
Figure 5.2 The occurrence of heather moorland in southern England. 

41 



A t  an even finer scale, heathland itself" i s  heterogenous. consisting 
of several e a s i l y  recognizable second-level biotope ca t egor i e s .  A 
patch of heathland biotope o f t e n  comprises a set of smaller patches 
( o r  i s l a n d s )  of second-level b io topes  (F igure  5 .4) .  I f  a spec ie s '  
h a b i t a t  only ex i s t ed  within a c e r t a i n  second-level biotope,  then the  
average p robab i l i t y  ~f an animal leav ing  one of the  t h r e e  biotope 
patches and f ind ing  another ,  i s  twice t h a t  ca lcu la ted  f o r  an animal 
leaving  one of the  seven h a b i t a t  defined patches and f ind ing  another 
(F igure  5 4 )  We can then quest ion whether i t  matters t o  t h a t  animal 
spec ie s  whether the  land sepa ra t ing  h a b i t a t  patches is defined by 
the observer  as a d i f f e r e n t  second-level heathland biotope or a 
completely d i f f e r e n t  biotope,  eg. farmland. The answer would be i n  
the r e l a t i v e  values  of the  ' h o s t i l i t y '  parameter 0 above. 

The problem for  inve r t eb ra t e s  t he re fo re ,  i s  one of mobi l i ty ,  scale 
(Doak et a2 1992) * coloniza t ion ,  and h a b i t a t  d e f i n i t i o n  compounded 
by temporal change. Apart from t h e  s p a t i a l  patchiness  a t  any given 
time, v a r i a t i o n s  i n  climate combined with na tu ra l  ca tas t rophe  and 
vege ta t iona l  successions has meant that  a l l  i nve r t eb ra t e s  have 
evolved t o  l i v e  i n  a temporally patchy environment. 

Recently t h i s  has been confounded by t h e  widescale in t e r f e rence  of 
m a n ,  which has produced changes on a scale and a t  a rate probably 
r a r e l y  experienced i n  previous epochs. Take as an example the change 
i n  d i s t r i b u t i o n  of Dorset heathlands s ince  1759 (Figure 5.3B). 
Therefore, even i n  the  case of spec ies  whose h a b i t a t  is w e l l  defined 
and e a s i l y  mapped i t  is hard t o  be s u r e  whether t he  d i s p e r s a l  and 
o t h e r  c h a r a c t e r i s t i c s  observed i n  cu r ren t  populat ions evolved t o  
s u i t  condi t ions before man's i n t e r f e rence  o r  have evolved as recent  
adapta t ions  t o  man-made biotope. 

The remainder of t h i s  sect ion examines some empir ical  work on 
aspects of these  problems and draws a t t e n t i o n  t o  areas t h a t  are 
r e l evan t  t o  conserva t ion is t s  responsible  for managing populat ions of 
endangered inve r t eb ra t e s  i n  a changing environment, 

5.2.1 Mobility and dispersal 
A s  a gene ra l i za t ion ,  one can say t h a t  i nve r t eb ra t e s  are preadapted 
e i t h e r  f o r  d i s p e r s a l  o r  for  sedentary behaviour. 

Consider a hypothe t ica l  i n s e c t  whose e n t i r e  reproduct ive progeny 
d i spe r ses  ( e i t h e r  as gravid females o r  parthenogenic i n d i v i d u a l s ) .  
Assuming no b i a s  i n  the  d i r e c t i o n  of migrat ion,  i t  can be ca l cu la t ed  
from Equation 5.1: 

L - O,6P * d . . * * . . .  5.2 

I f  there were 3 new patches ava i l ab le ,  one 6m i n  diameter and 100m 
away, another 60m i n  diameter and l k m  away and the  t h i r d  6km i n  
diameter and lOOkm away, t he re  would be a 1 i n  10 chance of f ind ing  
each. An i n s e c t  need only produce about 4 reproduct ives  on average, 
for one t o  reach one of the  three  patches.  Therefore ,  given no 
mor t a l i t y  factor due t o  d i s t ance  d ,  reproduct ive rates need be 
f a i r l y  Low For a population to  surv ive  as a metapopulation. However 
as soon as the  p robab i l i t y  of surv iv ing  the  journey is  considered 
the ca l cu la t ions  change dramat ica l ly ,  
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F i g u r e  5.3 The heathlands of south Dorset. 
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Suppose the probab i l i t y  of surviving a journey of 100 m i s  0 , 9 ,  then 
1 i n  11 reach the  6m patch lOOm away. The chances of surv iv ing  a Ikm 
journey i s  O,35 (0.91°) so that only 1 i n  30 would f ind  the 60m 
patch.  The chances of surviving a lOkm journey are < I i n  30,OOO and 
s u r v i v a l  of a 300km journey i s  neg l ig ib l e  (1.8 "10-46), 

With the  odds changed like t h i s .  t he  hypothe t ica l  spec ies  has 
seve ra l  evolut ionary a l ternat ives .  It can evolve t o  improve i ts  
chances of surv iv ing  a j ~ u r n e y  - i f  they improved one hundredfold t o  
0.999 the  chances of surv iv ing  a d i s t ance  of lOOkm are 0.3 .  It can 
evolve a higher  reproductive rate, bu t  because of the  exponent ia l  
na tu re  of the  r e l a t ionsh ip  t h i s  alone cannot so lve  the problem of 
surv iv ing  long journeys ( i t  would need t o  produce 300,000 
i nd iv idua l s  for  one t o  f ind  the  patch 1Okm away). It could evolve 
a b i l i t i e s  t o  search out  new h a b i t a t  from great d i s t ances  ( o l f a c t i o n  
being the  b e s t  s o l u t i o n ) ,  so t h a t  i n  t h e  u l t imate  case t h e  chances 
of reaching a new s i te  are j u s t  the same as the p robab i l i t y  of 
surv iv ing  the  journey. Natural  s e l e c t i o n  should optimize some 
combination of these c h a r a c t e r i s t i c s  that  w i l l  depend upon the 
average temporal and s p a t i a l  patchiness  of h a b i t a t ,  and the  innate 
c h a r a c t e r i s t i c s  of the  animal. constrained by s e l e c t i o n  f o r  o the r  
aspec ts  of its l i f e - h i s t o r y .  

The r e s u l t i n g  combination is unique t o  each spec ies .  A t  any scale 
t h e  species is optimized either fa r  moving between patches 
( d i s p e r s e r s )  within some s p a t i a l l y  def ined c l u s t e r  or fo r  s t ay ing  
within patches ( seden ta ry ) .  Thus one spec ies  may appear sedentary at 
a spatial scale of lkm' but be a d i spe r se r  within patches of O.lha, 
whereas another  t h a t  is  a d i spe r se r  a t  the  Ikm s c a l e  may appear 
sedentary a t  the 10km scale, which is the one normally perceived by 
man * 

Often d i s p e r s a l  is a t  a juveni le  stage, eg. many marine molluscs,  
s p i d e r s ,  sometimes a d u l t s  d i spe r se ,  eg. aphids.  bee t l e s  and newly 
fecund a n t  queens. A s  a rule. good d i spe r se r s  are common ( o f t e n  
p e s t )  spec ie s  t h a t  i nhab i t  B wide range of biotopes.  o f t e n  they can 
be c l a s s i f i e d  as g e n e r a l i s t s .  Dispersal  may be active, usua l ly  
winged f l i g h t )  o r  pass ive ,  eg, young spiders d r i f t i n g  on strands of 
web. To a c e r t a i n  ex ten t  both r e l y  upon chance f a c t o r s ,  eg. wind 
d i r e c t i o n  and speed. C l i m a t e  change r e s u l t i n g  i n  genera l ly  warmer 
and more p ro t r ac t ed  summers might i nc rease  t h e  d i s p e r s a l  of i n s e c t s  
because increased ambient temperature is  known t o  s t imu la t e  f l i g h t  
and movement. Increased d i s p e r s a l  might a i d  some species endangered 
by increased fragmentation of h a b i t a t  but could endanger a more 
sedentary spec ie s  i f  it s t imulated g r e a t e r  emigration. Beetles and 
b u t t e r f l i e s  are probably the  two i n s e c t  groups for which d i s p e r s a l  
has been most s tud ied .  

5.2.1.1 Examples from beetles 
Work i n  The Netherlands on carabid b e e t l e s  has been w e l l  documented 
(den Boer 19'j'lp 1977). A s  expected from t h e o r e t i c a l  p red ic t ions ,  i t  
was shown that carab ids  with high d i s p e r s a l  powers are good 
immigrants but  r i s k  l o c a l  ex t inc t ion .  They are favoured as long as 
s u i t a b l e  h a b i t a t s  are amply ava i l ab le .  Conversely, i n  a r ap id ly  
changing landscape, spec ies  with low d i s p e r s a l  powers are 
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5. 2.1 2 

progress ive ly  endangered b u t  were “good S U ~ V ~ V O P S ”  

I n  o t h e r  wards. anthropogenic and climate-induced changes should 
i n i t i a l l y  favour sedentary spec ie s ,  which a f t e r  some period of 
change become e x t i n c t  SO t h a t  u l t imate ly  i t  i s  the  d i spe r se r s  that 
surv ive .  

(den Boer 1985) 

It is d i f f i c u l t  t o  estimate ac tua l  d i s p e r s a l  powers. Luff (1987) 
est imated 5-20 m per day as the  d i s t ance  a walking carabid  can 
travel.  Estimates far f l y i n g  b e e t l e s  are b e s t  obtained from spec ies  
whose range i s  ‘known t o  be increas ing .  For example, Leistus 
rufornarginatus, a ground b e e t l e  of deciduous woodland t h a t  has been 
spreading acrwss Europe, was f i r s t  recorded i n  Kent i n  1942. By 1992 
i t  had reached Wales and Northeast England, a d i s t ance  of 440km over 
50 years .  During the  e i g h t  ac t ive  months of those years the  
co lonizers  would have t o  f l y  an average 36m per day. It is not  known 
whether i nd iv idua l s  move by a series of s h o r t  hops o r  ep isodic  long 
d i s t ance  f l i g h t s .  S imi la r  es t imates  (38 m/day) can be made f o r  
Harmonia quadripunctata ( t h e  cream-streaked l a d y b i r d ) ,  which w a s  
first recorded i n  pine p l an ta t ion  i n  the  East Anglian Breckland i n  
1937 and had reached SE Scotland by 1982. It is  bel ieved t h a t  H. 
quadripunctuta a r r ived  i n  B r i t a i n  n a t u r a l l y  from the  cont inent  bu t  
only became es t ab l i shed  once con i f e r  p l an ta t ions  were made. I n  o the r  
words, i ts  maximum d i spe r sa l  f l i g h t  might be i n  the  order  of 150-200 
km * 

Bammond (1974) c i tes  Az.i&s bifasciatus, an Aust ra l ian  mould-feeding 
p l a s t e r  b e e t l e .  which was first recorded i n  the  UK i n  1949 i n  London 
and being an a c t i v e  f l y e r ,  had reached Scotland by 1974. He f e l t  
t h a t  t h i s  and the  previous examples ind ica ted  t h a t  the  d i s t r i b u t i o n  
of t h e  B r i t i s h  Coleoptera are most l i k e l y  affected by human 
a c t i v i t i e s  and t h a t  c l imate  change would be of secondary importance. 

The Great European spruce bark b e e t l e ,  Dendpoctonus micans. 
acc iden ta l ly  introduced i n t o  Wales, the  West Midlands and Lancashire 
s i n c e  1972. was bel ieved not  t o  f l y  below temperatures of 2 3 O C  i n  
con t inen ta l  Europe. However, B r i t i s h  specimens i n i t i a t e  f l i g h t  at 
2OoC and secondary f l i g h t  can continue a t  18% and be sus ta ined  at 
temperatures as low as 1 4 O C .  It i s  not  known whether t he re  has been 
some s o r t  of adapta t ion  to  t h e  lower temperatures of B r i t a i n ,  
however warmer summers should increase  the  d i s p e r s a l  a b i l i t i e s  of 
t h i s  spec ie s ,  Climate warming would enable  t h i s  spec ie s  t o  extend 
i ts  range northwestwards, where i t  would be a s e r i a u s  t h r e a t  t o  
p l a n t a t i o n s  of Norway and S i t k a  spruce (Picea abies and P. 
sitchsnsis) and poss ib ly  also t o  Scots pine (Pinus sylvestxis). 

Examples f m m  butterflies 
Many b u t t e r f l i e s  migrate over v a s t  d i s t ances ,  i nd iv idua l s  t r a v e l l i n g  
hundreds of miles during the  coarse  of a season. Other spec ie s  are 
very r e s t r i c t e d  i n  local d i s t r i b u t i o n  and appear t o  be poor 
d i spe r se r s .  Thomas et al. (1992) give  data f o r  t he  co loniza t ion  
p a t t e r n  seen i n  four  B r i t i s h  spec ies  of b u t t e r f l i e s .  They measured 
s i tes  where the  b u t t e r f l i e s  occurred and sites which they bel ieved 
contained s u i t a b l e  h a b i t a t  and i n  which the  b u t t e r f l i e s  d id  not 
occur * 
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I n  a l l  fou r  spec ies  the p a t t e r n  was the  same, si tes  t h a t  were c lose  
t o  an occupied s i t e  had a high p r o b a b i l i t y  af being occupied and the  
f u r t h e r  away a s i t e  was from an occupied s i t e  the  less chance i t  had 
of being occupied. The S i l v e r  studded b lue  (Plebejus argus) and t he  
S i lver -spot ted  sk ipper  (HespeTia comma) are r e l a t i v e l y  widespread on 
calcareous grassland i n  southern B r i t a i n .  I n  both cases ,  t he  m a n y  
sites more than Ikm from an occupied one had very l i t t l e  chance of 
being occupied themselves, Another grassland spec ies .  t he  Lulworth 
sk ipper  (ThymeZicus actson) and the Heath f r i t i l l a r y  (PleZZLcta 
adhatia), a spec ie s  of the  earliest successional  stages i n  coppiced 
woodland, both have more r e s t r i c t e d  ranges so t h a t  most p o t e n t i a l  
sites were occupied, i n  both cases i t  was the  f u r t h e s t  ones (1-lOkm 
away) that were usua l ly  empty* A s l i g h t  e f f e c t  of patch s i z e ,  
c o n s i s t e n t  with i s l a n d  theory was de tec ted  f o r  P. argus and H. 
comma. 

This d i s t r i b u t i o n a l  evidence was supported by d a t a  f o r  M. athalia 
which showed the  time taken for  newly coppiced patches to be 
colonized. Patches within 20Qm of a saurce  patch were c a h n i z e d  
within one year whi le  patches >5OOm away took 2-3 years .  S imi la r  
d a t a  for  a 5 t h  spec ie s ,  the  Black h a i r s t r e a k  (Strymonfdia prunt )  
showed t h a t  patches of blackthorn (Pmnus spinosa) within 5OOm of a 
source are colanized within 2-3 years  whereas patches 500-1500 m 
from t h e  source needed 5-15 years  before successfu l  co loniza t ion .  
Taken toge ther  these  da t a  g i v e  some idea  of the  metapopulation 
dynamics of b u t t e r f l i e s  with r e s t r i c t e d  mobil i ty .  

The conclusions are t h a t  very d i s t a n t  patches would need a very long 
per iod before  they were colonized, even assuming the  b u t t e r f l y  can 
t r a v e l  t h a t  d i s t ance  (see above).  Using the  5. pruni example, the  
b u t t e r f l i e s  seemed t o  manage a coloniza t ion  event every 10 years  
when separa ted  by lkm. Thus, assuming l i n e a r i t y  a h a b i t a t  patch 
lOOkm from a source migh t  have t o  wait an average of  1000 years  
before  i t  was colonized na tu ra l ly .  Anthropogenic changes w i l l  Occur 
on a much f a s t e r  time s c a l e  than t h i s .  The inference  is t h a t  m a n  may 

have t o  assist co loniza t ions  i n  a r ap id ly  changing environment t o  
compensate f o r  t h e  rate of change crea ted  by himself.  

5.2- 2 Seeking, avoidance and barriers 

5.2.2.1 Seeking 
We have very L i t t l e  understanding of the  mult i tude of s t i m u l i  t h a t  
enhance d i s p e r s a l  behaviour i n  i n s e c t s .  It  is very easy simply ta 
assume i t  t o  be pass ive  (as i n  the earlier c a l c u l a t i o n s )  but t he re  
are many examples of behaviours f o r  seeking out h a b i t a t  patches.  For 
example ScoZytus sp. e a s i l y  f ind  i s o l a t e d  e l m  trees. Dung b e e t l e s  
can be seen f l y i n g  upwind towards cowpats. There are many records of 
sex pheromones a t t r a c t i n g  i n s e c t s  over great d i s t ances .  
Undoubtabedly many i n s e c t s  can d e t e c t  food sources  by s i m i l a r  means. 
This has the e f f e c t  of increas ing  the  e f f e c t i v e  diameter of a new 
h a b i t a t  patch.  For example, a herbivorous spec ies  might be a t t r a c t e d  
t o  a s i n g l e  p l a n t  from a d i s t ance  of POOm. the  plant then has an 
e f f e c t i v e  patch diameter of 200m rather than about l m .  An insect 
l eav ing  a patch Ikm away would have a p robab i l i t y  of f ind ing  the  
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p l a n t  equal  t o  1 i n  8000 without a t t r a c t i o n  but  a 1 i n  30 chance i f  
a t t r a c t e d  from 100m away. 

Real l i f e  examples are three species of weevil (Cionus) which 
colonized a small patch of Scropularia beside a garden pond, the  
nea res t  o t h e r  patch being 5km away. Two spec ies  a r r ived  seven years  
a f t e r  t he  pond was p lan ted  and pe r s i s t ed  for  4 years  t he  o t h e r  a f t e r  
9 years and p e r s i s t e d  only  one yea r ,  Since ex t inc t ion  C. 
scrophulariae has re-colonized once more (Welch 1990). 

Another example i s  the  Knopper g a l l  wasp Andricus quercuscaZicis 
which has a l t e r n a t e  asexual and sexual  generat ions on a l t e r n a t e  oak 
hos t s .  Par thogenet ic  females, which produce eggs of only one sex ,  
emerging from gal ls  on the  acorns of Quercus robur. must f ind  an 
introduced Turkey oak. Q. cerris, t o  lay t h e i r  eggs i n  the 
developing ca tk ins .  The r e s u l t i n g  males and females mate and the  
f e r t i l i z e d  females must return t o  Q. robur t o  i n i t i a t e  a new cyc le .  
The comparative ra r i ty  of Q. eerris in B r i t a i n  ind ica t e s  t h a t  the  
par thogenet ic  females must have an extremely e f f e c t i v e  means of 
de t ec t ing  i s o l a t e d  Turkey oaks, Since its probable a r r i v a l  during 
t h e  1950s. t h i s  ga l l  wasp has rap id ly  spread throughout southern 
B r i t a i n .  

5.2.2.2 Avoidance and barriers 
It is  probable t h a t  d i spers ing  i n s e c t s  avoid some b ia topes ,  
p a r t i c u l a r l y  when a c t i v e l y  migrating. Some b u t t e r f l i e s  w i l l  not fly 
long d i s t ances  over water. Flying ants of Lasius niger  and L. 
alienus, appear t o  avoid landing on unsui tab le  second-level biotope 
on heathlands:  the former l i v e  i n  w e t  and humid heath and t h e  lat ter 
on dry  heath (Elmes unpublished obseruation), i t  is  not  c e r t a i n  
whether t h e  a n t s  are de tec t ing  moisture,  temperature o r  r e f l e c t i v i t y  
of the  s o i l  su r f ace ,  o r  are responding t o  some o the r  s t i m u l i .  This 
i s  an area of s tudy t h a t  needs f u r t h e r  explora t ion .  

A t  a f i n e r  scale. woodland, hedgerows, r i v e r s  and roads o f t e n  act as 
b a r r i e r s  t o  i n s e c t  d i spers ion .  For example many b u t t e r f l i e s  w i l l  no t  
f l y  over hedges o r  above woodland. while some spec ie s  may f i n d  roads 
a b a r r i e r  (Munguira & Thomas 1 9 9 2 ) .  It is  tempting to  think of 
barriers as being d e f i n i t e  obs tac les  t o  migration, bu t  more likely 
they are cues which enable non-dispersing spec ies  t o  remain within 
a fairly d i s c r e t e  area. The role of b a r r i e r s  t o  i n s e c t  d i s p e r s a l  is 
the oppos i te  s i d e  of the  coin t o  t h e  concept of co r r ido r s  and should 
be inves t iga t ed  i n  tandem. 

5.2.2.3 Role of Corridors 
Corr idors ,  i n  the sense envisaged for  some bird, m a m m a l  and aquatic 
spec ie s  (eg. Saunders & Hobbs 1991. Hobbs 1992) probably do not  
e x i s t  for i nve r t eb ra t e s .  Even i n  the  case of some adult aquatic 
i n s e c t s  t h a t  appear t o  f l y  upstream t o  o v i p o s i t ,  they are probably 
only r e tu rn ing  t o  t h e i r  o r i g i n a l  h a b i t a t ,  compensating for t he  
downstream d r i f t  of the  l a rvae .  Hedgerows, may i n t e r c e p t  migrat ing 
woodland i n s e c t s ,  same of which may remain and breed there and even 
expand along them i n  la ter  years ,  but  t h e r e  is l i t t l e  evidence t h a t  
they a c t u a l l y  follow them i n  t h e  sense of using a c o r r i d o r .  
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5.2.3 Non-dispersing species 
Many rare spec ies  appear to be non-dispersers.  For example, of the  
196 spp of saproxyl ic  coleoptera of pasture-woodland (Harding & ROSE: 
1986), 68 are spec ies  known t o  have been found i n  recent  times only 
i n  areas bel ieved t o  be ancient woodlands (mainly pasture-woodlands 
such as Windsor, Sherwood Forest  and Moccas Pa rk ) .  A large number of 
these appear t o  have v i r t u a l l y  zero dispersal powers. A classic 
example is Nypebaeus f l a v i p e s  (see S h i r t  1987). which was f i r s t  
found i n  one tree at  Moccas i n  1934. By 1974 i t  was s t i l l  present  i n  
t h e  same tree and two o the r  nearby oaks. 

One idea t h a t  may explain these  very r e s t r i c t e d  d i s t r i b u t i o n s  i s  
t h a t  many of B r i t a i n ' s  rarer spec ies  might be using w a r m  man-made 
r e fug ia  s ince  the Holocene c l ima t i c  optimum of 6000 years  ago 
(Thomas in pess), This idea  supposes t h a t  some of the  r e s t r i c t e d  
rarer spec ies  of b u t t e r f l y  were more widely d i s t r i b u t e d  and good 
d i s p e r s e r s  a t  t h a t  time, As the  climate cooled t h e i r  n a t u r a l  h a b i t a t  
became r e s t r i c t e d  and, i n  the na tu ra l  course of events ,  most spec ies  
would have gone e x t i n c t ,  However, the  change coincided with anc ien t  
man's a g r i c u l t u r a l  expansion i n  northern Europe. Fores t  clearance 
and the  establ ishment  of permanent pas ture  created much warmer semi- 
n a t u r a l  b io topes ,  where the  vegetat ion remains i n  an early 
success iona l  stage. These acted as refugia f o r  t he  spec ie s  which 
have p e r s i s t e d  a t  lower numbers than previously.  The recent  t h r e a t  
has  been through m a n ' s  new a g r i c u l t u r e  des t roying  ancient  
grass lands .  meadows and managed woodlands. The same arguments could 
perhaps be appl ied t o  the  rare saproxyl ic  b e e t l e s  which became 
r e s t r i c t e d  t o  pas ture-  woodland. Populations needed only f ind  a new 
tree every few hundred years  t o  survive while t he  pas ture  woodlands 
were being maintained. 

I n  l i n e  w i t h  t h i s  i dea  is the  evidence t h a t  dispersal a b i l i t y  can be 
r e a d i l y  s e l e c t e d  aga ins t .  Cer ta in ly .  when h a b i t a t  becomes fragmented 
and w e l l  separa ted  there  should be very s t rong  s e l e c t i o n  pressure  
aga ins t  d i spers ion  (see above).  Dernpster e t  aZ, (1976) showed t h a t  
t h e  swal lowtai l  (Papilio machaon) population a t  Wicken Fen had 
undergone changes i n  body s i z e  and shape, poss ib ly  as a result of 
increased  h a b i t a t  i s o l a t i o n  about 1900. Dempster (1991) a l s o  gave 
evidence t h a t  as the  range and p o t e n t i a l  h a b i t a t  of Maculinea arion 
(Large b lue  b u t t e r f l y )  became r e s t r i c t e d  i n  southern B r i t a i n ,  
s e l e c t i o n  produced races  with less f l i g h t  capab i l i t y .  Throughout 
nor thern  Europe M. arion appears t o  be a poor d i s p e r s e r ,  y e t  t he  
a lp ine  race, which is found on large continuous areas of alpine 
meadow, lives a t  low d e n s i t i e s  and ranges over a l a r g e  area. 

Recent; work i n  I t a l y  has shown tha t  an or thopteran species, 
ConocephaZus discolor (the Long-winged cone-head) normally has long 
wings, bu t  i n  hot  summers, i t  produces e x t r a  macropterous 
ind iv idua l s  w i t h  b e t t e r  developed f l i g h t  muscles and f l i e s  more 
a c t i v e l y  (cf. Sect ion  6.7 below) I Therefore f o r  many thermophilous 
spec ie s  warming might a c t u a l l y  increase both the  p o t e n t i a l  h a b i t a t  
and t h e  a b i l i t y  of a spec ies  t o  f i nd  i t .  For example, both the  
Short-winged cone-head (C. dorsalis) and Raesel's Bush c r i c k e t  
(Metrfoptera roese Z i  i ) have s i g n i f i c a n t l y  expanded t h e i r  range i n  
southern England during recent  hot  summers and moved i n t o  new 
h a b i t a t  (eg. set a s i d e  farm l a n d ) .  
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5.2.3.1 Conservation p r i o r i t y  
Most of t h e  rarer i nve r t eb ra t e  spec ies  are poor d i spe r se r s  whose 
range might be known prec i se ly  b u t  whose s p e c i f i c  h a b i t a t  o r  niche 
may be poorly understood. For example the  B r i t i s h  Large b lue  (fl. 
arion) was known t o  use  both Thymus and red a n t  spec ie s  during i t s  
l i f e  cyc le .  U n t i l  i t  was understood t h a t  the  red ant had t o  be a 
s p e c i f i c  Myrrnica spec ie s ,  r a t h e r  than any red ant a l l  conservation 
at tempts  f a i l e d  (Thomas 1980). 

Any f u t u r e  climate change producing o v e r a l l  warming, should Ln 
theory b e n e f i t  many inve r t eb ra t e  spec ies  (with the  exception of a 
l imi t ed  number of montane spec ies  r e s t r i c t e d  to  the  west and nor th  
of B r i t a i n ;  see Chapter 6 below). The problem f o r  conserva t ion is t s  
w i l l  be t h a t  without Some knowledge of t h e i r  bas i c  niche 
requirements mobil i ty  and the  p o t e n t i a l  for rapid s e l e c t i o n  f o r  
greater mobi l i ty ,  i t  w i l l  be very d i f f i c u l t  t o  formulate management 
p lans  for protec ted  populat ions,  

Even i f  new h a b i t a t  becomes ava i l ab le ,  i t  may be t h a t  t h e  present  
spec ie s  may be unable t o  f i n d  the  h a b i t a t  without a c t i v e  assistance 
(ie. i n t r o d u c t i o n s ) .  I f  r e l i c t  h a b i t a t  i s  l o s t  f a s t e r  than new 
h a b i t a t  i s  crea ted  then. even i f  a spec ies  has a p o t e n t i a l  t o  evolve 
greater d i s p e r s a l  powers, t h i s  might not  happen f a s t  enough t o  cope 
with the  changing s i t u a t i o n ,  

If the need for a c t i v e  p a r t i c i p a t i o n  i n  the  management of the  e f f e c t  
of c l imate  change on rare inve r t eb ra t e s  is accepted i n  B r i t a i n ,  
conse rva t ion i s t s  w i l l  have t o  face a f u r t h e r  chal lenge.  

This is  t o  p ro tec t  s i m i l a r l y  endangered spec ie s  i n  con t inen ta l  
Europe that are not  present  i n  B r i t a i n  a t  t h i s  time. Without t he  
inf luence  of man, and the  hypothesized s e l e c t i o n  for  r e s t r i c t e d  
mobi l i ty ,  a general  northwards s h i f t  of c l imate  should r e s u l t  i n  
some of these  spec ie s  reaching B r i t a i n  and occupying the  vacated 
n iches  af our species t h a t  w i l l  have s h i f t e d  northwards. 
Conservation p o l i c i e s  i n  B r i t a i n  w i l l  have given us many na ture  
reserves  where, under a warmer climate, con t inen ta l  spec ies  
threatened on a g loba l  scale ( eg  Maculinea a'lcon) could th r ive .  The 
dilemma f o r  conserva t ion is t s  and managers w i l l  be t o  decide t o  what 
e x t e n t  B r i t a i n  should meet i n t e r n a t i o n a l  ob l iga t ions  by in t roducing  
such spec ie s  i n t o  p o t e n t i a l  s i tes.  

5.2.3.2 Need for research on non-mobile invertebrates 
I n  o rde r  t o  eva lua te  the  p o t e n t i a l  demands for  in t e rven t ion  f u r t h e r  
work should be done to  assess British and p o t e n t i a l  European 
colonizers i n  terms of the  population r egu la t ing  f a c t o r s  b r i e f l y  
ou t l ined  in t h i s  r epor t .  I n i t i a l l y  t h i s  should be an " i n  depth" desk 
s tudy  which should research and review published information on this 
problem which should include considerat ion of the  following: 

1) I s o l a t i n g  f a c t o r s  i n  metapopulations. i e  are ind iv idua l s  b e t t e r  
d i s p e r s e r s  i n  populat ions with "kinder" biotope between patches 
compared t o  similar populations w i t h  "harsher" in te rvening  
biotopes.  Does t h i s  a f f e c t  the  dynamics and viability of 
populat ions? 
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2 )  The coincidence of b io tope  and h a b i t a t  patches.  Work being done 
by NR Webb's group ( I T E  Furzebrook) on h a b i t a t  patches within 
heathland biotope could be supported.  S imi la r  examples can be 
found from grassland, particularly chalk grassland.  Quest ions 
would involve: haw important is the  dynamics of patches? are 
populat ions with s t a b l e  h a b i t a t  patches more robust  aga ins t  
e x t i n c t i o n  than populations with dynamic h a b i t a t  patch within 
b ia tope .  Does biotope patch s i z e  matter? 

3) How can w e  ex t r apo la t e  from these  r a t h e r  e a s i l y  def ined (and 
mapped b io topes)  t o  more fragmented biotopes t h a t  are less e a s i l y  
def ined.  C a n  simply working a t  the  biotope l e v e l  be of any use t o  
making p red ic t ions  about rare spec ie s ,  l i v i n g  i n  these  biotopes,  
whose h a b j t a t  is not; w e l l  known? 

4 )  Wow adaptable  i s  inve r t eb ra t e  d i spe r sa l ?  Could rare b u t t e r f l i e s  
evolve g r e a t e r  dispersal a b i l i t i e s  i f  more h a b i t a t  became 
ava i l ab le?  Is poar d i spe r sa l  a cause of rarity o r  is i t  a means 
by which threatened spec ies  have been ab le  t o  p e r s i s t  i n  
diminishing h a b i t a t ?  

5)  3s d i s p e r s a l  p a r t  of a f r a c t a l  concept of space and time? For 
example, do populations of s o i l  mites show the  same s o r t  of 
d i s p e r s a l  and metapopulation s t r u c t u r e s  as b u t t e r f l i e s  (the 
d i f f e rence  being one of sca le )?  I n  o the r  words would a mite with 
a s p e c i f i c  niche requirement f o r  reproduction (eg.  Steganacarus 
rnagnus which breeds i n  f i rcones  i n  pinewoods) take as long t o  
co lonize  a new patch of forest f loor  100111 from a source 
populat ion.  as S.  pmni takes t o  colonize a new patch of 
blackthorn 1.5 km away? 

4 Canclusions 

1. The concept of co r r ido r s  as condui ts  t o  dispersal have l i t t l e  
relevance to t he  dynamics of most i nve r t eb ra t e  populations.  

2. There is a confusion between biotope with h a b i t a t  t h a t  colours  
thinking.  For most i nve r t eb ra t e  spec ies  the  two are not  
synonymous * 

3. For those  spec ie s  where h a b i t a t  is w e l l  known, and c m  be defined 
and mapped p rec i se ly ,  concepts of i s l a n d  biogeography can be 
appl ied  d i r e c t l y  t o  i s l ands  of h a b i t a t  (eg s tepping  s tones ,  patch 
size, d i s t a n c e ) .  

4 .  When t h e  h a b i t a t  of enough inve r t eb ra t e s  is s u f f i c i e n t l y  w e l l  
known, i t  w i l l  probably be shown t h a t  most e x i s t  as l o c a l  
metapopulations. The re levant  theory can then be appl ied  t o  those 
populations. 

5. I n  cases where the  biotope normally assoc ia ted  with a p a r t i c u l a r  
spec ie s  can be def ined,  bu t  the  h a b i t a t  of t he  species is  known 
imprecisely.  metapopulation theory becomes less relevant. 

6. Patchy h a b i t a t  selects e i t h e r  f o r  d i s p e r s a l  o r  fo r  sedentary 
behaviour and t h e i r  assoc ia ted  secondary c h a r a c t e r i s t i c s .  Most 

50 



7.  

rare spec ies  e i t h e r  a r e  i n t r i n s i c a l l y  poor d i spe r se r s  o r  have 
r ecen t ly  undergone selection against: d i s p e r s a l  as a response t o  
m a n ' s  a c t i v i t i e s .  

Dispersal. co loniza t ion  time and population pe r s i s t ence  time may 
a l l  be r e l a t e d  t o  the s p a t i a l  percept ion of ind iv idua l  spec ies .  
We need t o  i n v e s t i g a t e  whether ecologica l  theory can be appl i ed  
a t  a l l  s p a t i a l  s c a l e s  Further  i nves t iga t ion  is  needed t o  
quant i fy  and compare the  i s o l a t i o n  of patches of h a b i t a t  
separa ted  by "seas" of non-habitat  of varying t h r e a t  to an 
ind iv idua l  t r y i n g  t o  cross i t .  

5.3 METAPOPULATLON DYNAMICS THEORY AND PLANTS 

5 -3 -1  Dispersal strategies 
Animals, of course,  are not only mobile but have some choice of 
where they colonize and s e t t l e .  P l an t s  on the  other  hand ne i the r  
move nor  consciously choose where they set t le .  but are moved by 
processes  such as herbivore feeding,  attachment t o  animals,  and 
t r anspor t  by wind and water (Welch, Miller & Legg 1990)* Plan t  
spec ie s  have "chosen" the  d i spe r sa l  s t r a t e g y  which optimizes t h e i r  
chances of landing i n  a colonizable  s i te  through the  process of 
evolu t ion  (Brown 1951. Southwood 1962, Venable & Brown 1988). The 
d i s p e r s a l  strategies of most of the  native plant spec ie s  of the 
B r i t i s h  Isles evolved i n  a landscape which was completely d i f f e r e n t  
t o  the  one w e  see today. For many spec ie s  the  landscape has become 
more fragmented, with habi tab le  sites becoming f u r t h e r  apa r t .  
Species '  d i s p e r s a l  c a p a b i l i t i e s  are l i k e l y  t a  change so slowly t h a t  
they f ace  e x t i n c t i o n  before  they are l i k e l y  to  be rescued by t h i s  
f a c t o r  (den Boer 1977) .  

I f  we consider  t he  present  d i s t r i b u t i o n  of B r i t i s h  na t ive  plants it  
is ,  as Harper 1980 ind ica t ed ,  ' I . .  not  unreasonable t o  suppose t h a t  
hab i t ab le  si tes are present  within B r i t a i n  i n  a p a r t i c u l a r  vice-  
county o r  l0km square, s u i t a b l e  f o r  occupation by many of the  
spec ie s  l i s t e d  i n  The Red Data Book but  t h a t  seed d i s p e r s a l  f a i l s  
too  reach them." Species w i l l  become threatened i f  the  co loniza t ion  
of new sites falls below the  rate a t  which populat ions on e x i s t i n g  
sites d i e .  

5 . 3 . 2  Can plants  use corridors? 
It is unclear  whether wind-dispersed plant spec ie s  and p l a n t  spec ies  
t h a t  t y p i c a l l y  reproduce only vege ta t ive ly  would b e n e f i t  from 8 
h a b i t a t  c o r r i d o r  (bu t  see section 4 . 4 ) .  Imagine two woods. A and B,  
connected by a c o r r i d o r  which w e  w i l l  assume i s  a hab i t ab le  si te.  A 
woodland spec ie s  eg . wood anemone (Anemone nemorosu) would take many 
years  t o  creep along the  co r r ido r  from woodland A t o  woodland B for 
example. Mast woodland spec ies  are poorly dispersed and t h e  chance 
of a seed d i spe r s ing  d i r e c t  from woodland A t o  woodland B is 
minimal, I f  w e  assume seeds do d isperse  from woodland A ,  the random 
na tu re  of t h e  angle  of d i s p e r s a l  suggests  t h a t  only a very small 
proport ion w i l l  d i spe r se  i n  a d i r e c t i o n  along the  co r r ido r  towards 
woodland B,  ( f o r  a more d e t a i l e d  d iscuss ion  see sec t ion  5 .2) .  This 
also impl ies  i t  would take many years  for a species t o  reach 
woodland B along the  co r r ido r .  Some spec ie s  l i k e  oxlip (Pr imZa 
e ' lat ior)  almost never move out  of woods i n t o  hedges and would 
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5.3.3 

gene ra l ly  f a i l  t o  get from woodland A t a  woodland B along a hedge- 
l i k e  corridor (Verkaar 1990).  

Corridors do provide habitable sites for  spec ies  of p l a n t s  bu t  Often 
the  c o r r i d o r  i t se l f  provides a large proport ion of the  h a b i t a t  
a v a i l a b l e  t o  the  species. Railway l i n e s ,  roadside verges and t racks  
account f o r  a large proport ion of the  h a b i t a t  for species occupying 
open bare  ground eg. Oxford ragwort (Senecio squatidus) and bearded 
fescue ( V u Z p i a  ciZiata s s p .  ambigua). Roadside verges and railway 
embankments also provide grassland co r r ido r s ,  i f  they are c u t  
r egu la r ly .  f o r  species such as cowslip (Primula veris) and primrose 
( P *  uuZgar1:s) * 

Generic metapopulation models 
To make accura te  pred ic t ions  of how metapopulations of d i f f e r e n t  
spec ie s  w i l l  behave w e  need d e t a i l e d  au tecologica l  s t u d i e s  of the 
spec ie s  t o  determine the  d i s p e r s a l  rates of the  species i n  space and 
t i m e  ( seed  banks) ,  Gaining t h i s  information f o r  a l l  t he  B r i t i s h  
f l o r a  would be a daunting task and making metapopulation models for  
them is  even more daunting. To make the  task easier metapopulation 
models could be envisaged for  groups of spec ies  with c e r t a i n  
c h a r a c t e r i s t i c s .  Such generic  models have been produced by Hanski 
(1991)- H e  d i s t i ngu i shes  between four  kinds of spec ies  with respec t  
t o  t h e i r  local abundance ( N )  and the  f r a c t i o n  of occupied habi tab le  
sites ( p ) .  There are  core species w i t h  large values  of N and p ,  
sa te l l i t e  species with small N and small p ,  rural species with small 
N but  large p v  and urban species w i t h  large N and small p .  

According t o  Hanski's model each of the  four  ca t egor i e s  should have 
c e r t a i n  c h a r a c t e r i s t i c s .  Core spec ies  should have a high l o c a l  
growth rate. eg. vege ta t ive  growth and good d i s p e r s a l  c a p a b i l i t i e s .  
S a t e l l i t e  spec ies  should have low local growth rate and poor 
dispersal c a p a b i l i t i e s .  Rural  spec ies  should have a low growth rate 
and l a w  r a t i o  of ex t inc t ion  t o  co loniza t ion .  wh i l s t  urban spec ies  
should have t h e  opposi te  a t t r i b u t e s .  Increas ing  the  mor t a l i t y  rate 
of seeds may tu rn  a core species i n t o  a satel l i te  spec ies .  

These i deas  have been appl ied by Sijderstrorn (1989) to  a s tudy  of the 
occurrence af e p i x y l i c  bryophyte spec ies  i n  l a te  success iona l  stands 
of spruce.  Local abundance was est imated as percentage cover on 
a v a i l a b l e  logs i n  occupied f o r e s t  stands, Soderstrom i d e n t i f i e d  
three urban spec ie s  (large N small p )  a l l  of which had high local 
growth rate and l o w  d i spe r sa l  rate. There were seven care spec ie s  
(large N and p )  which had high l o c a l  growth rate and high d i s p e r s a l  
rate. The seven sa te l l i t e  spec ies  (small N and p )  had a high 
d i s p e r s a l  rate but  because they did no t  spread through vegeta t ive  
growth probably had a low l o c a l  growth rate. The only r u r a l  spec ies  
(small N large p)  had intermediate  d i s p e r s a l  and growth rates. 

The model of Hanski (1991) w i t h  f u t u r e  development could enable  US 
t o  c l a s s i f y  spec ie s  as core ,  sa te l l i t e ,  urban and r u r a l  and thus 
allow us t o  predict which would be most a f f ec t ed  by fragmentation of 
t h e  h a b i t a t  (satel l i tes  and to a lesser ex ten t  urban spec ie s )  and 
which core species would become sa te l l i t e  species. 
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5.3.4 Conclusions 

1. The distance between habitable sites and their size are v i t a l  i n  
determining the distribution of species. 

2 .  The idea t h a t  h a b i t a t  corridors a i d  plant dispersal is not 
necessarily v a l i d .  

3 .  We need considerably more information on the population dynamics 
and d i s p e r s a l  c a p a b i l i t i e s  of p lan t  species i n  order t o  determine 
their l i k e l y  response t o  c l imate  change. 
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6 THE STATUS OF S P E C I E S  AND BIOTOPES IN RELATION TO 
DISPERSAL ALONG CORRIDORS AND IN PATCHY HABITATS 

6.1.1 The Biological  Records Centre 
The computer database he ld  by the Biological Records Centre (BRC) 
now conta ins  over 6 mi l l ion  records of some 10,000 spec ies .  It 
c u r r e n t l y  forms a focus f o r  a wide-ranging research programme on 
such themes as b iod ive r s i ty  hotspots ,  p a t t e r n s  of r a r i t y ,  and the  
e f f e c t s  of land-use and cl imate  change, i n  add i t ion  t o  fundamental 
biogeographic s t u d i e s  and the  production of na t iona l  spec ies  atlases 
(Eversham et a l .  1993). 

6.1.2 Biological Records Centre data for conservation planning 
With access  t o  these d a t a  BRC is  ab le  to quant i fy  the  p re sen t  status 
and recent  dec l ines  of ind iv idua l  species. thereby e s t a b l i s h i n g  the  
importance of co r r ido r s  and habi ta t -patches f o r  spec ies  d i s p e r s a l  
under changed cl imate .  I n  p a r t i c u l a r  the Biotope Occupancy Database 
(BOD) h igh l igh t s  those biotopes containing greatest numbers of 
threatened o r  dec l in ing  spec ie s ,  Using coincidence mapping for 
s u i t e s  of c h a r a c t e r i s t i c  spec ie s ,  the  cu r ren t  ex ten t  of each major 
biotope can be measured. The presence of uncommon and s tenotopic  
spec ie s  is an important c r i t e r i o n  for  conservation eva lua t ion  (Usher 
1986), SO a species-based technique such as coincidence-mapping has 
added value because i t  provides a 'bioassay'  which i n t e g r a t e s  
elements of h a b i t a t  q u a l i t y  as well as r e f l e c t i n g  simple area1 
e x t e n t .  Using h i s t o r i c a l  da t a  on spec ies  d i s t r i b u t i o n .  i t  has proven 
poss ib l e  t o  quant i fy  the r e l a t i v e  dec l ine  of each major biotope i n  
each region.  For a few spec ies  which are known t o  be expanding their 
range r ap id ly  a t  p re sen t ,  it may be poss ib l e  t o  examine t h e  mode of 
expansion. from which some empir ical  data on the  r o l e  of corridors 
and s tepping-stones may be der ived.  

Th i s  s e c t i o n  of t he  r epor t  thus addresses the  following:- 

- Species  s t a t u s ,  p a s t  dec l ine  and f u t u r e  v u l n e r a b i l i t y  
- B i Q t O p e  occupancy of threatened spec ie s  - Current ex ten t  of major btotopes 
- Declines i n  major biotopes 
- Mode of expansion of current ly-spreading spec ie s ,  

As w e l l  as providing a broad p i c t u r e  of p a s t  changes f o r  all 
bio topes ,  one example i s  examined i n  more d e t a i l .  The mountain-top 
grass land  and snow-patch biotope has been chosen for  t h i s ,  because 
i t  is  amang the most se r ious ly  threatened by c l imate  change. 

To screen  every rare or" threatened spec ie s  f o r  i t s  response t o  
climate change and i ts  p o t e n t i a l  u s e  of c o r r i d o r s  and habitat 
patches i n  d i s p e r s a l  would be a major undertaking. Hence, other 
techniques are descr ibed.  and a small number of worked examples is 
provided t o  i l l u s t r a t e  what would be possible. I n  p a r t i c u l a r ,  t he  
c r i t e r i a  fo r  s e l e c t i n g  spec ies  f o r  f u t u r e  research  are examined. 

6.1.3 Choice of groups for analysis  
Not all t axa  are equal ly  usefu l  when consider ing c l imate  change 
impacts and co r r ido r  d i s p e r s a l .  Some taxa are so poorly known that 
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6.2 

they can provide  l i t t l e  insight i n t o  past and cu r ren t  landscape 
p a t t e r n s ;  and conversely, s u c h  taxa a r e  very d i f f i c u l t  t o  
cha rac t e r i ze  i n  order  t o  p l a n  f a r  t h e i r  conservat ion,  A range of the  
better-known animal and p l a n t  groups has been s e l e c t e d  f o r  t h i s  
s tudy .  Each group meets the  following cri teria:-  

- A published Red Data Book or equivalent  l ist  g iv ing  d e f i n i t i v e  
ca t egor i e s  of t h r e a t ;  
A broad range of ecological and h a b i t a t  requirements;  
A range af d i s p e r s a l  and mobil i ty  c h a r a c t e r i s t i c s ;  

- 
- 
- Wide geographic d i s t r i b u t i a n s ;  
- Adequate d a t a  on current: d i s t r i b u t i o n  in the  na t iona l  

biogeographic d a t a  bank; 
- Adequate b io log ica l  information access ib l e  i n  the  l i t e r a t u r e  and 

through contact with s p e c i a l i s t s ;  
A reasonable l e v e l  of publ ic  awareness or  i n t e r e s t .  - 

After  consider ing a wider range, the  following groups were chosen: 
Vascular p l a n t s  
Non-marine molluscs 
Mil l ipedes 
Centipedes 
Dragonflies (Odonata) 
Qrthop tera 
B u t t e r f l i e s  
Macro-moths 
Woodlice 
Amphibians 
Rep t i l e s  
M a m m a l s .  

This  s t u d y  covers only England, Scotland and Wales, with an emphasis 
on England. 

SPECIES STATUS AND DECLINE 

6.2.1. Conservation status 
The conservat ion s t a t u s  of the most threatened B r i t i s h  species of 
plants and animals has been assessed by the authors of Red Data 
Books (RDBs), i n  which information on those spec ie s  bel ieved to  be 
i n  danger of e x t i n c t i o n  i n  B r i t a i n  i s  compiled. Four B r i t i s h  Red 
Data Books have been published t o  d a t e ,  covering vascular  plants 
(Pe r r ing  & Farrell 1977. 1983), i n s e c t s  ( S h i r t  1987). other 
i n v e r t e b r a t e s  (Bra t ton  1991) and b i r d s  (Bat ten e t  at. 1990). 
Information on o t h e r  groups can be obtained from o t h e r  publ ica t ions  
(Anon 1989a, b; Harris & J e f f e r i e s  1991). 

The groups l i s t e d  i n  6.1.3 contain a total of 508 Red Data Book 
spec ie s .  Each species is ra t ed  according t o  the following 
categories : 

RDB 1 Endangered 
RDB 2 Vulnerable 
RDB 3 Rare 
RDB 4 Out of Danger 
RDB 5 Endemic 
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RDB App, 

RDB K 

Formerly native, b u t  believed to have become extinct 

I n s u f f i c i e n t l y  known - bel ieved t o  f a l l  into one of 
RDB ca tegor ies  1-3. 

before 1900 

The number of species i n  each taxonomic group i n  each category is  
summarized i n  Table 6.1. 

Table 6.1 Numbers ~f Red Data Book (RDBJ spec ie s  i n  each taxonomic group, 
with t h e i r  RDB status ca tegor ies .  S t a t u s  ca t egor i e s  are 1 
Endangered, 2 Vulnerable, 3 Rare, 4 but of danger,  5 Endemic, 
App. Ext inc t ,  K I n s u f f i c i e n t l y  known, X Not y e t  assigned. 

I Status Category 

Group 1 2 3 4 5 APP 1 Total 
I 

Ferns 
Flowering p l a n t s  
Non-marine molluscs 
Millipedes 
Centipedes 
Odonata 

B u t t e r f l i e s  
Macromoths 
Micromoths 
Woodlice 
Amphibians 
Rept i l e s  
Bats 
Rodents 

Orthoptera 

3 2 3 
66 91 148 
10 7 11 1. 

3 
2 

4 2 3 
3 2 1 
2 3 2 2 2  3 

21 12 53 13 
4 7 
1 1 2 

1 
2 2  

3 10 2 
1 1 

8 
305 
29 

3 
9 
6 
14 
99 
11 
4 
1 
4 
15 
2 

2 

Carnivores 1 1 

Total 116 139 223 2 2 17 8 6 513 

6.2.2 Quantification of decline 
The records held by BRC extend back to 1850, o r  earlier, for  most of 
the  groups chosen. There is  s u f f i c i e n t  information to  provide a pre- 
1900 baseline dateclass fo r  most groups. Dividing 20th-century 
records  into four date periods (1900-1940, 1941-1960, 1961-1975, 
post-1975) gives a f ive-poin t  framework within which t o  assess 
species status. I n  each of t h e  f i v e  dateclasses the  r a t i o  of records 
for each spec ie s  t o  the  t o t a l  number of records for  its taxonomic 
group has been computed t o  provide a comparative measure of status .  
By tak ing  t h e  ratio r a t h e r  than the  absolute number of occurrences.  
the i n f luence  of geographical and temporal v a r i a t i o n  i n  recorder  
e f f o r t  has been minimized (Eversham et at. 1993, Preston & Eversham 
i n  p repa ra t ion ) .  
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To reduce the effects of recorder bias,  the  recorded area of 
occupancy (Gastan 1991) of each spec ies  i n  each da tec l a s s  has been 
ca l cu la t ed ,  r a t h e r  than t h e  number of records i n  the  database.  The 
area of occupancy i s  defined as the number of 10 km squares  of the  
Ordnance Survey na t iona l  grid i n  which the species is recorded i n  8. 
spec i f i ed  d a t e c l a s s .  

Linear regress ion  can be used t o  provide a simple index of change i n  
spec ie s  s t a t u s .  A s t rongly  negat ive c o r r e l a t i o n  c o e f f i c i e n t  
i n d i c a t e s  a severe dec l ine ,  and a p o s i t i v e  c o r r e l a t i o n  c o e f f i c i e n t  
suggests  t h a t  the  spec ies  has increased.  

Overal l  changes cannot easily be de tec ted  without q u a n t i t a t i v e  
monitoring. eg,  t h e  Bu t t e r f ly  Monitoring Scheme (Po l l a rd  et aZ. 
1986). Nevertheless ca re fu l  analyses of semi-quant i ta t ive h i s t o r i c a l  
d a t a  can sometimes revea l  t rends i n  s u i t e s  of spec ie s ,  eg. t he  
l e v e l s  of weed seeds i n  ce rea l  crops (F i rbank 1988; Wilson 1992). 
Also t rends  i n  common spec ies  may be apparent f o r  a few w e l l -  
recorded sites. eg. the f l o r a  of Upper Teesdale (Bradshaw 1978; 
Bradshaw & Doody 1978). For ind iv idua l  spec ie s ,  a resurvey of 
h i s t o r i c a l  sites may quant i fy  the degree of dec l ine  more p rec i se ly  
(eg. Moore 1980 fo r  the  damselfly Lestes dryas). With some spec ie s ,  
estimates of population changes with t i m e  are poss ib l e  (eg.  
J e f f e r i e s  1989 fo r  the  o t t e r  Lutra l u t T a ) ,  

The ana lys i s  using f i v e  da tec lasses  could not be appl ied t o  non- 
marine molluscs or macro-moths s ince  the BRC database does not  yet  
conta in  p rec i se ly  dated records,  A s impler .  two-dateclass ana lys i s  
was used c a l c u l a t i n g  the  proport ions of" records of each spec ies  i n  
both da t ec l a s ses  as before. A test  s t a t i s t i c  comparing two 
independent populat ion proportions ( Z , )  (COX 1987) was ca lcu la t ed  
using the  pre-  and post-date  proport ions.  The cut-off  d a t e s  used for 
the  two da tec l a s ses  were d ic t a t ed  for  each group by t he  ava i l ab le  
da ta :  pre- and post-1960 was used f o r  macro-moths and 1950 for 
molluscs * 

The two-dateclass method has been used i n  p a r t  of the  c a l c u l a t i o n  of 
a ' t h r e a t  number' i n  the  vascular  p l a n t  Red Data Book (Pe r r ing  & 
Farrell 1983). An e labora t ion  was devised f o r  water b e e t l e s  (Fos t e r  
1983) us ing  an ' index of con t inu i tyq  and an ' index of dec l ine '  More 
p r e c i s e  analyses of long-term trends of Dutch i n s e c t s ,  with up to  11 
decade dateclasses, have been c a r r i e d  out  fo r  s e l e c t e d  Carabid 
b e e t l e s  (Turin & den Boer 1988; Aukema 1990) and fo r  Odonata 
(Geijskes & van To1 1983). However none of these previous analyses 
have considered such a large number of spec ie s  or such a wide range 
of groups as the  present  s tudy.  
As an example of the  use of t h i s  technique, Table 6.2 shows the  
decline stat is t ics  f o r  the  r e s iden t  b u t t e r f l y  spec ies .  For most of 
these .  t he  dec l ine  measured by proport ion of records is  i n  agreement 
with t h e  published h i s t o r i e s  of the  d i s t r i b u t i o n s  (Heath e t  al. 
1984). 

6.2.3 Vulnerability of rare species to direct climate change effects 
Each spec ie s  under considerat ion has been recorded from the  10 km 
squares  i n  B r i t a i n .  Its area1 exten t  or range envelope (Gaston 1991) 
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Table 6.2 Decline statistics for the resident butterfly species 

Species Gradient species Gradient 

- 

Small tortoiseshell I. 098'"" 

Large white 0.906*** 
Small heath 0.893'*' 
Green-veined white 0.842""" 

Common blue 0 * 546"' 

0 495 Orange tip 
0.424 Wall brown 
0.394 Peacock 

0.337 Gatekeeper 

0.307 Small skipper 
0 * 307*** Large skipper 
0.215 Ringlet 

0.153 Brimstone 

0 107 Speckled wood 

0.072 Essex sk ipper  

-0.004 Scotch arms 
-0.009 Mountain ringlet 

-0.014" Silver-studded blue 
Black hairstreak 

-0 * 021 Large copper 
-0.031~" Holly blue 

Glanville fritillar; -0.035 

Chequered skipper -0.059 
Large heath -0 * O84* 
Large blue -0.112 

-0.126 

Meadow brown 0.973*** 

Small copper 0.753--* 

Small white 0.521*** 

Lulworth skipper -0.039 

Adonis blue -0 * 117- 

Mazarine blue 
dhite-letter hairstreak 
iJhite admiral 
Silver-spotted skipper 
Northern brown argus 
Comma 
Green hairstreak 
Heath fritillary 
Chalkhill blue 
Dingy skipper 
Brown hairstreak 
Brown argus 
Srnll pearl-bordered fr. 
Purple hairstreak 
Black-veined white 
Grizzled skipper 
Swallowtail 
Duke of Burgundy fr. 
Marbled white 
Dark green fr. 
Grayling 
Purple emperor 
Small blue 
Silver-washed fr. 
Pearl-bordered fr. 
High brown fr. 
Wood white 
Marsh fr. 
Large tortoiseshell 

-0.135- 
-0.139 
-0.144 
-0.160* 
-0. 164 
-0.164 
-0.165 
-0.195 
-0.197 
-0.214 

-0 226 

-0.235 

-0.263 
-0.273 
-0.281 

-0.217 

-0.232 

-0.258" 

-0.285 
-0.298 
-0.350 
-0 * 395 
-0.405 
-0.435 
-0 442 
-0.457 
-0.485 
-0.520 
-0.711 

It' these species were under-represented in the earlier dateclasses 
which may increase t h e i r  gradient values.  

** species became extinct in the nineteenth century. 
.I these species have been t h e  subject of intensive surveys in recent 

years. possibly masking their decline. 

Note 'Gradientt refers to that of the regression line of relative 
frequency against time is a measure of changing status. 
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can be represented by a convex polygon connecting the  outermost 
record po in t s  (Rapoport 1982)- It i s  assumed t h a t  t h i s  range is  
determined by to le rance  of p reva i l i ng  c l ima t i c  condi t ions .  T h i s  has 
been discussed by palaeoecologis ts  i n t e r p r e t i n g  pos t -g l ac i a l  range 
changes (Atkinson et al. 1986, 1987) Red Data Book spec ie s  are 
r e s t r i c t e d  t o  a small number of r a t h e r  s p e c i a l  s i tes o r  regions.  It 
is assumed t h a t  the a b i l i t y  and/or opportuni ty  fo r  extension of 
range under cu r ren t  condi t ions is negligible. Given these  
assumptions. the  quest ion ' H o w  vulnerable  is  a spec ie s  to  climate 
change?' can be more p rec i se ly  s t a t e d  as 'What percentage of a 
spec ie s '  range w i l l  remain occupiable a f t e r  climate change?'. 

A spec ie s  occurr ing  i n  a t  least one of the  c l i m a t i c a l l y  extreme 20% 
of B r i t i s h  squares was assumed not  t o  s u f f e r  by an extension of t he  
B r i t i s h  climate beyond t h a t  extreme, eg. spec ies  occurr ing  i n  t h e  
d r i e s t  f i f t h  of B r i t a i n  are assumed t o  be unaffected by decreased 
mean annual r a i n f a l l  ( scenar io  I i n  Table 6*3)  and t h e i r  ranges 
remain 100% occupied, These taxa, which are mostly c lus t e red  around 
t h e  south and east coas t  of England, are prime candidates  for  
p o t e n t i a l  range extension under c l imate  warming. 

The climate range represented by currently-occupied squares  was 
ca lcu la t ed  for each spec ie s ,  i n  terms of the  th ree  key climate 
measures, mean annual rainfall, mean annual temperature,  and 
' c o n t i n e n t a l i t y '  (Table  6 . 3 ) .  The percentage of squares  which would 
remain within t he  range of each climate measure under changed 
climate was then ca l cu la t ed  for each Q €  the  3 climate measures under 
t h e  5 scenar ios .  

Table 6 . 3  C l i m a t e  change scenar ios  

Change i n :  - 
Scenario Mean annual Cont inenta l i ty  Mean temperature 

r a i n f a l l  ( m m )  " C )  ("C) 

1. Hot & dry  -100 8 +2.0 

2. Warm w e t  summers 0 +l +0.5 
3. Wet milder winters  +zoo -1 +0.5 
4 .  Dry smmers, w e t  +200 

winters  
0 +I .o 

5 .  Hot dry  summers, 
cold w e t  win ters  

0 +3 +0.5 

Note Cont inen ta l i t y  is  d i f f e rence  between mean d a i l y  temperature figures 
for J u l y  m a x i m a  and January minima. 

The impact of climate change on each spec ie s  is represented by th ree  
' o c c u p i a b i l i t y  percentages '  ( t h e  percentage of the  cu r ren t  area of 
occupancy which would remain within the  species' range) fo r  each 
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scenar io .  The i n t e r r e l a t i o n s h i p s  between change i n  mean annual 
r a i n f a l l ,  change i n  mean temperature and change i n  c a n t i n e n t a l i t y ,  
and t h e i r  combined e f f e c t  upon each species are unknown. precluding 
the  c a l c u l a t i o n  of a 'mean' occup iab i l i t y  percentage.  However, i n  
order  t o  present t he  climate change impact da t a  more concise ly ,  t he  
'worst  case '  occup iab i l i t y  percentage ( t h e  lowest of t h e  th ree  
f i g u r e s )  was taken for each spec ies  under each scenar io .  

F u r t h e r ,  an o v e r a l l  vu lne rab i l i t y  t o  the  d i r e c t  e f f e c t s  of c l imate  
change i n  the  broad sense can be ca lcu la ted  as the  mean of the  f i v e  
worst case occup iab i l i t y  percentages f o r  each spec ies .  The 
occup iab i l i t y  percentage i s  a measure only  of the  detrimental effect 
on t h e  spec ie s ,  and the  ove ra l l  vu lne rab i l i t y  represents  an estimate 
of t he  average attrition of a spec ies  range as a r e s u l t  of c l imate  
change e f f e c t s .  Separate  analyses  would be needed f o r  each scenar io  
i f  an attempt were made t o  p red ic t  p o s i t i v e  responses by threatened 
spec ie s .  As an example, Table 6.4 shows the  v u l n e r a b i l i t y  statist ics 
for a s e l e c t i o n  of Lepidoptera. Species expected to  become more 
abundant and/or increase  i n  geographic range are those f o r  which 
co r r ido r  d i s p e r s a l  and s tepping s tones have most t o  o f f e r .  

6.2,4 Vulnerability of rare species to inundation by sea water 
The b e s t  estimate of global  sea l e v e l  rise is about 20 crn by the  
year  2030 and 30 cm by 2050. T h i s  estimate must be adjusted for  
ongoing v e r t i c a l  land movements i n  s p e c i f i c  c o a s t a l  locali t ies (UK 
C l i m a t e  Change Impacts Review Group 1991). 

Al t i tude  d a t a  are ava i l ab le  from a dataset containing po in t  he ights  
f o r  each 2 km square ( t e t r a d ) ,  from which a mean a l t i t u d e  above 
Ordnance Datum (a.Q.D.) w a s  ca lcu la ted  for each 10 km square of the  
na t iona l  g r i d  (Figure 6 .1) .  For each species. t he  percentage of i t s  
area of occupancy (ssnsu Gaston 1991) ly ing  i n  squares  of mean 
a l t i t u d e  less than 5 m .  and those between 5 m and 10 m ,  were 
ca lcu la t ed .  Many RDB spec ies  occur i n  a few sites within t h i s  area, 
but  most have other .  more secure sites elsewhere. 

Those spec ie s  considered t o  be most a t  risk are l is ted i n  Table 6.5. 
Many of those species are unl ike ly  t o  be d i r e c t l y  a t  r i s k  from the  
small rise i n  mean sea l e v e l ;  t h e  major t h r e a t  der ives  from the  
combination of r i s i n g  sea l e v e l  and any poss ib l e  inc rease  i n  t he  
frequency of extreme storm events  breaching c o a s t a l  defences. I n  
many cases, spec ie s  vu lne rab i l i t y  w i l l  be a func t ion  of the  
resources  a l loca t ed  to improving coas t a l  defences.  Conversely, some 
spec ie s  assoc ia ted  with p a r t i c u l a r  types of s o f t  c o a s t l i n e ,  eg. 
sal tmarsh.  may be vulnerable  t o  sea-defence engineer ing.  

6.3 BIOTOPE OCCUPANCY OF RED DATA BOOK SPECIES 

6.3.1 The Biotope Occupancy Database 
The Biotope Occupancy Database (BOD) has been der ived from an 
ex tens ive  l i t e r a t u r e  search ,  and consul ta t ion  with a wide range of 
s p e c i a l i s t s  in the  d i f f e r e n t  groups of  p l a n t s  and animals being 
considered (Eversham et aZ. 1993). A l l  major biotopes ( h a b i t a t s  and 
land-management classes) are l i s t e d .  Rare and spec ia l i zed  spec ies  
may occupy a s i n g l e  biotope,  whereas more widespread o r  eury topic  
spec ie s  may occur i n  five o r  more. 
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