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CANALS AS AQUATIC CORRIDORS 

INTRODUCTION 
The term ' c o r r i d o r '  can be used to descr ibe  two d i f f e r e n t  
s i t u a t i o n s .  I n  the  first, the cor r ido r  is simply a passage along 
which organisms t r a v e l .  or  along which propagules are d ispersed .  
Thus, one can imagine a b u t t e r f l y  o r  a b i r d  passing from one wood t o  
another  a long a hedge, o r  a seed f l o a t i n g  along a stream from one 
lake  t o  another .  The second s i t u a t i o n  i s  the  corridor as a l i n e a r  
h a b i t a t  i n  which organisms l i v e  and reproduce. This  s ec t ion  of the  
r epor t  considers  B r i t i s h  canals  as l i n e a r  h a b i t a t s  for submerged and 
f l o a t i n g  vascular  p l a n t s .  

A s tudy of the  p l a n t s  which have colonized cana ls  is of i n t e r e s t  for  
two reasons.  Canals are of i n t r i n s i c  importance, as they contain 
s i g n i f i c a n t  populations of many scarce  or rare aqua t i c  macrophytes. 
They are uns tab le  h a b i t a t s :  i f  neglected they gradual ly  become 
overgrown by emergent vegetat ion but  i f  maintained and i n t ens ive ly  
used by boat  t r a f f i c  they a l s o  lose much of t h e i r  bo tan ica l  
d i v e r s i t y  (Murphy & Eaton 1983). The r e s t o r a t i o n  of canals for  
p leasure  boat ing has been a con t rove r s i a l  i s s u e  i n  recent  yea r s ,  and 
t h e  management of the Basingstoke Canal. i n  p a r t i c u l a r ,  has  been a 
sub jec t  of heated debate (see Byfield 1990). Proposals t o  use canals  
as part of a na t iona l  water g r i d  may also need t o  be evaluated by 
conse rva t ion i s t s ,  and a knowledge of t he  d i s p e r s a l  behaviour and 
co loniz ing  a b i l i t y  of both na t ive  and a l i e n  spec ies  will be 
e s s e n t i a l  if the  consequences of l i nk ing  canals are t o  be pred ic ted .  

REPRODUCTION AND DISPERSAL IN THE AQUATIC ENVIRONMENT 
I n  consider ing aquat ic  co r r ido r s ,  an important f ea tu re  of aquat ic  
plants must be borne i n  mind: the  prevalence of vege ta t ive  
reproduction i n  many genera. Vegetative reproduction in B r i t i s h  
terrestrial spec ie s  usua l ly  takes p lace  simply by the  growth of t he  
parent  i nd iv idua l .  I n  many cases this is  achieved by the  growth of 
underground axes such as rhizomes. o r  of stolons close to  the  soil 
su r face .  Only a few spec ies  produce vegeta t ive  propagules which can 
combine t h e  func t ions  of d i s p e r s a l  and reproduction. These include 
those which produce spec ia l i zed  s t r u c t u r e s  such as the b u l b i l s  of 
Cardamine bulbifera and Saxifraga cernua and t h e  p ro l i f e rous  
s p i k e l e t s  of viviparous grasses such as Festuca vivipara and POa 
butbosa, Less spec ia l i zed  propagules are rare: one example is the  
development of p l a n t l e t s  on the  leaves of Cardamine pratensis. The 
only method of vege ta t ive  d i s p e r s a l  and reproduction which is a t  a l l  
f requent  is seed apomixis, i n  which seeds are produced asexual ly .  

By c o n t r a s t ,  a wide range of vege ta t ive  propagules are produced by 
the  r e l a t i v e l y  small number of aquat ic  macrophytes i n  t h e  B r i t i s h  
f l o r a .  F loa t ing  species such as Azo l la  filiculoides, Lemna spp. and 
Spirodela poZyrhiza reproduce simply by vegeta t ive  budding. Rooted 
macraphytes i n  a t h e r  genera such as Nydrilla, Myriophyttum and 
Potamogeton may produce spec ia l i zed  tu r ions  der ived from l e a f y  
t i s s u e  I whereas spec ie s  of Elodea, Groenlandia and Lagarosiphon have 
less spec ia l i zed  branchle t s  which become detached from the parent 
p l a n t  and which are capable of' regenerat ion.  This capac i ty  for  
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vege ta t ive  r e p r o d u c t i o n  i s  often accompanied by a failure t o  
reproduce sexual ly :  one or two appa ren t ly  native spec ie s  (eg .  
Stratiotss a b i d e s )  and several successfu l  a l i e n s  (eg*  Elodea 
nuttaliii) are present i n  Britain as a s ingle  sex; some spec ies  
r a r e l y  flower (eg. Spirodela polyrhiza) and o the r s  which do flower 
o f t e n  f a i l  t o  set  v i ab le  seed (eg. Hydmchar is  morsus-ranae). There 
are probably two reasons f o r  t he  greater predominance of vege ta t ive  
reproduction amongst aquat ic  p l an t s .  Drought i s  no t  a problem i n  the  
aqua t i c  environment, and thus e f f e c t i v e  propagules do not  need to  
have morphological f ea tu re s  which p r o t e c t  them aga ins t  des icca t ion .  
I n  t h i s  context  i t  is i n t e r e s t i n g  to  note  t h a t  a wide range of 
vege ta t ive  propagules is  present  in poik i lohydr ic  groups such as the  
bryophytes. Water is  also an e f f e c t i v e  means of d i s p e r s a l ,  and the  
propagules of p l a n t s  i n  flowing water can be d ispersed  within the  
h a b i t a t  i n  which they grow. rather than (as might, f o r  example, be 
the  case with wind d i s p e r s a l )  across  h o s t i l e  t e r r a i n .  

THE GROWTH. DECLINE AND REVIVAL OF THE BRITISH CANAL NETWORK 
Rivers have been important i n  the  B r i t i s h  t r anspor t  system from 
p r e h i s t o r i c  times. Attempts t o  improve r i v e r s  for  navigat ion were 
made i n  t he  medieval per iod.  S t r e t ches  of r i v e r  which were 
p a r t i c u l a r l y  d i f f i c u l t  t o  navigate  were by-passed by c u t s  alongside 
t h e  r i v e r .  The improvement of the  R Exe i n  1564-67 was p a r t i c u l a r l y  
s i g n i f i c a n t  as the  c u t  which by-passed a s t r e t c h  with shoa ls  and 
weirs included th ree  locks.  the  first time t h a t  these  had been used 
i n  England. Further  extensive r i v e r  improvements took p lace  i n  the  
17th and 1 8 t h  centuries. As r i v e r  t r anspor t  became more e f f i c i e n t ,  
t h e  i n e f f i c i e n c y  of t ranspor t ing  goods between r i v e r s  across t h e i r  
watersheds was increas ingly  apparent.  

The s tar t  of t h e  canal-bui lding era can be dated from the 
cons t ruc t ion  of t he  Bridgewater Canal, which was authorized by A c t  
of Parliament i n  1760. T h i s  proved t o  be  a f i n a n c i a l  success ,  and i n  
t h e  next  70 years  many canals  were b u i l t  and a great many more 
planned but  not s t a r t e d ,  o r  s t a r t e d  and not  completed. By 1830 the re  
were over 4250 miles of navigable waterways, two-thirds of which 
were cana ls .  The beginning of the railway era put  an end t o  the  
per iod of canal  cons t ruc t ion .  Some canals were actually so ld  t o  
provide routes  fo r  railways and most suf fered  from competit ion from 
the  railway network. 

For over a century the  canal network was i n  gradual dec l ine .  
Although some c a n a l s  remained v iab le .  others lost a l l  t h e i r  t r a f f i c  
and became disused.  Most of the remaining cana ls  were taken i n t o  
pub l i c  ownership i n  1948. There was no h a l t  t o  t he  dec l ine  of the  
use  of the network f o r  i n d u s t r i a l  purposes however. The na t iona l ly-  
owned Fleet of narrow boats  ceased opera t ing  i n  1963, following 
losses caused by t h e  1962-63 win ter ,  

The canals became increas ingly  important i n  the  post-war years  fo r  
r e c r e a t i o n a l  boat ing.  Not only were e x i s t i n g  cana ls  used ,  but 
disused cana ls  were res tored  us ing  volunteer  labour  ( t h e  'new 
navv ies ' ) ) .  This r ev iva l  has ensured the  continued ex is tence  of many 
canals. but has a t  times brought t h e  r e s t o r a t i o n  movement i n t o  
c o n f l i c t  with t r a d e  un ion i s t s  and conse rva t ion i s t s .  
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4.5 

The d i s t r i b u t i o n  of canals  i n  Br i t a in  and I re land  i s  
4 .1 .  Brief h i s t o r i e s  of the canal-bui lding e r a ,  and 
recent  r e s t o r a t i o n  projects  , are provided by Baldwin 
and Squi res  (1984) I 

given in Figure 
d e t a i l s  of the  
& Burton ( 1983) 

THE COLONIZATION OF CANALS BY AQUATIC MACROPHYTES 
Aquatic macrophytes which have colonized canals  have 
us ing  the  Bio logica l  Records Centre (BRC)  database.  

been i d e n t i f i e d  
I n  recent  years  

t h e  d a t a  on aquat ic  p l an t s  held by BRC have been enhanced by the  
add i t ion  of records from a wide range of sources .  This work has 
formed the  b a s i s  of an Atlas and Database of Aquatic Plants p r o j e c t ,  
j o i n t l y  funded by ITE,  the  J o i n t  Nature Conservation Committee and 
t he  National Rivers Authority (Preston.  Crof t  & Forrest 1991; 
Preston & Crof t  1992) .  A s  par t  of t h i s  project ,  d a t a  from s p e c i f i c  
canal surveys have been added t o  the  database.  Most of the canal  
surveys t o  which we have had access have concerned canals a t  the  
f r i n g e  of the  na t iona l  network, presumably because canals  are more 
highly valued as a resource i n  areas where they are scarce than i n  
areas where they are p l e n t i f u l .  Records from surveys of the  
following canals are now available i n  the  database: Basingstoke 
Canal (Hall 1988). Ches ter f ie ld  Canal (Alder 1986). Exeter Canal 
(C.D. Preston unpublished) I Forth & Clyde Canal (Watson & Murphy 
1988)- Grand Western Canal (B .  Benfield & L . J .  Margetts 
unpubl ished) ,  Grantham Canal (Candlish 1975). Lancaster Canal 
(Livermore & Livermore 1988), Leven Canal (Kendall 1987), 
Pocklington Canal (Tolhurst  1987) and Union Canal (Anderson & Murphy 
1987). Other records from canals have came from d a t a s e t s  which have 
contained records from various h a b i t a t s .  These are d e t a i l e d  by 
Preston & Craf t  (1992). 

Aquatic macrophytes for  which there are records i n  canals from at  
least 10 of the  10 x 10km squares of the  na t iona l  g r i d  are l i s t e d  i n  
Table 4 . 1  This cut-off  po in t  of 10 squares  has been chosen t o  select 
those spec ie s  which are w e l l  e s t ab l i shed  i n  canals, and e l imina te  
those which have only been recorded as casual  occurences i n  canals  
o r  which have become es tab l i shed  only i n  a few s h o r t  s t r e t c h e s  of 
cana l .  We have a l s o  attempted t o  i d e n t i f y  those species which have 
failed to  colonize the  canal system t o  any s i g n i f i c a n t  ex ten t .  
Species  which have been recorded from a t  least 100 10-km squares  i n  
B r i t a i n .  bu t  have not  been recorded from canals i n  more than 9 of 
them, are listed i n  Table 4.2 I t  does not  seem worth l i s t i n g  the  
rarer species which have f a i l e d  t o  colonize canals, as t h e i r  
opportuni ty  t o  do so  might have been very l imi ted .  

BIOLOGICAL CHARACTERISTICS OF CANAL COLONISTS 
The b io log ica l  c h a r a c t e r i s t i c s  of t h e  canal  c o l o n i s t s  can be 
compared with those of the  spec ies  which have f a i l e d  t o  colonize 
canals i n  an at tempt  t o  i d e n t i f y  f ea tu res  which c o r r e l a t e  with 
co loniz ing  a b i l i t y .  The charac te rs  which are examined here  are 
B r i t i s h  d i s t r i b u t i o n ,  l i f e  form, method of reproduction and trophic 
requirements,  
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Figure 4 . 1  The distribution of canals in B r i t a i n  and Ireland. 
Solid circles denote the presence of a canal in the relevant 10- 
h square; open circles are the sites of former canals which are 
now dry- 
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Table 4.1 Submerged and f l o a t i n g  vascular p l a n t s  recorded from canals i n  10 
or mare 10-km squares in B r i t a i n  

A p i w n  Snundadum 
Azol la  fiZieuloides 
CaZ i! i tTiche hamulata 
CalLitriche hermaphroditica 
Callitriche ptatycarpa 
Ca 1 1 i t r iche stagna l is 
Ceratophyllum dsmerswn 
Eleocharis ac icularis 
Elodea canadensis 
Elodsa nuttatZii 
Groenlandia densu 
Nippuris vulgaris 
Hydrocharis rnorsus-ranae 
Lemna gibba 
Lsmna minor 
Lemna trisulca 
Luronium natans 
Myr iophy Z lwn spicatum 
MyriophyZlum uerticillatwn 
Nuphar lutea 
Nymphaea aZba 
Nymphoides p e l t a t a  
Oenanths f luuiati l i s  
Polygonum amphibium 
Po tamoge t on a l p  ims 
Potamogeton berchtotdii 
Potamogeton compressus 
Potamogeton crispus 
Potamogeton friesii 
Potamogeton Zucens 
Potamogeton natans 
Potamogeton obtusifolius 
Potamogeton pectinatus 
Potamogston perfoliatus 
Potamogston prae Longus 
Potamogeton pusilZus 
Potamogeton trichoides 
Potarnogeton x cooperi (P. crispus x psrfoliatus) 
Potamogeton x lintonit (P. crispus x friesii) 
Potamogeton x salicifolius ( P .  lucens x perfoliatus) 
Ranunculus circinotus 
Sagittaria sagittifozia 
Sparganium emersum 
SpirodsZa polyrhiza 
Stratiotes a b i d e s  
Zunnichellia palustris 

denotes an introduced species 
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Table 4.2 Submerged and floating vascular plants recorded from over 100 
10-km squares in B r i t a i n  but recorded i n  cana ls  from fewer than 
10 10-km squares  

Ca 11 i triche brut ia 
Callitriche obtusangula 
Ceratophy l lum submersum 
Crassu la he lms i i 
Elating hexandra 
E Zeog i ton f lu i tans 
Hottonia palustris 
Isoetes echinospora 
Isoe t e s  lacustr i s 
Juncus buZbosus (aquatic form) 

* Lagarosiphon major 
Littore 1 la uni f lora 
Lobe 1 fa dortmanna 
Myriophyllwn alternif Z o m  
Potamogeton COZQTCZ~US 
Potamogeton filiformis 
Potamogeton gramineus 
Potamogeton polygonifolius 
Potamogston x nitens (P. gramineus x peTfoliatus) 
Ranunculus aquatiZis 
Ranunculus baudotii 
Ranunculus 4 lu i tans 
Ranuncu tus pe 1 t a t u s  
RanuncuZus perticittatus subsp. pseudofluitans 
Ranunculus trichophyl Zus 
Ruppia cirrhosa 
Ruppia maritima 
Sparganium angustifolium 
Subularia aquatica 
Utricularia intermedia sens .  lat. 
Utricularia minor 
Utr icu l a r  ia vulgar is 

* denotes an introduced spec ie s  

4.5.1 Bri t i sh  distribution 
The aqua t i c  macrophytes can be c l a s s i f i e d  i n t o  s i x  groups on the 
basis of  t h e i r  B r i t i s h  d i s t r i b u t i o n .  Widespread spec ie s  are found 
throughout much of Britain whereas coastal species are confined t o  
the  coastal zone. Strongly south-eastern species are v i r t u a l l y  
confined t o  t h e  southern and eas t e rn  p a r t  of B r i t a i n ,  being rare i n  
SW England, Wales. N England and Scotland. Weakly south-eastern 
species are concentrated i n  the  same area but also extend f u r t h e r  
north and west, and are o f t e n  present  i n  lowland Scotland, Orkney 
and the  Outer Hebrides. Strongly north-western species are virtually 
confined t o  western Scot land,  NW England and Wales; weakly north- 
western spec ie s  occur predominantly i n  these areas. Although these 
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ca tegor i e s  are somewhat arbitrary, most of the  species under 
cons idera t ion  can be assigned without d i f f i c u l t y  t o  a category by 
v i s u a l  inspec t ion  of the  distribution maps prepared by Preston,  
Crof t  & For res t  (1991)- Only a few have anomalous d i s t r i b u t i o n s  
which makes t h e i r  placement i n  any group r a t h e r  unsa t i s f ac to ry ;  
these  have been a l loca ted  t o  the least unsa t i s f ac to ry  category. 

The d i s t r i b u t i o n  of canal co lon i s t s  and non-colonists is shown i n  
Table 4 . 3 .  The majori ty  of widespread and south-eastern spec ies  have 
colonized canals (44 s p e c i e s ) ,  although a s i g n i f i c a n t  minority (15 
spec ie s )  have f a i l e d  t o  do so. Only two weakly north-western 
spec ie s  and none of  the s t rongly  north-western or  c o a s t a l  spec ies  
appear i n  t he  l ist  of co lon i s t s .  

Table 4 - 3  The B r i t i s h  d i s t r i b u t i o n  of canal c o l o n i s t s  and non-colonists 

B r i t i s h  d i s t r i b u t i o n  Colonis ts  Non-colonists Total 

Strongly south-eastern 18 7 25 

Widespread 16 4 20 

Weakly south-eastern 10 4 14 

Weakly north-western 2 7 9 

Strongly north-western 0 7 7 

Coastal Q 3 3 

Total 46 32 78 

4.5.2 Life-fQXWI 
The c o l o n i s t s  and non-colonists have been a l loca ted  to  the  following 
l i fe - form classes: 

I f r e e - f l o a t i n g  
2 rooted;  submerged leaves  c a p i l l a r y ;  f l o a t i n g  leaves  absent 
3 rooted; submerged leaves c a p i l l a r y ;  f l o a t i n g  leaves  present  
4 rooted; submerged leaves l i n e a r ;  floating l eaves  absent 
5 rooted;  submerged leaves l inear ;  f l o a t i n g  leaves present 
6 rooted; submerged leaves  broad; f l o a t i n g  leaves  absent  
7 rooted; submerged leaves broad: f l o a t i n g  leaves presen t  
8 rooted;  submerged leaves absent ;  f l o a t i n g  leaves presen t  
9 p l a n t s  capable of  growth and reproduction i n  terrestrial 

h a b i t a t s  



The f i r s t  e i g h t  categories are mutually exc lus ive  but  plants from 
any of them could p o t e n t i a l l y  a lso grow t e r r e s t r i a l l y ,  and hence 
belong t o  the  n in th .  The capac i ty  t o  produce f l o a t i n g  leaves  is the  
r e l evan t  a t t r i b u t e  i n  deciding between ' f l o a t i n g  leaves present '  and 
' f l o a t i n g  leaves a b s e n t ' ;  ind iv idua l  plants OF populat ions may 
produce f l o a t i n g  leaves only i n  p a r t i c u l a r  environmental condi t ions.  

The life-forms of co lon i s t s  and non-colonists are shown i n  Table 
4 .4 .  The most s i g n i f i c a n t  f ea tu re s  of t h e  t a b l e  are the  fact t h a t  
a l l  free-floating spec ies  present  i n  more than 100 10-km squares  i n  
B r i t a i n  have colonized cana ls .  The broader the  submerged leaves of 
a spec ies  t h e  higher  the  chance t h a t  i t  .is a co lon i s t :  71% of the  
broad-leaved spec ie s  have colonized canals compared t o  62% of 
l inear - leaved  spec ie s  and 33% of capi l la ry- leaved  plants. There is 
no suggest ion t h a t  B capac i ty  t o  grow terrestrially favours 
coloniza t ion .  

Table 4.4 The l i fe-form of canal. c o l o n i s t s  and non-colonists 

Life-form Colonis ts  Non-colonists Total 

Free-floating 7 0 7 

Rooted, submerged leaves  c a p i l l a r y ,  
without f l o a t i n g  leaves 7 
with floating leaves 1 
s u b t o t a l  8 

13 20 
3 4 

16 24 

Rooted. submerged leaves l i n e a r .  
without floating l eaves  6 
with f l o a t i n g  leaves  7 
s u b t o t a l  13 

5 11 
3 10 
8 21 

Rooted. submerged leaves  broad, 
without f l o a t i n g  leaves  12 
with floating l eaves  3 
sub to ta l  15 

2 14 
4 7 
6 21 

Rooted without submerged leaves  3 0 3 

Capable of growth and reproduction 
i n  terrestrial h a b i t a t s  2 4 8 

Tota l  48 36 a4 

4.5.3 Method of reproduction 
The methods of reproduction of the  c o l o n i s t s  and non-colonists are 
summarised i n  Table 4.5. Vegetative reproduction is considered 
sepa ra t e ly  from sexual  reproduction. Three ca t egor i e s  of vege ta t ive  
reproduct ion are recognised: f r ee - f loa t ing  species which repraduce 
by budding, spec ie s  which r egu la r ly  praduce specialized propagules 
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and spec ie s  which occasional ly  produce such propagules. Most of the  
species with wne of these  forms of reproduction have colonized 
canals. The f a c t  t h a t  the  f r e e - f l o a t i n g  spec ies  are a l l  c o l o n i s t s  
has a l ready  been noted. O f  the  spec ies  with spec ia l i zed  propagules,  
14 are c o l o n i s t s  whereas only  three  are no t .  There are, of caurse ,  
o the r  forms of vege ta t ive  reproduction. I n  p a r t i c u l a r ,  p l a n t s  may 
become es t ab l i shed  from pieces  which become detached or  from e n t i r e  
plants which are uprooted and washed away. It is ,  however, 
impossible t o  estimate the  ex ten t  t o  which such fragments or p lan t s  
w i l l  become established on the  basis of e x i s t i n g  information. 

Table 4.5 The methods of reproduction o f  canal colonists and non-colonists 

Method of reproduction Colanists Non-colonists Total 

Vegetative reproduction 

Free-floating species: 
reproducing by budding 7 

Spec ia l ized  propagules 
f requent ly  produced 12 

Spec ia l ized  propagules 
occas iona l ly  produced 2 

No spec ia l i zed  
prop agu 1 e s 

26 

Sexual reproduct ion 
31 

Seed r egu la r ly  produced 

Seed occas iona l ly  
produced 

3 

Seed r a r e l y  of never 
produced 

0 7 

3 15 

0 2 

29 55 

24 55 

5 8 

3 13 

Total 91 64 155 

The s p e c i e s  have also been divided i n t o  th ree  ca t egor i e s  according 
t o  t h e  frequency with which they produce seeds: plants which 
r e g u l a r l y  bear seed have been d is t inguished  from those which only 
occas iona l ly  seed and those which r a r e l y  i f  ever  set seed, No marked 
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d i f f e rences  between colonists and non-colonists are apparent ,  and 
there is  no suggestion that capacity to produce seed favours 
co loniza t ion ,  

Six af t h e  spec ies  l i s t e d  lack spec ia l i zed  means of vege ta t ive  
d i s p e r s a l  and never set  seed. Three of these have colonized canals 
and th ree  have no t .  

4.5.4 Tmphic  requirements 
A ' t r o p h i c  ranking score '  f o r  many of t he  spec ie s  l i s t e d  i n  t a b l e s  
1 and 2 is  provided by Palmer, Bell & B u t t e r f i e l d  (1992). Scores 
range from 2.5 to 10. Species with a low score are c h a r a c t e r i s t i c  of 
nut r ien t -poor  waters whereas those with high scores  are s t rongly  
assoc ia ted  with eu t rophic  si tes,  The mean sco re  for t he  canal  
c o l o n i s t s  i s  8.5. whereas tha t  for the non-colonists is  6.1. Sixteen 
c o l o n i s t s  and 12 non-colonists have been excluded from t h i s  analysis 
as a sco re  is  not  ava i l ab le  f o r  them. 

The above d iscuss ion  of ind iv idua l  a t t r i b u t e s  has i d e n t i f i e d  a 
number of f ea tu res  which are c h a r a c t e r i s t i c  of co lon i s t s .  These may 
not a l l  be d i r e c t l y  r e l a t e d  to colonizing a b i l i t y :  t he  f a c t  t h a t  
most c o l o n i s t s  are southern spec ies  would lead  one t o  expect t h a t  
t he  c o l o n i s t s  would have a higher  t rophic  ranking score than the  
non-colonis ts .  The following f ea tu res  af c o l o n i s t s  emerge most 
s t rong ly  from the  ana lys i s :  they are predominantly southern or 
widespread spec ies  (not  unexpectedly, i n  view of the  d i s t r i b u t i o n  of 
canals), broad-leaved spec ies  are much more l i k e l y  to  colonize than 
capi l la ry- leaved  spec ies  and the presence of spec ia l i zed  forms of 
vege ta t ive  reproduction favours co loniza t ion  whereas reproduction by 
seed is  of l i t t l e  s ign i f i cance .  These are only gene ra l i s a t ions .  
however, and i t  should be noted t h a t  t he  a l i e n  EZodea nuttallii, 
which does not  produce seed i n  Br i t a in  (the species is dioecious and 
only female p l a n t s  are present  here) and lacks spec ia l i zed  
vege ta t ive  propagules. has nevertheless  become es t ab l i shed  i n  canals 
and i n  many o the r  B r i t i s h  water bodies i n  recent  years .  

It i s  hard ,  on the  b a s i s  of B r i t i s h  d i s t r i b u t i o n s ,  t o  d i s t ingu i sh  
between t roph ic  and climatic preferences.  The geographic tendencies 
noted i n  Section 4.5.1 are probably more the r e s u l t  of the  
d i s t r i b u t i o n  of eu t rophic  waters than of a preference f o r  warmer 
climates. 

4.6 TAXA WITH A HIGH PROPORTION OF THEIR POPULATIONS IN CANALS 
A number of spec ie s  have a high proport ion of their populat ions i n  
cana ls .  These inc lude  some of t h e  spec ies  l i s t e d  as canal co lon i s t s  
i n  Table 4.6 and o the r s  which are too rare t o  be included i n  t h a t  
t a b l e .  A list of the  spec ies  recorded from canals (although 
sometimes also presen t  i n  o the r  h a b i t a t s )  i n  a t  least 30% of the  10- 
km squares  i n  which they are recorded na t iona l ly  is  provided i n  
Table 4.6. 

The spec ie s  l i s t e d  i n  Table 4 .6  can be divided i n t o  three groups. 
The largest is  a group of seven rare a l i e n s  which have become 
e s t a b l i s h e d  i n  a f e w  canals. Potamogeton epihydms can also be 
considered to  be a member of t h i s  group as i t  is  es t ab l i shed  as an 
a l i e n  i n  canal sites i n  N. England, although na t ive  i n  t h e  Outer 
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Hebrides. Some ~f the  aliens are ( o r  were) found i n  canals which 
received w a r m  water from adjacent i n d u s t r i a l  sites (eg. Egeria 
dsnsa, Najas graminea). 

The second group of species i n  Table 4 .6  are na t ive  and grow i n  
n a t u r a l  h a b i t a t s ,  bu t  have never the less  spread i n t o  the  canal system 
t o  such an ex ten t  that these populat ions account for a s i g n i f i c a n t  
proport ion of t h e i r  British occurrences.  I n  S. England Potamogeton 
compressus, P. friesii and P. trichoides are plants of slowly 
flowing lowland rivers and drainage ditches ,  and presumably spread 
from these h a b i t a t s  i n t o  canals. All t h r e e  reproduce by tu r ions  and 
by seed, t he  former probably being the normal method of reproduction 
i n  cana ls .  Luronium natans is a na t ive  of lakes i n  Wales and the  
ad jacent  English count ies .  It occurs i n  lakes i n  Shropshire 
a longside the Shropshire Union Canal, and appears t o  have spread 
along the  cana l  network south-westward i n t o  the  Montgomeryshire 
Canal and north-eastward into t he  canals of N. England (Figure 4.2)-  

The t h i r d  group of spec ies  i n  Table 4 * 6  are four  sterile Potamogeton 
hybrids .  Three of these are hybr ids  of P. crispus and l i k e  t h a t  
species reproduce by tu r ions .  The fou r th .  P, X salicifolfus has no 
spec ia l i zed  means of vege ta t ive  reproduction. 

Table 4.6 Submerged and f l o a t i n g  vascular  plants recorded i n  canals i n  less 
than 10 10-km squares ,  but found i n  canals i n  a t  least half of 
the 10-km squares i n  which they occur 

Egeria dsnsa 
Elodea cal litrichaides 

* Luronium natans 
Myriophyl Zum heteTophy Zlwn 

* Najas graminea 
Potamogeton x bennsttii (P. crispus x trichoides) 
Potamogetorn compressus 
Potamogeton x eooperi 
Potamogeton spihydrus 
Potamogeton fTiesii 
Potamogeton x lintonii 
Potamogeton x salicifolius 
Potmogeton trichoides 
Sagittaria rigz'da 
VaZZisneria spiralis 

denotes an introduced species 
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F i g u r e  4.2 The distribution of Luranium n a t a s  in native habitats 
(solid squares) and canals (triangles), Squares in which t h e  
species grows in both habitats are shown as open squares. Squares 
where the plant has been introduced to other habitats are 
omitted. 



4 * 7  

4.8 

4.9 

TAXA CONFINED TO PARTICULAR CANAL SYSTEMS 
A number of taxa are confined t o  p a r t i c u l a r  canal systems, or  occur 
i n  p a r t i c u l a r  canals well ou t s ide  of t h e i r  normal range. These 
i l l u s t r a t e  the  ex is tence  of e f f e c t i v e  b a r r i e r s  t o  d i s p e r s a l  i n  same 
aqua t i c s .  The extreme example is Potamogeton X bennettii. This 
hybrid between P. crispus and P. drichoides was first found i n  wood 
ponds a t  Grangemouth i n  1890. These ponds were a t  the  east end of 
the  Forth and Clyde Canal. and were used f o r  seasoning t imber.  The 
hybrid survived i n  the  wood ponds u n t i l  a t  least  1937, but  t he  ponds 
have s i n c e  been drained and bui l t ;  over .  However, P. X bennettii was 
found i n  the  Canal i t s e l f  i n  1960, a d  is  now known to be w e l l  
e s t ab l i shed  i n  the  western end of the  canal (Figure 4.3) It has not  
been found anywhere else i n  the  world. It is d i f f i c u l t  t o  be l ieve  
t h a t  t he  environment a f  the  Forth & Clyde Canal i s  i n  any way 
s p e c i a l ,  and the only p l aus ib l e  explanat ion for  the  r e s t r i c t i o n  of 
P. X bennettii t o  t h i s  canal  i s  i ts  i n a b i l i t y  t o  spread t o  o the r  
waters 

Two spec ie s  can be mentioned as examples of p l a n t s  which are 
confined t o  p a r t i c u l a r  canals ou t s ide  t h e i r  n a t i v e  range. 
Patamageton epihydrus is  a widespread spec ies  i n  N .  America but  i n  
Europe is only found as a na t ive  i n  the  Outer Hebrides. It has, 
however, been e s t ab l i shed  as an a l i e n  (of  unknown o r i g i n )  i n  the  
Calder & Hebble Navigation and i n  t h e  Rochdale Canal (Figure 4 . 4 ) .  
I t  is  again d i f f i c u l t  to explain t h i s  r e s t r i c t i o n  i n  ecological 
terms. Lemna gibba is  widespread i n  S. England but  confined i n  
Scotland to the Forth & Clyde and Union Canals (Figure 4 .5) .  I n  t h i s  
case i t  i s  passible t h a t  eco logica l  f a c t o r s  restrict the  
d i s t r i b u t i o n  of t h i s  spec ies  i n  Scotland. These examples con t r a s t  
with the  a b i l i t y  of same aquat ics  t o  spread i n t o  i s o l a t e d  waters. 

THE POSSIBLE CONSEQUENCES OF L I N K I N G  CANALS AS A WATER G R I D  
This b r i e f  review has highl ighted some of t he  f e a t u r e s  t h a t  
c h a r a c t e r i s e  c o l o n i s t s ,  and a more soph i s t i ca t ed  s ta t i s t ica l  
a n a l y s i s  of  the  d a t a  presented here  might c l a r i f y  these  t rends .  The 
mobil i ty  of many aquat ic  spec ies  is  demonstrated by the  f a c t  tha t  44 
of  the  59 submerged and f l o a t i n g  spec ies  with a widespread or 
sou the r ly  d i s t r i b u t i o n  i n  B r i t a i n  have colonized the  canal network. 
However, same macrophytes are apparent ly  r e s t r i c t e d  t o  p a r t i c u l a r  
cana ls  o r  canal  systems by an i n a b i l i t y  t o  spread. These include 
sca rce  n a t i v e  spec ie s  and a l i e n s  which have not  ( y e t ? )  become widely 
e s t ab l i shed .  Some af these  might be expected t o  spread i n t o  a water 
gr id  i f  the canals  i n  which they grew were connected t o  i t .  

CONCLUSIONS 

1. Many aqua t i c  plants a r e  highly mobile. 

2. Dispersal  of vege ta t ive  propagules i s  much more important i n  the 
aqua t i c  than t h e  terrestrial environment. 

3. Colonis t s  of cana ls  i n  B r i t a i n  have been spec ie s  which are 
widespread o r  have a souther ly  d i s t r i b u t i o n ;  coastal and northern 
spec ie s  are not es t ab l i shed  t o  any s i g n i f i c a n t  ex ten t .  Colonis t s  
tend t o  have linear o r  broad r a t h e r  than c a p i l l a r y  leaves. 
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4. 

5. 

Despi te  t h e  general mobility of aquatic species, there is 
evidence t h a t  same taxa are res t r ic ted  to  particular canal 
systems because of an  inability t o  reach  other sites. 

The Linking of canals as a national grid might fac i l i t a te  
the spread of some alien macrophytes. 
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F i g u r e  4.3 The British (and world) distribution of Potanlogeton 
x bennettii, Closed circles denote records made in or after 1950; 
open circles, earlier records. 
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F i g u r e  4.4 The British distribution of Potamogeton epihydrus. 
Closed circles denote records made in or after 1950; open 
circles, earlier records. 
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Figure 4.5 The British d i s t r i b u t i o n  of Lama gibba.  Closed 
circles denote records made in or after 1950; open circles, 
earlier records. 

P 
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5 METAPOPULATIQN DYNAMICS IN PATCHY HABITATS 

5.1 INTRODUCTION 
A great deal has been wr i t ten  on metapopulation dynamics but  there 
is  r e l a t i v e l y  l i t t l e  hard information f o r  i nve r t eb ra t e s  o r  p l an t s .  
The problem is e s s e n t i a l l y  one of d i s p e r s a l  confounded by f r a c t a l  
geometry. eg. most inve r t eb ra t e s  l i v e  a t  and perceive t h e i r  world on 
a d i f f e r e n t  s c a l e  t a  most ve r t eb ra t e s ,  Vertebrates  are usua l ly  about 
the same order  of magnitude of site as ourse lves ,  and have sensory 
systems similar to  ourse lves ,  therefore  our  percept ion of the  world 
can more e a s i l y  be ex t rapola ted  t o  these  animals. 

All n a t u r a l  environments have a g ra in  or patchiness  (Harper 1980, 
Rolstad 1991). We can therefore  consider the  environment as a mosaic 
of hab i t ab le  sites f o r  any p a r t i c u l a r  species (Gadgil 1971). 
Di f fe ren t  spec ies  w i l l ,  however, i n t e r p r e t  the  patchiness  of the  
environment on d i f f e r e n t  s c a l e s  (Harper 1980).  Spotted owls move 
around i n  a patchy landscape which covers hundreds of hec ta re s  with 
hab i t ab le  si tes being tens  of hec tares  across  (Gutibrrez & Carey 
1985) whereas a woodlouse sees the  world i n  terms of metres with 
hab i t ab le  sites cent imetres  across .  If w e  are t o  i n v e s t i g a t e  the  way 
species move around t h e  landscape we should consider  t he  d i s t ance  
between hab i t ab le  si tes on a scale which is based on the  d i s p e r s a l  
c h a r a c t e r i s t i c s  of t h a t  spec ies  (Harper 1980, Levin 1981, Howe & 
Westley 1986) not  on the  anthropocentr ic  s c a l e s  of the  ki lometre  or  
cent imetre .  

5.1.1 Living in a patchy world 
For s i m p l i c i t y  i n  this section w e  w i l l  consider  haw animals move 
around the  landscape, many of t h e  arguments are the  same fo r  p lan ts  
bu t  they r equ i r e  that  stress i s  placed on the  f a c t  t h a t  p l a n t s  are 
moved and do not  move. 

The genera l  problem of moving between patches of s u i t a b l e  habitat is  
summarized i n  Figure 5.la.  Take two ecosystems, A and E ,  t h a t  
conta in  suitable h a b i t a t  of an animal and are separated by areas 
t h a t  conta in  no s u i t a b l e  h a b i t a t .  What i s  the  p robab i l i t y  t h a t  a 
mobile ind iv idua l  leaving patch A i n  a random d i r e c t i o n  w i l l  
encounter patch E ? For any ind iv idua l ,  t he re  w i l l  be a m a x i m u m  
d i s t a n c e  t h a t  i t  can d isperse  before i t  expi res .  If the  d i s t ance  A 
from B i s  within t h a t  l i m i t .  then the  p robab i l i t y  ( P )  is: 

P = tan-I ( L / 2 d )  / IT ...... 5.1. 

( ca l cu la t ed  i n  rad ians)  where L is  the  diameter (or width normal t o  
t h e  d i r e c t i o n  from A )  of patch B and d is  the  d i s t ance  between the  
c e n t r e s  of pa tches ,  From t h i s  i t  i s  obvious t h a t  P v a r i e s  directly 
w i t h  L and inve r se ly  w i t h  d (Figure 5.1b). As I, i nc reases  P -. 0.5 , 
i n  o t h e r  words, even w i t h  a r e l a t i v e l y  enormous patch B,  t he  animal 
must move i n  that general  d i r e c t i o n  t o  encounter i t .  
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Figure 5,1 The probability o f  
patch B. 
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Two other va r i ab le s  w i l l  modify P .  First, b i a s  i n  the  d i r e c t i o n  i n  
which animals leave patch A .  This may be a c t i v e ,  fo r  example animals 
may always start d i spe r s ing  u p h i l l ,  o r  pass ive ,  fo r  example animals 
t h a t  d i spe r se  on the  wind w i l l  be biased towards the  d i r e c t i o n  of 
t he  p reva i l i ng  winds. Secondly, P w i l l  be modified i n  some way by 
the  animal's ability t o  surv ive  the  journey d over ,  i n  or through 
inhosp i t ab le  h a b i t a t .  I n  the  case of a c t i v e  d i s p e r s a l  t h i s  w i l l  be 
some combination of the  animal 's  ind iv idua l  c h a r a c t e r i s t i c s  and the  
' h o s t i l i t y *  ( 8 )  of the i n t e rpa tch  h a b i t a t .  s o  t h a t  P ( i n  Equation 
5.1) will be modified by l/d*B. Survival. of pass ive  d i spe r se r s  ( a i r  
and water borne animals) might be more dependent on o t h e r  f a c t o r s  
such as windspeed r a t h e r  than d is tance .  

I f  an animal reaches the  new ecosystem B,  it might encounter o the r s  
of i t s  own kind and become p a r t  of the  breeding populat ion supported 
by B. If i t  i s  the  f i r s t  of i t s  kind then it  has t o  be ab le  t o  
o r i g i n a t e  s new population (with inve r t eb ra t e s ,  t h i s  means i n  
p r a c t i c e  t h a t  i t  must be a gravid female or a par thenogenet ical ly  
reproduct ive i n d i v i d u a l ) ,  It i s  i n  t h i s  respec t  t h a t  patch theory 
and the  theory of i s l and  biogeography (McArthur & Wilson 1967) 
overlap.  

5.1.2 Island biogeography 
I n  the  c l a s s i c  theory of i s l a n d  biogeography. t he  ecosystems B would 
be a new, s ter i le  p iece  of land, separated from mainland A by sea. 
The p robab i l i t y  of a d ispers ing  animal f ind ing  B is  inverse ly  
propor t iona l  t o  t he  distance d (as above) but i ts  chances of 
surv iv ing  on t h e  new i s l a n d  depends upon its encountering i ts  
h a b i t a t  once the re .  These w i l l  be greater the  longer  an i s l a n d  has 
been i n  ex is tence  and greater b ig  i s l ands  t h a t  are more l i k e l y  t o  
have b io top ic  d i v e r s i t y  compared t o  small ones. 

There has been much i n t e r e s t  i n  the  evolut ion of n a t u r a l  communities 
under such circumstances.  The hypothesis of i s l and  biogeography is 
t h a t  on i s l a n d s  t h a t  have been i n  ex is tence  for  a long time. the  n e t  
r e s u l t  of s epa ra t e  spec ies  co loniza t ion  events  should produce a 
b i o l o g i c a l  ( spec ie s )  d i v e r s i t y  t h a t  v a r i e s  i nve r se ly  with the  
d i s t a n c e  from the  mainland source of co lonizers  and d i r e c t l y  w i t h  
t he  i s l a n d ' s  area. 

The f i r s t  tests on i s l a n d  faunas showed t h a t  t h i s  r e l a t ionsh ip  
usua l ly  held t r u e ,  but  was not  always a very good p red ic to r  of 
spec ie s  d i v e r s i t y  on islands. To expla in  these  d iscrepancies  the  
theory has been ad jus ted  ta  take account of l a r g e r  i s l a n d s  ac t ing  as 
"mainlands" fa r  sa te l l i t e  i s l ands  and nearer  i s l a n d s  a c t i n g  as 
"mainlands" fa r  mare d i s t a n t  ones. In  t h i s  respect the  concepts 
approach and merge with the  theory of patchy h a b i t a t  and 
metapopulations (Gi lp in  & Hanski 1991). 

5.1.3 Metapopulation dynamics theory 
The concept of how populations i n t e r a c t  was introduced i n  t he  theory 
of i s l a n d  biogeography (MacArthur & Wilson 1967). Levins (1970) 
int roduced the  idea  t h a t  populations of populations e x i s t  and these  
"metapopulations" have dynamics of t h e i r  own. I n  recent  years the re  
have been considerable  developments i n  t h e  theory of metapopulation 
dynamics (see Gilpin & Hanski 1991). The d e f i n i t i o n s  given by 
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Hanski & Gilpin (1991) of describing pOpu1atiQnS , metapopukt ions 
and geographic d i s t r i b u t i o n  are: 

Local s c a l e  - The scale a t  which ind iv idua ls  move and i n t e r a c t  with 
each o t h e r  i n  t he  course of their  rou t ine  feeding and breeding 
a c t i v i t i e s .  

Metapopulation scale - The scale a t  which ind iv idua l s  in f requent ly  
mave from one place to  another ,  t yp ica l ly  across h a b i t a t  types t h a t  
are not  s u i t a b l e  for  their  feeding and breeding a c t i v i t i e s ,  and 
o f t e n  wi th  s u b s t a n t i a l  r i s k  of Fa i l ing  t o  locate another habi tab le  
s i t e .  

Geographic s c a l e  - the  scale of spec ie s '  e n t i r e  geographic 
d i s t r i b u t i o n ;  ind iv idua ls  have t y p i c a l l y  no p o s s i b i l i t y  of moving t o  
most p a r t s  of the  range. 

Current  metapopulation-dynamic models are almost without exception 
appl ied  to animals ( b u t  see Carter & Pr ince  1981). All 
metapapulation models stem from Levins' simple model (Equation 3.1) 
based on a s i n g l e  spec ies  i n  temporally changing environments. It is  
clear tha t  the  key f a c t o r s  of metapopulation dynamics are ex t inc t ion  
and colonization. There is  obviously a very c l o s e  l i n k ,  t he re fo re ,  
between metapopulation dynamics and i s l a n d  biogeography (MacArthur 
& Wilson 1967).  The main d i f fe rence  between the  two approaches is 
that i n  island biogeography models t he re  is  a l a r g e  mainland which 
i s  immune t o  ex t inc t ion  and i s  not  a f f ec t ed  by the  i s l a n d  
populations whereas i n  metapopulation dynamics models a l l  
populat ions can go e x t i n c t  and can be a f f ec t ed  by neighbouring 
populat ions.  

5.1.4 Sources and sinks 
Most metapopulations i n  the  real world are l i k e l y  t o  show behaviour 
which is in te rmedia te  between the  Levins model and t he  mainland- 
i s l a n d  model (Hanski & Gilpin 1991) where l a r g e  "core" populat ions 
can produce and support a l a r g e  number of "satell i te" populat ions 
(Harr ison et a l .  1988; Harrison 1991). The core and s a t e l l i t e  
population structure should not  be confused with the "source - sink" 
s t r u c t u r e .  I n  the  l a t t e r ,  populations i n  less favourable  h a b i t a t s ,  
s i n k s ,  are maintained by constant  immigration of ind iv idua l s  which 
come from s i t e s  where the re  is a s u r f e i t  of i nd iv idua l s .  sources 
(Watkinson 1985). I f  the  source "d r i e s  up" the  s i n k  will head 
towards e x t i n c t i o n .  Unlike c o r e - s a t e l l i t e  populat ions t h e  source 
populations need nat  be larger than t he  s ink  populat ions and o f t en  
they are not ( P u l l i a m  1988). 

5.1.5 Isolation and size of habitable sites 
Two of the major g e n e r a l i t i e s  t h a t  r e s u l t  from both metapopulation 
dynamics and i s l a n d  biogeography a r e  tha t  t h e  ex t inc t ion  rate 
decreases  w i t h  increas ing  area of hab i t ab le  sites, and t he  
co lon iza t ion  rate decreases  with increas ing  i s o l a t i o n  (MacArthur & 
Wilson 1967; see Hanski 1991 f o r  numerical r e fe rences ) .  These 
g e n e r a l i t i e s  enable  us  t o  relate current  o r  even f u t u r e  landscapes 
to t he  su rv iva l  and per s i s t ence  of metapopualtions c rea ted  by the  
fragmentation of h a b i t a t .  The Levins model. f o r  example, p r e d i c t s  
t h a t  systems of small hab i t ab le  s i tes .  o r  systems i n  which the 
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degree of i s o l a t i o n  is  great may no t  maintain metapopulations but  
can probably o f f e r  only temporary support  t o  l o c a l  papulat ions.  
Unless the  reg iona l  pers i s tence  of spec ies  is ensured by large. more 
o r  less permanent source populations (Boorman & L e v i t t  1973, 
Schoener & S p i l l e r  1987, Harrison, Murphy & Ekr l ich  1988) , the  
co loniza t ion  a b i l i t y  of a species w i l l  be c r u c i a l  t o  i ts  su rv iva l  i n  
a fragmented h a b i t a t  (Ebenhard 1991). So spec ies  with l imi t ed  
co loniz ing  a b i l i t y  w i l l  i n  many cases not form self support ing 
metapopulations from fragmented larger papulat ions.  

METAPOPULATION DYNAMICS THEORY AND INVERTEBRATES 
For i n v e r t e b r a t e s ,  the  d i s t i n c t i o n  between ecosystems, biotopes and 
h a b i t a t s  must be appreciated.  Ecosystem and biotope de f ine  the  
n a t u r a l  world from m a n ' s  pe rspec t ive ;  a biotope is def ined by a 
recognizable  combination of physical  condi t ions and p l a n t  species. 
The biotope appropr ia te  t o  a species may be present  without any 
ava i l ab le  h a b i t a t .  

The h a b i t a t  of most i nve r t eb ra t e  spec ie s ,  p a r t i c u l a r l y  many rare 
ones, i s  poorly known and, being a mental cons t ruc t ,  is d i f f i c u l t  t o  
map. What can be mapped f o r  the  " b e t t e r  known" spec ies  i s  ac tua l  and 
p o t e n t i a l  range. Also,  f o r  many spec ies .  d i s t r i b u t i o n a l  records can 
be used t o  l i s t  the  biotopes from which a spec ies  has been recorded 
(see Chapter 6 ) .  The r e l a t i v e  abundance of t he  records g ives  some 
ind ica t ion  of the  biotopes most l i k e l y  t o  provide h a b i t a t  f o r  t he  
spec ie s .  Biotopes. though an imprecise concept can be and have been, 
mapped. Therefore s c i e n t i s t s  o f t en  work with biotopes r a t h e r  than 
d i r e c t l y  w i t h  t he  spec ie s '  h a b i t a t  and tend t o  think i n  terms of 
areas of "good" biotope l inked by co r r ido r s  of "poorer" biotope. 

T h i s  can cause d i f f i c u l t i e s .  Take for an example heather  moorlands, 
an e a s i l y  recognizable biotope t h a t  most people are f a m i l i a r  with. 
On a coarse  s c a l e  of reso lu t ion  this biotope occurs i n  3 regions of 
Southern England (F igure  5.2A), each having r a t h e r  d i f f e r e n t  
c h a r a c t e r i s t i c s  r e s u l t i n g  from l o c a l  c l imate  and geology. Consider 
a hypothe t ica l  heathland s p e c i a l i s t  i nve r t eb ra t e  spec ie s ,  r e s t r i c t e d  
t o  Southern England by l i m i t s  of c l ima t i c  tolerance. I f  t he  species 
can d i s p e r s e  large dis tances  then i t  might e x i s t  i n  England as a 
s i n g l e  large metapopulation, whose h a b i t a t  d i s t r i b u t i o n  is  
coinc ident  with the  d i s t r i b u t i o n  of heathland biotope. Such a 
populat ion would probably be simply p a r t  of a larger population 
d i s t r i b u t e d  on heathland throughout southwest Europe. 

However, i f  ind iv idua l  d i s p e r s a l  i s  l imi t ed  then patches of biotope 
could be linked, f o r  example the  range of d i s p e r s a l  i nd ica t ed  i n  
Figure 5.2B might r e s u l t  i n  seven or e i g h t  i s o l a t e d  popula t ians ,  
each with a metapopulation s t r u c t u r e  dependent upon seve ra l  patches 
of heathland.  However, i f  d i s p e r s a l  is s u f f i c i e n t l y  poor t o  restrict 
the hypothe t ica l  spec ies  t o  major patches.  t he  situation does not  
become much s impler .  Each major pa tch ,  when viewed a t  a f i n e r  scale 
c o n s i s t s  of many smaller patches (eg*  the  South Dorset hea ths ,  
Figure 5 . 3 A 3 ) .  A d e t a i l e d  study would prabably show t h a t  the spec ies  
cons is ted  of s eve ra l  sub populations each with a metapopulation 
s t r u c t u r e .  
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