant 
p o sitiv e  co rrela tio n s h ave b een  fou nd  betw een  
popu lation  size and levels w ithin  populations of 
a llozym e variation and variation in quantitative 
m orphological characters (van Treuren et al., 1991; 
O uborg  et al., 1991).

T h e deg ree to w hich  d rift affects a llele frequ en­
cies depends, in practice, not only upon population 
size but also upon w hether the locus in question is 
in fluenced  by natural selection  or w hether gene 
flow  occurs betw een populations. Even quite low  
le v e ls  o f g e n e  flo w , sa y  th e e x c h a n g e  o f on e 
su cce ssfu l m ig ran t p er g en era tio n , can  s ig n ifi­
cantly  slow  dow n the rate o f genetic d ivergence 
betw een populations. It should be noted, however, 
that iso la tio n  is o ften  a sso cia ted  w ith  rarity  or 
sm all popu lation  sizes.

Inbreeding
Even if the individuals in a sm all population m ate 
strictly  at ran d om , som e of the m atin gs w ill by  
chance be betw een close or m ore distant relatives. 
T his leads to inbreeding, the results o f w hich are 
redu ced  heterozy gosity  and inbreeding  d ep res­
sion, resulting from  recessive or partially recessive 
d e le te r io u s  a lle le s  b e c o m in g  h o m o z y g o u s . 
Inbreeding depression m ay have m any effects, but 
particu larly  im portant are reduced v iability  and 
fecundity.

It is usually  stated that the am ount o f depression 
resulting from a given level of inbreeding depends 
on how  rapidly the inbreeding occurs and on the 
n a tu ra l b re ed in g  sy stem  of th e sp ecies. U n d er 
cond itions o f slow  inbreed ing, natu ral selection  
can p u rge d eleteriou s recessive alleles from  the 
gene pool, as they becom e hom ozygous, so that 
little  p erm an en t in b reed in g  d ep ression  results. 
F u r th e rm o re , th o se  sp e c ie s  w h ic h  re g u la r ly  
inbreed, as do m any plants, will have been subject 
already to this pu rging process, so that the im po­
sition of m ore severe inbreeding should result in

little  inbreeding  d ep ression . H ow ever, even in 
natu ral inbreeders, ou tcrosses u sually  result in 
im proved vigour and, in general, w hen the effects 
o f in b reed in g  h ave been  p ro p erly  sou g h t they 
h a v e  u su a lly  b ee n  fou n d  (C h a r le sw o rth  and 
C harlesw orth , 1987).

T h e  re d u ctio n  in h e tero z y g o sity  in  an  in bred  
population compared with the level expected in an 
infinite random ly m ating population is m easured 
by F, the inbreeding coefficient. The increm ent in 
F per generation in a finite randomly mating popu­
lation is approxim ately  1/(2N), i.e. equivalent to 
the ra te  o f lo ss o f g e n e tic  v a r ia b ility  th rou gh  
random  genetic drift. The sam e qu alification  is 
attached  to the d efin ition  of N  as in the case of 
drift and will now  be considered.

Genetically effective population 
size
The per generation rates of 1 /(2N) only apply to 
a population of N breeding  individuals for which 
the follow ing conditions hold:

1. T h e n u m b er o f b reed in g  in d iv id u a ls  m u st 
rem ain  co n stan t at N  ov er each  su ccessiv e  
generation.

2. A ll ind ividu als are herm aphrodite and self­
fertilisation occurs at its random  frequency of 
1/N.

3. A ll breeding individuals have an equal chance 
o f transm itting  genes to the next generation.

4. G enerations are non-developing.

A population that conform s to these conditions is 
called  an  idealised  p op u lation . N atu ral p o p u la­
tions do not, and the effects o f deviations from  
the ideal condition cause them  to behave geneti­
cally as if they are sm aller than they actually  are.

W right (1931, 1938; su m m arised  in 1969) in tro ­
duced the very useful idea of th e genetically effective 
population size (Ne), the reduced size of an idealised 
population that w ould show  the sam e am ount of 
drift o f inbreeding as the real population under 
consideration. H e provided form ulae by w hich N  
can be converted to Ne, given that the deviations 
of the real p op u lation  from  the ideal cond ition  
can be quantified. A clear and helpful discussion 
of the application of these form ulae in the context 
o f c o n s e rv a tio n  is  p ro v id e d  by  L a n d e  and  
Barrow clough (1987).
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M any plants and m ost anim als are not hermaiph- 
ro d ite  b u t h a v e  s e p a ra te  m a le  an d  fe m a le  
individuals. The absence of self-fertilisation  is of 
little  co n sequ en ce, bu t if the sex ratio  am ongst 
breeders deviates from  1:1 the effective popu la­
tion size is reduced. For exam ple, if there are 70 
breed ing  ind iv id u als, 20 m ales and 50 fem ales, 
the population will behave genetically as if it w ere 
re a lly  a p o p u la tio n  w ith  a s iz e  o f  o n ly  57: in 
1/(2N ), N e=57  m ust be su bstitu ted  for N = 70  to 
predict the am ount of drift or inbreeding.

A n y o n e  w h o  has p a rtic ip a te d  in  a lo n g -te rm  
sp ecies m on itorin g  p rog ram m e w ill have been  
im p re sse d  by th e w ay  n u m b e rs  o f p la n ts  o r 
anim als in a population fluctuate. The aggregate 
genetic drift or inbreeding over a num ber of gener­
ations is equivalent to that o f a population w ith 
a constant size N c, equal to the harm onic m ean of 
the population sizes in each generation. Periods 
w hen the population is sm all in size have a highly 
w eighted and lingering effect. For exam ple, if an 
effective size Nc=100 is required bu t, say, in 1 in 
f=10 g en eration s on av erag e w e can  exp ect the 
population to crash to about N *=20 individuals, 
then in the rem aining generations the population 
s iz e  m u st b e  a t le a s t  N = 180 . R e m a rk a b ly , if 
N * /N c< 1 // (i.e. in this case the crash is to 10 indi­
v idu als on average l- in -1 0  g enerations or to 20 
individuals l-in -5  genera dons) then the population 
size in the rem aining generations m ust be infinite.

In m any cases, particularly  w ith plants, the m ost 
im portant reason w hy effective sizes w ill be less 
than actu al sizes is b ecau se  in d iv id u als do not 
have equal chances o f transm itting genes to the 
n ex t g en era tio n . If th ey  do, o ffsp rin g  n u m ber 
should  fo llow  a P oisson  d istribu tion  w ith each 
in d iv id u a l h a v in g  on  a v e r a g e  tw o o ffsp r in g  
(assum ing constant population size), and the vari­
ance in offspring num ber should  be equal to the 
mean. In practice, fecundity distributions are often 
L -sh ap ed  w ith  a sm all n u m b er o f in d iv id u a ls  
being super-fecund and m any individuals being 
relatively poor as parents; the variance:m ean ratio 
is then greater than one, the value appropriate for 
a P o isso n  d is tr ib u tio n . A s tr ik in g  e x a m p le  
co n cern s the p op p y , P apaver du biu m  (M ack ay , 
1980; d iscussed by C raw ford , 1984). In a popula­
tion o f 2316 plants, 50 per cent o f all seed  w ere 
produced by only 2 per cent of the population and 
4.6 per cent o f seed w ere produced by the single 
m o st fe cu n d  p la n t. T h e  v a r ia n c e :m e a n  ra tio  
suggested that the effective size of the population 
was only 7 per cent of the actual size for this reason 
alone.

Each of the above exam p les has d ealt w ith  one 
deviation from an idealised population, in isolation 
from  other reasons for deviation that m ay also be 
relevant; Lande and B arrow clou gh  (1987) show  
how  the different effects m ay be superim posed to 
provide a com bined estim ate o f effective popu la­
tion size. B eg on  (1977) stu d ied  fiv e  su cce ssiv e  
g en eration s o f D rosophila su bobscu ra  in a w ood ­
lan d  n e a r  L e e d s . P o p u la tio n  s iz e  e s t im a te s  
in creased  from  923  to 15 787, w ith  a h arm o n ic 
m ean of only 3507. U nder experim ental conditions 
the variance:m ean ratio of fam ily sizes w as 14.8, so 
th a t o v e r  th e fiv e  g e n e ra tio n s  th e p o p u la tio n  
w ould behave as if it w ere constant at 56 ind iv id ­
uals as far as drift is concerned.

The critical question is what sort of values of the Ne 
will usually be o f the order o f one-tenth, or less, of 
N  (see D obson et al., 1992).

Minimum viable population size
The early 1980s saw  the em ergence o f the concept 
o f m in im u m  v iab le  p op u lation  size (M V P ), the 
genetically  effective population size that has to be 
m aintained  in order to ensu re that a popu lation  
can have a certain probability  (say 0.95) o f surviv­
ing for a given length of time (say 100 generations), 
in sp ite o f gen etic erosion  from  random  genetic 
drift and inbreeding (Franklin , 1980; Soule, 1980; 
Frankel and Soule, 1981). For an historical appraisal 
see S im berloff (1988).

T ak in g  d rift first, the loss o f g en etic  variab ility  
could be balanced by new variation  from  m u ta­
tio n  if  th e e f fe c t iv e  p o p u la tio n  s iz e  w e re  
sufficiently large. It has been suggested from exper­
im ental w ork on D rosophila, m ice and m aize that 
the frequency of m utations affecting  quantitative 
traits is of the order o f 10'3 per character per gener­
a tion . E q u atin g  1/ (2N C) to 10 ‘3 im p lies  th at an 
e ffe c tiv e  size  o f 500  in d iv id u a ls  is req u ired  to 
nullify  the effects o f drift.

T u rn in g  to in b reed in g  d ep ressio n , the g en era l 
exp erien ce o f an im al breed ers has been  that an 
increase in the inbreeding coefficien t o f one per 
cen t per g en eration  can be su sta ined . E q u atin g  
1/(2N C) to 0.01 su ggests that an effectiv e size of 
50 ind iv id u als is required  to red u ce inbreed ing  
depression to accep table levels.

It is im p ortan t to rem em ber that these effectiv e 
population sizes of 50 or 500 im ply  larger actual 
pop u lation  sizes because real p op u lations d ev i­
a te  fro m  the id e a lised  co n d itio n  as d iscu sse d  
above.
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T h ese  co n d itio n s w ere  se ized  u pon  w ith  g reat 
enthusiasm  and soon becam e know n as 'the basic 
rule o f conservation  biology ' or 'the 50/500 rule'. 
To call them  a ru le  totally  ign ores a nu m ber of 
problem s associated  w ith their derivation.

1. The estim ates of m utation rates w ere obtained 
fro m  la b o ra to ry  or c u lt iv a te d  s to c k s  and 
concerned characters such as bristle num ber 
in D rosophila. D ifferent values m ight be m ore 
appropriate for characters of conservation rele­
vance that are also subject to natural selection, 
for exam ple viability , fecundity, com petitive 
ability  or life-h istory  characters.

2. T h e re lev a n t m u ta tio n  ra tes  for ch aracte rs  
controlled  by  single gene loci are low er, 10's 
to 1 0 '6 p er lo cu s  p er g e n e ra tio n , im p ly in g  
M V Ps of 50 000 to 500 000.

3. The equations used to calculate effective popu­
lation  sizes w hen  p o p u lation s d ev iate  from  
the idealised condition are approxim ations. In 
p articu lar, they assu m e that generations are 
non-overlapp ing and that populations have a 
stable age-structure.

N evertheless, the in itial uncritical application of 
the M V P  co n cep t based  on g en etic  criteria  has 
generated  som e healthy  scep ticism ; the relative 
im portance o f genetic and dem ographic factors in 
p rev en tin g  p op u lation  extin ction  is a m atter of 
current debate (e.g. Sim berloff, 1986 ,1988 ; Soule, 
1987; Lande, 1988).

Demographic factors
T w o  e x a m p le s  o f  d e m o g ra p h ic  fa c to rs  are  
described here, m ainly  as a contrast to the genetic 
factors already covered.

In the early  19th  cen tu ry  the p assen g er p igeon  
( E c to p is te s  m ig r a to r iu s )  n u m b e re d  b ill io n s  in 
eastern N orth  A m erica and probably accounted 
for m ore than half of all the terrestrial birds. They 
m ig ra te d  in f lo c k s  th a t w e re  so  la rg e  th ey  
darkened the sky. They becam e subject to heavy 
hunting pressure, and from  about 1879 the popu ­
lation abruptly fell in size. The last individual died 
on 1st Septem ber 1914 in the C incinnati Zoo. It is 
thought that the huge flock sizes w ere necessary to 
stim ulate reproductive behaviour and that breed­
ing ceased  below  a critical threshold flock size.

This type of non-genetic effect on breeding behav­
iou r as a re su lt o f d ecreased  p op u lation  size is 
know n as an  A lle le  effect. It is not restricted  to 
an im als. Sm all p o p u lation s o f insect-p ollinated  
plants m ay fail to attract their pollinators if their

floral display becomes too reduced. This will result 
in redu ced  seed  p rod u ction  if the p lant is se lf­
incom patible (W iden, in press).

In small populations random fluctuations in dem o­
graphic variables such as birth rates, death rates 
and sex ratios m ay becom e im portant. For exam ­
ple, in very sm all populations it m ay happen by 
ch an ce that all the in d iv id u als in rep ro d u ctiv e  
condition at the sam e time happen to be either all 
m ale or all fem ale. W hat is becom ing increasingly 
recognised is that dem ographic factors and genetic 
fa cto rs  in te ra c t w ith  on e a n o th e r. In b re ed in g  
depression can affect one sex m ore than the other 
and cause the sex ratio to deviate from 1:1. This, in 
turn, causes effective population size to be reduced 
w ith the result of further inbreeding depression. 
The v iciou s circle could then bring  the p op u la­
tion to the point where only one sex is available for 
reproduction and dem ographic extinction occurs.

M any plants without a self-incom patibility system 
show  a m ixture of outcrossing and selfing. In low 
density populations a greater proportion of ovules 
tends to be self-fertilised, or outcrossed with pollen 
from a single source. This is a feature of both wind- 
pollinated and insect-pollinated plants (M urawski 
and H am rick, 1991) and w ill tend to reduce effec­
tive population size and increased inbreeding.

B y e rs  an d  M e a g h e r  (1 9 9 2 ) h a v e  sh o w n  how  
random  genetic drift m ay lead to reduced genetic 
d iv e rs ity  at the s e lf - in c o m p a tib ili ty  S -lo c u s . 
Because a plant can only be fertilised by pollen 
from  another p lant that has at least one different 
S -a lle le , the n u m b er o f av ailab le  m ates w ill be 
lim ited  and seed -set reduced. Furtherm ore, the 
variance in the num ber of m ates available to differ­
ent plants w ill tend to increase, leading to greater 
differences betw een plants in their levels of seed- 
set. T h is  w ill ca u se  fu rth e r  re d u ctio n s  in the 
effective population size.

C om plex interactions betw een genetic and non- 
genetic factors are usually the case. The problem s 
of sm all population sizes in conservation biology 
re q u ire  so lu tio n s  th a t in te g ra te  g e n e tic s  and 
ecology.

A final example
L an d e (1988) d iscu sse d  the ca se  o f th e N o rth  
A m erican  red -co ck ad ed  w o o d p eck er (P ico ides  
borealis), an inhabitant of old pine forests and offi­
cially classified as endangered. They prefer forests 
w ith op en in gs cau sed  by fires that p revent the 
invasion of hardwoods. The official Recovery Plan 
w as based on genetic criteria and aim ed for local
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populations of 500 breeding individuals. However, 
the study show ed that the bird w as continuing to 
decline rapidly, m ainly because o f fire prevention 
m easures.
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Summary
T he aim  of the Farm  W oodland  Schem e w as to 
increase tim ber production as w ell as to produce 
w ild life  b e n e fits . By u sin g  sets  o f  w o o d la n d s 
p lanted during the first half o f the 20th century, 
this paper aim s to determ ine w hat factors affect 
these w ild life benefits.

The island nature of a farm  w oodland is a reflec­
tion of the m obility of d ifferent groups of species. 
Thus, for soil m ites, the surrounding fields w ere 
a lm ost uninhabitable, w hile for sm all m am m als 
the w oodlands w ere not like islands at all. Larger 
w o od lan d s are m ore sp ecies rich  th an  sm aller  
w oodlands. A m inim u m  size should  be 1 .0 -1 .5  
hectares (ha), though w oodlands of 5 ha and m ore 
should be encouraged.

In the British  low land agricultural environm ent, 
isolation is not seen to be im portant in determ in­
in g  s p e c ie s  r ic h n e s s , b u t it m ig h t b e  m o re  
im portant if the genetical structure of w oodland 
populations w ere to be investigated.

F o r th e  c h a r a c te r is t ic  w o o d la n d  s p e c ie s , as 
o p p o sed  to the total n u m b er o f sp e c ies , m ore 
com pact w oodlands are shown to be m ore im por­
tant than shelter belts or other narrow  woodlands. 
The central core zone has a m ore truly w oodland 
environm ent.

Introduction
T h e  F arm  W o o d la n d  S c h e m e , in tro d u c e d  in 
1988, aim ed to bring som e land currently  in ag ri­
c u ltu ra l p ro d u ctio n  u n d er w o o d lan d  (In s le y , 
1988). A s w ell as attem p ting  to increase tim ber 
production, the schem e w as seen as having envi­
ro n m e n ta l an d  re c r e a tio n a l b e n e fits ,  an d  as 
co n trib u tin g  to farm  in co m e th rou gh  sp o rtin g  
interest and the like. The studies discussed here

w ere carried out in farm  w ood lands in the V ale 
o f Y ork  and aim ed to investigate aspects o f their 
species richness.

T h e term  'b io d iv e rs ity ' co n ta in s  tw o e ssen tia l 
com p on en ts. F irst, there is the sp ecies rich n ess 
com p onent. C on servation ists have trad itionally  
valued species-rich  com m u nities (see, for exam ­
ple, R atcliffe, 1977). Second , there is the genetic 
d iversity com ponent. C raw ford (pages 16-21) has 
looked at asp ects o f p op u lation  g enetics, bu t in 
term s of farm  w ood lands the im p ortant aspects 
are w hether there w ill be sm all, isolated popu la­
tio n s th a t w ill su ffe r  from  in b re e d in g , e tc ., or 
w hether in an archipelago of farm  w ood lands a 
species w ill act like a m etapopu lation , w ith gene 
flow  betw een sub-populations.

W ith a new  schem e intended to create farm w ood­
lands, it w ould  obviou sly  be u seful to track the 
ch an g e in sp ecies com p lem en t and abu n d an ce, 
from  those that occur in arable land to those that 
occur in m ature w oodland. H ow ever, such stud­
ies w ould  in ev itab ly  have to be ex trem ely  long 
term  -  p ro b ab ly  las tin g  m ore than a cen tu ry  -  
w h ile  th e  w h o le  c o lo n is a tio n , e x t in c t io n  and  
su ccession al p rocess w as exam ined . In ord er to 
short-circuit the need for such long-term  research, 
it w as decided to survey farm  w oodlands in the 
V ale o f York that w ere know n or inferred to have 
been established this century; the w oodlands w ere 
all thought to be betw een 40 and 90 years o f age. 
T he aim  of this p ap er is to exam in e the sp ecies 
richness of m any groups of p lants and anim als in 
these w oods.

Woodland margin
W hen considering the island biogeography of farm 
w o o d lan d s, the first q u estio n  th at n eed s to be 
a d d re sse d  is ju s t  h ow  d is t in c t  th e  w o o d la n d  
m argin  is. In o th er w ord s, how  d istin ct are the
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com m unities of plants and anim als on each side of 
the m argin?

W orking in a single farm w oodland, Sgardelis and 
U sh e r (1994) sa m p led  the m o ss m ites  (A cari: 
C ryptostigm ata) along transects betw een the farm 
w oodland and the surrounding arable field. The 
co m m u n itie s  1 m , 4 m , 9 m and  18 m in to  the 
w oodland  w ere all very  sim ilar in their species 
com position, having betw een 29 and 33 species. 
O n  th e m a rg in  b e tw e e n  th e w o o d la n d  and  
the field, the num ber of species w as only 24, w hile 
1 m  in to  th e fie ld  th is  had  d ro p p e d  to 11. 
F ro m  4 m o n w a rd s  in to  th e  f ie ld , o n ly  fiv e  
sp e c ie s  w ere  re c o rd e d , fo u r  o f th em  v ery  in ­
frequently. For example, Tectocepheas vclntus, which 
had d e n s it ie s  o f  m o re  th a n  100  in d iv id u a ls  
in a soil core in the w ood land , had d en sities of 
less than one individual per core in the field. This 
study indicates that, for the soil inhabiting m ites, 
the w oodland m argin w as 'hard ' and, therefore, 
that the w oodlands are likely to be m ore like true 
islands.

A s tu d y  o f g ro u n d  b e e tle s  and  sp id ers  a cro ss  
w oodland m argins (Bedford and U sher, in press) 
has indicated that the m argin  is m ore likely to be 
'fuzzy '. Som e species show ed a strong preference 
for w oodlands, though they w ere also found in 
pitfall traps in the surrounding arable fields. Thus, 
for exam ple, Callatlm s piceus had a probability  of
0.94 o f occurring in a pitfall trap w ithin the w ood­
land, 0.82 o f occurring in a trap on the w ood/field 
m argin, and a probability  of 0.48 of occurring in a 
trap in the field. O ther species of ground beetle, 
such as N ebria brevicollis, show ed a distinct pref­
erence for the field environm ent, with probabilities 
for occurring in w oodland, edge and field traps 
of 0 .2 7 ,0 .5 3  and 0.63, respectively. O ne species of 
ground beetle occurred only w ithin the woodland, 
and th ree sp ecies on ly  w ith in  the field . Sim ilar 
results w ere obtained for the spiders, though there 
w ere rather m ore confined to the w oodland and 
few er confined to the fields.

The studies of the sm all m am m als by Zhang and 
U sh er (1991) have ind icated  that the w oodland  
m argin  is not recognised  at all by these species. 
A lthough there is som e evidence that hedgerow s 
m ay be used by w ood m ice (A podem us sylvaticus) 
for m ovem ent betw een w oods, there w as plenty of 
e v id e n c e  to su g g e st th at th ese  sp e c ie s  m oved  
a cross the su rro u n d in g  fie ld s, esp ecia lly  w hen 
there w as som e vegetation cover.

There is, therefore, no clear answ er to the ques­
tion of w hether a farm w oodland surrounded by 
arable land is analagous to an island. For som e 
groups of organism s -  those that are less mobile or 
confined to the soil environm ent -  it is probable 
th a t fa rm  w o o d la n d s a re  e x a c t a n a lo g u e s  o f 
islands, a suitable habitat surrounded by a sea of 
unsuitable habitat. For highly m obile species -  the 
sm all m am m als and birds, and perhaps som e of 
the m ore strongly flying insects -  there is essen­
tia lly  no a n a lo g y  to is la n d s . T h e  sp e c ie s  are  
perfectly able to use the intervening habitats, and 
m ove from  w ood to w ood. H ow ever, betw een  
these tw o extrem es, there is a large nu m ber of 
species for w hich the m argins o f the farm  w ood­
land are 'fuzzy '. These species m ay tend to rely 
on the farm  woodland habitat, but they also occur 
to som e extent in the surrounding habitats.

Woodland size
If w oodlands are behaving like islands, one would 
exp ect m ore sp ecies in larg er w ood lan ds. This 
leads im m ediately  to a d ilem m a; how  does one 
d eterm ine the nu m ber o f sp ecies in any w ood ­
land? O bviously, one w ants to get as com plete a 
list of species as possible, though this is often m ore 
or less im p ossib le . D isney (1986) has indicated  
how  difficu lt it is to get tow ards com pleteness of 
a species list for a large group of insects. Hence, the 
species in the habitat have to be sam pled and the 
sp ecies richness estim ated  from  these sam ples. 
T here are tw o w ays to sam ple: either a standard 
sam ple for each island, or a sam ple that is propor­
tional to the island area. For the form er, one m ight 
be taking a constant num ber of quadrats, putting 
out a constant num ber o f traps, or searching for a 
constant am ount of time. For the latter, the num ber 
of quadrats, the num ber of traps, or the length of 
tim e for the search w ould be proportional to the 
a re a , so  th a t o n e  w o o d la n d  tw ice  th e s iz e  o f 
another woodland would have twice the sampling 
effort. W hichever m ethod is used, either attem pt­
ing to get a com plete list or a list based on one of 
the sam pling strategies, the results of subsequent 
analyses are likely to vary.

F or the p lan ts in farm  w ood lan d s, U sh er et al. 
(1992) attem pted to obtain a com plete list for each 
w ood lan d . T h e re  w as a reaso n ab ly  c lo se  re la ­
tionship betw een the num ber of higher plants and 
the area of the w oodland (Figure 8). Interestingly, 
the type of w oodland, be it deciduous, coniferous 
o r m ix e d , d id  n o t seem  to a f fe c t  th e sp e c ie s
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richness. For the m oths, there are som e interesting 
differences (Keiller and Usher, unpublished). Thus, 
the Noctuidae, w hich are strong fliers, show ed no 
sign ificant relation sh ip  betw een  the nu m ber of 
species and the area o f w oodland. H ow ever, the

G e o m e tr id a e , w h ich  a re  m u ch  w e a k e r f lie rs , 
show ed a sp ecies-area  relationship. These d iffer­
in g  re s u lts  p ro b a b ly  re f le c t  th e d e g re e  o f 
'is lan d n ess ' of the w ood lan ds in re lation  to the 
abilities of the m oths to m ove from wood to wood.

Woodland area (ha) (A)

Fig u re 8 The sp ecies-area  relationship for herbaceou s plants in 33 farm  w oodlands in the V ale o f York. 
The regression line, S = 1.81 A iUM, is show n. T he w oodland canopies are deciduous (circles), coniferous 
(triangles) or m ixed (diam onds) (from  U sher et nl., 1992).

Using a standard set of sam ples, eight pitfall traps 
for ground beetles and sp iders, there w as again 
som e evidence for the effect o f size o f w oodland. 
Thus, although this effect w as not noticed for all 
ground beetles, there w as a strong effect o f area 
on the com m unity  of ground beetle species that 
occur predom inantly  in w oodlands; the larger a 
farm  w oodland  the g reater the p robability  that 
w oodland species w ould occur. A sim ple analysis 
fo r s p id e rs  in d ic a te d  th a t th e re  w as a w eak  
s p e c ie s -a re a  re la tio n sh ip . T h u s, for th ese  tw o 
groups of invertebrates, for w hich the boundary

w as sh o w n  to be 'fu z z y ', th ere  is n o t a s tro n g  
sp ecies-area  relationship.

This range of studies in the V ale of York tends to 
in d ica te  th a t the h a rd n ess  or o th e rw ise  o f th e 
w oodland  bou n d ary  to any p articu lar grou p  of 
sp e cies  d e te rm in e s  the lik e lih o o d  of fin d in g  a 
sp e cies-area  relationsh ip . The m ore d istin ct the 
boundary appears to a group of species, then the 
g reater the lik e lih o od  that there w ill b e  a c lose  
sp e c ie s -a re a  re la tio n sh ip , w ith  the n u m b er of 
species increasing as a function of the area.
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Woodland isolation
Iso la tio n  is a re la tiv e  factor. In is land  b io g eo ­
graphy, w e are probably  thinking of islands or 
arch ipelagos that are separated  from  the m ain­
lan d  by  h u n d re d s  or ev e n  th o u sa n d s  of 
kilom etres. For the farm  w oodlands in the Vale of 
York, the m axim um  possible separation is about 
2 km . It also has to be borne in m ind that there 
are lik e ly  to be m an y  sm all p ock ets o f w oody 
vegetation, such as hedgerows, w hich could act as 
stepping stones, thus reducing any possible isola­
tion factor even further.

G iven these caveats, it is probably not surprising 
that isolation tends not to determ ine the species 
richness o f farm  w oodlands. U sher et al. (1992) 
found no effect o f isolation on the plant species 
richness. Z hang and U sher (1991), in docu m ent­
ing the m ovem ents of w ood m ice and bank voles 
betw een farm  w oodlands, concluded that isola­
tion w as not a factor for the colonisation  of farm  
w oodlands by these sm all m am m als. Keiller and 
U sher (unpublished) also found no effect of wood 
isolation either on the total m oth species richness, 
or on the sp ecies richness of either o f the m ain 
fam ilies of m oths. The only group studied w hich 
show ed an effect of isolation is the spiders. Usher 
et al. (in p ress) have show n that the nu m ber of 
sp e c ie s  o f  s p id e r  in  a fa rm  w o o d la n d  can  be 
predicted  from  the equation:

S = 6.86 I n N -  1.59 I -  7.6

w here S is the num ber of species, N  is the num ber 
of individuals and I  is an index of isolation (rang­
ing from  0.02 for the least isolated to 4.40 for the 
m ost isolated , for the 28 w oodlands included in 
the study).

Isolation from  other farm  w oodlands, at least in 
a reasonably  w ell-w ooded landscape, therefore 
seem s to have little relevance to the species rich­
ness o f those farm  w oodlands. It m ay, how ever, 
have a greater effect on the genetic d iversity  of 
the o rg an ism s, and on the flow  o f g en es from  
population to population. H ow ever, there are no 
d ata  a v a ila b le  e ith e r  to su p p o rt or re je c t th is 
hypothesis.

Woodland shape
W hat effect m ight one exp ect shape to have on 
the species richness of farm  w oodlands? A t one 
extrem e, it could be said that a w ood that is as 
com p act as possible, i.e. approxim ately  circular, 
is m ore likely to have a large num ber of species. 
T h is  a rg u m e n t w o u ld  e s s e n tia lly  sa y  th a t a

com pact w oodland has a sm aller m argin, conse­
quently a sm aller m arginal zone around it, and 
m o re  tru e  w o o d la n d  h a b ita t in th e in te r io r ; 
thereby, the w oodland species w ould be able to 
survive. At the other extrem e, it could be hypoth­
e s ised  th a t a lo n g , n a rro w  w o o d la n d  w ou ld  
intercept species that w ere dispersing in the land­
scape. The w oodland would act, therefore, rather 
like a bu tterfly  net, catching a large num ber of 
sp ecies, and the w oodland  w ould therefore be 
very species rich.

The farm  w ood lands in the V ale o f Y ork  had a 
variety of shapes. A lthough none w ere circular, 
som e approxim ated to squares, w hile others w ere 
long and narrow . A nalysis of the plant data indi­
cated that the num ber of species was independent 
of the w oodland shape (U sher et al., 1992). For the 
ground beetles, shape seem s to be im portant, with 
longer and thinner w oods having m ore species 
(U sher et al., in press). For the m oths, there are 
m ixed results. Fam ily N octuidae show ed no rela­
tionship with shape, w hereas family G eom etridae 
show ed that com pact w oods w ere m ore species 
rich  than long, thin w ood s (K eiller and U sher, 
unpublished). Sim ilarly , looking at the d iversity 
of all w oodland m oth species (i.e. excluding from 
the dataset all those m oth species w hose larvae 
do not feed on w oodland plants), then once again 
there is a negative relationsh ip  betw een w ood ­
land shape and m oth species richness.

The studies in the V ale of York do not, therefore, 
give an indication of w hether the design of w ood­
lands should be com p act or linear. O n balance, 
how ever, it appears that shape has little effect on 
species richness, though com pact w oods m ay be 
preferable for the conservation  of characteristic 
w oodland species.

Discussion
The first question w hich should be addressed is 
whether we are interested in biodiversity per se, or 
w hether w e are interested in som e aspects of the 
d iversity of w ildlife in the countryside. A lready, 
the concept of biodiversity  has been narrow ed to 
sp ecies richness, b ecau se there are in su fficien t 
s tu d ie s  o f the g e n e tic  v a r ia tio n  w ith in  the 
m etapopulations found in areas with farm w ood­
lands. Should species richness be considered in 
its  to ta lity  or in so m e w ay r e s tr ic te d ?  O u r 
contention would be to focus purely and sim ply 
on the rich n ess of w oodland sp ecies, i.e. those 
species that rely for their habitat or food on w ood­
lands. If w e are looking at farm  w oodlands, we 
should not be concerned w ith species which are 
occurring accidentally w ithin them; these species
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could not undertake the w hole of their life-cycle 
w ithin the w oodlands. Thus, the subset of w ood­
land species are those w hich rely exclusively  on 
w oodland environm ents either for the w hole of 
their life-cycle, or for an integral part o f their life­
cycle. These species would becom e extinct locally 
if there w as no w ood lan d  h ab itat. W e sh o u ld , 
therefore, in looking at species richness, be exclud­
ing those species w hich do not rely exclu sively  
on a w oodland habitat, at least for part o f their 
life-cycle.

In m aking these restrictions, the results o f biogeo- 
g raphical studies ap p ear rather d ifferently . For 
w oodland plants, there is a strong sp ecies-area  
relationship. For woodland m oths, there is a w eak 
species-area  relationship, and also an indication 
that m ore com p act w oods, for a g iven area, are 
m ore species rich than elongated woods. Similarly, 
for the w oodland ground beetles, there is a w eak 
sp ecies-area  relationship . Insu fficien t is know n 
about the ecology of individual spider species to 
b e  ab le  to d eterm in e  w hich  su b set o f the total 
sp ecies list could  be allocated  to the w oodland  
category. Therefore, there has been no attem pt to 
recognise a w oodland subset, though again there 
are som e indications that w oodland species are 
m ore frequent in larger w oodlands.

Farm  w oodlands can only contribu te to the total 
d iversity  o f a g eograp h ical area if  they contain  
w oodland species. H ence, b iogeographical stud ­
ies on the total species list are likely to produce 
a b n o rm a l re s u lts ,  a s  fou n d  fo r  th e  s o u th e rn  
English heathlands by H opkins and W ebb (1984). 
If o n e  can  re c o g n is e  th e s u b se t o f  w o o d la n d  
sp ecies, then these are clearly  the ones th at the 
design of farm  w oodlands should  be encou rag ­
ing. From  the stu d ies in the V ale o f Y ork , there 
appear to be tw o factors w hich are im portant in 
increasing the richness o f the w oodland species. 
The first, a factor that com es from  m ost studies, 
re la te s  to  w o o d lan d  a re a : th e  la rg e r  th e  farm  
w oodland the g reater the likelihood  that it w ill 
contain a larger num ber o f w oodland species. The 
second factor relates to w oodland shape: the m ore 
com pact the w oodland, the m ore o f it that can be 
considered as real w oodland habitat, as opposed 
to w ood m arg in  h a b ita t, an d  ag a in  th ere  is  an 
increase in the nu m ber o f w oodland species.

W hat sort o f  g uidelines m ight there be, then, for 
the design o f farm  w oodlands? U sing four w ood­
land indicator plant species (derived from  the lists 
p roduced  by R- G u lliv er, p ersonal com m u n ica­
tio n ) , o n ly  o n e , th e  b lu e b e ll  (H y a c in t l io id e s  
m m -scr ip ta ) , o cc u rre d  in  w o o d la n d s  o f  u n d e r
0 .5  h a . T h is  is  jo in e d  b y  th e  w o o d  s p e e d w e ll

(Veronica m ontana) in w oodlands up to 1.5 ha, as 
w ell as by w ood sorrel (Oxalis acetosella) in w ood­
land of up to 5 ha. T he fou rth  o f the w oodland  
indicator species, prim rose (Primula vulgaris), only 
occurred  in w oodlands of over 5 ha. Thus, for the 
plants, there is a strong indication that farm w ood­
lands should be m ore than 5 ha in extent (U sher 
et a l., 1992). S u rp ris in g ly  s im ila r  re su lts  w ere  
obtained for the m oths (Keiller and Usher, unpub­
lished); the species lists w ere generally  very poor 
for w oodlands u nder 1 ha in extent. Interestingly, 
w ith com p act w oods, there seem  to be few  ben e­
fits in increasing the size above 5 ha. Thus, based 
on the plants and one group of herbivores, there 
seem s to b e  a re a so n a b le  co n se n su s  th a t farm  
w ood lands should  be 5 ha or m ore in extent. A 
reasonable diversity  o f w oodland species can be 
expected in w oodlands that are betw een 1.5 and 
5 ha in ex ten t. H ow ev er, sm aller than  that, the 
species richness of true w oodland species is alm ost 
negligible. H ence, a w oodland of less than 1-1 .5  ha 
is essentially  a landscape feature. W oodlands of 
greater than this size contribute both to landscape 
and w ild life conservation.
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A biogeoclimatic ecosystem classification for Britain
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Summary
T he F orestry  A u th o rity  R esearch  D iv isio n  has 
re ce n tly  d ec id ed  to d ev e lo p  a b io g e o c lim a tic  
ecosystem  classification (BEC) as the basis for the 
application  of site-related and ecosystem -related  
research results in forest m anagem ent. The system  
b eing  d evelop ed  w ill also  have ap p lica tion  for 
conservation and other form s of land use g ener­
ally, that is on all land up to the m ountain tops. It 
is a system  prim arily for use at the stand level, for 
guiding decisions about m anagem ent operations. 
It w ill, for exam ple, in tegrate w ith  and refine the 
existing  Forestry  C om m ission  site classification  
based on lithologies, soil types and phases.

BEC aim s to be a classification  of ecosystem s or 
potential ecosystems. The definition of an ecosystem 
includes the physical environment of a piece of land 
and its biota; in practice w e select climate, soil m ois­
ture, soil nutrients and vegetation for primary study.

The use of BEC in Canadian forestry
BEC is the nam e given in British C olum bia (BC), 
C anada to a system  of classification of vegetation, 
m ainly forest types, and their associated clim ate, 
soils and other biota (Pojar et al., 1987). The system  
was developed at the University of BC, Vancouver 
and  h as b ee n  in  u se  by  th e  P ro v in c ia l F o re s t 
S erv ice  for 15 y ears , d u rin g  w h ich  tim e m any 
refin em ents have been  m ade as the system  has 
been extended and m apped throughout m ost of 
the country, an area four tim es the size o f Britain 
(M eidinger and Pojar, 1991). The m ain exponent 
o f the sy stem  at p resen t is K arel K lin k a o f the 
U niversity  of BC, Faculty  o f Forestry.

C hris N ixon and I (Forestry A u thority  R esearch 
D ivision) sp ent 3 w eeks in BC in au tu m n  1991, 
p a rt o f th e  tim e w ith  K a re l K lin k a , an d  w ere  
im pressed by  the system  and how  it w as applied 
in forest m anagem ent. It seem ed to us to offer a 
basis for c lassifica tio n  of eco sy stem s as w ell as 
sustainable production from m ulti-purpose forests 
w ith  en h a n ced  b io d iv e rs ity . T h e  s im ila r ity  o f 
clim ate betw een the tem perate rainforests of the 
Coast M ountains region of BC and w estern Britain 
su g g ested  to us that o f the v ariou s n a tio n a l or 
regional system s of land classification  w hich  w e 
m ight use as a guide, this w as likely to be the m ost 
approp riate (Klinka et al., 1991).

Adaptation of BEC for use in 
Britain

T he p rim ary  factor resp on sib le  for variations in 
ecosystem s is considered  to be clim ate. A s a first 
ap p roxim ation , the b io c lim atic  c lassifica tio n  of 
Birse and D ry (1970) and Birse (1971) for Scotland, 
and B end elow  and H artnu p  (1980) for England 
and W ales, will form  the basis for a BEC in Britain. 
Five bioclim atic zones are show n in Figure 9. These 
will later be subdivided into a num ber of sub-zones. 
W ithin each zone or sub-zone, site classification  
w ill involve the recognition of n ine classes o f soil 
m oisture regim e (SMR) and six classes of soil nutri­
ent reg im e (SN R ) com b in ed  in an ed a top ic  grid 
(F igu re 10). P ortion s o f the ed ato p ic  grid , each 
equal to tw o to five cells of the grid, w ill constitute 
site types, and the com bination of clim atic zone or 
s u b -z o n e , s ite  ty p e  an d  a s so c ia te d  b io ta  w ill
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Biocl imatic  zo n e s 'o c e a n ic i ty  1-4

Ac cum ulated  temperature day-degrees above 5.6°C

Non-existent

Fig u re 9 Suggested bioclim atic zones for Britain based on accum ulated tem perature (AT) and potential 
soil w ater deficit (PW D ) or m oisture deficit.

com prise the ecosystem . This is probably equiva­
lent to the su b-com m unity  level o f the N ational 
V egetation  C lassification (N VC) (Rodw ell, 1991). 
It is intended that BEC will be integrated with the 
N VC as far as possible (e.g. F igure 11).

Classes of SM R differ in the availability of moisture 
for transpiration during the grow ing season and, 
in the four w ettest classes, in the depth and dura­
tion of the w ater-table restriction, soil aeration and 
rooting  depth. C lasses 1 -5  o f SN R  differ m ainly 
in the av ailab ility  o f n itrogen , a lth ou g h  C lass 6 
com prises calcareous soils, and C lass 5 is likely to 
contain  base-rich  soils of pH  above 5.5.

The com position of the ground vegetation (species 
and cover fraction) will be used to aid recognition

of SM R and SN R, via ecological indicator values (e.g. 
E llenberg, 1988). A dditionally , a classification of 
forest hum us types (Green et al., in press) will help 
to characterise site quality, especially when ground 
vegetation is lacking.

M uch research needs to be done to test w hether 
m ethod s developed  in BC w ill w ork  as w ell in 
Britain. It seem s likely that the variation in geology 
and soil types is greater in Britain than in BC, and 
that our traditional em phasis on soil parent m ate­
rial as a major factor in site classification should not 
be forsaken lightly.

BEC has relevance not only in forest m anagem ent. 
If it succeeds in classifying ecosystem s well it will 
be equally useful to conservation and other land- 
uses.
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Biogeoclimatic ecosystem classification and forest 
management for biodiversity
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Summary
This paper aim s to illustrate how the interpretation 
of a biogeoclim atic ecosystem  classification (BEC) 
system  can aid forest m anagem ent for b iod iver­
sity. Several practical exam ples are described.

W ithin  the BEC system , site types, or u nits, are 
portrayed in an edatopic grid in relation to the soil 
m oisture regim e and soil nutrient regime. The clas- 
s ifica tio n  can  be m ad e m u ch  m o re f le x ib le  by  
attaching additional descriptive term s to each site 
unit w hich  re late  to o th er ch aracteristics  o f the 
ecosystem  or potential ecosystem . For exam ple, 
the b asic site  u nits can be grou p ed  in to  closely  
related  'site  series' w hich can su p p ort stands of 
the sam e species com position and structure, have 
sim ilar productivity potential, and can be m anaged 
by the sam e silv icu ltu ral system .

Site classification
In Britain  it is w idely  recognised  that d iversifica­
tio n , p a r t ic u la r ly  o f o u r c o n ife r  fo r e s ts , is  a 
desirable goal. W hat is less clear is the extent to 
w hich this can or should be achieved. D espite this, 
predeterm ined and deliberate forest m anagem ent 
m u st play a key ro le in conserving  and en h an c­
ing biological diversity.

To help achieve an appropriate balance, som e form 
o f s ite  c la s s if ic a t io n  is e s s e n tia l to  p ro v id e  a 
fram ew ork for site-related  m anagem ent. BEC is a 
system  of ecological classification w idely used in 
British C olum bia, C anada w here the nature of the 
clim ate and topography results in a com plex vari­
ety of forest ecosystem s w ith a daunting level of 
diversity. The developm ent of the BEC system  was 
u n d ertak en  p rim arily  to d escrib e  the v aria tion  
present and to assist the m anagem ent o f forests 
on an ecosystem -specific basis (M acK innon et al.,
1992).

BEC provides a hierarchical system  w hich organ­
ises ecosystem s at three levels -  local (site type), 
regional (zone) and chronological (successional) 
(Po jar et al., 1987). W ith in  each zon e or sm aller 
sub-zone, sites are described in relation to the soil 
m oisture and nutrient regim es w ith the variation 
being portrayed in an edatopic grid (Figure 12). 
W ithin the edatopic grid the range of site variation 
is d elin eated  into site u nits, rep resen tin g  areas 
w ith  eq u iv alen t p hy sical p rop erties w hich  w ill 
su p p o rt s im ila r  c lim a x  p la n t c o m m u n it ie s . 
In d iv id u a l s ite  u n its  a re  o fte n  g ro u p e d  fo r  
p u rp oses o f m anagem ent into site series w hich 
m ight, for exam ple, represent a range of sites that 
can be m anaged in a sim ilar w ay, or have sim ilar 
soil or vegetation characteristics (Figure 13).
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Figure 12 Edatopic grid displaying seven site units 
(from  M ackinnon, 1992).
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Practical application
In the field, a forester will identify the site series 
after stratifying an area into hom ogeneous blocks 
w ith  s im ila r so il, s ite  and v eg eta tio n  fea tu res. 
Reference to field guides for the region in qu es­
tion w ill then provide site-related inform ation on 
m any aspects o f m anagem ent, all of which will be 
lin k e d  to th e e c o lo g ic a l p o te n tia l o f th e  s ite . 
In form ation  on species choice, yield p red iction , 
conservation and recreation values, etc., has been 
collated w ithin the field guides, to enable appro­
priate m anagem ent prescriptions to be m ade. In 
the context o f biodiversity , this site-related infor­
m a tio n  p ro v id e s  a m e an s o f e n c o u ra g in g  
ecologically  su stainable forest m anagem ent and 
defining appropriate levels o f d iversity.

M anagem ent planning and operations are sim pli­
fied by com bin ing  m any ind ividu al ecosystem s 
into few er, environm entally  sim ilar classes. The 
BEC system  has becom e widely accepted in British 
C olu m bia , not throu gh d ecree , bu t by  v irtu e of 
its ability  to m ake ecology w orkable and u nd er­
standable. As a result, ecological aw areness am ong 
forest m anagers has increased  d ram atically  and

fo re s t m a n a g e m e n t p ra c tice s  h a v e  im p ro v ed  
considerably.

T he princip les o f the BEC system  m ay be applied 
equally in Britain, although in the absence of natu­
rally distributed vegetation cover the developm ent 
of a sim ilar classification system  here would neces- 
s a r i ly  h a v e  to re ly  m o re  h e a v ily  on  so il and  
clim atic factors.

N e v e rth e le ss , the v a lu e  o f the b io g e o c lim a tic  
ap p roach  to s ite  c lassifica tio n  has b een  clearly  
dem onstrated in British Colum bia, and the poten­
tial for its adoption as a fram ew ork for biodiversity 
m anagem ent in Britain deserves detailed investi­
gation.
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Summary
The need for long-term  planning in m ulti-purpose 
forest m anagem ent is explained and a three level 
ap p roach  described . At a regional level, forests 
are set in context so that objectives can be deter­
m ined for ind iv id u al forests in a coherent w ay. 
T h e  p r in c ip le s  o f fo r e s t  d e s ig n  p la n n in g  are  
d iscussed , w ith  particu lar reference to the scale 
an d  d e g re e  o f d iv e r s ity , an d  th e c o n c e p t o f 
sustained yield. The forest design planning process 
is outlined, and finally the third level of planning, 
the site m anagem ent plan, is described.

Introduction
Environm ental planning in forest m anagem ent is 
fundam entally  inseparable from  forest planning. 
The forest itself is the environm ent. The forest is 
not only the trees, but also the u nderstorey, the 
ground vegetation , the open spaces, soils, rocks 
and w ater, all of w hich are integral parts. Clearly, 
any action taken concerning the arboreal com po­
n e n t o f th e fo r e s t ,  the tre e s , is n o t ju s t  o f 
environm ental consequence: it is in itself an envi­
ronm ental act. S ilvicultural planning, production 
planning, road planning and recreation planning 
are all, therefore, aspects o f p lanning the forest 
en v iron m en t. T h is p ap er is in fact about forest 
p lan n in g , w ith  a co n cen tra tio n  on its en v iro n ­
m ental, rather than econom ic, social or cultural, 
consequences.

The need for planning is quite sim ply the require­
m ent to understand the consequences of an action 
b e fo re  e m b a rk in g  on  th a t a c tio n . It h as b ee n  
d escrib e d  as b o th  th e la u n ch in g  p o in t fo r the 
future and the process of learning from  the past. 
Em barking on any action, w hether it be felling a 
tree or creating a w ild life pond, w ithout having 
fully thou ght through the consequences, runs a 
grave risk o f fa iling  to ach ieve on e's objectives. 
This is true w here there is a single m anagem ent 
o b jectiv e . It is’ even  m ore true w h ere there are 
m ultiple objectives. A n action aim ed at furthering

one of these w ill alm ost certainly affect the ab il­
ity to achieve the others. W ith m ultiple objectives, 
it is all too easy to su b-optim ise if decisions are 
taken w ithout proper inform ation and planning. 
M u lti-ob jectiv e forestry  is now  a firm  policy in 
B rita in . T h e  a im  is a ttra c tiv e  and  p ro d u c tiv e  
forests, which blend with the landscape, are rich in 
w ildlife and are efficient to m anage. If this is to be 
achieved, proper long-term  planning, taking into 
account all the relevant issues and producing an 
in te g ra te d  so lu tio n , is esse n tia l. C o m p ilin g  a 
p lan  in itse lf requ ires clear th inking  and logical 
action .

T h e need  fo r p la n n in g  in b u s in e s s -lik e  fo rest 
m anagem ent is all the greater because the conse­
quences of actions m ay be a long way in the future. 
It is im portant to rem em ber that every action that 
we take today will affect the options open to future 
generations. It is equally  im portant to rem em ber 
that to take no action, whether a conscious decision 
or through neg lect or p rocrastin ation , w ill also 
affect the options open to future generations. The 
p lan n in g  p ro cess  m u st not, in itse lf, b eco m e a 
barrier to action. There are num erous exam ples 
of plans where the desire to collect ever more infor­
m ation and to pred ict every consequence to the 
last detail has led to stagnation  and a failure to 
m ake any progress tow ards m eeting objectives. 
Sim ilarly , w e m ust guard against the arrogance 
of the current generation: our expectation is that 
future generations should accept and im plem ent 
our plans, in spite of our equally strong belief that 
the p lans we prepare are better than any of the 
plans w hich have been prepared in the past. W e 
have the right to plan only our ow n actions, and 
the re sp o n sib ility  to illu stra te  the co n se q u e n t 
options w hich w e believe will be open to future 
generations. W e have no right to plan the actions 
of future generations, and w e will w aste a great 
deal of effort if w e attem pt to do so.

There is no single correct approach to forest plan­
n in g . A ny su c c e s s fu l a p p ro a c h  w ill a lm o st 
certain ly  em body the principles described  here.
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T h is  p a p e r  d e s c r ib e s  a th re e  le v e l a p p ro a c h : 
reg ion al lev el, forest level and  site  lev el. M ost 
attention is devoted to forest level p lanning, not 
becau se the o ther levels are less im p ortan t, bu t 
b e c a u s e  the c o n c e p t o f fo r e s t  le v e l p la n n in g  
requires greater explanation.

Regional level
The prim ary pu rpose of regional level p lanning 
is to determ ine the objectives that are appropriate 
to individual forests or parts of forest w ithin the 
region. C urrent forestry policy is concerned w ith 
m ulti-purpose objectives. This does not m ean that 
every objective should be g iven equal w eight in 
every forest. The precise balance betw een different 
o b jectiv es, for exam p le  tim ber p ro d u ctio n  and 
recreation provision, will vary from  place to place, 
as w ell as from  tim e to tim e. A t the outset of the 
p ro cess , it is im p o rtan t to d e term in e  w h at the 
objectives are at that time. Foresters are often told 
'First, decide your objectives', as if the forester has 
a free hand in m ak in g  the ch o ice . T h is  v iew  is 
perhaps encouraged by the 'shopping list' of objec­
tives presented  in the W oodland  G rant Schem e 
ap p lication  form . H ow ever, the forest m an ag er 
usually has little choice in the selection of ob jec­
tiv e s : th e y  a re  im p lic it ly  d e te rm in e d  b y  th e  
location, context, character and ow nership  of the 
forest. The advice should  be 'M ake the m anage­
m ent objectives explicit'.

T h e p recise  o b jectiv es for any p a rticu la r forest 
em erge from  four sources.

Firstly, if public funding is involved, the national 
forestry policy objectives and guideline standards 
m u st be m et. These include stated requirem ents 
such as w atercourse or archaeological site protec­
tion and p ercen tag es o f b road leav es, as w ell as 
ob jectives of w ood production, im p rovem ent of 
landscape and enhancem ent o f nature conserva­
tion. Even w here public funding is not involved, 
legislative and regulatory requirem ents constrain  
the choice of objectives.

Secondly, there are the ow n er's particu lar ob jec­
tives for m anaging the forest. For Forest Enterprise, 
these are the sam e as national p olicy  ob jectives, 
w hereas in the case of a private ow ner they m ight, 
for exam ple, include sporting use, revenue require­
m ents or capital appreciation.

The third source concerns other dem ands m ade 
on the forest ap art from  those exp ressed  by the 
client. T h is m ight in clu d e the need to p ro tect a

certain  bird species, the dem and for a particular 
type of tim ber or a particular type of recreation, or 
the desire to m aintain  a valued landscape. These 
dem ands m ay be expressed or em erge from  local 
circum stances p ecu liar to the forest in question, 
although they m ay overlap w ith general policies.

The fourth factor concerns the ability of the forest 
to su p p ly  b en efits  to m eet dem and s. It m ay  be 
that there are physical lim itations on its capacity , 
for exam ple to supply certain  kinds of tim ber, to 
carry som e form s of recreation, or to support the 
habitat of a particu lar anim al or bird , due to soil, 
location and clim ate.

T hu s, it is a m atter o f d eterm in in g , rath er than 
selecting, the particular balance o f m anagem ent 
objectives appropriate to each forest in the region.

Experience indicates that it is unw ise to attem pt to 
p rod u ce an in teg rated  plan  for an en tire  forest 
district. The need for regular revision and am end­
m ent m akes it an im possible adm inistrative task 
to m aintain . W hat is required at regional level is 
a series of subject-specific strategies or plans which 
can be ind ividu ally  revised, albeit that there will 
b e  c o n n e c tio n s  b e tw e e n  s u b je c t  a re a s  w h ich  
require consequent am endm ent. The place for full 
in tegration  is at forest level.

Three types of docum ent w hich have proved valu­
ab le  in F o re s t E n te rp rise  fo re s t d is tr ic ts  a re  a 
co n se rv a tio n  p lan , a re cre a tio n  s tra te g y  and  a 
landscape assessm ent.

Conservation plan -  identifies the general conser­
vation value o f the individual forests in the region, 
and the sites of im portance to natu re and archae­
o lo g ic a l c o n s e rv a tio n , b o th  d e s ig n a te d  and  
u ndesignated.

R ecreation  strategy -  identifies forests and parts 
o f  fo re s ts  o f cu rre n t an d  p o te n tia l re c re a tio n  
im p o r ta n c e  in  r e la t io n  to th e  g e o g ra p h y  o f 
dem and. A recreation  strategy w ill also d escribe 
th e  lo c a tio n , in te n s ity  and  sc o p e  o f in te n d e d  
recreation provision  and use.

L an d scap e assessm en t -  id en tifies the re la tiv e  
v isibility, prom inence in the landscape and lan d ­
scape character o f the forests in the district.

T h is ty p e of reg ion al in form ation  p ro v id es the 
context in w hich to classify individual forests and 
parts o f forests according to environm ental sensi­
tivity, and hence indicates the w eight to be given
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to en v iro n m en ta l as a g a in st w ood  p rod u ction  
objectives.

Forests can usefully  be classified  into four broad 
ca teg o ries  o f sen sitiv ity . T he criteria  by  w hich  
these are judged  are fairly easily stated and can 
be independently  verified.

V ery high Inclu d es sp ecial sites, e.g. sites of
s p e c ia l s c ie n tif ic  in te re s t (S S S I), 
w oodland parks, w oodlands asso­
ciated  w ith historically  im portant 
landscapes, highly visible areas in 
N a tio n a l P a rk s , N a tio n a l S cen ic  
A re a s , A re a s  o f O u ts ta n d in g  
N atural Beauty and Forest Parks.

H igh F o re s ts  p ro m in e n t in  th e  v iew s
fro m  m a jo r  s e t t le m e n ts , m a jo r  
highways, w alking routes or im por­
tant established view points; those 
u sed  in te n s iv e ly  fo r  re c re a tio n ; 
forests of regional ecological im por­
tance.

M edium  F orests  and w ood s p ro m in en t in
the view s from  m inor settlem ents, 
m inor roads and m oderately  used 
w alking routes; those partly  used 
for recreation or light use through­
out their area; w oodlands of local 
ecological significance.

Low  Forests barely  visible from  any but
th e m o st m in o r  ro a d s  o r s e t t le ­
m e n ts , u sed  li t t le  if  a t a ll fo r  
recreation, w ith little potential for 
d ev elop m en t, and low  ecolog ical 
interest.

H aving identified  environm ental sensitiv ity, the 
w eighting required  to be given to environm ental 
objectives becom es apparent.

Forest level
Forest design  plans apply to a w hole forest, or to 
a distinct part, a landscape unit, of a larger forest. 
The forest design  plan concerns the larger scale 
sp atia l lay ou t o f the forest, w hile sm aller scale 
details are built in at the site m anagem ent level. It 
is p r im a r ily  co n c e rn e d  w ith  the lo c a tio n  and 
tim ing of tree felling, and the distribution of tree 
sp e cies  and  o p en  sp ace  a t re g e n e ra tio n , these 
b ein g  the p rin cip al tools av a ilab le  to the forest 
m anager in controlling forest structure, and hence 
the cu rren t and_future flow  of forest prod ucts, 
both tangible and intangible.

T h e aim  o f fo rest d esig n  is to m ove the forest 
to w a rd s  a co n d itio n  in w h ich  it can  co n tin u e  
indefinitely to m eet its m anagem ent, at the sam e 
tim e re ta in in g  s u ff ic ie n t  v e r s a t i li ty  to m eet 
unknow n future dem ands.

The first step is to establish a vision of the desired 
fu tu re co n d itio n  of the forest. T h e second  is to 
w ork out how  to get there. The tw o m ain factors 
required to describe desired future condition are 
structure and com position.

Forest structure is the spatial arrangement of differ­
ent age classes (or m ore precisely, size classes) of 
trees and open spaces that m ake up the forest. In 
the case of patch clear felling , the pred om inant 
silv icu ltu ral system  em ployed in Britain , forest 
s tru c tu re  is co n tro lle d  by th e s iz e , sh a p e  and 
tim ing of felling coupes.

To ach iev e b io lo g ica l robu stn ess, fe llin g  cou pe 
size should relate to the scale of variation in the 
physical site characteristics: topography, soils and 
clim ate. C om p lex  and in trica te  p attern s o f soil 
type in d icate  sm aller p atch  sizes, com p ared  to 
e x te n s iv e  a re a s  o f h o m o g e n e o u s  s o il ty p e. 
S im ilarly , b ro k en  top og rap h y , w h ich  w ill also  
give rise to soil type variation , requires sm aller 
patch sizes than ro lling  hills or u niform  slopes. 
It is no  co in cid en ce  that the d esired  p attern  in 
ecological terms is also appropriate to harm onious 
la n d sc a p e  d esig n : h a rm o n y  re q u ire s  th at the 
pattern reflects the sam e scale of variation in phys­
ical site characteristics.

A further in fluence on patch size is the require­
m ent for sustained yield. Foresters are w ell used 
to the concept of sustained yield for wood produc­
tion. In this case, the unit of norm ality , the area 
from  w hich a sustained  yield  is required , is the 
catch m en t of the p rocessing  m ill. W ith m odern 
transport system s, m ill catchm ent areas are huge, 
and there is no necessary  requirem ent that each 
individual forest has a norm al structure. R egular 
annual tim ber yields m ay, how ever, be desirable 
for continuity of em ploym ent or to provide steady 
incom e to the single forest ow ner.

The concept of sustained yield applies equally to 
forest products other than tim ber. H ence the aim  
sh o u ld  b e  a fo re st s tru c tu re  w h ich  su p p lie s  a 
continuous yield of w ater quantity and quality, of 
wildlife value, of scenic quality and of recreational 
value. The unit of norm ality , the area from  which 
a sustained yield is required, is d ifferent for each 
of these p rod u cts. T he sm aller the u n it area of 
n o rm ality , th e sm a lle r  the p atch  size  req u ired  
for it to contain  p atches o f the full range of age
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classes. Thus for w ater quality, the unit of norm al­
ity is the catchm ent. Felling  and restock ing  of a 
la rg e  p ro p o rtio n  o f th e c a tc h m e n t w ill ca u se  
sudden changes in w ater quality. The aim  should 
be to have a norm al forest s tru ctu re  w ith in  the 
catchm ent so that an equal area is felled each year. 
Net change within the catchm ent from year to year 
is then zero. W ith landscape, the unit of norm ality 
is  th e  v iew : la n d s c a p e  q u a lity  w ill o n ly  be 
su stained  if the forest stru ctu re is such  that the 
w hole area o f forest w ithin the view  is not felled 
at on e tim e. In the case  o f w ild life , the u n it o f 
n orm ality  is certa in ly  no larger than  the w hole 
w ood or forest: every  w ood or forest need s the 
com p lete range of you ng, m id d le aged , m ature 
and very old trees, not necessarily in equal propor­
tio n s , if it is to m a in ta in  its  w ild life  v a lu e  
co n tin u o u sly . T h e actu a l u n it o f n o rm a lity  for 
w ild life  d ep en d s on its m o b ility  -  its  a b ility  to 
m ove from  one patch to an oth er -  w hich  varies 
w ith species. For recreation, it is the visited area. 
Recreation value cannot be m aintained unless this 
area contains a range of young to very old trees, 
again not necessarily  in equal proportions.

In m any cases, the patch size indicated  by  land ­
sc a p e -e c o lo g ic a l co n s id e ra tio n s  w ill p e rm it a 
n o rm a l s tru c tu re  to b e  d e v e lo p e d  w ith in  th e 
req u ired  u nit o f n orm ality . O n e excep tio n  w ill 
often be recreational value, w hich m ay require a 
m ore in tim ate scale o f stru ctu ral d iversity  than 
th e  p h y s ic a l c h a r a c te r is tic s  o f the s ite  sh o u ld  
in d ica te . A n o th e r  m ay  b e a n c ie n t w o o d la n d , 
p a r t ic u la r ly  w h ere  it co n ta in s  p la n ts  th a t are  
slow  colonisers. R esolution of the conflict in scale 
in these cases is b est ach iev ed , w e su g g est, by 
considering a silvicultural system  other than clear- 
felling.

C hoosing too sm all a scale of structu ral d iversity 
is just as dam aging as too large a scale; too sm all, 
and habitats w ill be fragm ented, w ith  the visual 
appearance m oth-eaten ; too large, and it w ill be 
biologically impoverished, and visually monotonous.

N ext w e com e to the d eg ree  of d iv ersity . H ow  
m uch diversity is appropriate in term s of num bers 
of species and habitats? The ob jective m ight be to 
m axim ise  b io d iv ersity  w ith in  the p h y sica l and 
chem ical lim itations o f the site. But is this a su ffi­
cient answer? Just because a hectare of brow n earth 
could support 200 different species of tree, it does 
not follow  that it should. Throu ghout the history 
o f m a n 's  e v o lu tio n , w e h av e co n cen tra te d  the 
p ro d u ctiv e  process on selected  elem en ts o f the 
biosphere, reducing biodiversity to those elem ents 
which we find useful. There is therefore a balance 
to be struck betw een m axim ising production  and

m aintain ing biodiversity . There is, how ever, an 
alm ost universal consensus that the level of biod i­
versity in our upland forests needs to be higher. 
W e need to let at least som e light through the cellu­
lose factory  of the Sitka spru ce canopy to m ake 
room  for other life form s. W e know  the direction 
in w hich we have to m ove, even if we do not know 
how  far. A proportion of other conifer species, a 
broad-leaved elem ent, a netw ork of open spaces 
and glades, and a range of age classes including 
old trees, dying trees and dead wood are necessary 
com p onents o f b iodiversity .

T h ere  is a log ical, p recau tion ary  arg u m en t for 
aim in g  at a level o f b iod iv ersity  w hich  m im ics 
natural ecosystem s. These have developed over 
a long period and have a proven record of their 
degree of ecological stability. It m ay be that som e 
o th e r  le v e l o f b io d iv e rs ity  can  b e  e q u a lly , or 
even m ore, stable, but it w ould take a long time 
to prove the case. It is also likely that attem pting 
to m ain ta in  an  u n n atu ra l level o f b iod iv ersity , 
w h eth er u n n a tu ra lly  h ig h  or low , w ill req u ire  
significant and continued intervention to counter 
the natural direction of developm ent, resulting in 
a high cost o f m anagem ent. It m akes sense there­
fore  to  m im ic  the le v e ls  o f d iv e rs ity  fou n d  in 
natural system s. All natural forests contain  vary­
in g  d e g re e s  o f d iv e rs ity  a p p r o p r ia te  to th e ir  
location. Those in m ore extrem e situations, such 
as at high elevation  or latitude or on poor, in fer­
tile soils, tend to be less diverse in structu re and 
n u m b er o f sp ecies p resen t than  th ose at lo w er 
e le v a tio n s  o r on m o re fertile  so ils . W e sh ou ld  
aim  for a sim ilar trend in m anaged forests.

T oo  h ig h  a lev el o f d iv ersity  for a g iv en  s ite  is 
unsustainable, is inefficient, lacks a sense of unity 
and is visually chaotic. Too low  a level of diversity 
and the forest is ecologically unstable, biologically 
im poverished and visually  m onotonous.

Forest design  planning begins w ith the assem bly  
and analysis of site inform ation. The inform ation  
required and its relevance w ill vary from  place to 
place, bu t in general the follow ing checklist w ill 
be useful.

Physical su rface geology

topography (contours)

drainage and w ater 
courses

soils

w indthrow  hazard 
classification
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Production

C onservation

R ecreation

• grow ing stock inventory

• econom ic felling ages

• access roads and 
harvesting  system s

• sites o f geological/ 
geom orphological 
interest

• sites of 
archaeological/historic 
interest

• im portant extensive 
habitats

• sites of specific w ildlife 
conservation value

• actual and potential 
recreational use
footpath routes ■ 
and potential

actual

V isual

O ther factors, e.g.

• view points inside and 
outside the forest

• elem ents of visual 
d iversity

• visual problem s w ith the 
existing forest layout

• pow erlines

• w ater supply catchm ents

This inform ation is used to conduct a 'constraints 
and o p p o rtu n itie s ' an a ly sis , p ick in g  out those 
factors w hich redu ce freedom  of action, such as 
poor soils, high w indthrow  hazard class, physi­
cal obstructions, protected sites. The opportunities 
are the converse o f constraints -  good soils, low 
w indthrow  hazard class etc. It is useful to show  
these, sieved out on to a m ap and also illustrated 
on perspective sketches.

The other analysis required is a landscape pattern 
analysis. This com prises the visual forces in land- 
form, ecological patterns determ ined from existing 
veg eta tio n  or from  p rev io u s lan d u se, a rch aeo ­
logical sites, soil, drainage and other elem ents of 
diversity such as rock outcrops. From  this, appro­
priate patch sizes and shapes will begin to emerge.

A n in itia l sk etch  d esign  can  then  b e  p rep ared , 
co m p ris in g  a co u p e  d e s ig n  an d  a re s to c k in g  
design. T h e coupe design w ill show  a pattern of 
interlocking patches or areas, related in shape and 
scale to the landscape pattern. These coupes need 
not necessarily be clearfelling coupes, but could be 
the outline o f an area to be treated by  som e other 
silv icu ltu ral system  ap p rop riate  to the site and

the specific objectives. Som e will be earm arked as 
long-term  retentions, to be retained until b iologi­
cal m aturity.

The restock ing  design  u ses the cou pe layout to 
determ ine how each should be treated after felling, 
in c lu d in g  w h a t o p en  g ro u n d  is to be le ft 
unplanted , and the species to be replanted.

The initial sketch proposals are then tested against 
the c o n s tra in ts  an d  o p p o r tu n itie s  a n a ly s is . 
A djustm ents to the initial ideas can then be made, 
to ensure that the eventual plan w ill be w orkable 
and capable of being im plem ented. At this stage 
also, the econom ic felling ages of the original forest 
can be m atched w ith the coupe pattern, to deter­
mine the optim um  felling sequence, while ensuring 
that at least one age class difference is m aintained 
b etw een  ad jacen t cou p es. Som e ad ju stm en t to 
coupe boundaries w ill usually be necessary -  and 
a ch iev a b le  w ith o u t u nd u ly  co m p ro m isin g  the 
desired landscape pattern -  to avoid unacceptably 
high revenue losses, for exam ple from  excessive 
prem ature felling.

In  h ig h ly  v is ib le , la n d s c a p e -s e n s it iv e  a re a s , 
w hether prom inent hillsides or w oodlands on the 
sk y lin e , the co u p e  d e sig n  is b e s t p re p a re d  in 
p erspective and translated to plan. In rolling or 
flat terrain, the coupe design should be prepared 
in plan. It should still be tested in perspective from 
key view points.

In low land w oods, coupe shape and scale is likely 
to be d eterm in ed  as m u ch by co n sid era tio n  of 
recreational use and conservation  requirem ents 
as by landform  and external landscape scale. In 
long established w oodlands, there is likely to be an 
existing pattern of structural diversity, and consid­
eration needs to be given to its approp riateness 
and w hether there is a need for change, to break up 
som e areas or to reduce fragm entation.

O ne of the largest categories of forest in overall 
area term s is the even-aged spru ce forest in the 
uplands, on rolling terrain with infertile, poorly 
drained, windthrow prone sites. Freedom of action 
is sev erely  constrained  by w ind, and, w ith few 
opportunities for lengthening rotations, structural 
d iv e rs ity  can  be a ch iev e d  o n ly  by  p re m a tu re  
felling. The existence of w ind-firm  edges is essen­
tial to successful coupe design in m oderate to high 
h azard  c lasses . E d ges form ed  by road s, rid es, 
w atercou rses and m ajor age class or yield class 
changes should be surveyed and m apped prior to 
the d e s ig n  s ta g e . In G le n tro o l (D u m frie s  and 
G allow ay) this has been developed into a survey 
of 'harvestable units': areas bounded by w indfirm
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edges and capable of being harvested and extracted 
as independent units. A variety of these units are 
then com bined by the designer into felling coupes.

W indfirm  edges can be created by m aking sever­
ance cuts, felling a 20 m etre sw athe of trees along 
desired cou pe bound aries. Severan ce cuts m ust 
be m ade w ell before critical height, the height at 
w hich trees becom e liable to w indthrow , during 
the period of negligible or low  risk. The 'w indow  
of opportunity ' for these operations is extrem ely 
short in the h igh hazard  classes: for exam p le, a 
yield class 12 Sitka spruce stand reaches m oderate 
risk after 17 years in hazard class 6; 19 years for 
y ie ld  c la ss  16 in h a z a rd  c la ss  5 (Q u in e  an d  
Gardiner, 1992). Forest design plans therefore m ust 
be prepared at an early  stage if stand structu re is 
to be m anipulated. In these forests, it is unlikely  
that the desired future condition can be achieved 
in a single rotation. W here w indthrow  hazard is 
high, it is usually  over-am bitiou s to try to in tro­
duce m ore than two age classes at the end of the 
first rotation. Effective structural diversity requires 
a m inim um  of 10 years betw een ad jacent coupes, 
and attem p ts to in trod u ce a third age class w ill 
alm ost certainly be at the expense of this age sepa­
ra tion . A n y  o p p o rtu n itie s  for lo n g er ro ta tio n s 
o ffe re d  b y  lo c a lly  m o re  w in d firm  s ite s  a re  
im m e n se ly  v a lu a b le  fo r  in c re a s e d  s tru c tu ra l 
diversity. H eavy thinning w hile still in the neg li­
gible to low  w indthrow  risk period (for exam ple, 
before 28 years old for yield class 12 Sitka spruce 
on hazard class 4 sites) w ill extend the length of 
tim e these stands can be retained.

W ith any of these approaches to forest design plan­
ning, the proposed design plan m ust then be tested 
against the m anagem ent objectives for the p artic­
ular forest, and against national policy  guideline 
requirements. D oes the proposed structure achieve 
or m ove su fficiently  tow ards identified  requ ire­
ments for sustained yields of wood products, water 
quality , w ild life value, scenic quality , recreation  
value and so on? T h ere  m ay be sev eral op tion s 
that need to be tried to find out which best achieves 
the necessary balance.

The final forest design plan w ill contain:

• a written statement explaining the background;

• the analyses of the survey docum ents, so that 
consultees and m anagers can understand the 
reasons w hy the design plan has turned out 
the w ay it has;

• photom ontages illustrating coupe design and 
restocking design from  m ain view points;

• a cou p e p lan , typ ically  at 1 :10 000 scale (or 
exceptionally  at 1:25 000 or 1:5000), show ing 
fe llin g  p erio d s for c lear fe llin g  sy stem s, or 
m a n a g e m e n t u n its  fo r  o th e r  s ilv ic u ltu ra l 
system s;

• a restocking plan at the sam e scale, show ing 
w hat species are to be planted where, together 
w ith the open spaces and retained stands;

• an appendix, containing the basic survey infor­
m ation in case reference needs to be m ade to 
it at som e tim e in the future.

Site level
The third level of planning is the site m anagem ent 
plan. This is a crucial level because it controls the 
day-to-day activity of the harvesting and restock­
in g  o p e r a tio n s . A s ite  m a n a g e m e n t p la n  is 
prepared for each felling  coupe, before a chain- 
saw  is brought near the first tree. In preparing the 
s ite  m an ag em en t p lan , the fo reste r co n d u cts a 
detailed  su rvey of the site, identify ing  the sm all 
scale, site-related  features w hich w ill not neces­
sarily  have been  picked up in the forest design  
p lan . In fo rm a tio n  co lle c te d  -  w et a re a s , ro ck  
outcrops, old trees, nest sites -  should be recorded 
on a large scale plan, say 1:5000 to allow  sufficient 
d efin itio n . A h arv estin g  p lan  and a resto ck in g  
plan are then prepared. T h e harvesting  plan w ill 
sh o w  th e d eta iled  sh ap in g  of the ed g es o f the 
felling coupe, the sequence and direction of felling, 
e x tra c t io n  ro u te s , m e th o d  o f e x tra c t io n  an d  
planned stacking areas o f sufficient capacity, w ell 
aw ay  fro m  w a te rco u rse s . It w ill a lso  id e n tify  
w hich living and dead trees are to be retained. It 
w ill identify  sensitive sites and state the precau ­
tions required to ensure their protection. In this 
w ay, potential problem s should be identified  in 
advance and solutions provided.

The restocking plan w ill show  ground p rep ara­
tion, drainage layout and planting design. It w ill 
show  the detailed design of edges, the shaping of 
open spaces, and areas reserved  for the natu ral 
regeneration  of broadleaves. It w ill also identify  
sensitive sites and the m easures required for their 
protection or enhancem ent.

The site m anagem ent plan ensures that everyone 
involved in the harvesting  and restocking opera­
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tion k now s w hat is required  for that particu lar 
site . It can  a lso  b e  u sed  as a b asis  for co n tract 
specification, to ensure that the contractors m eet 
all their obligations regarding site protection.

Conclusion
B ritish  forestry  is facing  a m arvellou s op p ortu ­
n ity  a t the p resen t tim e. A n  in creas in g  area of 
p o st-w a r  p la n ta tio n s  a re  re a ch in g  the en d  of 
the f irs t ro ta tio n . A t the sam e tim e, th ere is a 
f irm  p o lit ic a l c o m m itm e n t to m u lt i-p u rp o s e

forestry . W ith  the right p lanning , these p lan ta­
tions can be turned into true forests: forests w hich 
w ill m eet the need of the present day as w ell as 
having a legacy of value to future generations.
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Summary
In the last d ecad e there has been a m ove aw ay 
from  intensive forestry (w here the m ain objective 
w as tim ber production) and tow ards the concept 
and establishm ent of m u lti-use forests (catering 
for recreation and w ildlife conservation as w ell as 
tim ber production). Such a m ove has dem anded 
changes in forest m anagem ent practices and at the 
sam e time there has been considerable d iscussion 
and research into m ethods for valuing non-tim ber 
products and evaluating biodiversity. That is, there 
are two main aspects of relevance w hich should be 
d is t in g u is h e d  fro m  ea ch  o th e r : o n e  a sp e c t is 
concerned w ith m ethods o f valu ing  n on-tim ber 
products and the other is concerned w ith identi­
fying which com ponents of the forest b iodiversity 
have the greatest conservation  im portance. This 
paper briefly describes som e of the m ethods which 
have been used to value non-tim ber products such 
as water catchm ents and the forest as a recreational 
re so u rce . T h e  p a p e r th en  g o e s on to co n s id e r  
e v a lu a tio n  o f b io d iv e rs ity  fo r  c o n s e rv a tio n . 
M anagement for conservation of wildlife should be 
u ndertaken  in as effectiv e a m anner as possible 
and th erefo re  an im p o rtan t s tag e in d esig n in g  
m anagem ent for conservation would be to identify 
species and areas o f greatest conservation  in ter­
est. Evaluation of wildlife and natural com m unities 
is now widely used to help identify areas of conser­
vation interest and to help establish  priorities. A 
conceptual m ethod of evaluation  for use in plan­
tation forests is proposed.

Introduction
In teg rated  m an ag em en t o f forest resou rces for 
tim ber, recreation and conservation is likely to be 
concerned w ith the follow ing: valuation of tim ber

products; valuation of non-tim ber resources; and 
evaluation of the biod iversity  in order to identify  
con servation  p riorities. H ere w e are concerned  
w ith valuation of non-tim ber products and eval­
uation of biodiversity for conservation. These two 
top ics are  very  m u ch  re la ted  in the co n tex t o f 
m anaging forests for biodiversity but they should 
be d istinguished from  each other.

W hen assessing the total econom ic value of forest 
resources it is logical to think in term s of use values 
and non-use values. Sum m arised  in F igure 14 are 
further subdivisions which m ay be usefully exam ­
ined w hen determ ining this total econom ic value 
and w hich w ill be d iscussed in the sections that 
follow . The total econom ic value includes several 
ty p es o f so cia l b e n e fits  (T u rn e r, 1990) y et the 
process o f valuing all the social u tilities o f forests 
(such as w atershed protection and recreation) is 
not easy. The Forestry Com m ission has sponsored 
co n sid erab le  research  into valu ing  forest recre­
ation (Benson and W illis, 1992) and it seem s that 
not all of the w ide range of resources w hich forest 
ecosystem s provide have previously been valued 
adequately . O ne m ay assum e, therefore, that the 
actual value of forest resou rces is far h igher than 
the value which direct 'use valuation ' procedures 
have so far determ ined. In addition, these natural 
resources are unlikely to have been m anaged in an 
e co n o m ica lly  e ffic ien t m an n er s in ce  eco n om ic 
indicators fail to reflect all the costs and benefits of 
their use (Turner, 1990).

T here is considerable in terest in conservation  of 
b io d iv ersity  (that is the variety  o f n atu re  at all 
levels from  genes through species to ecosystem s). 
D e sp ite  th e g ro w in g  c o n c e rn  a t th e  lo ss  and  
degradation  of b iod iversity , w e have to face the 
fact that it is im practical to conserve all aspects of
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Total econom ic value

U se values N on-use values

D irect use Indirect use
I

O ption Existence Bequest

F ig u re 14 The total econom ic value o f forest resources.

b iod iversity  to the sam e extent. That is true on a 
global scale and is also probably true at the scale 
o f a sing le forest. W e have to m ake choices and 
w e have to decide priorities: for exam ple, w hich 
sp ecies and w hich  areas o f the forest should  be 
the ob jective o f conservation  program m es? H ow  
do w e identify  the areas o f greatest conservation 
interest? These are questions w hich are the basis 
of evaluation and especially ecological evaluation.

M any m ethods have been  developed for evalua­
tion of sp ecies and  h ab ita ts . So m e of these are 
based largely or entirely on ecological criteria (e.g. 
species com position, species rarity, species rich­
n ess , sp e c ie s  d iv e rs ity , n u m b er o f en d e m ics), 
h e n c e  th e  e x p r e s s io n  e c o lo g ic a l e v a lu a tio n . 
N atu ra l and  sem i-n a tu ra l a reas h av e b ee n  the 
m ain concern of evaluation  and ecological eval­
uation  and therefore criteria such  as naturalness 
and  rep resen ta tiv en ess  h av e been  ap p lied  and 
q u an tified . T h e re  is no reason  w hy p lan ta tio n  
forests should  not b e  the concern of evaluation; 
indeed, this is very tim ely w hen there is grow ing 
interest in the d evelopm ent of m u lti-use forests 
and m anagem ent o f those forests for biodiversity, 
recreation , environm ental benefits and tim ber.

There is, how ever, a need for the developm ent of 
an  ev a lu a tio n  m eth od  for p lan ta tio n  forests , a 
m ethod w hich can provide a basis for identifying 
the areas o f greatest conservation  interest. Such 
an  e v a lu a t io n  co u ld  a ls o  fo rm  th e b a s is  o f a 
m anagem ent program m e. In this short paper, the 
con cep t o f v a lu ation  o f n o n -tim b er p rod u cts is 
outlined. M ethods for evaluation of biod iversity  
w hich have been developed for use on w oodlands 
and forests are then described and this is followed 
b y  a suggested  conceptual plan for evaluation of 
forest b iod iversity  for conservation.

Values and benefits of nature
C oncern about the future of biodiversity is increas­
ing and there are m ore and m ore initiatives directed 
at its conservation. There have been international 
in itia tiv e s  (e .g . th e B io d iv e rs ity  C o n v e n tio n ), 
national legislation for protection of natural areas 
and species, and m any local initiatives such as the 
creation of com m unity w oodlands. W ith so m uch 
attention being directed at conservation, the ques­
tio n  m ig h t b e  a sk e d , w hy the in te re s t in 
conservation? O r, w hat is the im portance or value 
o f b io d iv e rs ity ?  T h e re  are  e th ica l re a so n s  for 
conserving biodiversity , but there are also m any 
m aterial advantages in doing so (Table 2).

C onservation of b iod iversity  does not just m ean 
p ro te c tio n  o r p re se rv a tio n . T ru e , a m a jo r and 
p o p u la r  o b je c tiv e  o f  co n se rv a tio n  has been  to 
p ro tect b io d iv ersity  from  d istu rb an ce  and any 
form  of exploitation. H ow ever, there is an alter­
native view that by carefully managed exploitation 
co n se rv a tio n  o f b io d iv e rs ity  is m ore lik e ly  to 
succeed. In other w ords, if there is a com m ercial 
interest in a species (that species being seen as a 
resou rce), then it is m ore likely  that the species 
and its h ab ita t w ill be m anaged  and protected  
than if the ob jective w as sim ply  to conserve the 
species for no other reason than its intrinsic value.

N a tu ra l and  liv in g  re so u rce s  su ch  as m in era l 
deposits and forests have a m arket value. But what 
o f the indirect values of biological resources: is it 
p o ss ib le  to v a lu e a m an g ro v e  sw am p , a ch alk  
grassland or even a population of butterflies? In 
recen t y ears th ere has been  a rap id ly  g row in g  
interest in how  to value the natural environm ent 
and biodiversity. O ne approach to types o f b iod i­
versity values and the application to w etlands is 
show n in Table 3.
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T a b le  2 Reasons for conserving nature (after Spellerberg  and H ardes, 1992)

Ethical reasons such as:

1. heritage value
2. cultural value

Provides en joym ent, fo r  exam ple:

1. leisure activities ranging from  bird w atching to w alking
2. sporting  activities such as orienteering and diving
3. aesthetic value by  w ay of seeing, hearing or touching w ildlife
4. enjoym ent of nature depicted in art

R esource fo r  food , m aterials, research inspiration and education (utilitarian), fo r  exam ple:

1. genetic resource
2. source of food
3. source o f organism s for biological control
4. source of pharm aceutical products
5. source of m aterials for buildings
6. source of m aterials for m aking goods
7. source of fuel for energy
8. source of w orking anim als
9. for scientific research
10. educational value
11. insp iration for technological developm ent

Contribution to m aintenance o f  the environm ent (ecosystem s and clim ates), fo r  exam ple:

1. role in m aintain ing C O 2- O 2 balance
2. role in m aintaining w ater cycles and w ater catchm ents
3. role in absorbing w aste m aterials
4. role in d eterm ining the nature of w orld clim ates, regional clim ates and m icroclim ates
5. indicators o f environm ental change
6. protection from  harm ful w eather conditions by providing w ind breaks or flood barriers

Valuation of forest resources

Use and non-use values
W ithin forest ecosystem s there is a great diversity 
of tangible com m odities w hich m ay be o f use to 
hum ans. For exam ple, the d irect exp lo itation  of 
fo re s t re s o u rc e s  fo r  h u m a n  u se  an d  h u m a n  
su rv iv al g en erates a d irect u se v alu e for forest 
re so u rc e s . T h e se  m ay  in c lu d e  re c re a tio n  and  
related experiences in addition to the com m ercial 
tim b er p ro d u c tio n . In a stu d y  by  H a n ley  and 
Ruffell (1992) the follow ing 17 reasons w ere given 
for visiting a forest: w alking, p icnic or barbecue, 
dog w alk ing , sp ecia l fea tu re  su ch  as rep tillary , 
visit the forest, v iew s and scenery, break  in jo u r­
n ey , v is it area  in g e n e ra l, e n te r ta in  ch ild re n , 
cycling , see w ater featu re , p eace and q u iet and

fresh air, boating  and fishing, v isit forest centre, 
w atch w ildlife, photography, other explanations.

Indirect use values are related  to the functional 
services provided by  forested ecosystem s w hich 
ind irectly  su pport hum an p op u lations or p rop ­
erty , or p e rm it eco n o m ic  a c tiv ity  to co n tin u e . 
W atershed protection is one exam ple of such indi­
rect use associated w ith forested catchm ents (as 
are g rou n d  w ater rech arg e and flood  con tro l). 
M any o f these in d irect u se v a lu es m ay  b en efit 
populations (hum an and non-hum an) far outside 
the boundaries of the forested site.

O ption values relate to an individual's desire to be 
able to u se the forest in the future, as w ell as to 
be able to study further to gain m ore inform ation 
ab ou t the eco log ica l system . T h is m ay, in turn,
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Table 3 A n econom ic approach to types of biod iversity  values and an application to w etlands (from 
Spellerberg , 1992)

V alue type Sub-type Exam ple

Use values

(A) D irect C onsum ptive
Productive
N on-consum ptive

H om e consum ed forest fruits
Plant breeding
Tourism

(B) Indirect Ecological process

(C) O ption  values Potential value of m edicinal drugs

N on-use values - Existence value of certain species

A pplication  for w etlands3

Use values

(A) D irect Fuelw ood, fish, w heat, rice, soya­
b ean s, cow p eas, sh ru bs, g rasses, 
bird view ing, w ater transport, etc.

(B) Indirect G roundw ater recharge/discharge, 
flo o d  and  flo w  c o n tro l, s h o re ­
lin e/ ban k  stab ilisation , sed im ent 
retention, nutrient retention, etc.

(C) O ption  values E n v iro n m en ta l fu n ctio n s th re a t­
ened w ith conversion, etc.

N on-use values
«

Birds, w etland ecosystem s, etc.

a M odified  from  A ylw ard , 1991.

allow  further uses to be developed. It m ay also be 
the option sim ply  to visit the site and thereby use 
the forest. O ption values are, therefore, good indi­
cators of the conservation value attached to forest 
resources.

A s w ould be exp ected , it is p ossib le  to identify  
n o n -u se  v a lu e s  o f fo r e s ts  an d  th e re  a re  tw o 
a sp e cts : e x is te n c e  v a lu es  and  b e q u e st va lu es. 
E x isten ce valu es m ight be w here an ind ividu al 
w ish e s  to a ssu re  th e a v a ila b ility  o f a g oo d  or 
serv ice  for o th ers or for fu tu re gen eration s. As 
s u ch , fo re s te d  e c o s y s te m s  m ay  b e v a lu ed  by 
hum ans living far aw ay from  the forest itself. The 
value is based purely  on the fact that such places 
exist, w h eth er p eop le actu ally  ch oose to u se or 
visit the forest or not. Bequest value is the value of

leaving a legacy to future generations of the exist­
ing diversity  of forest resources.

Amenity valuation

As long ago as 1967, H elliw ell devised a m ethod 
to determ ine the am enity valuation of woodlands; 
a version  of the m ethod w as pu blished  by the 
A rboricu ltural A ssociation in 1990. The method 
has tw o ob jectives: firstly , to p rov ide a form at 
fo r the a s s e ssm e n t o f the a m e n ity  v a lu e  o f a 
w ood land  and , second ly , to give p lanners and 
m anagers a basis for including precise and consis­
tent am enity  values in the calcu lations. Briefly, 
six standard factors are identified for each w ood­
land and for each of these there is a score of up
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to fou r points. T he scores for all the factors are 
then m ultiplied together to give an assessm ent of 
the am enity  value of the w oodland. The six stan­
dard factors are: size of the w oodland, position in 
the land scap e, v iew ing  p op u lation , p resen ce of 
other trees, composition and structure of the w ood­
land , and co m p a tib ility  in the lan d scap e . T h is 
m eth od , w hich has been  en d orsed  by the T ree 
C o u n cil, p ro v id es a c lea r and  s tra ig h tfo rw ard  
m ethod for am enity  evaluation of w oodlands.

Notional monetary values
In 1973, H elliw ell suggested  a b asic m ethod for 
valu ing  w ild sp ecies based on fou r factors: the 
num ber of associated species, abundance in Britain, 
con sp icu ou sn ess and m aterial value. Scores are 
aw arded for each factor (1, 2, 4, 8, 16 or 32). For 
exam p le  the v alu e o f O ak  (Q u ercits robu r)  as a 
species in Britain w ould be calculated as follow s:

32 (m any associated species) x 16 
(very com m on) x 4 (conspicuous) 
x 4 (som e m aterial value).

H elliw ell then w ent on to su ggest that the score 
be m ultiplied by the arbitrary figure of £10 000 to 
g ive a sh ad ow  p rice . T h is ap p ro ach , h o w ev er, 
ignores aesthetic values and the values of the func­
tions of m any species of wildlife in open ecological 
system s. Furtherm ore, subjective judgem ents are 
m ade in the process of assigning the scores. W hy 
use these notional m onetary values? A fter all, do 
they help to place a m eaningful value on w ildlife?

Preventative expenditure and 
replacement costs
This approach places a value on a change in envi­
ro n m en ta l q u a lity  or th e lo ss  o f a fu n c tio n  or 
serv ice p rovided  by the eco lo g ica l system . The 
approach is easily  em ployed w here the environ­
m ental ch an g es a ffe c tin g  the fo rest eco sy stem  
involve physical effects w hich are easily observed. 
H ow ever, the approach assu m es that it is p ossi­
ble to replace a certain ecosystem  or prevent certain 
actions occurring. The approach also assum es that 
the existing system  is in an optim al condition and 
that the recreation of a particu lar forested system  
is possible. W ould the D epartm ent of T ransp ort 
have been  able to recreate O xleas W ood several 
m iles from  its original site?

Damage costs avoided
This approach is based on the concept of the value 
of an environm ental good or service being equal to 
the costs of property or other dam age which would

occur if the service did not exist. This approach is 
re la tiv e ly  easily  ap p lied . H o w ev er, w h ere  the 
dam age cannot be valued in terms of m arket prices 
(i.e. n on -u se related  b en efits) the valu e w ill be 
u nderestim ated.

Hedonic travel costs
T h is ap p ro ach  u ses  travel co st (the am o u n t of 
m oney spent travelling to that resource) as a proxy 
for the value of that resource. This approach has 
been applied m ost frequently to evaluation of the 
recreational value o f the forest resou rce (see for 
exam ple, Benson and W illis, 1992).

T h e  a p p ro a c h  is u se fu l b e c a u s e  it re lie s  on 
o b se rv e d  b e h a v io u r , p ro v id in g  a d e g re e  of 
o b je c tiv ity  w h ich  o th e r m e th o d s do n ot h ave. 
H ow ever, the data requirem ents are considerable. 
C o m p arab ility  o f v alu es are also  q u estio n ab le , 
a lth o u g h  S o rg  and  L o o m is  (1985 ) p ro v id e  an 
approach  to com parisons. The approach  takes no 
account of the experience for w hich the travel w as 
undertaken and also it is assum ed that the people 
k now  how  m u ch they w ill en joy  the trip w hen  
they initially  d ecide to take the trip. In addition 
som e trips m ay be m ulti-purpose and so the valu­
ation w ould be an overestim ate o f the true value.

Contingent valuation
This m ethod, which is w idely accepted in the USA, 
w as first u sed  on F orestry  C om m ission  sites in 
1987 (H anley, 1989). Social survey techniques are 
u sed  w h ich  are  in the form  o f b id d in g  g am es. 
Individuals are asked how  their behaviour w ould 
be altered contingent on a new  hypothetical situ ­
ation. A fter an introduction and a full explanation 
o f the pu rpose o f the qu estionnaire participants 
are asked:

1. H ow  m uch they w ould be w illing  to pay to 
achieve an im proved situation.

2. H ow  m uch com pensation they would require 
to accept a reduction from  their current situation.

3. H ow  m uch they w ould be w illing  to pay for 
cu rrent circum stances.

It has been suggested that such an approach suffers 
from  stra teg ic beh av io u r b ias, in form ation  bias 
and  in s tru m e n t b ia s  (S o rg  and  L o o m is , 1985) 
although if the questionnaire is constructed prop­
erly these b iases m ay be m inim al.

T h e greatest ad vantag e o f this m ethod is that it 
results in a m axim um  w illingness to pay value. It
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is also useful in that it allow s option, bequest and 
existence values to be derived. H ow ever, it is a 
hyp othetical approach  and su bject to the above 
biases. In addition a considerable am ount of work 
w ould be required to com plete these surveys.

Energy equivalent method
This approach assum es that there is a fixed rela­
t io n s h ip  b e tw e e n  the e n e rg y  e m b o d ie d  in  a 
product and its m arket price. The total am ount of 
energy captured by  a system  is used as the indi­
cator of the potential for that system  to do useful 
w ork for the econom y.

W hether energy prices (fossil fuels) m ay be used 
as a m easure of econom ic value is questionable. 
T h e ap p roach  also  requ ires an  estim ate for the 
p rim ary productiv ity  for the forest system . The 
approach is regarded as a com p rehensive valua­
tion  technique. H ow ever, an o v erestim ation  of 
the values m ay result if som e of the forest system s 
and services are not of value to society.

The gross expenditures method (GEM)
T h is ap p roach  w ork s on the p rin cip le  that the 
value of hunting (fishing, etc.) is at least equal to 
the total expenditu re by hunters on travel, food, 
lodgings and equipm ent. H ow ever, according to 
Serg  and Loom s (1985), the actual incurred costs 
are not the appropriate m easure o f value because 
if  h u n tin g  w as n o t a v a ila b le  in  th e  fo re s t the 
m oney could be saved or spent elsew here. G EM , 
therefore, does not recognise the net value of the 
natu ral resou rce (the hunted  anim als) over and 
above the expenditures. In fact a declining popu­
la tio n  o f a ce rta in  h u n ted  sp e c ie s  (sa lm o n  for 
exam ple) m ay increase the gross expenditure as 
hunters spend m ore during the hunt.

Evaluation for conservation
E v a lu a tio n  fo r  c o n s e rv a tio n  h a s b ee n  the 
s u b je c t  o f  m u ch  re se a rc h  (S p e lle rb e r g , 1992) 
d esign ed  for p a rticu la r taxo n o m ic g rou p s and 
som e designed for particular habitats. A com m on 
elem en t o f m any asp ects o f co n serv ation  is the 
need to identify areas of conservation interest and 
p erhap s also the need to p rioritise those needs. 
E v a lu a tio n  for co n serv atio n  is co n cern ed  w ith 
identifying conservation needs and priorities. The 
follow ing are the kinds of questions w hich m ay be 
addressed  (from  Spellerberg , 1992):

•  If single species are the target of conservation 
then w hat are the best criteria for selection of 
those species?

•  Saving the last rem aining fragm ents necessi­
ta tes  a ch o ice . T h a t b e in g  so , sh o u ld  the 
choice be based on taxonom ic and ecological 
c r ite r ia  as w ell as u tilita r ia n  and  in tr in s ic  
values?

•  Should the overall aim  be to m axim ise b iod i­
v e rs ity  w h ere v er  p o ss ib le  o r is it b e tte r  to 
com bine utilitarian and conservation interests?

•  Should there be established criteria for selec­
tion of protected areas?

•  W ould it be sensible to direct im m ediate efforts 
towards centres of endem ism , i.e. those regions 
w ith large num bers of endem ic species?

•  It is im practical to protect all biotic communities 
from  p o llu tio n , d is tu rb a n c e  and  d am ag e . 
Therefore w hat are the m ost effective m ethods 
fo r id e n tify in g  the m o st se n s itiv e  b io tic  
com m unities?

Evaluation for conservation can be undertaken at 
d ifferent levels. For exam ple there are m ethods 
w hich have been developed to evaluate the conser­
vation needs of a particular taxonom ic group such 
as flow ering plants. O ne particularly good exam ­
ple is the m ethod used as a basis for the British m i  
data book: vascu lar p lan ts  by Perring  and Farrell 
(1983) in w hich  the authors have selected a few 
criteria w hich are then used to calculate a threat 
num ber (0-15). The higher the num ber the greater 
the conservation needs.

H ere  w e are  m ore co n cern ed  w ith  ev a lu a tio n  
m e th o d s  at the h a b ita t o r co m m u n ity  le v e l, 
esp ecially  those of re lev ance to w oodlands and 
forests.

Ecological evaluation of woodlands 
and forests
Ecological evaluation  of w oodlands and forests 
has m ostly  been designed w ith natural and sem i­
natural w oodlands, rather than plantation forest, 
in m ind. For exam ple G oodfellow  and Peterken 
(1981) have devised a m ethod for survey and eval­
uation of w oodlands based on the w oodlands in 
N orfolk. The m ethod has four stages: prelim inary 
site selection, ground survey of selected woods, 
ra n k in g , and  a s s e ssm e n t and  se le c tio n . T he 
prelim inary site selection provisionally  assigned 
the w oodlands to one of four categories (ancient 
w o od s su p p o rtin g  so m e se m i-n a tu ra l s tan d s, 
ancient w oods entirely stocked w ith plantations, 
se c o n d a ry  w o o d s o r ig in a tin g  b e fo re  1830 ,
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seco n d a ry  w ood s o rig in a tin g  a fte r  1830). For 
th e  s u rv e y , fe a tu re s  su ch  as c o m p o s itio n  of 
each stand, woodland vascular plants, rides, banks 
and d itches, etc. w ere recorded. T h e evaluation 
was undertaken  initially by w ay of a league table 
a c c o rd in g  to th e n u m b e r o f a se le c te d  lis t  o f 
w o o d la n d  v a s c u la r  p la n ts , d iv id e d  in to  tw o 
g ro u p s (th e  firs t w ith  in tro d u ced  sp e cies  and 
planted species, the rem ainder all native species). 
R anking also took into consideration various site 
featu res, bon u s p o in ts being  ad d ed  for g lades, 
rides, open w ater, continuity  of coppice m anage­
m ent, records o f rare invertebrates and adjacent 
se m i-n a tu ra l h a b ita ts . P o in ts  co u ld  a lso  b e  
subtracted  for ram pant introduced species such 
as rhododendron and concrete rides. This m ethod 
of evaluation could usefully  be adapted for p lan­
ta tio n  fo re s ts , as a b a s is  e ith e r  fo r co m p arin g  
plantations or for identify ing  areas of conserva­
tion in terest w ithin  a single plantation forest.

M ore recently , A m m er and U tschick  (1988) have 
undertaken an extensive program m e of research 
on the su rv ey  and ev alu atio n  of w ood lan d s in 
G e rm a n y . S ite  d e s c r ip tio n s  a re  b ase d  on  age 
stru ctu re, soil types, topography and other envi­
ronm ental variables (see Pyatt, pages 28 -31). The 
evaluation  m ethod is aim ed at forest stands and 
takes particu lar account of the follow ing:

•  structures such as rocky outcrops, ponds, and 
faunal surveys;

•  rarity o f the habitats;

•  p ro x im ity  to n a tu ra l c o m m u n it ie s  and  
structures;

•  structural variety  w ithin the stands.

Proxim ity to natural com m unities, rarity and vari­
ety are the three basic elem ents but each of these 
is further divided into sub-criteria (Figure 15). The 
results are expressed  as scores and presented in 
the form  of m aps.

Elements of these two m ethods seem to provide an 
e x c e lle n t b a s is  fo r  a co n se rv a tio n  e v a lu a tio n  
m ethod for forests in Britain. The em phasis on the 
im p ortance of in itial su rveys and inventories is 
u n d erstan d ab le  b u t o f cou rse su ch  in v en tories 
need to be updated . In the ap p aren t absence of 
any ecological evaluation m ethod for forests and 
in the light o f recent forest biodiversity  initiatives 
it seem s tim ely Lhal such a m ethod is devised.

Proposed ecological evaluation for 
forest biodiversity
W h ereas som e eco lo g ica l ev a lu a tio n  m ethod s 
co u ld  b e  d e sig n e d  to id e n tify  the re la tiv e  
co n s e rv a tio n  o f w h o le  fo re s ts , th is  m eth od  
(Figure 16) is designed to identify the priorities, 
sp e c ie s  and  a re a s  o f c o n se rv a tio n  im p o rt­
an ce w ith in  a m an ag ed  forest. T h e su rrou n d s 
of a forest and the extent of isolation (or degree 
o f connectiv ity  w ith other forests and habitats) 
is h o w e v e r  v ery  im p o rta n t. B e ca u se  som e 
fea tu re s  w ill h ave a re la tiv e ly  h ig h er im p o rt­
ance in som e reg ion s, this m ethod needs to be 
sim ple and versatile so that it can be used for a 
w id e ran g e  of fo re sts  in d iffe re n t g eo g ra p h ic  
regions.

It is suggested that the evaluation be based alm ost 
entirely on surveys and inventories and subsequent 
subjective judgem ents of the relative conservation 
value of any particular feature. That is, no scoring 
m ethod is proposed. The survey and inventory 
need to be undertaken at different scales (see Gill 
and Bell, pages 35^11) and should take particular 
note of those features which could be managed in 
support of biodiversity, e.g. area of forest, num ber 
and extent of forest com partm ents, age and species 
of trees in stands, the nature of the forest surrounds, 
and the num ber and characteristics of rides, glades 
and  o th e r u n p la n ted  are as ; the p re sen ce  of 
protected species or species identified as being at 
risk by m eans of red data books. Features such as 
habitat structure, age class structure, open spaces, 
dead and dying wood, tree species richness, under­
storey vegetation, riparian and wetland areas are 
im portant for biodiversity and many can be quan­
tified (Spellerberg and Saw yer, 1993).

Discussion
F o re s ts  p ro v id e  a d iv e rs ity  o f re so u rc e s  and 
services, m any of w hich are difficult to express in 
m onetary terms. An econom ically efficient utiliza­
tion of the full suite of forest resources is therefore 
unlikely to occur but that is no reason why timber 
and tim ber products should be the only resources 
used. Indeed there are those who would suggest 
that u sin g  forests for tim ber only  is an u n d er­
u tilization  of the econom ic potential. H ow ever, 
the determ ination of a value for a specific resource 
u sing  a ltern ativ es to the estab lish ed  econom ic 
criteria does remain a challenge to ecologists, espe­
cially to those ecologists who wish to accommodate 
current ideas about environm ental econom ics in
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their approach to ecosystem  m anagem ent. H ow ­
e v e r , th e d if f ic u lt ie s  o f e v a lu a tin g  fo re s t re ­
sources in term s of m an-m ade capital m ay be the 
crux of the problem. Valuation of natural resource 
cap ita l (in teractio n s, fu n ction s, s tru ctu res  and 
com position) may have to be incorporated w ithin 
the econom ists thinking if they are not to be contin­
ually wrong in their short-term analyses. In fact the 
econom ics will alw ays be w rong w hile they fail 
to take accou n t o f ch an g es in natu ral resou rce 
stocks and fail to validate the costs to future gener­
ations o f com prom ising future choices.

T h e grow ing acceptance of m ulti-use forests and 
the accom m odation of wildlife in plantation forests 
has now  been w ell established in m any countries 
including A ustralia, the USA and Scandinavia. In 
Britain, nature conservation is now  recognised as 
an intrinsic part of m odern forestry (M orton Boyd,
1987). C onsequently  there are now  opportunities 
for an interdisciplinary approach to m anagem ent 
o f forest resources. Interdisciplinary and collabo­
ra tiv e  e ffo r ts  sh o u ld  en su re  th at th ere  is less 
conflict betw een interests. For exam ple, such an 
approach  m ay help to ensure that the best possi­
ble opp ortu nities are used to establish  areas for 
co n serv a tio n  o f b iod iv ersity  w hile at the sam e 
tim e m anaging  the forest effectiv ely  for tim ber 
production. Ecological evaluation of the forest as 
a m eans of identifying the areas of greatest conser- 
v a tio n  in te re s t  (an d  p o te n tia l in te re s t)  is an 
im p ortan t asp ect o f this w ork but such evalu a­
tions must be based on comprehensive inventories.

Forest p lantations are dynam ic and they change 
w ithin  short spaces of tim e. It is im portant that 
m anagem ent for biodiversity takes into consider­
ation the changing forest habitats. It would seem  
advantageou s, therefore, to establish a m onitor­
ing program m e w hich could be used to appraise 
the effectiveness o f the m anagem ent undertaken 
for b iodiversity .
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The Forestry Commission 
and Biodiversity

T he F orestry  C om m ission  has a resp o n sib ility  to im p lem en t G overn m en t 
p olicy  on b iod iversity  in  B rita in 's  forests. In 1992, the F orestry  A u thority  
B iodiversity  In itiative w as established , w ith  tw o principal ob jectives:

To identify  m ethods fo r  im proving biodiversity  in m anaged forests.

To develop standards o f  biodiversity  fo r  m anaged forests.

In response to this In itiative, the Forestry  A u thority  R esearch  D ivision  has 
in trod u ced  a B io d iv ersity  R esearch  P rog ram m e. T h is  P ro g ram m e b rin g s 
together a w ide range of existing research and involves a series o f new  m u lti­
d iscip linary  projects, aim ed at:

• D eveloping m onitoring  protocols and collecting  baselin e in form ation  on 
selected  species or taxa, and structu ral and habitat d iversity  in  stands of 
d ifferent ages in m ajor U K  forest types.

• Id entify ing  b iod iversity  criteria and indicators for m anaged forests at the 
stand and land scap e scale.

• E sta b lish in g  sites for the v a lid a tio n  o f ch o sen  b io d iv ersity  in d icators, 
im plem enting recom m ended forest m anagem ent practices, and long-term  
m onitoring  of b iod iversity  in m anaged  forests.

• Id entify ing  and recom m end ing  p ractical stand ard s by  w hich to appraise 
b iod iversity  in m anaged  forests.
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