
Table 6.4 Vulnerability of a l l  Red Data Book butterflies and a small 
s e l e c t i o n  of RDB macromoths t o  climate change u s i n g  five 
scenar ios  (Table 6 . 3 ) *  The moths were chosen t o  i l l u s t r a t e  
d i f f e r e n t  p a t t e r n s  of geographic ranges; almost all the  
b u t t e r f l i e s  have a strong south or south-eastern bias t o  their 
d i s t r i b u t i o n .  For each of t h e  five scenar ios  the percentage of 
t h e  current area of occupancy (number of 10-km s q u a r e s ) ,  which 
would remain within the  spec ie s '  climate range, is  calculated far 
each QE t he  three va r i ab le s  ( c o n t i n e n t a l i t y ,  mean temperature and 
mean annual r a in fa l l ) .  

Species 

Percentage of cur ren t  range occupancy 
given climate scenario 

1 2 3 4 5 

Carterocephalus palaemon 
Nympha t is polychloros 
Argynnis adippe 
Hesperia comma 
Papilio machaon 
Cyaniris serniargus * 
Mellicta athalia 
Aporia crat-aegi * 
MacuZinea arion * 

Lycaena dispar * 
Melitaea c i m i a  
Strymonidia p m n i  

Butterflies 

100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 

100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 

100 
100 
100 
93 
86 
91 
88 
86 
75 
0 

14 
0 

100 
100 
100 
97 
98 
91 
95 
94 
85 
82 
36 
41 

100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 

Macromo ths 

Eustroma TeticuZatwn 100 100 71 100 100 
Orgyia recens * 100 100 8a 94 100 
Catocala promissa 100 100 25 62 100 
Cucullia gnaphalii IQ0 100 15 31 100 
Coscinia cribraria I00 43 0 14 0 
Phy 1 lodesma i l ic if0 1 ia 71 71 57 75 14 
Lyc ia lapponar ia 56 08 aa 69 44 
Anarta cordigera 31 38 92 69 15 
Photedes captiuncuta 13 93 87 60 20 
Hadena caesia 11 78 78 56 11 
Lycia zonaria 22 39 39 33 33 
Sabra haTpagu Za 33 0 0 67 0 

* based on former range 
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F i g u r e  6.1 Mean altitude of l o b  squares of Great Bri ta in .  Large 
black circles are below Sm a.Q,D., small black circles are S-LOm 
a.Q.D., open circles are 300-500m a.Q.D., triangles are >500m 
a . 0 . D -  

63 



For this work. the database has been considerably updated, and 
translated t o  conform to the EC's CORINE Biotapes Classification 
(European Communities 1991). The CORINE system of biotope coding is  
hierarchical. so i t  is possible ta specify t he  biotopes of a species 
to vary ing  degrees of precision. eg. 

33 HEATH AND SCRUB 
31.2 Dry heath 

31.22 Sub-Atlantic Calluna-Genista heaths 
31.225 B r i t i s h  Cattuna-Eenista heaths 

31.2251 
31,2252 

East Anglian Ca 2 Zuna-Festuca heath 
Spring squill (SciZZa verna) heath 

An extract from the dry heathland entries in the BOD is given in 
Table 6.6. 

Table 6 . 5  Red Data Book species vulnerable to sea level rise 

3: 10-km squares i n  
DCCUPBnC.Y at a l t  * * 

Species Order 5m 5-10m 

Sphaerium so Z idum 
Thalera fimbrialis 
Eupithecia extensaria 
Goenagrion armatum 
Iris spuria 
Equisetum r a m o s i s s i m  
Alisma gramineum 
Teucrium scordium 
Valvata macrostoma 
Ei lema pygmaeola 
Viola persic ifo 1 ia 
Photedes brevilinea 
Lactuca s a t  igna 
Hydraecia osssola 
L imon iwn be Z Z id if0 1 ium 
Lycaena dispar 
Senecio paludosus 

** 

Mollusca 
Lepidoptera 
Lepidoptera 
Odonata 
Magnoliopsida 
Equisetopsida 
Magnoliopsida 
Magnoliopsida 
Mollusca 
Lepidop tera 
Magnoliopsida 
Lepidoptera 
Magnoliopsida 
Lepidoptera 
Magnoliopsida 
Lepidoptera 
Magnoliopsida 

100 
100 
63 
50 
50 
50 
50 
38 
38 
38 
37 
33 
30 
30 
27 
0 
0 

0 
0 
0 

50 
0 
0 
0 
21 
19 
0 
26 
33 
20 

0 
9 

100 
100 

t 

.* 

altitude above Ordnance Datum 

species believed extinct; values refer to former sites 
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6.3.2 Biotopes of rare spec ie s  
The species-complement of BOD i s  not y e t  f u l l y  r ep resen ta t ive  of the  
B r i t i s h  f l o r a  and fauna,  but represents  a broad cross -sec t ion ,  The 
spec ies - r ichness  d a t a  (Table 6 .7 )  confirm widely-held b e l i e f s ,  such 
as the ranking f i r s t  of broad-leaf woodland as t he  r i c h e s t  h a b i t a t ,  
and the higher species-r ichness  i n  calcareous than i n  sandy 
grassland.  It is more su rp r i s ing  t h a t  f ens  (232 spec ie s )  are hardly 
r i c h e r  than w e t  heath and upland moorland (228 s p e c i e s ) .  However, 
the  la t ter  category combines lowland, southern biotopes with Pennine 
and Welsh moorland and the  middle-al t i tude S c o t t i s h  upland biotopes.  
Thus, the  f u l l  quota of wet heath and moorland spec ies  w i l l  never 
G O - O C C U ~ ,  whereas t h e  f i n e s t  fenland sites could be expected to  
conta in  a high proport ion of the  f u l l  b io t a .  Dry heath is  also 
comparatively spec ies - r ich ,  but  i n  t h i s  case i t  represents  a s i n g l e  
well-defined biotope rather than a combinatian of geographical ly  
d i s p a r a t e  ones. However, t he  high spec ies - r ichness  is probably 
because dry heathland i n  B r i t a i n  is concentrated i n  a few southern 
coun t i e s ,  e s p e c i a l l y  Dorset,  Hampshire and Surrey (Webb 1986). These 
count ies  are cen t r e s  for  species-r ichness  i n  B r i t a i n ,  p r imar i ly  far 
reasons of climate (Watt et aZ. 1990; Lawton et aZ. i n  p r e s s ) .  

There are seve ra l  poss ib le  explanat ions f o r  t he  low values for 
aqua t i c  biotopes.  They may r e f l e c t  a greater r e s i l i e n c e  of these  
biotopes.  There may also be a taxonomic bias at work: important 
f reshwater  groups such as Ephemeroptera and Plecoptera  were excluded 
from the Red Data Book ( S h i r t  19871, and o the r s .  such as aquat ic  
Coleoptera,  are not  y e t  i n  BOD. 

6.4 CURRENT EXTENT OF MAJOR BIOTOPES 
I n  the same way t h a t  rare spec ies  tend to  be more threatened by 
change than common and widespread spec ie s ,  a rare biotope may be 
deemed to  be more vulnerable  than a common biotope by v i r t u e  simply 
of its r a r i t y .  For such biotopes,  t he  concept of co r r ido r s  or  
s tepping-stones fo r  d i s p e r s a l  may be i r r e l e v a n t  ( i f ,  as with 
mountain-tops, t he re  is nowhere f o r  a co r r ido r  t o  l e a d ) ,  o r  be too 
late,  i n  t h a t  t he  change is l i k e l y  t o  be to  severe  and too  r ap id ,  
t h a t  d i s p e r s a l  i s  unl ike ly  to  keep pace. 

I f  a b io tope  is  rare but  geographical ly  s c a t t e r e d  (for example, 
raised bogs), a d i f f e r e n t  problem arises. Its climate space may be 
wide enough t o  ensure t h a t  a biotope of similar cha rac t e r  surv ives  
somewhere wi th in  B r i t a i n ;  but fragmentation of the  biotope is 
a l ready  such t h a t  i t  w i l l  be d i f f i c u l t  or  impossible for species t o  
move long d i s t ances  through the  landscape within the  biotope. 
Corr idors  do not  cu r ren t ly  e x i s t  for most rare, fragmented b io topes ,  
and it is d i f f i c u l t  t o  imagine them being crea ted  i n  f u t u r e .  

S i t e s  c m  be charac te r ized  according to  the  species-r ichness  of 
species c h a r a c t e r i s t i c  of a given b io tape .  A few sites w i l l  contain 
the  major i ty  of t h e  assemblage, and p a r t s  of t h e  wider countryside 
w i l l  support  one or  two of t he  spec ies  i n  the  absence of what would 
be recognized as the  biotope i t s e l f .  A threshold species-r ichness  is  
needed to i n d i c a t e  when a biotope is  present  i n  a lOkm square,  For 
t h i s  purpose, t he  r e l a t i v e  ex ten t  of  t h e  biotope is def ined as the 
number of lOkm squares containing at least  25% 01 the maximum number 
of characteristfc species which CO-OCCUT in one OT rn0z.e I O k m  



Table 6.6 Composition of some major biotopes as held i n  the  Biotope 
Occupancy Database 

Species numbers 

C h a r a c t e r i s t i c  RDB 
CORINE 

Biotope name code 

Heath and scrub 31 22 4 
Dry heaths  31.2 181 11 
Sub-montane Vacciniwn heaths  31.21 I1 2 
North At l an t i c  Vaccinium heaths  31.211 1 
Upland B r i t i s h  bilberry heaths  31.212 2 1 
Sub-Atlantic CaZluna-Genista heaths 31.22 1 
British CaZZuna-Genista heaths 31.225 XI 4 
E a s t  Anglian CaZZuna-Festuca heaths  31.2251 1 1 
Spring squill heaths  31.2252 2 2 
Northern Erica Ltagans heaths  31 -234 1 
Lizard peninsula  Erfca vagans heaths  31.2342 2 2 
Anglo-Armorican western gorse heaths  31.235 4 2 
UZelc gaZZZZ-bristle bent  heaths  31. * 2354 1 1 

Table 6 .7  Numbers of characteristic and RDB species in the targeted major 
b ia topes  

- - - 

Number of Red Data Book species 
c h a r a c t e r i s t i c  

Biotope spec ies  Number Percent 

Calcareous grassland 3 37 61 18 
Inland c l i f f s  & scree 139 58 42 
Fen & reedbeds 232 57 25 
Broad-leaf woodland 441 53 12 
Sand dunelshingle  185 49 27 
Fallow f i e l d s  126 44 35 
sandy grassland 182 32 18 
Damp grass land  183 31 17 
Coastal c l i f f s  113 30 27 
Dry heath 233 28 12 
Woodland edge, scrub  173 27 16 
Arable 87 23 20 
Wet heath & upland moors 228 22 10 
Flowing f reshwater  203 18 9 
Raised & blanket bogs 65 18 28 
Urban/ industr ia l  88 18 9 
Coas ta l /es tuar ine  93 14 15 
Bocage 123 11 9 
Non-eutrophic f reshwater  164 10 6 
Montane grassland 38 6 16 
Conifer woods/plantation 53 3 6 
Eutrophic f reshwater  66 2 3 
TOTALS 1535 379 24.7 
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6.5 

squares. This is used, r a t h e r  than the  total  from Table 6.7, because 
of the  d i f f e r e n t  l e v e l s  of species- turnover  (be t a -d ive r s i ty )  i n  the  
d i f f e r e n t  b io topes ,  I f  there are two broad geographic groupings i n  
a biotope.  'nor thern '  and ' s ou the rn ' .  t h e  total spec ies  l i s t e d  for  
the  biotope may be twice what is  a c t u a l l y  found a t  any ind iv idua l  
s i te .  Conversely, i f  the  biotope i s  predominantly southern,  with a 
gradual  dec l ine  i n  species-r ichness  northward, t h e  whole assemblage 
may be found i n  one place. 

The r e l a t i v e  ex ten t s  of the  biotopes are presented i n  Table 6.8, 
ranked i n  order  of decreasing ex ten t .  These ranks gene ra l ly  concur 
with common b e l i e f ,  though a few b io tapes  seem out  of sequence. This 
i s  a funct ion of t h e  b i o t i c  i n d i c a t o r s  which the method uses. 
'Arable land' is less preva len t  as a wildlife h a b i t a t  than i ts  
a c t u a l  area would suggest ,  because the  c h a r a c t e r i s t i c  spec ie s  of 
a r a b l e  land i n  BOD are co rn f i e ld  and a rab le  weeds, not  t he  crop 
plants themselves. Broadleaf woodland is r a t h e r  less ubiqui tous than 
expected because the  pa t t e rn  of species-r ichness  of the  woodland 
assemblage has a s t rong  south-eastern bias. Hence, although the  
biotope is  present  throughout the  country,  many areas l ack  t h e  s u i t e  
of assoc ia ted  spec ie s ,  This is a poss ib l e  problem when applying any 
ind ica tor -spec ies  c r i t e r i o n  na t iona l ly .  

DECLINES IN MAJOR BIOTOPES - AN OVERVIEW 
The change i n  s t a t u s  of each biotope could i n  theory be quant i f ied  
by combining species dec l ine  and biotope occupancy da ta .  
Unfortunately,  d i f f e rences  i n  the p a t t e r n  of recorder  e f f o r t  over 
t i m e  f o r  each taxonomic group, and i n  the number of spec ie s  i n  each 
group. render simple summing of the  slopes of regress ion  l i n e s  
i n e f f e c t i v e  (it  is  unduly inf luenced by spec ies  with large total  
numbers of r eco rds ) ,  One a l t e r n a t i v e  would be t o  t abu la t e  the 
numbers of spec ie s  showing a s i g n i f i c a n t  increase  o r  decrease.  For 
the  set of spec ie s  occurr ing i n  each of the  22 biotope ca t egor i e s ,  
a number X will have increased s i g n i f i c a n t l y  and Y w i l l  have 
decreased s i g n i f i c a n t l y :  t he  d i f f e rence  ( X  - Y )  could provide a 
r e l a t i v e  measure of the  dec l ine l inc rease  of each biotope category 
(Table 6.9) .  The ca l cu la t ions  have been performed f o r  each taxonomic 
group s e p a r a t e l y ,  then the  n e t  number of spec ie s  showing a 
s i g n i f i c a n t  change i s  expressed as a % of the  assemblage i n  the  
biotope (from Table 6.7) * 

These s t a t i s t i c s  are d i f f i c u l t  t o  i n t e r p r e t ,  and may no t  reflect the  
t r u e  p a t t e r n  of change. Adjustments are needed f o r  t h e  spec ies  
composition ~f the  assemblages (eg.  some biotopes may be 
charac te r ized  mainly by f l o r a ,  and vascular  p l a n t s  have genera l ly  
shown fewer s t a t i s t i c a l l y  s i g n i f i c a n t  dec l ines  as assessed by t h e  
techniques used here).  Further  work on r e f i n i n g  the methods of 
a s ses s ing  biotope change using s u i t e s  of c h a r a c t e r i s t i c  species if 
c l e a r l y  needed. 

6.6 MONTANE HABITATS - A CASE STUDY 

6.6.1 Distribution of mountains 
The uplands cover about 30 X of the  land area of B r i t a i n .  The 
montane component of the  uplands has been def ined as beginning a t  
610111 (2000 f t)  and covers about 2.5 X of B r i t a i n  ( R a t c l i f f e  & 
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Thompson 1988). Montane areas form islands rather than co r r ido r s :  
the higher  the  a l t i t u d e ,  the more separated the  i s l a n d s  and the  
smaller the area available. The uplands as a whole, however. j o i n  
into extens ive  contiguous blocks which may be assumed to  be 
s u b s t a n t i a l l y  interconnected by corridors of broadly similar h a b i t a t  
types. Figure 6.1 shows the  d i s t r i b u t i o n  of h igh -a l t i t ude  areas, and 
Figures  6.2 t o  6.4 show the  p a t t e r n s  of upland bio topss .  def ined by 
spec ie s  assemblages. 

Since the  development of pos t -g l ac i a l  f o r e s t  cover,  montane 
vegeta t ion  has a t  times been r e s t r i c t e d  t o  even smaller areas than 
a t  present .  There would have been no ex tens ive  montane vegeta t ion  
south of North Wales a t  the  time of maximum woodland cover during 
the  ' c l i m a t i c  optimum', c .  7000-5000 yea r s  B.P. (Buckland & Coope 
1991). The t r e e - l i n e  i s  estimated t o  have been a t  419 m (100% of 
highest p o i n t )  on Bodmin Moor, 551 m (81%) on Dartmoor, 635 m (59%) 
i n  North Wales, 595 m (94%) i n  the  Southern Pennines, 893 m (100%) 
i n  t h e  Northern Pennines, 454 m (100%) on the  North York Moors, and 
760 m (78%) i n  the  Lake D i s t r i c t  (B irks  1988). 

Table 6 . 8  Rela t ive  ex ten t s  of major biotopes.  Rela t ive  ex ten t  is  t h e  number 
of lOkm squares  canta in ing  a t  least 25% of the  maximum spec ies  
r ichness  (maximum number of c h a r a c t e r i s t i c  spec ies  recorded i n  a 
s i n g l e  10km square), 

Ranked biotope 

1. 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 

Eutrophic s t i l l  freshwater  
Sandy grass land  
Damp grassland 
Urban. suburban & i n d u s t r i a l  
Fallow f i e l d s  & waste ground 
S t i l l  non-eutrophic f reshwater  
Flowing freshwater  
Woodland edge, c l ea r ings  & scrub 
Calcareous grass land  
Arable land with weeds 
Coniferous woodland & p lan ta t ion  
Wet heath & upland moorland 
Bocage 
Dry heath 
'coastalB sand dune & sh ing le  
Broadleaf woodland 
Water-fringe,  reedbed & fen 
Coastal  c l i f f s  and rocks 
Inland c l i f f s ,  rocks & scree 
I n t e r t i d a l  coas t a l / e s tua r ine  
Raised bogs & blanket  bogs 
Mountain-top grassland & snowpatch 

Rela t ive  
ex ten t  

i iaa 
1160 
1116 
1100 
1080 
1075 
1015 
1010 
942 
924 
894 
889 
879 
873 
808 
744 
728 
364 
277 
264 
235 

52 

M a x .  spp. 
r ichness  

16 
aa 
79 
86 
48 
57 
60 

101 
137 
27 
16 
83 
66 
92 
42 

178 
79 
32 
16 
30 
10 
9 
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Table 6 . 9  Rela t ive  change ( % )  of major biotopes using c h a r a c t e r i s t i c  
species. Positive values signify an increase. negat ive values  a 
decrease.  Columns are: 1, Bumblebees; 2 ,  B u t t e r f l i e s ;  3, 
Macromoths; 4,  Mammals; 5 1  Molluscs; 6,  Odonata; 7. 
Orthopteroids;  8 ,  Vascular p l a n t s ;  9 .  N e t  change (number of 
s p e c i e s ) ;  10. n e t  ;/o of characteristic spec ies  changing. 

Bio tope 1 2  3 4 5 6 7 8  9 10 

I n t e r t i d a l  -5 1 - 3 1 2  -4 -4 
Coastal  sand -3 1 -25 -2 -2 4 -27 -15 
Coastal cliff 1 -7 I -2 4 -3 -3 

Non-eutrophic water 2 -15 4 -I 3 -7 -4 
Flowing fresh-water  -4 I -28 1 -2 2 -30 -15 
Wet heath -1 -29 -2 -2 2 -32 -14 
Dry heath -2 -2 -28 -1 -2 -3 3 -35 -15 
Woodland edge -2 -1 -4 2 -3 -8 -5 
Calcareous grassland -8 -3 -17 -4 4 -20 -8 
Sandy grassland -55 2 4 4 1 -1 5 +3 

Eutrophic water -14 5 -9 - 14 

Mountain- top 6 1 7 +18 
Damp grass land  2 6 4 1 1  14 +8 
Broadleaf woodland -3 -38 -2 -12 -1 -56 -13 

Raised bogs -2 -1 -2 -1 2 -4 -6 
Fen e t c  -1 -3 -6 -15 -3 -1 2 -27 -12 
Inland c l i f f s  1 -3 -1 -3 -2 
Arable land 1 2 I -5 -1 -1 
Bocage -2 1 -1 J. 2 -3 -2 -2 
Urban 1 2  6 1 -4 -2 4 +5 
Fallow & waste grnd 1 4 3 1 -2 7 +6 

Conifer woodland -1 -3 -3. -2 -I -a -15 

6.6.2 The montane environment 
A t  British latitudes, the  theoretical lapse rate fo r  air temperature 
is around 6 ' C  per 1000 m increase  i n  a l t i t u d e  (Giddings 1980). The 
commonly accepted scenar io  of temperature increases  of 2-3"C would 
be equiva len t  ta about 300-500 m downward s h i f t  i n  a l t i t u d e .  

The climate experienced by p l a n t s  and animals a t  ar  close to ground 
l e v e l  is  far more complicated than a i r  temperature. Rainfall, wind 
speeds and humidity a l l  have an e f f e c t ,  as will t he  microclimate 
c rea t ed  by small boulders, s tones ,  or t he  structure of the  
vege ta t ion .  The s o i l  microclimate is also critical for seed 
germination, F Q O ~  growth and for  many inve r t eb ra t e s :  large numbers 
of surface-dwell ing or non-soil  i nve r t eb ra t e s  are subterranean BS 
l a r v a e  (Wallwork 1976; Eversham e t  aZ. 1992). Aspect and exposure i n  
particular can have a major e f f e c t :  high-altitude south-facing 
slopes can have consistently higher temperatures than north-facing 
o r  level-ground sites seve ra l  hundred metres lower. A f u r t h e r  
complication for many i nve r t eb ra t e  species is t h a t  basking behaviour 
i n  sunshine can raise body temperature by 10°C above ambient (Begon 
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1983) ; sunshine is  one of t h e  most unpredictable  va r i ab le s  i n  f u t u r e  
c l imate  scenar ios .  

6.6.3 Assemblage mapping of upland biatopes 
The mountain-top grassland arid snowpatch biotope has been chosen as 
being among the  most vulnerable  t o  c l imate  change, and w i l l  be 
discussed i n  the  context  of upland biotopes i n  genera l .  

F igures  6 .2 ,  6.3 and 6.4 show the  na t iona l  d i s t r i b u t i o n  of the  
assemblages of spec ie s  c h a r a c t e r i s t i c  of t h ree  predominantly-upland 
biotopes:  (i) raised bog and blanket bog, (ii) inland c l i f f s  and 
scree, and (iii) mountain-top grassland and snow-patches. The f i r s t  
is a geographical ly  wide-ranging grouping which combines upland and 
lowland b i o t a  assoc ia ted  w i t h  permanently-wet ac id  peaty s o i l s .  
( M a n y  spec ie s  i n  bogs a r e  common t o  both upland and lowland, so 
separa t ion  of the  two is  impract icable .  ) The three maps together  
provide a series of assemblages which are increas ingly  spec ia l i zed  
with respec t  t o  c l imate ,  and whose biotopes are less and less l i k e l y  
t o  have an e f f e c t i v e  p a t t e r n  of co r r ido r s  or  stepping-stones along 
which spec ie s  could d isperse  i n  response t o  climate warming. 

6.6.4 Loss of montane biotopes with  climate change 
On the b a s i s  of temperature a lone,  increases  i n  ambient values w i l l  
r e s u l t  i n  t he  montane i s l ands  become smal le r  and more separated.  
Using Birkst (1988) t r e e - l i n e  es t imates  as the lower l i m i t  of the  
montane zone i n  England and Wales, and the  a l t i t u d e  equivalent  of a 
3°C i nc rease  i n  temperature, i t  might be pred ic ted  that  no montane 
h a b i t a t s  would remain, I f  the  increase  was 2°C. only p a r t s  of 
Snowdonia might be expected t o  r e t a i n  any montme environment. 
However, i f  o t h e r  f a c t o r s  prevented t r ee / sc rub  cover from 
developing, the  complexity of the montane microclimate might allow 
s u i t a b l e  h a b i t a t  f o r  some montane species to  survive.  

& 6 , 5  Montane a n i m a l  species 
The B r i t i s h  montane fauna is  impoverished, containing no montane 
endemics such as Q C C U ~  i n  profusion i n  the  Alps ,  Pyrenees and S i e r r a  
Nevada. Only a few representa t ives  of t he  borea l  fauna of 
Scandinavia occur i n  Br i t a in .  and most of these  are mainly or 
e n t i r e l y  confined t o  Scotland. This may well be the  r e s u l t  of the  
warmer period i n  the  pos t -g lac ia l :  many tundra-dwelling boreomontane 
i n s e c t s  occurred i n  B r i t a i n  for  up t o  3000 years  a f t e r  t h e  end of 
the  g l a c i a t i o n ,  bu t  disappeared with the  advance of f o r e s t s  
(Buckland & Coope 1991). However, t he re  is l imi t ed  evidence for  more 
recent  boreomontane e x t i n c t i a n s .  For i n s t ance ,  the  snail Trochoidea 
gsyeri was abundant throughout lowland and upland England 
immediately a f t e r  the  g l a c i a t i o n ,  then decl ined r ap id ly  and is 
absent  from most depos i t s  younger than 7000 B.P. However, i t  has 
r ecen t ly  been found i n  Bronze Age depos i t s  (c. 3500 B.P.) from 
south-west England. I t  appears t o  have survived the  success iona l  
changes of the  'c l imat ic  optimum' only t o  be exterminated by human 
impacts on the  landscape (Kerney & Cameron 1978; M.P. Kerney pers. 
comm. 1 .  

Animal spec ie s  living i n  mountains have seve ra l  types of 
d i s t r i b u t i o n .  Some a r e  found exc lus ive ly  i n  the  mantane zone, 
whereas other. more wide-ranging spec ies  occur throughout t h e  upland 
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Figure 6.2 Species-richness of the assemblage characteristic 
of raised bogs and blanket bogs. 
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F i g u r e  6.3 
inland c l i f f s ,  rocks  and scree. 

Species-richness of the assemblage characteristic of 
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F i g u r e  6.4  
mountain-top grassland and snow-patches. 

Species-richness of the assemblage characteristic of 
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zone. In t he  h i l l  pas tu re  01' moorland zone, the  Latter would CO- 
e x i s t  with spec ie s  restricted to t h i s  zone. There are also eury topic  
spec ie s .  such as the  carabid beetle Nebria saZina, which occur i n  
many biotopes from seashore t o  mountain summits. Some eurytopes,  
such as the b e e t l e  Carabus problematicus, are most abundant i n  
upland areas, and may become less f requent  under climate warming. 
e s p e c i a l l y  i f  more lowland competitors begin t o  colonize the  
uplands I 

Common upland spec ie s  ranging from. say ,  300 m t o  the  summits, eg. 
Nebria gyllenhalf , should e a s i l y  survive an increase  i n  temperature. 
Those "trapped" on lower h i l l s  may be a b l e  t o  use corridors which 
are widespread a t  3OOm. S imi l a r ly ,  those spec ies  almost exc lus ive  t o  
t h e  h i l l  pas tu re  and moorland zone, such as the  e l a t e r i d  Ctsnicsm 
cuprea or t he  carabids TTichoceZZus cognatus and CaZathus 
micropterus would still have s u i t a b l e  h a b i t a t .  

R a t c l i f f e  and Thompson (1988) state t h a t  t he re  are, for example, 13 
s t r i c t l y  montane Lepidoptera, 13 montane Diptera ,  17 rnontane 
s p i d e r s ,  22 montane b e e t l e s  and 14 montane sawflies i n  Br i t a in .  
There are, i n  Wales, about 21 montane b e e t l e s  (Goodier 1968). The 
f a t e  of these  t r u l y  montane spec ies ,  such as t he  carab ids  Nebria 
nivalfs, Leistus montanus o r  the s t aphy l in id  Geodromfcus tongipes. 
might pr imar i ly  depend on the  ex ten t  of t he  present  rnontane zone and 
t he  ex ten t  of t he  e leva t ion  i n  temperature. Many montane 
inve r t eb ra t e s  are unable t o  f l y ,  and therefore  would be unable t o  
move t o  remaining s u i t a b l e  h a b i t a t s .  Indeed, t h e i r  p resent  
d i s t r i b u t i o n s  may already be fragmented and lacking  i n  h igh-a l t i tude  
co r r ido r s .  S u i t a b l e  microhabi ta ts  might remain within the  areas of 
their  cu r ren t  d i s t r i b u t i o n :  there are, however, f e a t u r e s  of present  
d i s t r i b u t i o n s  which are d i f f i c u l t  to understand. 

Many upland and montane animals have very d i s j u n c t  d i s t r i b u t i o n s ,  
and are absent  from some mountain ranges which would appear t o  
provide s u i t a b l e  h a b i t a t .  Most s t r i k i n g  of these  is the Rainbow 
Leaf-beet le  (ChrysaZina cerealis) which occurs only i n  a very 
l imi t ed  area of North Wales, and is  apparent ly  absent  from English 
and S c o t t i s h  mountains ( S h i r t  1987). Conversely, two s n a i l  spec ie s ,  
V f t r s a  subrimata and CZausiZia dubia, are abundant i n  the  Pennines 
bu t  absent  from Scotland and Wales (Kerney 1976). 

Fragmentation of ranges and i s o l a t i o n  of mountain-top populat ions 
may appear t o  t h rea t en  the su rv iva l  of i nve r t eb ra t e  spec ies .  
However. t h e r e  are a few ins tances  which suggest  t h a t  i s o l a t e d  
populat ions i n  less than i d e a l  c l imate  may have some hope of 
s u r v i v a l  even i f  co r r ido r s  and not  ava i l ab le  and d i s p e r s a l  is 
impossible.  A small population of the  sna i l  Clausitia dubia has 
p e r s i s t e d  a t  Dover Castle i n  Kent, almost 400km from t h e  nea res t  
n a t i v e  populat ion,  for over 150 years  It i s  bel ieved o r i g i n a l l y  to  
have been introduced there, Populations of the  glacial-moraine 
carab id  fliscodera arctica have been found a t  an i s o l a t e d  sea- leve l  
moraine 5Okm away from (and 40Qm lower than)  their nea res t  
neighbours. The same lowland moraine and ad jo in ing  bog, i n  lowland 
south Yorkshire,  suppar t s  t he  predominantly Scottish-montane shore- 
bug SaZda muelZsri, as well as a large and g e n e t i c a l l y  very diverse 
populat ion of the  upland moorland Large Heath B u t t e r f l y  (Coenonympha 
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t u l l - i a )  (Skidmore e t  aZ. 1987; Eversham 1 9 9 2 ) .  For tu i tous ly ,  the  bag 
fauna a t  t h i s  s i t e  i s  known t o  have persisted f o r  over 3000 years: 
i t  is  s u b s t a n t i a l l y  s i m i l a r  t o  t h a t  assoc ia ted  with a Bronze Age 
trackway across  the  mire (Buckland & Kenward 1973; Buckland 1979). 

Rare spec ie s ,  such as the  Rainbow Leaf Beetle on Snowdon, present  a 
d i f f e r e n t  problem fo r  conservation. It  is  not  clear to  what ex ten t  
t h e i r  p resent  i s o l a t i o n  depends on the  uniqueness of t he  combination 
of a b i o t i c  and b i o t i c  f a c t o r s  a t  their s p e c i f i c  si te.  Even i f ,  i n  
temperature terms, s u f f i c i e n t  h a b i t a t  remained. i t  seems unlikely 
t h a t  a similar combination of f a c t o r s  would occur given a climate 
change. A l ist  of exclusively montane Lepidoptera and sp ide r s  of 
England and Wales is  given by R a t c l i f f e  (1977). 

The mabi l i ty  of b i r d s  allows them t o  forage over wide areas and no 
spec ie s  is confined t o  the  montane zone. Only th ree  spec ie s ,  
Ptarmigan (Lagopus mutus), Dot tere l  (Charadrius morineZZus) and Snow 
Bunting (PZectrophenax nivalis) I breed exc lus ive ly  i n  the montane 
zone i n  Scotland ( F u l l e r  1982). Golden Plover  (PtuviaZis aprfcaria), 
T w i t e  (Carduetis flavirostris) , Ring Ouzel (Turdus t o r p a t u s )  and 
Wheatear (Oenanthe oenanthe) breed i n  both the  montane and 
submontane zone. These spec ie s ,  together  w i t h  those ,  such as Raven 
(Corms c o r m ) ,  nes t ing  on rocky outcrops o r  crags, depend more on 
t h e  a v a i l a b i l i t y  of s u i t a b l e  h a b i t a t  than on a l t i t u d e .  There are, 
for i n s t ance ,  breeding populations of T w i t e  a t  sea l e v e l  i n  the  
Hebrides (Sharrock 1976) and i n  southern Yorkshire (Marshall e t  a l .  
1989). I t  the re fo re  appears t h a t  an inc rease  i n  temperature might 
have l i t t l e  effect on the  b i r d  spec ies  l i v i n g  i n  the  mountains of 
England and Wales. 

The only ‘montane’ mammal i n  England and Wales, the  Mountain Hare 
(Lepus timidus), is t h r iv ing  i n  the  southern Pennines where i t  was 
introduced e .  1880. I t  seems unl ike ly  t o  be a f f ec t ed  d i r e c t l y  by 
c l imate  change as i t  Occurs abundantly i n  the  lowlands of I r e l and ,  
where the  Brown Hare (Lepus capensis), which rep laces  i t  i n  lowland 
B r i t a i n ,  i s  a scarce in t roduct ion  (Barrett-Hamilton 1898; N i  L a m h a  
1979; Arnold 1993). It is  conceivable t ha t  t h e r e  could be climate- 
modified competit ion e f f e c t s  between the  two i n  f u t u r e  (Fargher 
1977) - 

,6.6 Montane plant  species 
The B r i t i s h  montane f l o r a ,  like the  fauna, is  species-poor compared 
with mountains on the  European mainland. Only 15 montane p l an t  
spec ie s  occur more p l e n t i f u l l y  above than below the  t r e e - l i n e  i n  
England and Wales ( R a t c l i f f e  1977, 1991). These spec ie s  would be 
more a f f e c t e d  by climate change than t h e  more widespread spec ies  
which occur both above and below 600m. Indiv idua l  populat ions of 
these  high-montane spec ies  will, of course.  be i s o l a t e d  from each 
o t h e r  and i t  would not  be poss ib le  fo r  them t o  use t h e  upland 
c o r r i d o r s  t o  move t o  a new loca t ion .  Evidence fo r  the  du ra t ion  of 
cur ren t  i s o l a t i o n  is  hard t o  f i n d ;  but  i n  a t  least one case, Lychnis 
alpina. there is evidence fo r  gene t i ca l ly  d i s t i n c t  edaphic races a t  
each e x i s t i n g  s i t e ,  which may p o i n t  t o  prolonged i s o l a t i o n  (Proctor 
& Johnson 1977). 
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It i s ,  however, difficult t o  p r e d i c t  what e f f e c t  increased 
temperature might have on montane spec ie s ,  which occur a t  the  
extremes of t h e i r  d i s t r i b u t i o n .  Some spec ies  are f a i r l y  p l e n t i f u l  
where they occur ,  bu t  need special s o i l  condi t ions.  Others do not 
appear t o  be l imi t ed  by lack  of s u i t a b l e  h a b i t a t ,  bu t  by unknown 
l i m i t i n g  f a c t o r s ,  or  perhaps by chance ( R a t c l i f f e  1977). Sheep 
graz ing  might be an important f a c t o r  i n  some areas, su rv iva l  being 
due t o  p ro tec t ion  from grazing on c l i f f s  o r  i n  c rev ices  r a t h e r  than 
t o  temperature.  

Many montane p l a n t s  can be t r ans fe r r ed  t o  higher  temperatures,  i n ,  
f o r  example, rock gardens,  where they seem t o  th r ive .  A r i c h  
assemblage of montane spec ies  occurs a t  sea l e v e l  i n  t he  warm, w e t  
A t l an t i c  climate of the  Burren i n  CO, Clare. where geology and land- 
use h i s t o r y  have permitted the su rv iva l  of a d ive r se  f l o r a  
containing elements from the  e a r l y  pos t -g l ac i a l  (Webb & Scannell  
1983) * 

The ecophysiology of the  montane f l o r a  i s  not  thoroughly known, but  
t h e r e  is  o f t e n  no inherent  complication with germination. Sarifraga 
hypnoides, f o r  example, was shown t o  d i spe r se  v i ab le  seed i n  i ts  
n a t u r a l  environment. although none germinated. The seed germinated 
easily i n  t h e  laboratory a t  1 8 ° C  (Ripley 1989). I n  addi t ion  to  the  
montane spec ie s  being adapted to the harsh environment, reduced 
competit ion probably plays an important p a r t  i n  t h e i r  su rv iva l .  As 
with animals, it is d i f f i c u l t  t o  p r e d i c t  the  e f f e c t  of a change i n  
one f a c t o r .  i.e. an increase  i n  temperature,  on spec ies  which are 
surv iv ing  i n  s u i t a b l e  micro-habitats.  

CURRENT EXPANSIONS OF RANGE OF SPECIES I N  B R I T A I N  
A t  any po in t  i n  t ime, few spec ies  have an e n t i r e l y  s ta t ic  geographic 
d i s t r i b u t i o n .  BRC recording schemes con t inua l ly  r evea l  apparent 
changes. some spec ie s  being found i n  'new' areas. while others 
become e x t i n c t  a t  sites where they have long been known. Although i t  
is  d i f f i c u l t  t o  be c e r t a i n  t h a t  a spec ies  has a r r ived  r ecen t ly  
r a t h e r  than been averlooked by previous recorders ,  o r  to  show t h a t  
i t  is  no longer  present .  there is same evidence t h a t  t he  proport ion 
of spec ie s  changing s i g n i f i c a n t l y  a t  any time may be r a t h e r  high. 
Eversham and Arnold (1992) tabulated Some 31 spec ie s  of B r i t i s h  
breeding b i r d  which have expanded their range markedly s i n c e  1700. 
A t  least  20 of these had shown a similar increase  i n  Europe over the  
same period.  

A few spec ie s  s t and  out  from the  ordinary mode of gradual change, 
and appear t o  be expanding t h e i r  range so rap id ly  annual d i f fe rences  
may be de tec ted .  I n  a handful of cases  a l e r t i n g  recorders  t o  such 
change has  generated d a t a  of s u f f i c i e n t  q u a l i t y  ta c h a r t  t he  
expansions of range unequivocally. For example, t h e  gradual 
northward extension of the  hedge brown b u t t e r f l y  (Pyronia tithonus) 
has been analysed by Pol la rd  (1991* 1992), using both BRC 
d i s t r i b u t i o n  data and censuses from indiv idua l  s i tes  wi th in  the  
B u t t e r f l y  Monitoring Scheme. It appears tha t  the  expansion began i n  
t h e  1920s or Jg30s, following ha l f  a century of southward retreat. 
Also t he  p o s t  1940 coloniza t ion  and spread of t h e  migrant hawker 
dragonfly (Aeshna m i r t a )  has been descr ibed i n  t h e  l i t e r a t u r e  
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(Merritt et a l .  i n  press; map QE the past-1980 expansion by Branson 
1990) - 
The long-winged conehead (ConocephaZus discoZor) , a bush-cr icket ,  
has been known from seve ra l  southern count ies  i n  England s ince  the  
I ~ZOS, but  had never been found mare than lO-l5km from t h e  coast. 
During the  hot summers of 1989 and 1990, records of ac t ive ly - f ly ing ,  
extra-macropterous forms were received. and the  spec ies  was found 
f o r  the f i r s t  time a t  sites up t o  50km inland (Figure 6 .5 ) .  
Fortunately.  the  count ies  of Sussex and Surrey had been thoroughly 
surveyed during the  1970s and e a r l y  198% and C. discolor w a s  not  
present  i n  the  areas i n  quest ion.  I n  the same two seasons,  the  
spec ie s  was recorded i n  Cornwall and on the  S c i l l y  Isles f o r  t he  
f i r s t  t i m e .  Laboratory s t u d i e s  have shown t h a t  both high 
temperatures and high population d e n s i t i e s  g ive  rise to  longer- 
winged forms, with larger wing musculature and greater d i spe r s ive  
powers (Ando & Hart ley 1982), hence long-distance d i s p e r s a l  during 
hot  summers might be expected. Coincidental ly ,  large a reas  of 
agr icul tural  land i n  Surrey had. i n  the  previous th ree  years .  been 
turned over t o  s e t - a s ide .  and by 1989 provided i d e a l  h a b i t a t  for C. 
discolor .  Subs tan t i a l  populations became es t ab l i shed ,  and two 
unexceptional summers la ter .  t he  spec ies  appears t o  be maintaining 
i tself .  Thorough surveys have shown that  the  d i s t r i b u t i o n  is patchy; 
t he re  are large areas between the  newly-founded populat ions and the  
swurce populat ions i n  which C. discolor cannot be found d e s p i t e  t he  
many s u i t a b l e  areas i n  between the  e s t ab l i shed  co lonies .  Although 
the  evidence is c i r cums tan t i a l ,  i t  would appear t h a t  co r r ido r s  
played no p a r t  i n  t h i s  range expansion. Appropriate ' s tepping  
s t o n e s s  of h a b i t a t  were up t o  30 km apart. 

A f i n a l  example i s  provided by a tree-wasp (DolichovespuZa media; 
Figure 6 .6) .  f i r s t  recorded i n  B r i t a i n  i n  1980 (Else 1989; Edwards 
1989). It is  unl ike ly  t o  have been present  f o r  very long p r i o r  t o  
t h i s .  as a thorough survey i n  t h e  1970s f a i l e d  t o  revea l  i t  (Archer 
1979). No specimens had been found by environmental hea l th  officers 
or p e s t  con t ro l  companies, who are c a l l e d  on t o  des t roy  large 
numbers of wasp n e s t s  each year. By 1987 D. media was w e l l  
e s t a b l i s h e d  in Kent and Sussex. I n  the  succeeding f i v e  yea r s ,  the  
spec ie s  has  expanded i t s  range nor th  and w e s t  by l5Okm. Most 
i nd iv idua l s  and n e s t s  recorded so f a r  have been i n  gardens,  and the  
spec ie s  is now a common suburban i n s e c t  i n  many p a r t s  of t h e  south- 
east ( E l s e  1992, and i n  press). However, there are large gaps i n  i ts  
range. and a thorough survey of wasp n e s t s  disposed of by Rentokil  
shows i t  t o  be very patchy. As with C. discolor, c i r cums tan t i a l  
evidence suggests t h a t  i nd iv idua l s  of t he  spec ie s  are t r a v e l l i n g  
long d i s t ances ,  and e s t a b l i s h i n g  co lonies  w e l l  beyond t h e  cu r ren t  
range (g iv ing  an expansion rate of about 3Okm p e r  y e a r ) .  Whether 
such d i spe r s ing  queens t r a v e l  along l i n e a r  landscape f e a t u r e s ,  and 
whether they feed on the way is unknown. 

The evidence from the l a s t  two examples of d i s p e r s a l  is  not  
suppor t ive  of the  need fo r  co r r ido r s .  a t  least f o r  t h e  more mobile 
and eury topic  i n s e c t  spec ies .  It is  debatable  how widely app l i cab le  
t h i s  conclusion is. The two spec ies  are both g e n e r a l i s t s ,  with a 
broad to le rance  of  common h a b i t a t s .  They are c l e a r l y  h ighly  mobile, 
a t  least i n  s u i t a b l e  weather condi t ions .  and highly f e r t i l e ,  being 
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able to b u i l d  up high popula t ion  d e n s i t i e s  i n  only one or two 
generations. They are thus likely to be very d i f f e r e n t  from 
s tenotopic  species which seldom s t r a y  from specific habitats, and 
have little i n  common wi th  less mobile or fecund organisms. 
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Figure 6 . 5  The distribution of Canocephalus discolor. 

79 



Figure 6.6  the distribution of Dolichovespula media. 

a, 
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