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APPENDIX I I I . - - T h e  Mo~.~vsc~. By ALFRED SANTV.R KElgNAED, 
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[PLATS XVII . ]  

Tn~. m a t e r i a l  on w h i c h  t h e  f o l l o w i n g  no t e s  are  b a s e d  w a s  de r ived  
f r o m  t w o  s o u r c e s - - ( 1 ) a  l a rge  ser ies  s e n t  b y  Mr.  S. H a z z l e d i n e  
W a r r e n ,  and  (2)  a n u m b e r  of  e x a m p l e s  co l lec ted  b y  Messrs .  A.  S. 
K e n n a r d  & F .  N.  ]=[award, t he  r e su l t  of w a s h i n g  severa l  h u n d r e d -  
w e i g h t  of the  clay,  the  w a t e r  in t he  p i t  be ing  v e r y  c o n v e n i e n t  
fo r  t h a t  o p e r a t i o n .  Mr .  W a r r e n ' s  co l lec t ion  c o n s i s t e d  of  f o u r  ser ies  
m a r k e d ' U p p e r  B e d , ' '  M i d d l e  Bed, '  ' L o w e r  Bed , '  and  ' Gene ra l . '  
W e  have  cons ide red  i t  adv i s ab l e  to  e n u m e r a t e  t h e s e  s e p a r a t e l y ,  
b u t  we have  i n c o r p o r a t e d  ou r  o w n  ser ies  w i t h  the  las t .  

L I S T  O F  M O L L U S C A  F R O M  T I l E  A R C T I C  B E D .  

Genera and Species. 
~ =scarce ; ~:abundant;  ~ 

~.-----very abundant. ~ ~ "~ 

�9 i 
A~o~ sp . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  i 
Limax arborum Bouch.-Ghant . . . . . . .  ~ 
Agriolin~ax l~vis (MilE.) . . . . . . . . . . . . . . .  t 
8phyradium columella (G. v. Mrs.)... ~ 
Vertigo parcedentata (A. Braun) .--I ~* 
Jaminia muscorum (Linn.) . . . . . . . . . . . .  i ~ 
Limn~a pereger (Mfill.) . . . . . . . . . . . . . . .  * 
Limmea palustris (Miill.) . . . . . . . . . . . .  
L i m ~ a  truncatula (Miill.) . . . . . . . . . . . .  ~ 
Limn~a stagnalis Linn . . . . . . . . . . . . . . . . . . .  
Limn~a sp . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Planorbis crista (Linn.) . . . . . . . . . . . . . . .  
Planorbis arcticus Beck . . . . . . . . . . . . . . .  
Planorbis spirorbis (Linn.) . . . . . . . . . . . .  �9 
Planorbis leucostoma Millet ......... 
A'uccinea oblouga Drap . . . . . . . . . . . . . . . .  ~ 
Succiuea schumacheri And . . . . . . . . . .  
Succinea cf. groenlaudica Beck ...... 
Succinea elegans Risso . . . . . . . . . . . . . . . . .  
Valvata pisci~alis (Miiil.) . . . . . . . . . . .  
Sph~ium corneum (Linn.) . . . . . . . . . . .  
Pisidium supinum A. Schm . . . . . . . . . . . . . .  
Pis~dium obtusale Pfr . . . . . . . . . . . . . . . . . . .  
Pisidium nitidum Jenyns . . . . . . . . . . . . . . .  i 
Pisidium pusillum (Omel.) Jenyns ... 
Pisidium henslowanum (Shepp.) ...... '~ ... 
Pisidium subtruncatum Maim . . . . . . . . .  
Pisidium casertanum (Poli) . . . . . . . . . . . . . . .  

Ponde r ' s  End. ! 
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It will  be noted that the general list contains all the species 
f rom t h e  t h r e e  beds ,  w i t h  t he  e x c e p t i o n  of  Limncea. s tagnalis .  

1 These details are of most value in the 'general colleetiou' enumerated in 
the first column, as they are there based on more extensive material than in 
the case of some of the other beds. 
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No te s  on  the  Species.  

ARION Sp. 

There are several granules representing the internal  shell of this 
genus, but  it  is quite impossible to ascribe them to a given species. 
The northern limit of Arion is the isotherm of 8 ~ C., but on the 
Alps its vertical l imit is the isotherm of 3 ~ to 4 ~ C. I t  may here be 
observed that  the isotherms quoted in this note are those for July.  

LtMAX ARBORUM Boueh.-Chant. 

This species is common, but  all the examples are dwarfed. Its  
northern l imit  is Iceland, lat. 66 ~ 30 ~ N., with an isotherm of 8 ~ C. ; 
while in both Norway anti Sweden its l imit is the isotherm of 
8 ~ to 10 ~ C. In  the Alps its vertical range is the isotherm of 10 ~ C. 

A~RIOLIMAX Z~WS (Miill.). 

There are only four examples of the internal  shell of this species. 
I t s  northern limit in Europe is the isotherm of 14 ~ C. ; but, if  
A. hyperborea West is only a variety of loevis, as has been suggested, 
i t  ranges in Asia as far as the isotherm of 10 ~ to 12 ~ C. 

SPHYRADIUM COLUMELLA (G. V. Mrs . ) .  (1:)1. XVII ,  figs. 5 a & 5 b.) 

Abundant. This is an extremely interest ing species, and one 
over which there has been considerable confusion. 

I t  is the custom in this country to consider it as a variety of 
~ph. edentulum (Drap.), and as not uncommon in a living state;  
but  the shells to which the name columella is applied by British 
authorities are very different from the true columella, and are in 
fact an elongated form of edentulum. 

The species columella (vera) does not occur in a living state  in 
these islands. I t  is a high Alpine and Arctic species inhabiting 
l~orway, Sweden, Finland, and the Alps. I ts  northern limit is the 
isotherm of 8 ~ to 10 ~ C., while its vertical l imit in the Alps is 
the  isotherm of 6 ~ to 8 ~ C. In  these is]ands it  is only known 
from the Pleistocene of Barnwell (Cambridgeshire) and Copford 
(Essex). I t  is a common fossil in the German loess. 

I t  is interesting to note that  a similar disposition occurs in the 
~earctie region. There, as in Europe, Sph. edentulum (Drap.) is a 
widely distributed species, but an elongated form, S ph. alticola Ing.,  
occurs living at a height of 8000 to 9000 feet in Colorado; and it 
also occurs as a fossil in the Mississippi 'loess.' Whetheff the 
species alticola is identical with columella we cannot say, for we 
have been unable to see an authentic specimen of S2h. alticola. 

Vv.R~mo PARCWD~T~ (A. Braun). (P1. XVII ,  figs. 6 a & 6 b.) 

Seven examples of this species were detected. They belong to 
the variety .ger~esii, Gred., which is the edentulous form ofparce- 
dentata. This is a rare form in a living state, being only known 

Q. J. G. S. No. 270. s 
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from one locality in Tyrol, one in Sweden, and two in Germany, its 
northern l imit  being the isotherm of ]2 ~ C. In  a fossil state the 
variety genesii is known from the Pleistocene of Mosbaeh, from 
several localities in the ' loess' of Germany, from two Holoeene 
deposits in Germany and one in Sweden. In  these islands i t  is only 
known from the Holocene of F,,lie (Fifeshire) and from a deposit 
of uncertain age at Stamford (Lincolnshire). This last, where the 
species was common, is probably of late Pleistocene age. ~ 

JA~INTA ~USCORUM (Linn.). 

This is the most abundant  form in the deposit and a Holarctic 
species, the l imit  of which in Iceland is the isotherm of 8 ~ C. ; in 
Norway, Sweden, and Finland the isotherm of 8 ~ to 10 ~ C. ; and 
in Siberia the isotherm of 12 ~ C. ; while in the Alps its vertical 
l imit  is the isotherm of 6 ~ to 7 ~ C. There is great variation in 
the examples of this species, but a certain number may well be 
referred to the var. lundstroemi West, now living in Iceland and 
Sweden. This variety also occurs in the Pleistocene of Crayford, 
Swalecliff, and Ightham (Kent) ;  Fordingbridge and Fisherton 
(Wiltshire) ; West Wit ter ing (Sussex) ; Barnwell (Cambridgeshire) ; 
and Stamford (Lincolnshire). I t  is also a common form in the ]eess 
of Germany. 

Izm~,A P~,R~,R OIiill.). 

A single dwarfed example is referred to this polymorphic species. 
Identical shells are in our collection from the Pleistocene of 
Crayford (Kent), the Holocene of Hale ~Ioss (Westmorland), 
Silverdale (Lancashire), and Perranporth (Cornwall). ]n Iceland 
its l imit  is the isotherm of 8 ~ C. ; in Norway, Sweden, and Finland 
8 ~ t o l 0  ~  and in Siberia 10 ~ to 12 ~  while in the Alps ifs 
vertical l imit  is 4 ~ to 5 ~ C. 

LI~t~a:A PAT.VSTRIS (Miill.). (P1. XVI I ,  figs. 3 a & 3 b.) 

This species is represented by three dwarfed examples. I t  is a 
Holarctic form, the l imit  of which in Norway is the isotherm of 
14 ~ C. ; in Sweden 10 ~ to 12 ~ C. ; in Finland 8 ~ to 10 ~ ; while in 
the Alps its vertical l imit  is 13 ~ to 14 ~ C. 

These shells may be looked upon as a dwarf form of the variety 
turricula Held., and identical shells are in our collection from the 
Pleistocene of Chelmsford (Essex), St. James's Square, Westminster 
(Middlesex), and Barnwell (Cambridgeshire), Benkendorf, t~egens- 
burg, Stuttgart ,  and Osterrode in Germany, all of which are late 
Pleistocene in age. 

L I~ t~A TRV~CA~VLA (Miill.). (PI. XVI I ,  figs. 4 a & 4 b.) 

Not uncommon, about twenty  examples having been obtained ; 
all of them are small. 

See Proc. Malac. Sec. vol. vii (1906) pp. 119-20. 
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This is a Holarctic species, the limit of which in Iceland is the 
isotherm of 8 ~ C. ; in Norway, Sweden, and Finland 8 ~ to 10 ~ C. ; 
in Siberia 10 ~ to 12 ~ C. ; while in the Alps its vertical limit is 5 ~ C. 
Judging from the description, these shells belong to the variety 
h~ponica West, now living in Lapland. 

Identical shells are in our collection from the Pleistocene of 
Chelmsford (Essex), Swaleeliff (Kent), and Stut tgar t  (Germany);  
while examples from the Pleistocene of Barnwell  (Cambridgeshire) 
and Crayford (Kent) come near to them. 

LImNmA s'rA~NXr.IS (Linn.). 

This is only represented by an apical fragment. I t  is a Holarctic 
species, the northern limit of which in Norway, Sweden, and Fin- 
land is the isotherm of 8 ~ to 10 ~ C., and in Siberia 10 ~ to 12 ~ C. ; 
while its vertical Alpble l imit  is 13 ~ C. 

PLA~ORBIS CRmTX (Linn.). 

A single dwarfe~t example only of this species was found. 
This is a European form, the northern limit of which in Europe 

is the isotherm of 12 ~ C. ; while its vertical Alpine limit is that  of 
14 ~ C. 

PLANORnlS ARC~ICVS Beck. (P1. XVII ,  figs. 8 a & 8 b.) 

:Rather rare, only six examples being detected. 
I t  is a Holarctic species with a decidedly northern range. In  

Iceland and Greenland its l imit is that  of the isotherm of 4 ~ to 5 ~ C., 
and in Norway 12 ~ C. The examples are quite indistinguishable 
from specimens in our collection which were brought from West 
Greenland. P. arcticus is not uncommon in the Pleistocene of 
Crayford (Kent), and it  also occurs in lacustrine deposits near 
Edinburgh, the age of which is still a matter  of doubt. 

Pr.~O~BIS SPmOR~IS (Linn.). 

Rather  rare, about eight examples having beell found. 
This European species has a range in Iceland to the' isotherm of 

10 ~ C. ; in Norway, Sweden, and Finland to 14 ~ C. ; and in Siberia 
to 12 ~ to 14 ~ C.; while in the Alps it  does not occur above the 
isotherm of 10 ~ to 11 ~ C. 

All the examples from Ponder's End are decidedly dwarfed, and 
resemble those from the Pleistocene of Chelmsford (Essex). 

PLA~ORBIS LEUCOSTO~ Millet. 

Rare, being represented only by three dwarfed examples. 
This is a European species, the northern limit of which is the 

isotherm of 12 ~ C. I t  is often considered as only a variety of 
s_pirorbis Linn., yet i t  is noteworthy that  both species occur together 
in this deposit without any intermediate forms being seen. 

s 2  
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SUCCI~.A OBLO~A Drap. 

Text  to Jaminia muscorum (Linn.) this is the most abundant  
species in the deposit. I t  is a European form, the range of which 
in bTorway and Sweden is the isotherm of 15 ~ to 16 ~ C., and in 
Siberia 10 ~ to 12 ~ C. The vertical Alpine limit is the isotherm of 
9 ~ to 10 ~ C. 

This is a characteristic species of the German loess; while it  is 
represented in our collection from the Pleistocene of Swalecliff and 
Ightham (Kent), Fisherton (Wilt shire), Portland (Dorset), Barrington 
(Cambridgeshire), and St. James's Square, Westminster (Middlesex). 

SccciN~A SC~tU~IAC~tERI And. (P1. XVI I ,  figs. 2 a ~ 2 b.) 
Rare ; two examples only found. 
This is a species of which it is quite impossible to give the 

l~resent range, i f  it is identical with S. altaica yon Mts. var. 
norvegica West, as, judging from the description, it appears to be, 
then  i t  occurs in Iceland wit, h an isotherm of 10 ~ C. I t  is a 
characteristic fossil of the German loess, and is represented in our 
collection from Bischheim (near Strassburg), Regensburg (Bavaria), 
and  Osterrode (Thuringia). 

In these islands i t  is known in a fossil state from the Pleistocene 
of  Barrington (Cambridgeshire), Crayford (Kent), Chelmsford 
.(Essex), andSt.  James's Square, Westminster (Middlesex). In  our 
~pinion i t  is indistinguishable from recent shells from Hale Moss 
{Westmorland), Grange (Lancashire), Stoke Inner  Pool (Hereford), 
Old Colwyn (Denbighshire), and the Orknevs. With  regard to the 
shells from Hale Moss, we had the confirmatory support of the late 
Dr.  0. Boettger. 

~UCCINE.~ cf. GR(ENL:kNDIC~k Beck. (PI. XVII ,  figs. 1 a & 1 b.) 
There are seven examples of Succinea which we are unable 

definitely to name. The nearest living form is S. grcenlandica 
:Beck, but these examples are rather  smaller than that  species. 

S. grve~dandica ranges as far north as the isotherm of 4 ~ to 6 ~ C. 
We have seen no British fossil examples that  will compare with 

~hem. Even if the Ponder's End shells are only an extreme form 
of S. putris (Linn.),  i t  is noteworthy that  this last species ranges 
r the isotherm of 8 ~ to 10 ~ C., with a vertical range in the Alps to 
13 ~ C. 

VAr.VAT.~ eISCISAL~S (Miill.). (El. XVII ,  fig. 7.) 
This species is represented by eight dwarfed examples. 
Judging from the literature, these may be the variety cyclom:phala 

West ; but, since we have seen no authentic  specimens, we are un- 
able to speak definitely on the point. The range of V. piscinalis is 
to the isotherm of 8 ~ to 10 ~ C. in :Europe, and 10 ~ to 1,~ ~ C. in 
<~iberia. The highest vertical range that  we can trace is in the 
Jura ,  15 ~ C. 

SPH:]~RIU]~ CORNEU~I (Linn.). 
This common European species is represented only by fragments ; 
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but they are apparently true corneu,~ and not STh. mcenanum 
Kobelt, while they are certainly not S2h. solidum Norm. The 
species ranges in Europe to the isotherm of 8 ~ to 10 ~ C. and in 
Siberia to that  of 10 ~ to 12 ~ C. 

t)IsxDiu)~ svrIl~W~ A. Schmidt. Young specimen. (P1. X V I I ,  
figs. 9 a & 9 b.) 

lalSlDIUM OBTUSALE (Lamk., ? Pfr.) Jenyns. 
PIslDIV~ NI~IDU~t Jenyns. (P1. XVI I ,  figs. 10 a & 10 b.) 

and 
PISlDIU~t ~VSlLLV~ (Gruel.) Jenyns. (Pl. XVII ,  figs. 11 a & 11 b.) 

These species are represented by a few stunted valves, obviously 
denoting unfavourable conditions. There has been so much con- 
fusion among the Pisidia that  it  is difficult, if not  impossible, to  
state anything as to their range;  but it would appear that  these 
three species range in :Europe as far north as the isotherm of 
8 ~ to 10 ~ C. 

Conc lus ion .  

The whole assemblage indicates the fauna of a marsh or swamp. 
There is practically no other British deposit that  is actually 
analogous. The Pleistocene beds at Swalecliff, near Herne Bay, 
and the Brickearths, near Chelmsford, are probably of the same 
age;  but in both these instances the number of species is very 
small as compared with that  of Ponder's End. 

After careful consideration of the matter,  we venture to th ink  
tha t  the deposit denotes a July isotherm of 8 ~ to 10 ~ C . - - tha t  is to 
say, the temperature of Southern Iceland or Lapland. 

The mollusca from Ponder's End can be divided into two groups : 
one containing S2hyradium columella, Vertigo 2arcedenlata, 
Planorbis arcticus, and Jaminia muscorum var. l~ndstro~ni, which 
are all boreal species; while those of the other all have a wido 
distribution. Practically, all of this latter group are dwarfed, 
and clearly indicate the existence of unfavourable conditions, which 
may well be supposed to have been due to the prevalence of a low 
temperature. 

I t  is noteworthy, too, tha t  a number of species which we might  
reasonably expect to be present are absent, such as Planorbis cor~eu$ 
(Linn.), P. cari~atus (Miill.), P. umbilicatus (Miill.), P. vortea" 
(Linn.), ]'hysa .fontinalis (Linn.), Ancylus fluvialilis ~Iiill., 
Bithynia leachii (Shepp.), B. temaculata (Linn.), and l/~dvata 
cristata Miill. These all range as far north as the isotherms 
of 13 ~ C. or 14 ~ C., and it is not unreasonable to assume tha t  
their  absence may be accounted for by the fact that  the July 
temperature was probably below 13 ~ C. Taking into consideration 
the range  of the boreal species, a July isotherm of 8 ~ to ]0 ~ C. 
seems most likely to be the correct one for the period. , 

At the eastern end of the section the overlying ttolocene beds 
can be seen, although the line of demarcation between the two 
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deposits is not well marked. We were able to obtain a number 
of mollusea from these upper beds, namely : ~  

Vitrea radialula (Alder). 
Hygromia hispida (Linn.). 
Hy, qromia liberia, 1 West. 
Helicigona arbustorum (Linn.). 
S~wci~tea degans Risso. 
JLimn~ea auricularia (Linn.). 
Planorbis contortus (Linn.). 
Planorbis erista (Linn.). 
Planorbis leucosloma Millet. 

Plan orbis albus Mitll. 
I)lanorbi~ ~tmbilicatus Miill. 
Planorbis carinagus Miill. 
l'ah'ala piscinalis (Miill.). 
!]ithynia [enlacula{a (Linn.). 
]3ithynia leachii (Shepp.). 
Nelqtina fluviatilis (Liun.). 
~tio [umidus l%lz. 
Pisidium amnicum (Miill.). 

These are all normal shells, and exhibit none of the dwarfing 
so noteworthy in the :Pleistocene examples. The contrast between 
the two faunas is very marked, although a number of species are 
common to both. 

In  conclusion, we have to thank Sir. E. A. Smith, I.S.O., for 
his very kind assistance in the determination of some of the 
examples. 

S u p p l e m e n t a r y  :Note on a Co l l ec t ion  of  Mol lu sca  f rom 
t h e  A r c t i c  B e d  in  t he  Ange l  R o a d  B a l l a s t - P i t .  

Mr. Warren  also sent us another  series of molluscan remains 
obtained at Angel Road, and twen ty  species were represented. 
These are enumerated in the last column of the table (p. 234). 

I t  will  at once be noticed tha t  this fauna is practically the same 
as that  from Ponder's End : for, excluding the Pis id ia ,  there is only 
one species, Succinea eleqans Riss., tha t  did not occur at  the la t ter  
locality. This species ha~ a decidedly northel~ range. I t s  l imit 
in Sweden is the isotherm 10 ~ to 12 ~ C., and in Finland 8 ~ to 10 ~ C., 
thus confirming the views which v,e have already expressed. 

All the Pis id ia  are dwarfed, and the condiiions were evidently 
not favourable. There is the same dwarfing of certain species 
and the abundance of others as at Ponder's End, and there can 
be no doubt that  they are of the same age and represent similar 
conditions. 

:EXPLANATION OF PLATE XVII. 

[The dimensions are shown in millimetres.] 

Fig. l. S~wcinea (cf. S. greenlandica Beck). (See p. ~176 
2. Succinea schumacheri Andre~e. (See p. 238.) 
3. Limn~ea palustris (Miill.) vat. (See p. 236.) 
4. Zimna~a truneatula (Miill.) vat. (See p. 236.) 
5. Sph~lradium columella G. v. Mts. (See p. 235.) 
6. ~'ertigo parcedentata A. Braun. (See p. 235.) 
7. l'aleata pi~cinalis (Miill.). (See p. 238.) 
8. Planorbis arcHcus Beck. (See p. 237.) 
9. t)isidium supinum A. Schmidt. Right valve of young specimen. 

10. I ~. nitidum Jenyns. Right valve : dwarfed term. (See p. 239.) 
11. P. 7msillum (Gmel.) Jenyns. Left valve of young specimen. 

1 =H. sericea, Drap. of Continental authors, non Miiller 
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M~OLLUSCA FROiXI THE ARCTIC BED, PONDER'S END. 


