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ABSTRACT 

A lacustrine Chara marl (ea. 1 0,000-8 ,800 radiocarbon years BP) at the Whitemoor Channel Site near Bosley, 
East C heshire, yielded fossil amphibian remains, including palmate n ewt Trirurus he!vericus, s mooth newt Trirurus 
vulgaris, natterjack toad Bufo ca!amira, common toad Bufo bufo, common frog Rana remporaria and material 
belonging to  t hese genera which probably represent the same five species. All of these species are extant and occur 
natural ly in Britain today, although for the  past two hundred years the  natterjack toad Bufo ca!amira has occurred 
on ly  locally in Britain ,  being essent ia l ly  restricted to coastal dunes and in land heaths.  The well-dated Flandrian 
(early Holocene) finds from W hitemoor Channel are an  i mportant addition to previous, poorly strat ified,  records 
from Cow Cave, C hudleigh, Devon, and Ightham Fissures, Sevenoaks, Kent .  Taken together, these records 
demonstrate early colonisat ion of E ngland by B. calamira after the last Cold Stage and suggest a wider geograph ical 
occurrence of the natterjack than in Bri ta in  today. 

I NTRODUCTION 

In t heir account of the sediments infi l l ing a former 
glacial meltwater channel cut into Upper Carboniferous 
sandstones and shales at W hitemoor n ear Bosley, 
Chesh ire, (SJ9 l 7678) Johnson ,  Franks and Pollard 
( 1 970) described a fossi l iferous shel l  marl  or Chara 
marl ( 'white calcareous marl') conta in ing amphibian 
remains. The occurrence of  th is h ighly calcareous 
sed iment  in an area of general l y  acidic bedrock reflects 
leach ing of carbonate early i n  t he Flandrian from 
fresh ly  la id down glacial deposits .  I n  an addendum to 
the above report, A .  J.  Stuart l isted fishes :  brown trout 
Sa!mo trutta and rudd Scardinius erythropthalmus: and 
amphibians:  newt Triturus sp.; common frog 
Rana temporaria; and common toad Bufo bi(fo. We 
now present the  results of a detailed study of the 
amphibian material. 

Johnson et al. ( 1 970) recorded the fol lowing sect ion 
at the  centre of  the  channel :  

Fen peat  (fl ooring val ley) l . 70m 

Chara m arl l . OOm 
blue-grey calcareous mud 0. ! 0m 
blue-grey s i l ty clay (base not seen) 

Toward the m argin ,  the  Chara marl was only 0. 30m 
t h ick ,  and was absent altogether in borin gs only 20m 
from t h e  centre of  the depress ion .  The marl comprised 
unconsolidated, fine, gran u lar calcium carbonate of 
biogen ic  origin, principally the characteris t ic  oogonia 
and r ibbed stem components of  stonewort Chara. 
Shel ls  of freshwater Mol lusca were abundant, 
com pr is ing mai n ly Lymnaea peregra. P!anorbis a/bus, 
and t h e  rarer Sphaerium corneum. Ostracoda were also 
recorded. 

The pol len diagram indicates open habitats with 
grasses and sedges during the deposi t ion of the 
calcareous mud in pol len assembl age zone  I I I  at the 
end of the  Devensian L ateglacial (Johnson er al. , 
1 970). Pol len assemblages from the overly ing marl 
record the development of birch Berula woodland, 
with alder Alnus, hazel Cory/us and willow Sa/ix. 
Grasses, sedges and aquatic plants are also represented. 
These assemblages are characteristic of the very early 
part of t  he Flandrian or Holocene, represent ing pollen 
substages FI la and F I  l b  of West (e.g. 1 977), 
equivalent to zones IV and V of G odwin (e.g. 1 975).  
Comparison with the  radiocarbon-cal ibrated sequence 
at Red Moss, Lancashire, 53km to the northwest, 
(Hibbert , Switsur and West ,  1 97 1 )  suggests that the 
foss i l iferous marl at W hitemoor s pans the period from 
approxi mately I 0,000 to  8 ,800 radiocarbon years 
before the  present ( B P) .  At the  beginn ing of substage 
FI I I  (zone VI) ,  marked by t he expansion of p ine Pinus, 
oak Quercus and e lm U!mus, deposit ion of peat began ,  
indicating dry ing out  of the  l a k e  a n d  colon isation by 
fen vegetation. 

The s mal l  auger used in the original survey by 
Johnson et al. ( 1 970), whi le  satisfactory for obtaining a 
series of pol len samples, produced only sparse 
vertebrate remains.  Two larger samples of shel l  marl, 
total l ing  about 0.06 cubic metres, were recovered from 
beneath waterlogged fen peat by A .  J. Stuart, using a 
purpose-built hand auger 20cm i n  diameter. A bu ndant 
amphibian remains and shells were readi ly  obtained by 
wash ing the unconsol idated sediment  t hrough a 
mi l l imetre sieve. The h igh concentration of bones 
probably reflects slow accumulat ion,  averaging about 
I mm of  sediment per year. 
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POST.NEURAL ARCH '* 

SYSTEMATIC PAL A EONTO LOGY 

The fossi l  material discussed herein i s  preserved in  
the collect ions of the  Castle Museum, N orwich, under 
t he accession number NCM 1 43.989.  Numbers of 
individual specimens are shown in parentheses, e .g .  
NCM 1 43.989 ( I ) .  

Class Amphibia L innaeus, I 758  
Order Caudata Oppel, 1 8 1 1 

Family Salamandridae Gray, I 825 
Genus Trirurus Rafinesque, 1 8 1 5  

O n  the  basis of the modern skeletons that were 
studied, the Brit ish species of Trirurus may be 
d ist inguished from one another on the basis of several 
isolated postcran ial elements, including vertebrate, 
humeri and femora. Trirurus crisrarus is much more 
osteologically distinct from T. he!vericus and T. vu!garis 
than are the latter two species from each other. This 
corres ponds with Arnold and Burton ( 1 978) where 
T. cristarus is the nominate form of the T. cristatus 
group and T. he!veticus and T. vu!gari.� are placed in the 
T. vulgaris group .  Estes ( 1 98 1 )  considers T. cristarus to 
be a primit ive s pecies of the genus Triturus. A rnold and 
Burton ( 1 978) have shown that the fronto-squamosal 
arch is absent in T. crisratus, present but i ncomplete in 
T. vu!garis and complete in T. he!veticus. 

Trunk Vertebrae. - Based on modern skeletons 
examined: T. cristatus (2), T. vu!garis (6) and 
T. he!veticus ( I ) , the  trunk vertebrae of al l  three species 
may be dist ingu ished from each other (Fig. I ) . The 
tru n k  vertebrae of T. cristatus are larger and have a 
lower neural spine than in T. vu!garis and T. he!veticus. 
Moreover, in T. cristatus they have the posterior neural 
arch extending posterior to the  postzygapophyses and 
a n arrow, V-sh aped notch; the  posterior neural arch 
ends anterior to  the postzygapophyses and has a U
s haped notch in T. vu!garis and T. he!veticus. 

The tru n k  vertebrae of T. vu!garis may be separated 
fro m  those o f T.  helveticus on the basis of the narrowly 
U-shaped notch in the posterior neural arch of the  
former species and the broadly U-shaped notch i n  the  
l atter species. None  of  the Whitemoor Channel  
vertebrae represents T. cristatus, but may vertebrae 
wi th  t he posterior neural arches complete could be 
assigned to  ei ther T. vulgaris or T. he!veticus. 

Humeri. - The h umeri of T. cristatus have a more 
elongate crista ventral is (terminology of Duel lman and 

Fig. I Tru n k  vertebrae of modern Trir11rus. 
A. T. crisra111s; B. T. v11/garis; C. T. helvericus. 
The l ine  equals 2111 111 and applies to all figures. 

Trueb, 1 987) and a th icker shaft than in T. 1111/garis and 
T. he!veticus ( Fig.  2), but we have been unable to 
separate the hu meri of the latter two species 
satisfactorily from one another .  The single hu merus 
from the Whitemoor Channel Site represents either 
T. 1111/gar·is or T. he!vetirns. 

Femora. - The femora of T. cristatus have the t ibia! 
end more widely Oared, the medial part of the shaft 
wider, and the area between the  trochanter and the 
femoral end more elongate than in  T. vu!garis and 
T. he!veticus (Fig.  3 ) ,  but we cannot dist inguish the 
femora of the latter two species. The t hree femora from 
the Whitemoor Channel Site represent either T. vu!garis 
or T. he!veticus or both ,  but none represent T. cristatus. 

Triturus vu!garis (L innaeus, 1 758) Smooth Newt 

Material. - Ten vertebrae NCM 1 43.989 ( 1 - 1 0) .  
Remarks. - The smooth newt occurs in  the area 

today (Yalden, 1 986).  This species is said to be more 
terrestrial t han many species of the  genus and occurs in 
a wide variety of damp habitats  (Arnold and Burton, 
1 978). 

Triturus he!veticus (Razoumowsky, 1 789) Palmate Newt 

Material. - Twenty vertebrae NCM 1 43.989 ( 1 1 -30). 
Remarks. - The palmate newt occurs in the area 

today ( Frazer, 1 983) .  This species is said to be more 
aquatic than T. vu!garis. It breeds in a wide variety of 
aquatic habitats, sometimes lentic ones, and somet imes 
even i n  brackish water near the  sea (Arnold and 

CRISTA VENT. 
B 

Fig. 2 R ight h umeri of modern Trirurus. A, T. crisratus; B ,  
T. helvericus. The l ine  equals 2 m m  and applies to  a l l  figures. 
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Fig. 3 Right femora of modern Triturus. A, T cristatus; B ,  
T vu/garis; C ,  T helveticus. The l i ne equals 2mm a n d  applies 
to both figures. 

Burton, 1 978), but tends to prefer more acidic waters 
than T vulgaris (Yalden, 1 986). 

Triturus sp.  indet. 
Material. - L eft dentary NCM 1 43 .989 (3 1 ) ; n ine 

atlantes NCM 1 43.989 (32-40); 5 1  vertebrae 
NCM 1 43.989 (4 1 -9 1 ) ;  right humerus NCM 1 43 .989 
(92); two right and one left femora NCM 1 43.989 
(93-95). 

R emarks. - We were u nable to assign the non
vertebral elements to s pecies, although we feel that 
T vulgaris and T helveticus are those represented. The 
above vertebrae were not assigned to species because 
diagnostic parts were m issing. 

Order A nura R afin esque, 1 8 1 5  
Family Bufonidae Gray, 1 825  

Genus  Bufo L au renti, 1 768 

H o l man ( 1 989) discussed the identification of 
Bufo bufo, Bufo calamita and Bufo viridis on the basis of 
isolated i lia. Two il ia! characters in combination enable 
one to  identi fy fossi l  specimens as B. bufo or  B. calamita 
with a h igh degree of confidence. ( I ) B. bufo has a low, 
roughened or rou n ded i lia!  promi nence, whereas 
B. calamita has a relatively h igh and triangular one 
( Fig. 4a) .  An 'unusual '  morph occasional ly occurs i n  
the i l ium o f  B. bufo, however, where the i l ia! 
prominance arises from the s haft as a low, irregularly 
shaped  crest (Ho lman ,  l 989a, p. 10, F ig. 1 ) .  (2)  B. bufo 
lacks the elongate ventral ridge ( 'calamita ridge' of  
Holman ,  l 989b) that occurs on  the  posterior part of the  
i l ia! s haft and that is separated from the u p per part of  
the shaft by  an i n dented area in  B.  calamita. I t  appears 
l ikely that the differences in i l ia!  structure between the  
two species reflect the d ifferences in  locomotion, as 
B. calamita makes ' mouse-l ike' dashes that B. bufo 
does not  s how. Bohme ( 1 977) h as provided a means for 
dist i n gu ishing the . sphenethomoids and sacra of  
B.  bufo and B. calamita, but  these elements appear to 
be m ore variable than the i l ia (Holman, l 989b).  

Bufo calamita L aurenti, 1 768 N atterjack Toad 

Material. - S acrum NCM 1 43 .  989 (96) and two left 
i l i a  NCM 1 43 .989 (97-98) (Fig .  4a). 

Fig. 4 Left ilia of fossil Bufo from t he Whitemoor Channel 
site.  A, B. calamita NCM 1 43 .989 (97);  B, B. bufo 
NCM 1 43.989 ( 1 04). Each l ine equals 2mm. 

Remarks. - This record as wel l as other fossil 
records of B. calamita i n  England wil l  be addressed in 
the d iscussion sect ion of the present paper. 

Bufo bufo (L innaeus, 1 758)  Common Toad 
Marerial. - Three left sphenethmoids (one with a 

supraoccipital attached) NCM 1 43. 989 (99- 1 0  I ) ; two 
sacra (one partial) NCM 1 43 .989  ( 1 02- 1 03);  and one 
left i l i um NCM 1 43 .989 ( 1 04) (F ig. 4b). 

Remarks. - This toad occu rs in the area today 
(Frazer, 1 983). The common toad has a wide range of 
habitats, but it needs shal low, standing water to be able 
to reproduce. 

Bufo sp. indet.  
Material. - Four left exoccip itals NCM 1 43.989 

( 1 05- 1 08); two parasphenoids NCM 1 43 .989 ( 1 09- 1 1 0); 
one left ahd one right dentaries NCM 1 43.989 
( 1 1 1 - 1 1 2);  two left and two right angulosplenials 
NCM 1 43. 989 ( 1 1 3- 1 1 6);  three at lantes NCM 1 43 .989 
( 1 1 7- 1 1 9); s ix left scapulae N C M  1 43.989 ( 1 20- 1 25); 
four left and one right suprascapulae and two 
suprascapu lar fragments NCM 1 43 .989 ( 1 26- 1 32) ;  two 
left h umeri NCM 1 43 . 989 ( 1 33- 1 34) ; one left and one 
right radioulnae NCM 1 43.989 ( 1 35- 1 36). 

Remarks. - These bones are easily dist ingu ished 
from t hose of Rana, but we are u nable to dist inguish 
between B. bufo and B. calamita on the basis of these 
elements because of a lack of available comparative 
material of modern B. calamita. 

Fami ly Ranidae G ray, 1 825 
Genus Rana L i nnaeus, 1 758 

Bohme ( 1 977) h as given characters that dist inguish 
individual bones of  certain species of Rana from each 
other. We have been able to ident ify R. temporaria on 
the bas i s  of sphenethmoids, sacra and i l ia  us ing  the 
characters pointed out by B oh me and by the 
examin ation of modern skeletal material. 

Rana temporaria L i nnaeus, 1 758  Common Frog 

Material. - Sacral vertebra NCM 1 43 .989 ( 1 3 7);  
two right i l ia NCM 1 43 .989 ( 1 38- 1 39); a partial  
associated, skeleton NCM 1 43 .989 ( 1 40). 
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Fig. 5 Map of the distribution of fossil and modern 
Bufo ca!amita in  England. Modified and redrawn from 
Frazer, 1 983.  Triangles indicate fossil records. Open circles 
indicate historic records up to and including 1 959. Closed 
circles i ndicate records from 1 960 through 1 969. Squares 
indicate records from 1 970 to  1 983 .  X's indicate introduced 
in dividuals or populations. 

Remarks. - The sacra of R. temporaria have their 
diapophyses more posteriorly di rected than those of 
other Brit ish and E uropean Rana and the i l ia !  crest 
(vex i l lum ofBohme, I 97 7) of the i l ium is qu ite reduced 
anteriorly com pared with other Brit ish and European 
Rana (Bbhme, 1 977) .  The associated frog skeleton is 
ident ified as R. temporaria on the basis oft  he struct ure 
of the right sphenethmoid (Bohme, 1 977 ,  p. 29 1 ,  Fig. 5) .  
This fossi l  skeleton lacks both i l ia as well  as the 
sacrum .  

The common frog i s  found i n  the area today (Frazer, 
1 983).  This species may be found quite far from 
permanent water, but needs shal low, st i l l  water to be 
able to reproduce. 

Rana sp. indet .  

Material. - R ight premaxi l la  N C M  1 43 .989 ( 1 4 1 ) ; 
r ight maxi l la  N C M  I 43 .989 ( 1 42);  left angu losplenia l  
N C M  1 43.989 ( 1 43); two at lantes NCM 1 43.989 ( 1 44-
1 46); two left and two right hu meri NCM 1 43 .989 
( 1 46- 1 49); four  left radioulnae NCM 1 43 .989 ( 1 50-
1 53) ;  one urostyle NCM 143 .989 ( 1 54). 

Remarks. - These skeletal elements are distin
guishable  from t hose of Bufo bufo and other European 
genera, but we are unable to determine what species of 
Rana they represent. 

DISCUSSION 

The W hitemoor Channel site, East Cheshire h as 
y ie lded at l east two species of newt and three species of 
anuran, a l l  of which represent forms l iv ing in  Br i ta in 
today. Moreover, with the exception of a record of 
Emys orbicu/aris from the F landrian of E ast Wretham 
n ear Thetford, N orfolk (A. Newton, 1 862; Stuart, 1 982) 

assem b lages from Flandrian s i tes i n  Br i ta in  have t hus  
far y ielded on ly ex tan t  Br i t ish species (E.  Newt o n ,  
1 894: H ol m a n .  1 985 .  1 987a.  1 988) .  This is i n  contrast 
to  Cromeria n .  H o x n i a n  and I spwich ian  i n terglacial  
herpeto faunas which have yielded exot ic an urans and 
repti les fou n d  on t he E u ropean Cont inent  today , but  
not occurr ing n atu ra l ly i n  B r i t a i n  ( Holman.  I 987b.  
1 9 8 7c: H o l m a n ,  C layden and Stuart ,  1 988:  H o l man.  
Stuart and Clayden, 1 990, Stuart, 1 982). 

Beebee ( 1 978)  s p u rred an  i nterest ing exchange of 
ideas in t he I 980's (Beebee . 1 980. 1 988/89; Wal ters. 
1 98 1 ;  W i l k i nson,  1 988;  Yalden,  1 980a, 1 980b. 1 98 1 ) on 
t h e  exp lanat ion for t h e  rest ricted d is t r ibu t ion of 
B r i t a i n 's rare a m p h i bians  and rept i les ( n a t t e r. jack toad 
B. calamita, sand l i zard Lacerta agi/is and smooth 
snake Coronel/a austriaca). 

In essence Beebee ( 1 978) pos tu lated t hat  t he present 
d i s t r ibut ion of rare herpetological species re u l t ed 
from h u man act i v i t ies in the  N eo l i t h ic wh ich  crea ted 
heat h l a nd corridors i n  the domi n a n t  regional  
dec iduous forst . connect i ng t h e  West  M id land  and 
nort hwest Eng land w i t h  Eas t  A n gl i a .  Ya  Iden ( I  980a) 
drew attent ion to t he cl ima t i c  warming at t he onset of 
the F l a ndr ian  ( H olocene) from a l i t t le before 1 0,000 
BP, wh ich was so rapid tha t  t here was co ns iderable 
delay before the arrival of forest t rees, and suggested 
that the resu l t i ng  open cond i t ions wou l d  have al lowed 
the rare species to colon ise Britain ex tens ive ly .  The 
subsequent development  of dense forest t hen rest r icted 
them to coasta l  dunes and heaths .  W a l ters ( 1 98 1 )  
sugges ted that warmer cl imates i n  the past would  have 
allowed the rare species to occupy a wider divers ity of 
habi tats in Britain as they do further south in mainland 
Europe,  and agreed with Yalden that it was 
unnecessary to search for previous exist ing heaths and 
dunes when plott ing dispersal routes. Wil kinson 
( 1 988) and Beebee ( 1 988/89) further com mented on 
Bufo calamita history in Brita in ,  in  short notes,  based 
in part on poorly strat ified (? Flandrian) records 
(Holman, 1 985, 1 988) .  

S ince its first mention as a Brit ish species by Pennant 
in 1 776 (Smith,  1 973)  B. ca/amita has occurred widely, 
but locally, in England and southwest Scotland, 
mostly confined to coastal  dune and inl and heath s i tes .  
I t i s  also found i n  southwest I re land.  In  recent decades 
it has become ext inct at many local i t ies where it  was 
formerly present ( F ig. S) and i ts  survival i n  Bri ta in is 
now largely dependant on careful management of the 
remain ing sites. 

The natterjack is distributed from I beria across to 
north-central Europe, reaching as far north as about 
55° N in  Bri ta in and 58° N in  south Sweden and 
Estonia (Arnold and Burton, 1 978) . The species 
exploits a wider range of habitats in southwest Europe, 
where it  is also more abundant. Northward and 
eastward it becomes associated with sandy soi ls that 
provide warmer m icrocl imates (Beebee, 1 983).  
According to Beebee, a l l  habitats outside the warm 
I berian Pen insula share the same featu res; well
drained soils and low vegetation al lowing high 
amounts of sunshine to reach ground level ,  so that 
summer temperatures can be much h igher than  typical 
for t h at lat i tude. B eebee regards B. calamita as 
pr imari ly  a species of south west E urope, able to extend 
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its range elsewhere, including Britain, by  exploiting 
local ly  warm habitats. 

The foss i l  records of B. calamita are from:  I .  
?FJandrian cave deposits from Cow Cave, C hudleigh , 
Devon (Holman,  1 988);  2. ?Flandrian fissure deposits 
from Ightham Fissures, near Sevenoaks, Kent 
(Holman, 1 985); and 3.  early F la ndrian (approximately 
1 0,000 to 8,800 BP) from the p resent site at Whitemoor 
Channel ,  Cheshire. 

The Cow Cave and Ightham sites lack precise 
stratigraphic i nformation.  They probably date from 
somet ime  with in the  Flandrian, within the  t ime range 
of I 0,000 BP to a few hundred years ago. The Ightham 
fissures also yielded C. austriaca (Holman,  1 985) .  
Today, B. calamita is apparent ly extinct i n  Devon, but 
there is a pre- 1 960 coastal record for the  species 
(Frazer, 1 983) .  The Chudleigh s i te  is about 9km from 
the coast. I n  relation to the Ightham fossi ls ,  there are 
two p re- 1 960 records from Kent ,  one from the Dover
Deal area and the other frorn a more in land local ity 
near C anterbury (Frazer, 1 983) .  

The only well-dated fossi ls  ( those from t he 
Whitemoor Channel)  are of i m portance because they 
date from early in t he Flandrian when most of the 
modern fauna  and flora was immigrat ing  from the 
Continent  in response to c l imatic a melioration 
fol lowing the much more severe cl imates of the Last 
Cold Stage. Bri ta in was then broadly connected to 
Cont inental Europe across t he eastern Channel and 
the southern North Sea (e.g. Stuart, 1 982) .  Substages 
FI l a  a n d  FI l b  at Whitemoor (Johnson et al. , 1 970), 
Red M oss (Hi bbert et al., 1 97 1 )  and other s ites in 
Chesh i re and L an cashire cover the period of 
deve lopment of birch woodland in a landscape 
previously dominated by grasses and sedges. S ince 
birch casts relatively l ight shade, i t  is probable that 
open,  sunny environments would  have been wide
spread throughout t his period. The rapid  temperature 
rise very early i n  t he Flandrian is well shown in  
analyses of radiocarbon-dated beetle fau n as from 
Br i ta in  by Atkinson et al. ( 1 987) .  Their curve indicates 
t h at mean annual temperatures were already as high as 
today by about 9,500 BP.  But  values rather h igher than 
those of  today were not reached unt i l  much l ater i n  the  
Flandr ian ( 'Cl imatic Opt imum')  about 5-7,000 BP.  

In  t h e  early Flandrian, as today, W hitemoor was 
nei ther a coastal dune s i te nor heathland. There is  no  
indicat ion of heaths  ( E ricaceae) in  the po l len  diagram 
from t h e  site (Johnson et al. , 1 970). G iven t h e  n ature of 
the bedrock and p resence of glacial t i l l  ( 'boulder clay') ,  
both s andy and clay soils wou ld  h ave been avai lable 
loca l ly .  Bu(o calamita i n  Br i ta in  and I reland l ives in 
coastal dunes or heathland. Reports from Cambridge
sh ire (J enyns, 1 830) and the  Furness regio n  (Frazer, 
1 983)  actually reflect typical habi tats (T. J . C .  Beebee, 
personal  commun icat ion to J . A . H . ) .  Throughout its 
range today the natterjack breeds in sha l low, often 
ephemeral ,  and preferably non-acid pools,  unshaded 
by vegetation (Beebee, 1 983) .  The Whitemoor pool,  
some 3 0  met res i n  diameter, s hal low, highly calcareous 
and unshaded ( there was no terrestria l  p lant  material 
other t h a n  pollen  in the sediment)  would have met 
these criteria. 

The nat terjack occurs today in northern E ngland 
only along coastal dunes, extending from Cheshire to 
Cumbria and the Scottish shore of  the Solway Firth 
(Frazer, 1 983; Beebee, 1 983). There are a few pre- 1 960 
records from in land sites in northern E ngland ( Fig. 5), 
although there are considered probably incorrect by 
Beebee ( 1 983,  Fig. 4). 

The fossil  evidence from the Whitemoor Channel 
therefore favours Yalden's view ( 1 980a, 1980b, 1 9 8 1 )  
that the natterjack was spread more widely i n  Britain 
in  the early Flandrian before the arrival of dense forest 
restricted it to local open s ites. Coastal dune h abitats 
were present throughout the Flandrian, and numerous 
pollen diagrams provide evidence of the Flandrian 
h istory of  heath land in  Britain .  Pollen of Er icaceae, 
presumably mostly Erica and Cal!una, pollen and plant 
macrofossils special ly identified as heather Cal!una 
vulgaris, and plant m acro foss i ls on ly  of crossed-leaved 
heath Erica tetra/ix occur throughout the Devensian 
Lateglacial  and early Flandrian in moderate fre
quencies, becoming much more abundant from the 
beginn ing of substage FI Id (zone VII  a, about 7,000 
BP; Godwin, 1 975) .  At first, heath communit ies 
p robably existed local ly on acid soils,  and after about 
7,000 BP greatly expanded with increased podsol isation 
(Godwin, 1 975).  From about 5,000 BP, with the arrival 
of Neol i th ic farmers, human activit ies - forest 
clearance, burn ing and grazing l ivestock - appear to 
have enhanced th is  natural succession. No doubt, as 
suggested by Beebee, the  natterjack and other rare 
herpetological species would have expanded their 
ranges with the spread of heath land at th is t ime. 

The evidence from Whitemoor emphasises the 
potent ial for recovering  fossi l  herpetological m aterial 
from other well-strat ified and dated late Quaternary 
s i tes,  wi th  the promise of tel l ing us  more about the 
origins of our present herpetofauna.  
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