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E D I T O R I A L N O T E 

S t u d y of the B r i t i s h flora has made outs tanding progress 
du r ing the past decade a n d this is therefore an appropr ia te t ime 
to review the methods employed a n d to consider the most 
favourable lines for development . The fifth conference sponsored 
b y the B o t a n i c a l Society of the B r i t i s h Isles was arranged w i t h 
th is object. Considera t ion of o ld techniques brought out aspects 
w h i c h have been neglected or misunders tood; accounts of 
modern methods were i l lus t ra ted b y examples of current w o r k ; 
the review presented a n overa l l p ic ture of avai lable methods 
w h i c h those present at the Conference were able to a p p l y to their 
o w n lines of research. The papers a n d discussion brought out 
i n the clearest possible w a y two b road lines of development 
w h i c h offer the greatest promise at the present t ime (see page 124). 

A l l the papers read a n d the accounts of exhibi ts are publ i shed 
i n this book together w i t h the discussion. T h e y are arranged 
i n the sequence used at the Conference except t ha t the exhibi t s 
are brought together after the m a i n papers. T h e scientific names 
are those used b y the speakers except tha t a l l t r iv i a l s are spelled 
w i t h an i n i t i a l smal l let ter i n accordance w i t h the general p o l i c y 
of the Society. 

The arrangements for the Conference were i n the hands of 
the Meet ings Commit tee of the Society. M u c h of the w o r k fel l 
o n D r . J . G . D o n y , then H o n o r a r y Meetings Secretary, a n d to 
his energy a n d enthusiasm, together w i t h tha t of the other 
members of the Commit tee , a n d other officers a n d members who 
assisted, the success of the Conference was due. 

I a m grateful to J . P . M . B r e n a n , D . H . K e n t , N . Y . Sandwi th , 
D r . S. M . Wal te rs , P . J . W a n s t a l l , a n d D r . E . P . W a r b u r g , 
members of the Society's Pub l ica t ions Commit tee , a n d to E . B . 
Banger ter for assistance i n proof reading. 

J . E . L O U S L E Y . 
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C O N F E R E N C E P R O G R A M M E 

P R O G R E S S IN T H E S T U D Y 
O F T H E B R I T I S H F L O R A 

F R I D A Y , A p r i l 13th 
10.15 a.m. A welcome to the Conference 

Prof. T. G . T U T I N 

10.30 The ear ly development of a knowledge of the B r i t i s h 
flora 

Rev. Canon 0. E . R A V E N 

11.30 The E igh teen th a n d Nine teen th Cen tu ry backg round 
to the s tudy of the B r i t i s h flora 

D r . G . T A Y L O R 

12.15 p .m. In t e rva l for luncheon 

2.00 The con t r ibu t ion of the E x c h a n g e Clubs to knowledge 
of the B r i t i s h flora 

M r . J . E . LOTTSLEY 

2.45 T h e place of the local F l o r a i n the s tudy of the 
B r i t i s h flora 

Dr . J . G . D O N Y 

3.30 In t e rva l 

3.45 The progress of the B io log i ca l F l o r a 
Prof. P . W . R I C H A R D S 

4.30 In t e rva l for tea 

5.30 E X H I B I T I O N M E E T I N G 
E x h i b i t s w i l l be d i sp layed i n the B o t a n y Depar tment , close to 
T u k e H a l l , a n d m a y be seen a t any t ime du r ing the per iod of the 
Conference. D u r i n g the evening exhibi tors w i l l exp la in their 
exhib i t s a n d answer questions regarding t h e m i n T u k e H a l l . 

6.00 p.m. The status of Viola, lactea Sm. 
M r . D . M . M O O R E 

6.15 Natural Selection in favour of the hybrid Agrostis stoloni-
fera X tenuis 

M r . A . D . B B A D S H A W 

6.30 Alchemilla vulgaris L . agg. in Br i t a in 
Miss M . E . B B A D S H A W 

6.45 A comparison of the spread of Galinsoga parviflora and 
G. ciliata 

D r . W . S. L A C E T 
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7.00 The Species Problem in Galium pwrnvlum 
M r . K . M . GOODWAY 

7.15 Variat ion and distribution i n Er i ca maclcaiana Bab. 
M r . P . A . G A Y 

S A T U R D A Y , A p r i l 14th 

10.15 a.m.—Some aspects of p l an t var ia t ion—the Grasses 
M r . K . J O N E S 

11.00 The impor tance of E x p e r i m e n t a l E c o l o g y i n the s tudy 
of the B r i t i s h flora 

Dr . F . H . W H I T E H E A D 

11.45 In t e rva l 

11.55 The impor tance of re l ic t a n d dis junct d is t r ibut ions i n 
the in terpre ta t ion of the h i s to ry of the present 
B r i t i s h flora 

Dr . P . R O S E 

12.45 p .m. In t e rva l for luncheon 

2.30 D i s t r i b u t i o n M a p s of p lan ts—an h is to r ica l survey 
D r . S. M . W A L T E R S 

3.30 The s tudy of our flora as a par t of a whole 
Prof. D . H . V A L E N T I N E 

4.30 Conc lud ing remarks b y the Pres ident 

4.45 Close of conference 

S U N D A Y , A p r i l 15th 
F I E L D M E E T I N G I N T H E N E I G H B O U R H O O D O F 

H I T C H I N . H E R T F O R D S H I R E 

The programme pr in ted above is as c i rcula ted before the 
Conference. I t was carr ied out as stated, except t ha t the 
President , D r . George T a y l o r , was unable to be present. A s he 
was also unable to prepare his paper, Canon C. E . R a v e n k i n d l y 
expanded h i s account of " T h e E a r l y Deve lopmen t of a K n o w 
ledge of the B r i t i s h F l o r a " in to the t ime a l lowed for D r . Tay lo r ' s 
paper i n the programme. T h e proceedings on the second day 
were closed b y Professor T . G . T u t i n . 
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INTRODUCTORY R E M A R K S 1 1 

I N T R O D U C T O R Y R E M A R K S 

T h e Conference was opened b y Professor T . G . T u t i n , a V i c e -
President , who s a i d : — 

I t gives me great pleasure to welcome members of the 
B o t a n i c a l Society a n d our guests to this Conference. 
Our subject is "Progress i n the S t u d y of the B r i t i s h F l o r a " 
a n d i t is evident f rom the programme tha t we are about to be 
given an extensive prospect a n d retrospect of this wide field. 

Y o u w i l l , I a m sure, be sorry to learn tha t the Pres ident is 
unable to be w i t h us; his absence leaves us w i t h a gap i n the 
h i s to ry of the s tudy of the B r i t i s h flora, the subject w i t h w h i c h 
most of the ear ly speakers are concerned. Towards the end of 
to-day a n d throughout to-morrow we shal l hear about var ious 
lines of recent progress i n this many-s ided subject, a n d f inal ly 
Professor Va len t ine w i l l be g iv ing us a gl impse of a fascinating 
future. I n the first ha l f of last century, when E u r o p e was 
recover ing f rom the Napoleonic wars, B a b i n g t o n a t tempted the 
great task of correlat ing our insular flora w i t h tha t of the 
continent . I n spite of his efforts a n d those of other botanists , 
the insu la r i ty of B r i t i s h workers has no t been ent i re ly b roken 
down, a n d we have s t i l l to lea rn to look on our flora as a smal l 
par t of t ha t of Europe . 

Th i s wider v iew can have impor t an t consequences for the 
future progress i n the s tudy of the B r i t i s h flora. A few examples 
w i l l perhaps m a k e clear w h a t I mean. I n this count ry Veronica 
spicata a n d Veronica hybrida appear to be dis t inct species, h a v i n g 
different d is t r ibut ions a n d being reasonablv we l l characterised 
morphologica l ly . A s tudy of the p lan t i n E u r o p e makes i t clear 
tha t these two t a x a can a t mos t be regarded as subspecies. 

W e k n o w Lathraea squamaria, i n this count ry as a pre
dominan t ly wh i t i sh p lan t w i t h a tinge of d u l l purp le ; wha t is 
supposed to be the same species i n D e n m a r k is da rk purple w i t h 
no Jwhitish colour about i t . T w o chromosome numbers are 
recorded for the species. A r e they correlated w i t h the differences 
i n colour, a n d are there also undetected morphologica l differences ? 
The answer to this a n d p r o b a b l y m a n y other s imi lar questions 
can on ly be obta ined b y abandoning our insu la r i ty more 
complete ly . D r . P r i m e i n h i s recent w o r k on Arum has 
demonstra ted tha t A. maculatum i n these islands a n d i n 
Scand inav ia has different chromosome numbers , a n d certain 
morphologica l differences also. I t is evident tha t to k n o w our 
own flora proper ly we mus t enlarge our scope. A start has a l ready 
been made i n this d i rec t ion b y exper imenta l taxonomis ts a n d b y 
specialists i n certain genera. 
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I t seems to some of us tha t the most pressing need is for wha t 
m igh t be cal led an a l p h a f lora of the whole of E u r o p e to l i n k u p 
w i t h , b u t no t overlap, the Flora U.R.S.S. P l a n s for fulf i l l ing th i s 
need are we l l advanced, though i t mus t necessarily be a number 
of years before the w o r k can be completed. 

The B . S . B . I , cou ld great ly assist i n b reak ing d o w n our insular 
out look a n d at the same t ime cou ld great ly w iden our knowledge 
of our o w n flora b y organizing excursions, to begin w i t h to the 
western fringes of the Cont inent , a n d b y i n v i t i n g the co-operation 
of botanists i n the count ry to be v is i ted . I t w o u l d also, I th ink , 
be of great advantage to everyone i f a few foreign botanists could 
be encouraged to j o in our major excursions i n this country . M a y 
I be a l lowed to offer these few suggestions for the considerat ion 
of our Counci l? 

F i n a l l y I w o u l d l ike for a moment or two to look to the 
future i n a different direct ion. Our next Conference, whether 
i t is he ld i n two or three years t ime, w i l l coincide w i t h the 
centenary of wha t is p robab ly the most impor t an t event i n the 
h i s to ry of biology. O n 1st J u l y 1858, the famous essay b y D a r w i n 
a n d Wal l ace ou t l in ing the theory of evolu t ion was read to the 
L i n n e a n Society, a n d on 24th N o v e m b e r i n the fol lowing year 
the first edi t ion of the Origin of Species was publ ished. I t h i n k 
i t is fair to say tha t this theory was the seed, ra ther slow i n 
germinat ion perhaps, f rom w h i c h the fine flowering of our Society 
i n recent years has sprung. 

Our nex t Conference, therefore, w i l l be of peculiar significance 
to the B o t a n i c a l Society, as w e l l as m a r k i n g the centenary of an 
event of the first impor tance i n biological thought . 
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T H E E A R L Y D E V E L O P M E N T O F A K N O W L E D G E O F T H E 
B R I T I S H F L O R A 

C. E . R A V E N 

T o m a n y of y o u — a n d indeed when I was first i n v i t e d to give 
this paper at the start of our Conference to me a lso—it seemed 
reasonable to ask w h y we should now concern ourselves w i t h 
the ear ly development of knowledge of the B r i t i s h flora. W e 
a l l k n o w tha t the craftsmen who carved the fol iated bosses a n d 
capi tals i n Sou thwel l or E l y h a d a s ingular apprec ia t ion of the 
diverse p l an t s w h i c h they depicted a n d a n exact observat ion 
of their forms a n d habi t s of g rowth . W e also k n o w tha t this 
accuracy of defini t ion was w h o l l y l a c k i n g i n the s tyl ised a n d 
stereotyped woodcuts w h i c h adorned, bu t cer ta in ly d i d no t 
i l lumina te , the mediaeva l bestiaries a n d herbals. I f bo tany is, 
as I believe, the first science to deserve tha t name, then i t is 
perhaps significant t ha t i t owed i t s precoci ty ra ther to the superb 
draughtsmen who fol lowed the insp i red lead of Leonardo a n d of 
Durer , ra ther t han to the herbarists a n d druggists, the gardeners 
a n d agricul turis ts , whose l ives were devoted to p l an t lore. W e 
a l l k n o w how r a p i d l y the complete chaos w h i c h our o w n first 
botanis t W i l l i a m T u r n e r so v i v i d l y describes y ie lded to a 
sat isfying a n d synopt ic , though not of course a complete, 
classif icat ion; a n d how b y the end of the seventeenth century 
the subject h a d advanced to such a degree of achievement that , 
apar t f rom add ing new records of p lan t s f rom other countries, 
i t made v i r t u a l l y no scientific advance for a century a n d a half. 
Y o u m a y disagree w i t h me tha t n a m i n g new species (which 
L i n n a e u s defined as the cr i ter ion of bo tan ica l excellence) is not 
i n i tself science b u t o n l y nomenclature , a n d tha t at best 
t a x o n o m y is o n l y the h a n d m a i d of M a d a m H o w a n d L a d y W h y , 
but , i n a n y case, w h y a t such a meet ing as th is should we bother 
over these ear ly days of our studies? 

Y e t , on further reflection, i t has become clear to me tha t even 
i f the general h i s to ry of bo tany i n th is coun t ry is we l l a n d w ide ly 
k n o w n , nevertheless the records do indicate tha t i n our field 
more, I t h ink , t h a n i n a n y other, the foundat ions were f rom 
the first we l l a n d t r u l y l a id . Subsequent events, though geology 
a n d chemist ry , physiology, genetics a n d cy to logy have added 
m u c h , a n d enabled g rowth a n d clar if icat ion, have n o t w i t h us 
as they have i n other subjects p roduced a n y revo lu t ionary 
changes. There have been periods when development was rap id , 
a n d others when s tudy seemed to be d iver ted f rom issues of real 
impor tance to the pursu i t of re la t ive ly t r i v i a l a n d even superficial 
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enquiries. I a m no t myse l f clear tha t our science is a t the present 
moment sufficiently concerned w i t h matters of real significance, 
but, be tha t as i t may , b o t a n y has i n the m a i n fol lowed a fa i r ly 
steady course; a n d the chief lines of i ts career were ind ica ted 
b y the t ime of the death of J o h n R a y . H e a n d h i s contemporary 
N e h e m i a h Grew, a n d to a lesser degree his disciple J o h n M o r t o n , 
m a y be sa id to have a t ta ined a h i g h s tandard of excellence i n 
ident i f icat ion, descr ip t ion a n d classif icat ion; to have recognised 
a n d s tudied topographica l problems, a n d ind ica ted the signifi
cance of ecology, to have begun the s tudy of p l a n t phys io logy 
a n d opened up elementary enquiries in to the re la t ionship of 
fo rm to funct ion, a n d to have g l impsed the facts a n d the 
impor tance of hyb r id i sa t i on . I t is, I th ink , open to quest ion 
whether a n y advance of great va lue was made u n t i l a cen tury 
a n d a ha l f later. 

I f we look now at the s tory of th is first phase of scientific 
botany, we find tha t ear ly i n the s ix teenth cen tury as a result 
of the recovery a n d the wide c i rcu la t ion of the Greek a n d L a t i n 
bo tany books a n d pharmacologies, a s imultaneous effort was 
made i n I t a ly , F r a n c e a n d Spa in , a n d pre-eminent ly i n the 
R h i n e l a n d a n d Swi tzer land , to compare the p lan t s described b y 
Theophrastus a n d P l i n y , or Dioscor ides a n d G a l e n w i t h those 
g rowing i n the fields or gardens of the countries ment ioned. O u r 
o w n W i l l i a m Turner , the N o r t h u m b r i a n who was at P e m b r o k e 
College, Cambridge , i n the second a n d t h i r d decades of the 
century, is an excellent example of this first group of scientific 
botanists. H i s efforts to iden t i fy a b i r d l i ke the pe l ican or a 
flower l ike the Narcissus i n v o l v e d a minu te compar i son of 
classical authori t ies, a n d then wha t m igh t be a n impossible 
search for a na t ive specimen w h i c h filled the b i l l . A s soon as 
he t rave l led a n d came across the dr ied herbar ia of L u c a G h i n i , 
a n d the admirable pictures i n Brunfe ls , h is task became manage
ab le : b u t even then the f lora of Greece and the Medi te r ranean 
is no t b y a n y means easy to discover i n our i s l and cl imate. 
T h e discipl ine w h i c h th i s p r i m a r y business of nomencla ture 
i n v o l v e d was an exac t ing a n d therefore, I believe, a v e r y va luab le 
prepara t ion for bo tan ica l s tudies: i t ce r ta in ly gave to these ear ly 
students a power of detai led observat ion a n d minu te d i sc r imin
a t ion w h i c h have seldom been surpassed. A n y o n e who studies 
R a y ' s work , whether i n the Cambr idge Catalogue or i n the final 
ed i t ion of the Synopsis, w i l l be amazed that he h a r d l y ever 
confuses species t ha t we dis t inguish or, unless he is r e ly ing on 
hearsay records, describes p lan ts w h i c h we cannot easily a n d 
accurate ly name. 

The explora t ion a n d ident i f icat ion of our B r i t i s h flora, trace
able b y anyone who w i l l glance th rough W . A . Clarke 's First 
Records (a book w h i c h ought now to be revised and brought u p 
to date), was the w o r k of a notable a n d va r i ed succession. 
Biologis ts l ike T h o m a s P e n n y , doctors l i ke Pe te r Turner , 
apothecaries l ike Gera rd a n d his emendator T h o m a s Johnson , 
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natural is ts l ike J o h n Goodyer a n d George Bowles , botanists l ike 
J o h n P a r k i n s o n a n d Math ia s de l 'Obel—these a n d a number of 
others, James Carg i l l of Aberdeen , Mistress T h o m a s i n T u n s t a l l 
of Ingieborough, a n d T h o m a s L a w s o n of W e s t m o r l a n d a l l con
t r ibu ted ; a n d R a y himself, th rough W i l l o u g h b y , R o b i n s o n , H a n s 
Sloane, a n d his m a n y other pupi ls a n d friends brought the 
different s trands in to a coherent a n d scientific u n i t y . A n y o n e 
who considers such a l i s t w i l l see the absurd i ty of the a t t empt 
la te ly made i n a recent h i s to ry of science to separate the natura l is t 
f rom the b io logis t : t ha t f ield workers a n d labora tory workers 
have on occasion been separated is regret tably t rue—and has 
been disastrous for b o t h : but to segregate the s tudy of any 
l i v i n g organism in to supposedly d is t inc t provinces is as foolish 
as to insist tha t a l l historians are either novelists or chroniclers. 

The developments to w h i c h this p r i m a r y business of n a m i n g 
a n d i ts sequel i n arrangement a n d classification gave rise are 
threefold: — F i r s t , there is the f ix ing of the habi ta t—the observa
t ion of the loca l i ty i n w h i c h a species is found b o t h i n general, 
mounta in , woodland , wayside or water, a n d i n par t icu lar . T h i s 
la t ter was at first o n l y a guide to other collectors, a n d i n ear ly 
herbar ia was a l l too often omit ted . There was a t the beginning 
no real considerat ion of the significance of topography ; for 
geology was no t ye t ; a n d the difference between one type of soil 
a n d another, though cer ta inly k n o w n to farmers, h a d not 
a t t rac ted the a t ten t ion of herbarists. R a y m a y himself be 
accounted the first E n g l i s h m a n to recognise i ts significance w h e n 
he added to his first Catalogue the deta i led lists of p lan ts found 
i n special localit ies r o u n d Cambridge—Chester ton, D i t t o n , Gog-
magog H i l l s , the " H i l l of H e a l t h " (now M o u n t Pleasant , the 
south slope of Castle H i l l ) , H i n t o n "the lanes a n d closes" and 
"the m o o r a n d the water there". 

Secondly, a n d as a na tu ra l consequence, R a y ' s fr iend, the 
h is tor ian of Nor thamptonsh i re , J o h n M o r t o n was perhaps the 
first to a p p l y the agr icu l tura l knowledge of different soils, sandy, 
c lay , stoney a n d l imey , to the botanist ' s recogni t ion of the group
i n g of var ious plants . H e fu l ly recognised tha t soil affects the 
presence a n d the rate of g rowth of plants , but , i n the absence 
of chemica l analysis, or even of the chemica l differences between 
ac id a n d a lkal ine , no obvious exp lana t ion of the d i s t r ibu t ion of 
species could be reached. I t is, I th ink , curious consider ing tha t 
the knowledge of the va lue of pa r t i cu la r types of soi l for frui ts or 
crops goes back to v e r y ear ly days, h o w v e r y long a t ime elapsed 
before a scientific ecology was out l ined. 

T h i r d l y , such enquiries lead back to problems of p l a n t struc
ture a n d physio logy. T u r n e r h a d not iced a n d described the 
paras i t i sm of the Broomrapes ; R a y as his basis for classification 
h a d s tudied a n d fastened u p o n the impor tance of the seed-leaves 
or cotyledons, a n d h a d invest igated and exper imented u p o n the 
rise of sap; Grew h a d been the pioneer i n the s tudy of bo tan ica l 
ana tomy, and a long w i t h R o b e r t H o o k e h a d examined plant-
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fibres under the microscope. Such w o r k d i d no t amoun t to ve ry 
m u c h , a n d was i n fact hand icapped b y the acceptance of supposed 
analogies between plants a n d an imal s—an acceptance w h i c h s t i l l 
affects b o t a n y i n its approach to genetics. B u t i t revealed as 
c lear ly as d i d med ica l pract ice the urgent need for advance i n 
the field of phys ics a n d chemist ry . Here , as i n b io logy generally, 
the seventeenth century h a d got as far as was possible u n t i l the 
basic sciences emancipated themselves f rom magic a n d t r ad i 
t ion . If, after R a y , b o t a n y m a r k e d t ime, i t was because u n t i l the 
t ime of L a v o i s i e r a n d L a m a r c k i t was no t possible for i t to get 
further. D u r i n g the century of enforced stagnation, nomencla ture 
a n d exp lora t ion of new bo tan ica l areas were alone avai lable for 
progress; a n d the consequent developments, useful as they were 
i n their v e r y nar row field, cou ld not b u t give a false perspective 
to the whole subject b y focussing a t tent ion a w a y f rom the 
p r inc ipa l problems of bo tan ica l science.* 

Prof. T . G . T U T I N said that although Linnaeus was, of course, mainly 
a taxonomist he did interest himself also to some extent in other 
branches of botany. For example, he was an ecölogist in a primitive 
way as is evidenced by the account in his Sk&nska resa (Stockholm, 
1751) of what amounts to a transect at Tjörnedala, in S .E . Sweden. 
This transect can still be seen with most of the species mentioned in 
Linnaeus' account. 

M r . J . E . L O U S L E Y said that the reaction of the Conference to Canon 
Raven's quotation of Linnaeus' comment (that naming new species 
should be the criterion of botanical excellence) was a clear indication 
that the botanists of to-day no longer regarded taxonomy as an end in 
itself. It had now been put in its proper place as the handmaid of 
Madam How and Lady Why, but instead there had arisen a new 
danger that the importance of accurate identification would be over
looked. This was obviously essential to the value of published work 
in , for example, ecology and cytology; and ye t students and workers , 
with so much else to study, were liable to be led to regard naming 
their material as a matter of very secondary importance. There would 
always be a need for botanists with a thorough knowledge of the 
Bri t ish flora and competent to assist research workers to give accurate 
names to their material. 

Canon R A V E N agreed with this. He felt also that taxonomic studies 
of critical groups—such as Hieracium—were valuable as a preliminary 
leading on to the study of apomixis, which i n turn opened up larger 
biological questions in the interpretation of evolution. 

Dr . S. M . W A L T E R S suggested that, with increasing specialization 
in every branch of botany, our need is for co-operation between a num-

*As there was time available owing to Dr. Taylor being unable to read his paper, 
Canon Eaven then continued his address wi th a br i l l iant extempore talk 
covering later phases ol the history of Br i t i sh botany. Some of the matters 
referred to i n the discussion which followed arose from comments made by 
Canon Raven which are not included in his paper as printed.—EDITOR. 
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ber of specialists to unravel such problems as apomixis. Some divi
sion of labour is essential if only because human life is too short, and 
we need the co-operation of field botanists, geneticists and laboratory 
workers. He welcomed signs of a reaction against excessive geneticist 
specialization, and an increasing tendency for geneticists to take their 
studies outside the limits of the experimental garden. 

Dr . E . F . W A R B U R G enquired how Canon Raven would rank D i l -
lenius as a botanist. Work done by Mrs . H . N . Clokie recently has 
shown that the so-called Dillenian Herbarium at Oxford was not, in 
the main, the collection of plants on which the third edition of Ray's 
Synopsis was based. Most of the Br i t i sh plants described for the first 
time in this work are in the Sherardian Herbarium and can be seen at 
Oxford. I t seems likely that the Dillenian Herbarium was a collec
tion made by Dillenius for a further work which was not published. 
Canon R A V E N replied that his own work had not extended beyond the 
death of Ray and lie had not worked on Dillenius. Where would D r . 
Warburg put Dillenius? Dr . W A R B U R G said he regarded Dillenius as 
an extremely good and careful botanist, and in some ways ahead of his 
time. I t was of interest that his specimens were occasionally localised. 

Rrof. D . H . V A L E N T I N E pointed out that Canon Raven's reference 
to Dr . Mi l l s ' rediscovery of Veronica spicata, in the locality where i t had 
been recorded by Ray, illustrates in yet another way the value of old 
records; for i t would seem that V. spicata has been unable significantly 
to extend its range during a period of 300 years; and this at once 
stimulates enquiry into possible explanations, such as low frequency of 
seed-setting and inefficient means of dispersal, and provides a start
ing point for new investigations. 

M r . R . S . R . F I T T E R asked if Canon Raven could explain why a 
dichotomy arose between field and indoor naturalists. Canon R A V E N 
said this occurred when a mechanistic as opposed to a vitalistic atti
tude became prevalent. The contrast was very evident in a compari
son between the works of Ray, which were concerned almost solely 
with problems of l iving organisms, and those of the theologian Paley, 
which were purely in terms of the machine. In Paley's time the pro
blem of the l iving organism had almost disappeared. The change 
occurred when chemical analysis and laboratory technique came in and 
replaced the observations of field naturalists. I t followed the develop
ment of professional science in the 19th century, when the professionals 
looked down on the amateur naturalists. A n example of this is the 
reaction of the great anatomist Owen to Charles Darwin, because the 
latter was an amateur. In turn, Huxley was looked down at by the 
aristocratic members of the Royal Society because he was a poor man 
and a professional. This snobbery did much to discourage work in 
the field. 

M r . F I T T E R then enquired if Canon Raven considered that the 
rationalist movement of the 18th century had anything to do with the 
tendency to divert attention from field observations. Canon R A V E N 
replied that the development of rationalism was parallel to the trans
formation of an agricultural into a manufacturing country. The 
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change was similar to the one which swung naturalists over from obser
vations of nature to weights and measures. 

Miss O. L O N G F I E L D observed that the B . S . B . I , had been outstand
ingly successful in co-operation between amateurs, with their field 
notes, and professional botanists, and expressed the hope that the pre
sent balance wrould be maintained. Canon R A V E N , in reply, said that 
he was quite sure that the co-operation of the two is vi ta l . 

D r . S. M . W A L T E R S said that in his view the cleavage was not be
tween amateurs and professionals, but between field and laboratory 
workers. In this respect the cleavage was greater within the profes
sionals, than i t was between professional botanists as a class and 
amateurs—in the latter case he was doubtful if to-day any cleavage 
existed. 
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T H E C O N T R I B U T I O N O F E X C H A N G E C L U B S T O K N O W L E D G E O F 
T H E B R I T I S H F L O R A 

J . E . L O U S L E Y 

There is now no botan ica l exchange club for vascular plants 
i n B r i t a i n . B y a resolut ion passed at our A n n u a l Genera l Meet
ing last year the work of the exchange section was suspended— 
the first deliberate break i n an a c t i v i t y w h i c h h a d been carr ied 
on since 1836. Th i s wou ld , therefore, seem a f i t t ing oppor tun i ty 
to review the con t r ibu t ion w h i c h exchange clubs have made to 
knowledge of the B r i t i s h flora. 

There has been considerable misunders tanding about the 
act ivi t ies of these clubs, and m u c h of this m a y be due to the 
somewhat unfortunate choice of t i t le . Cla ims tha t they caused 
damage to our rarer species have b u i l t up a bias against their 
w o r k to an extent wh ich makes i t difficult to review their efforts 
dispassionately. F o r this reason, a n d a l though the present paper 
is concerned solely w i t h their contr ibut ions to scientific knowledge, 
i t mus t be po in ted out tha t some of the c r i t i c i sm is based on 
incorrect assumptions, a n d m u c h of i t fails to relate past events 
to the background of condit ions at the t ime. The cri t ics have 
shifted emphasis f rom cr i t i ca l plants, w h i c h for the last century 
were the p r i m a r y a n d proper subject of the club 's act ivi t ies , to 
rarit ies, w h i c h were not. 

A s a result of this false emphasis, exchange clubs have some
times been dismissed as sma l l groups of amateurs exchanging 
specimens for their p r iva te herbar ia on m u c h the same basis 
as s t amp collectors swop their duplicates. A glance at a few of 
the reports w i l l show tha t i n fact the most act ive members were 
usual ly the keenest field botanists of the day, t ak ing their bo tany 
extremely seriously, a n d cont r ibu t ing mate r ia l m a i n l y w i t h the 
object of threshing out difficult problems a n d br ing ing new facts 
to the notice of their fellow workers. T h e system used b y the 
two clubs operat ing dur ing the present century was essentially 
as fo l lows: — 

Contr ibutors were asked to send i n a m i n i m u m of 10 sheets 
of each gathering w i t h sufficient labels, w h i c h were later b randed 
w i t h the club 's s tamp. T h e y also suppl ied a spare " l a b e l " to be 
used i n prepar ing the report , a n d this p rov ided an oppor tun i ty 
for the add i t i on of hab i ta t a n d other field notes, a n d for discussion 
of the characters a n d classification of the plant . I n the case of 
c r i t i ca l groups i t was the d u t y of the d i s t r ibu tor to submi t the 
whole gathering to the appropria te referee, who was asked to 
comment on the determinat ion, a n d to confi rm tha t the gathering 
was homogeneous. F r o m the re turned mater ia l , sheets were set 
aside for certain publ ic herbaria, a n d the remainder d is t r ibuted 
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to members, who were asked to p rov ide further notes on plants 
w h i c h interested them. I t often happened tha t when the 
d i s t r ibu tor h a d carr ied out his work sk i l fu l ly these further notes 
p roved as va luab le as those of the official referees. A l l these 
comments were brought together i n the p r in t ed report, of w h i c h 
three copies were sent to each contr ibutor so tha t he could cut 
out the appropr ia te sections to a t tach to the he rba r ium sheets 
w i t h the specimens. 

The advantages of the system were considerable. F u n d a 
menta l ly i t p rov ided sets of s tandard sheets represented i n a 
number of herbar ia , and, a l though m i x e d gatherings sl ipped 
th rough occasionally, i n general, botanists scattered over the 
count ry could be reasonably confident they h a d s imi lar specimens 
before them. T h e system h a d m a n y of the meri ts of exsiccata 
w i t h p r in t ed notes, bu t also the advantage that the notes often 
represented the views of several botanists. Th is , so far as I know, 
was a pure ly B r i t i s h ins t i tu t ion characterised b y freely expressed 
a n d often confl ict ing opinions. I t represents something different 
f rom exsiccata d is t r ibu ted i n other countries, i n w h i c h the p r in ted 
notes on each gathering were n o r m a l l y the w o r k of on ly a single 
botanist . E a c h exchange-club specimen, w i t h the ext rac t f rom 
the report at tached, provides a s tandard w h i c h can be ci ted w i t h 
an epitome of the views of contemporary botanists. 

T A B L E 1. 

BRITISH SOCIETIES AND CLUBS WHICH HAVE 
ORGANISED THE EXCHANGE OF HERBARIUM 

SPECIMENS 

B O T A N I C A L S O C I E T Y O F E D I N B U R G H ( 1 8 3 6 " > ) 

B O T A N I C A L S O C I E T Y O F L O N D O N ( 1 8 3 6 - 1 8 5 7 ) 

B O T A N I C A L E X C H A N G E C L U B ( O F T H E T H I R S K N A T U R A L 
H I S T O R Y S O C I E T Y ) ( 1 8 5 8 - 1 8 6 5 ) 

L O N D O N B O T A N I C A L E X C H A N G E C L U B ( 1 8 6 6 - 1 8 6 8 ) 
B O T A N I C A L E X C H A N G E C L U B ( 1 8 6 9 - 1 8 7 8 ) 
B O T A N I C A L E X C H A N G E C L U B O F T H E B R I T I S H I S L E S ( 1 8 7 9 -

1 9 0 8 ) 
B O T A N I C A L E X C H A N G E C L U B A N D S O C I E T Y O F T H E B R I T I S H 

I S L E S ( 1 9 0 9 - 1 9 1 4 ) 
B O T A N I C A L S O C I E T Y A N D E X C H A N G E C L U B O F T H E B R I T I S H 

I S L E S ( 1 9 1 5 - 1 9 4 6 ) 
B O T A N I C A L S O C I E T Y O F . T H E B R I T I S H I S L E S ( 1 9 4 7 - ^ ) 

W A T S O N B O T A N I C A L E X C H A N G E C L U B ( 1 8 8 4 - 1 9 3 4 ) 
T H E B R I T I S H L I N N A E A F O R E X C H A N G E O F P L A N T S W I T H 

C O N T I N E N T A L C L U B S ( 1 8 8 6 - ? 1 8 8 9 ) 

T H E P H Y T O L O G I C A L C L U B (in connect ion w i t h the P h a r m a 
ceutical Society) ( 1 8 5 3 - ? ) 
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Th i s was the system i n its most h igh ly developed fo rm evolved 
as a result of m a n y years ' experience. B u t before i t reached th is 
stage, other less refined systems h a d been employed w h i c h d i d 
valuable w o r k when v iewed against the background of the 
requirements of the times. A t this po in t I w o u l d l ike to t u r n to 
a brief review of the h is tory of exchange clubs i n B r i t a i n . The 
names of the Societies concerned are set out i n Tab le 1. 

H I S T O R Y 

Large-scale organised exchange of he rba r ium specimens i n this 
coun t ry dates f rom 1836, when facilities for s tudy ing dr ied 
mate r ia l were ve ry l i m i t e d indeed. T h e B o t a n i c a l B r a n c h of the 
N a t u r a l H i s t o r y Depar tmen t of the B r i t i s h M u s e u m h a d just been 
formed a n d h a d charge of the Sloane a n d B a n k s i a n herbar ia bu t 
l i t t le else. The collections at K e w were no t s tar ted u n t i l 
seventeen years later. A t Oxford , they h a d several fine o ld 
herbaria , bu t these were h a r d l y i n a condi t ion for easy reference. 
A t Cambridge, they h a d the col lect ion of J o h n M a r t y n to w h i c h 
H e n s l o w was adding, b u t the per iod of expansion under B a b i n g -
ton was to come later. E d i n b u r g h also h a d a few collections. I n 
1836 facilities for compar ing he rba r ium specimens were thus 
extremely poor. Transpor t was s t i l l m a i n l y b y coach, a n d 
botanists scattered about the count ry h a d l i t t le oppor tun i ty of 
s tandardis ing their determinations, a n d discovering where they 
were going astray i n in terpre t ing the descript ive floras of the 
t ime. Contempora ry botanists were keenly aware of the need for 
the interchange of specimens; wi thou t i t the advance of 
knowledge could on ly be slow. 

The B o t a n i c a l Society of E d i n b u r g h was founded on M a r c h 
17th 1836, a n d its objects were g iven as ". . . . the advancement 
of B o t a n i c a l Science, b y means of per iodica l meetings, corres
pondence a n d the m u t u a l interchange of specimens amongst its 
members". U n d e r i ts by- laws, specimens cont r ibu ted were 
used to b u i l d u p the Society's o w n herbar ium, a n d the surplus 
d is t r ibuted, after "co l la t ion" , to those members w h o h a d sent i n 
at least 50 "species", or who h a d commuted at the rate of £1 for 
50 "species". The arrangement was an immedia te a n d outs tand
ing success. I n the first year no less t han 61,200 specimens were 
contr ibuted , of w h i c h 30,000, representing 1400 "species", were 
B r i t i s h . P l an t s were d i s t r ibu ted to 57 members. I n the second 
year, i t is stated tha t between 90,000 a n d 100,000 labels h a d to be 
wr i t t en or p r in t ed b y the officers, a n d 20 species cont r ibu ted were 
regarded as new to the B r i t i s h flora. I n the t h i r d year, 40,200 
specimens were sent i n , of w h i c h 31,500 representing 3,300 
"species" (i.e., gatherings) were B r i t i s h . M a t e r i a l was d i s t r ibu ted 
to 84 wide ly scattered members. F o r a t ime the exchange was 
pursued w i t h great enthusiasm, the Society even con t r ibu t ing to 
the expenses of collectors on journeys in to the H i g h l a n d s a n d 
elsewhere, bu t the number of specimens received h a d dropped 
to 25,000 i n 1841-2, a n d thereafter the qua l i t y a n d quan t i t y fell 
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away. A Catalogue of British Plants was publ i shed b y the Society 
i n 1836 for the purpose of enabling members to m a r k their 
desiderata. The second edi t ion, issued i n 1841, was the w o r k of 
Bal four , Bab ing ton , a n d Campbe l l . 

N o doubt, i t was the i n i t i a l a n d obvious success of the 
E d i n b u r g h Society w h i c h p rompted the fo rmat ion of the B o t a n i c a l 
Society of L o n d o n . Th i s arose f rom a meet ing convened on J u l y 
27th 1836, a n d one of the objects was " T o form herbar ia of B r i t i s h 
a n d foreign plants , for the reference of the members, a n d exchange 
w i t h other Societies or i n d i v i d u a l collectors, a n d thus be the 
means of p roduc ing m a n y va luab le herbar ia , w h i c h otherwise 
w o u l d no t have been completed or even commenced" . The 
arrangements were s imi lar to the E d i n b u r g h p lan , a n d i n the first 
year 4,819 specimens of B r i t i s h plants , a n d m a n y foreign, were 
received. I n the second year the to ta l rose to 18,592 B r i t i s h , a n d 
upwards of 10,000 foreign, a n d inc luded plants received i n 
exchange f rom the E d i n b u r g h Society. I n 1844, the Society 
publ i shed the London Catalogue of British Plants a n d i n the 
A n n u a l R e p o r t for this year i t is said tha t ". . . . i t has a lways been 
considered tha t the Society's highest u t i l i t y w o u l d be found i n the 
exchange of specimen ", a n d cer ta inly this b r anch of its 
act ivi t ies was pursued w i t h outs tanding success. 

B y this t ime, H . C. W a t s o n was t ak ing an act ive pa r t i n the 
affairs of the L o n d o n society a n d us ing his influence to improve 
the s tandard of accuracy i n mate r ia l d is t r ibuted . A t first there 
h a d been l i t t le effort to correct the names given b y contr ibutors 
a n d thus the object of s tandardis ing "nomencla ture" was h a r d l y 
supported. W a t s o n corrected m a n y of the irregulari t ies w h i c h 
were t ak ing place, a n d raised the s tandard to a m u c h higher one. 
H e publ i shed i n The Phytologist c r i t ica l notes on the more 
interest ing plants d is t r ibuted . A l t h o u g h these represented the 
views of an i n d i v i d u a l , they in i t i a ted the series w h i c h l ed later to 
the va luable discussions on plants d i s t r ibu ted w h i c h were a 
feature of later exchange clubs. A t the end of 1850, Syme* 
resigned the Cura torsh ip of the B o t a n i c a l Society of E d i n b u r g h 
to become Cura tor of the he rba r ium of the B o t a n i c a l Society of 
L o n d o n . H e fol lowed Watson ' s precedent of pub l i sh ing notes on 
the more interest ing plants dis t r ibuted, a n d main ta ined the 
s tandard w h i c h h a d been set. The d i s t r ibu t ion was s t i l l r u n n i n g 
at the leve l of some 20,000 B r i t i s h specimens a year i n 1853, when, 
i n a rev iew of the four th edi t ion of the London Catalogue, i t was 
s tated tha t the Society h a d outdis tanced every compet i tor i n "the 
exchange of wel l -named specimens". I n the fol lowing year there 
was an announcement of a "Fo re ign Exchange C l u b " to dispose 
of some of their duplicates, a n d for this J . T . Syme was to act as 
"Di s t r i bu to r " , w h i c h is apparen t ly the first use of this term. E a r l y 
i n 1857 the affairs of the Society were i n a state of abeyance, a n d 
the he rbar ium a n d duplicates sold to F . Y . Brocas . 

*John Thomas Irvinp Boswell, né Syme, afterwards Boswell-Syme. 
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D u r i n g these twen ty years the E d i n b u r g h and L o n d o n Societies 
h a d d is t r ibu ted vas t numbers of specimens. T h e y h a d made i t 
s t andard practice to use separate labels g iv ing the loca l i ty a n d 
date of collection, employed a referee to ensure greater accuracy 
i n the determinat ions of plants dis t r ibuted, a n d made a start on 
pub l i sh ing notes on the more interest ing plants sent i n . T h e 
improvement i n the scientific value of their w o r k du r ing the 
per iod was considerable, a n d largely due to the support of W a t s o n 
a n d Syme. 

I n N o v e m b e r 1857 "pending the abeyance of the B o t a n i c a l 
Society of L o n d o n " , the exchange act ivi t ies were t aken over b y 
the T h i r s k N a t u r a l H i s t o r y Society. The annua l reports, w i t h 
the sub-heading " B o t a n i c a l Exchange C l u b " , inc luded c r i t i ca l 
notes b y the curators, to w h i c h other experts contr ibuted. W h e n 
J . G . B a k e r jo ined the staff of K e w , the c lub was renamed 
the L o n d o n B o t a n i c a l Exchange C lub i n 1866. T w o years later J . 
Boswel l -Syme became Cura tor a n d we read tha t the object of the 
C l u b was "to facil i tate the exchange of dr ied specimens of B r i t i s h 
plants, especially of critical species and varieties". T h i s emphasis 
was to cont inue for the remainder of the h i s to ry of B r i t i s h 
exchange clubs. The report for 1868 shows tha t comments were 
no longer restr icted to the views of the Cura tor . Thus , on an 
Aster f rom Derwentwater , comments b y Wa t son , B a k e r , Syme 
a n d B a b i n g t o n were p r in ted i n add i t ion to in format ion about the 
habi ta t b y the collector. " L o n d o n " was dropped f rom the t i t le of 
the C lub i n 1870, a n d i t became the B o t a n i c a l Exchange C lub of 
the B r i t i s h Is les" i n 1879. I need no t here refer to the further 
changes i n t i t le i n the h i s to ry of our present Society. 

R e a d i n g th rough the long series of reports one is impressed 
b y the increasing interest i n c r i t i ca l p lants a n d pa r t i cu la r ly i n the 
B a t r a c h i a n Ranunctdi, Rubi, Hieracia a n d Rosae a n d i n smaller 
groups l ike the species of Fumaria, Viola, Sorbus, Epilobium, 
Euphrasia, Mentha, Rumex, Salix a n d cer ta in grasses. The 
cus tom grew u p of p r i n t i ng lengthy notes b y the collectors g iv ing 
details of the hab i ta t a n d characters not easily observed i n dr ied 
mater ia l , together w i t h the often divergent opinions of the referees 
a n d others. I n 1905, for example, there were 54 gatherings of 
Hieracium, 14 of Carex, a n d 10 of Mentha, a n d other c r i t i ca l 
groups were also represented. Our exchange act ivi t ies were 
suspended after the 1954 d is t r ibu t ion . 

The W a t s o n B o t a n i c a l Exchange C lub was formed i n 
December 1884 "to promote more intercourse, he lp a n d exchange 
between w o r k i n g botanists, a n d pa r t i cu la r ly w i t h regard to 
cr i t ica l species". W i t h i n s ix weeks there were 34 members, a n d 
the first d i s t r ibu t ion took place i n F e b r u a r y 1885, when 2250 
sheets were sent out. B y the t h i r d year, the to ta l rose to 4971 
sheets but , i n general, the figures were we l l below those of the 
B . E . C . I t came to an end i n 1934, h a v i n g been the means of 
d i s t r ibu t ion of 120,033 sheets dur ing its fifty years of existence. 
Suppor ted b y m a n y leading botanists, i t was a sma l l f r iendly club, 
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w i t h a wonderful spir i t for encouraging youngsters. I n 1927, 1 
acted as D i s t r i bu to r when I was 19, fo l lowing D . G . Catcheside, 
a n d fol lowed b y E . C. Wal lace , w h o were bo th about the same 
age. 

The h i s to ry of the p r i n c i p a l B r i t i s h exchange clubs thus falls 
in to three m a i n periods as fo l lows: — 

(1) 1836-1856. D u r i n g this t ime vas t numbers of specimens 
were sent out b y the B o t a n i c a l Societies of E d i n b u r g h a n d L o n d o n 
supp ly ing a need for proper ly local ised mate r ia l on w h i c h 

T A B L E 

S T A T I S T I C S O F B R I T I S H 

B . E . O . 

D E C A D E N U M B E R OE 
P A R C E L S 1 

S H E E T S OF SPECI
M E N S 2 

N U M B E R OF 
P A R C E L S 1 

Total for Average 
Decade per year 

Total for Average 
Decade per year 

Total for Average 
Decade per year 

1879 

1880-89 

1890-99 
1900-09 
1910-19 
1920-29 
1930-39 

1945-54 

36 36 
(1 year only) 

293 29 

248 25 
258 26 
324 32 
304 30 
208 21 

118 12 

4.800 4,800 

38,826 3,882 

35,045 3,505 
38,738 3,874 
64,559 6,456 
46,671 4,667 
22;i78 2,218 

10,357 1,036 

161 27 
(6 years only) 

218 22 
256 25 
215 22 
181 18 

65 16 
(4 years only) 

Totals 1,789 26 261,174 3,678 1,096 21 

Total number of distributions—71. 

Average contribution per member per 
year—147 sheets. 

Peak year was 1912 when 34 members 
contributed 8,656 sheets. 

The activities of the Exchange Section 
were suspended from 1940 to 1944 
inclusive. 

Total number of 

Average contribution 

Peak year was 1886 

1The number of parcels contributed is given here—the number sent out 
was usually slightly higher. 
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botanists cou ld work . B o t h societies s t imula ted interest i n the 
geographical d i s t r ibu t ion of plants, a n d the E d i n b u r g h Society 
h a d a scheme devised b y W i l l i a m B r a n d for d i v i d i n g the count ry 
in to 42 dis tr icts w h i c h was the forerunner of H . C. Watson ' s 
la ter geographical work. T h e la t ter a n d J . Boswel l -Syme effected 
a g radua l improvement i n scientific standards. 

(2) 1857-1878 was a t rans i t ion per iod w i t h the B . E . C . as the 
on ly organisat ion operat ing. N o statistics are avai lable about 
the numbers of specimens dis t r ibuted. E m p h a s i s h a d passed 

E X C H A N G E C L U B S , 1879-1954 

W A T S O N B . E . C . & W A T S O N C O M B I N E D 

SHEETS OF 
H E N S 

SPEOI- N U M B E R OP 
P A R C E L S 1 

S H E E T S OF SPECI
M E N S 2 

Total for 
Decade 

Average 
per year Total for Decade Total for Decade 

— — 36 4,800 

21,283 3,547 454 60,109 

18,425 
25,537 
25,956 
20,421 

8,411 

1,842 
2,554 
2.596 
2,042 
2,103 

466 
514 
539 
485 
273 

53,470 
64,275 
90,515 
67,092 
30;.589 

— — 118 10,357 

120,033 2,400 2,885 381,207 

distributions ... 50 Total number of distributions—121. 

per member per 
year ... 108 sheets 

Average contribution 
year—132. 

per member per 

/87 when 35 mem
bers contributed 
4971 sheets 

Average number of sheets per distribu
tion—3,150. 

The peak year was 1912 when 56 parcels 
included 11,830 sheets. For 1913 and 1915, 
11.292 and 11.116 sheets were contributed 
to the two Clubs. 

2The number of sheets of specimens contributed is as given in the reports. 
Some distributors included, and others omitted, packets of fruits 
and seeds and foreign specimens in their statistics. 
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f rom mere exchange to the s tudy of c r i t i ca l p lants as recorded 
i n the reports. J . G . Baker , H . C. W a t s o n a n d J . Boswe l l -Syme 
took leading parts. 

(3) 1879-1954. I n add i t i on to the B . E . C . , the W a t s o n C l u b 
functioned dur ing par t of this period, a n d the number of speci
mens d is t r ibu ted is shown i n Tab le 2 (pp. 24-25). The numbers 
(which were v e r y m u c h lower t h a n those of the first period) 
reached their peak i n 1912-1915, a n d then gradua l ly fell away. 
A l t h o u g h some members belonged to b o t h clubs, there is no 
evidence tha t the format ion of the W a t s o n h a d any effect on the 
support of the B . E . C . D u r i n g this per iod emphasis was on c r i t i ca l 
plants a n d the work was suppor ted b y m a n y leading botanists. 

T H E C O N T R I B U T I O N O F T H E E X C H A N G E C L U B S 

I w o u l d n o w l ike to summarise the ways i n w h i c h the 
exchange clubs advanced knowledge of the B r i t i s h flora. C lea r ly 
their m a i n purpose was to make he rba r ium mater ia l avai lable , 
a n d there is l i t t le need to r e m i n d anyone who makes use of the 
larger herbar ia of the success they h a d i n this field. T h e propor
t ion of labels b randed w i t h the stamps of the leading clubs is 
ve ry large indeed. These sheets p rov ide a series of s tandard 
gatherings l i k e l y to be represented i n most of the larger collec
tions. I n m a n y cases the re levant extracts f rom the reports are 
moun ted w i t h the specimens, bu t i f this is not so, they are s t i l l 
avai lable for consul ta t ion. 

W i t h o u t this mate r ia l our work to-day w o u l d be great ly hand i 
capped, bu t the benefits w h i c h accrued at the t ime of d i s t r ibu t ion 
were even greater. Discuss ion of the plants cont r ibu ted 
s t imula ted research a n d brought new plants to the not ice of 
botanists. Sometimes the exchange clubs were used as a testing 
ground before publ ica t ion—as i n the case of Spartina townsendii 
—at others, plants not generally unders tood were d is t r ibu ted so 
tha t people could learn to recognise t hem ,and arouse interest— 
a good recent example is the fine series of Oxalis sent i n b y D r . 
D . P . Y o u n g . The p r in ted discussion often encouraged people to 
pu t on record facts w h i c h w o u l d otherwise have been lost, a n d 
where extracts f rom the reports are moun ted w i t h the specimens 
they are au tomat ica l ly filed where they are most readi ly con
sulted. 

F o r over a century the clubs p layed an impor t an t par t i n 
educat ing a n d encouraging y o u n g botanists. H o w e v e r isolated 
these were geographically, they could soon f ind out to w h a t extent 
their identif ications of the plants they cont r ibu ted met w i t h the 
agreement of the leading workers of the day, a n d they cou ld use 
the specimens received i n exchange as standards. L o o k i n g d o w n 
the o ld l ists of contr ibutors i t is interest ing to see wha t a large 
p ropor t ion of the names are wel l k n o w n to-day as authors of 
impor t an t papers a n d books—a s t r ik ing t r ibute to the efficiency 
of the t ra in ing . I n this connect ion a w o r d of warn ing m a y be 
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useful : m a n y of these we l l k n o w n workers jo ined the clubs a t a 
ve ry ear ly age a n d care mus t be t aken to a v o i d p lac ing the same 
reliance on statements made when they were inexperienced 
as is due to their mature judgment . 

The effort made b y the clubs to insist on we l l prepared 
mater ia l , selected to show the characters necessary for s tudy, d i d 
m u c h to improve the s tandard of he rba r ium specimens i n this 
country . A s I can confi rm from personal experience, the wel l 
deserved comments of the referees on poor mater ia l were a most 
effective s t imulus to improvement and, a l though some cont r ibu
tors never learned their lesson, the major i ty showed steady 
improvement as they gained experience. 

I s T H E R E A N E E D T O - D A Y F O R T H E F A C I L I T I E S W H I C H T H E 

E X C H A N G E C L U B S P R O V I D E D ? 

F o r the most par t the facilities p rov ided b y the exchange 
clubs catered for the times i n w h i c h they operated. There is now 
abundant he rba r ium mate r i a l avai lable , a n d the need is to a d d to 
this selected specimens, rather than addi t ions cont r ibu ted at the 
w h i m of members of a club. I n d i v i d u a l botanists no longer have 
the same need to receive dr ied specimens, since better t ransport 
facilities make i t possible for even the most isolated workers to 
pay occasional vis i ts to one or other of the larger herbaria , where 
facilities have i m p r o v e d great ly dur ing the past century. I t is 
also m u c h easier to see the growing plants , so tha t wide experience 
can be gained independent ly of the use of dr ied mater ia l . F o r 
these reasons I t h i n k i t clear tha t there is no longer any need 
for an exchange c lub on t r ad i t iona l lines. 

B y suspension of the act ivi t ies of the exchange section, how
ever, we have lost several impor t an t facilities w h i c h are s t i l l ve ry 
m u c h needed. There is now no machinery for d i s t r ibu t ing 
mate r ia l of newly recognised segregates or new discoveries to the 
m a i n pub l i c herbaria . A n y o n e revis ing a group can prepare a 
short series of exsiccata a n d dis t r ibute t hem himself, bu t a 
botanist add ing a single p l an t to our l i s t is less l i k e l y to consider 
i t wor thwhi le to pack u p a n d post a single specimen to each of 
ha l f a dozen inst i tut ions. There is a case for sett ing u p a receiv
ing centre f rom w h i c h mate r ia l w o u l d be d is t r ibu ted to the B r i t i s h 
Museum, K e w , E d i n b u r g h , Cardiff, D u b l i n a n d other impor t an t 
collections. T h e Society migh t encourage authors con t r ibu t ing 
accounts of new or c r i t i ca l B r i t i s h plants to our publ icat ions to 
supp ly a few sheets for this purpose, subject, of course, to con
servat ion safeguards. 

The fac i l i ty of free discussion is ve ry m u c h more difficult to 
replace. I t is mode rn pract ice to treat papers i n bo tan ica l 
periodicals a lmost as ex cathedra pronouncements, a n d i t is ve ry 
rare indeed for those able to correct or a d d to the statements to 
c o m m i t themselves to pr in t . W e have, fortunately, lost the 
acr imonious controversies w h i c h disgraced the correspondence 
columns of a century ago, a n d now, less fortunately, we have lost 
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the outlet for the expression of diverse views p rov ided b y the 
exchange clubs. There is no mach inery for collect ing the views of 
other botanists unless they happen to be k n o w n to be interested 
i n the group concerned, a n d these are not a lways the on ly people 
w i t h useful knowledge to contr ibute . Here we have lost some
th ing of real value. 

I fear tha t the same applies to the exact ing t ra in ing i n 
accurate ident i f icat ion a n d the prepara t ion of he rba r ium speci
mens p rov ided b y the clubs. The amount of t ime wasted to-day 
i n t r y i n g to solve difficulties i n ident i f icat ion w h i c h have no other 
foundat ion t h a n the poor selection a n d careless prepara t ion of 
specimens is frightening. The ar t of prepar ing satisfactory 
mate r ia l cannot be acqui red f rom a few brief demonstrat ions, a n d 
i t is difficult to suggest any w a y i n w h i c h the discipl ine of the 
exchange clubs can be replaced. 

I have endeavoured to show tha t the w o r k of these organisa
t ions was a serious a n d impor t an t con t r ibu t ion to the s tudy of the 
B r i t i s h flora. T h e clubs p rov ided he rba r ium mater ia l as an 
essential tool of t axonomic research, a n d collected together m u c h 
useful in format ion w h i c h w o u l d otherwise have been lost. B y 
focussing a t tent ion on var ia t ions they brought to notice almost a l l 
the segregates w h i c h cyto logy or other modern methods have 
shown to be of importance. A l t h o u g h they concentrated too 
m u c h a t tent ion on minor differences, a n d thus d iver ted interest 
f rom other aspects, members d i d a t t empt to test the va lue of 
these differences b y cu l t i va t ion a n d other methods avai lable to 
them. M a n y h in t s for useful new w o r k could s t i l l be found b y 
examina t ion of o ld reports a n d the specimens to w h i c h they refer. 

N o doubt some of their efforts m a y not seem v e r y impres
sive i n the l igh t of greater knowledge avai lable to-day; 
undoub ted ly some of their methods a n d the abuse of their 
organisat ion deserve serious c r i t i c i sm; but , b y a n d large, they 
d i d m u c h i n their t ime to advance knowledge of our flora. T h e 
scientific va lue of the w o r k of exchange clubs was considerably 
greater t h a n is sometimes appreciated. 

R E F E R E N C E S 

References for the statements not based on the writer's personal 
experience wi l l be found i n the Reports, Year Boohs, and Proceedings 
of the Botanical Society of the Bri t ish Isles and its forerunners (as 
set out in Table 1, p. 20) with the addition of the following: — 
Botanical Society of Edinburgh, Annual Me ports 1-8, for sessions 

1836/7-1843/44, 1837-44. 
Gardeners' Chronicle for 1 8 5 7 , 648, 1857. 
Hooker's Journal of Botany, 9 , 379-380, 1857. 
Phytologist, 1-5, 1841-1854; N . S . , 1-2, 1855-1858. 
Watson Botanical Exchange Club, Beyorts 1-4, 1885-1934, 
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The paper was illustrated by an exhibit demonstrating some of the 
features of exchange club work mentioned i n the paper. These in
cluded an analysis of the members contributing to the Botanical 
Exchange Club in 1883 (selected at random) showing that out of 33 
contributors, 16 produced a total of 24 local floras, 2 produced series 
of papers equivalent to local Floras, 1 wrote the text for English Botany, 
E d . 3, 3 wrote important monographs, 7 others are still well known as 
serious workers, and only two are little known to-day. Other features 
were illustrated with specimens and extracts from the reports to show 
(1) the value of collected opinions, (2) the value of the clubs' work in 
drawing attention to variations and segregates, (3) the facilities for 
circulating lengthy and useful collectors' notes and (4) the use of the 
clubs for circulating material of new taxa before and after publication 
to the main herbaria and other botanists. 

M r . N . Y . S A N D W I T H deplored the loss of large private herbaria scat
tered all over the country. Their owners had an intimate knowledge 
of the Br i t i sh flora which they used, in effect, to provide centres for 
the accurate identification of plants found in the districts. 
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T H E P L A C E O F T H E L O C A L F L O R A I N T H E S T U D Y O F T H E 

B R I T I S H F L O R A 

J . G . D O N Y 

L o c a l F lo ras defy defirii t ion, for i f they are to be described 
as l ists a n d studies of w i l d p lan ts of a restr icted area, they w i l l 
inc lude a l l the studies m a n y of us have made for the N a t u r e 
Conservancy a n d the numerous lists w h i c h feature so m u c h i n 
ecological studies. V a l u a b l e as these are, they cannot be con
sidered to be F lo ras . I f a narrower defini t ion is adopted, tha t 
of account ing for the occurrence of a l l the w i l d p lants k n o w n 
i n an area at least as large as the smallest B r i t i s h county , i t w i l l 
exclude such useful studies as K e n t ' s "Notes on the flora of 
K e n s i n g t o n Gardens a n d H y d e P a r k " a n d Hepper ' s " F l o r a of 
Caldey I s l and" , w h i c h have appeared recent ly i n our publ icat ions . 
B o t h definit ions w i l l inc lude check lists, no t considered b y their 
compilers to be F l o r a s b u t i n m a n y cases p r o v i n g to be more 
useful t h a n some works w h i c h have passed as such. T h i s paper 
w i l l consider m a i n l y the larger loca l F lo ras , tha t is those w h i c h 
deal w i t h the s tudy of a wide group of p lan t s i n a reasonably 
large area. I t w i l l not deal w i t h studies of sma l l groups of p lants 
such as ferns, trees a n d orchids, nor w i t h ecological studies, 
va luable as these are to students of p l an t life of a res t r ic ted area. 
L o c a l F loras , thus defined, have h a d at different periods of t ime 
a remarkable un i fo rmi ty , greater t han w o u l d be expected even 
f rom the c o m m o n nature of their subject, yet , a t the same t ime, 
a d ive r s i ty w h i c h general ly gives to each w o r k an i n d i v i d u a l i t y 
of i ts own. 

The s tory of h o w our loca l F l o r a s came i n t o be ing has been 
to ld recent ly i n an admirable w a y b y J . S. L . G i l m o u r . L i t t l e 
can be added to this. H e has shown tha t the midd le of the 
nineteenth century was the per iod of their greatest output , a n d 
tha t before 1820, a n d again i n the present century, re la t ive ly 
few were publ ished. G i l m o u r ' s v i e w is t ha t the V i c t o r i a n 
popu la r i t y of the loca l F l o r a was largely the resul t of the 'back 
to nature ' sp i r i t of the R o m a n t i c R e v i v a l . I t was assisted i n no 
sma l l measure b y the adop t ion of the L i n n e a n sys tem of p l an t 
nomenclature a n d the pub l i ca t i on i n E n g l i s h of books on the 
B r i t i s h flora. G i l m o u r p r o b a b l y jumps too q u i c k l y f rom Hudson ' s 
Flora Anglica (1762), w i t h its o n l y l imi t a t ions of be ing i n L a t i n 
a n d us ing the L i n n e a n system of classification, to L i n d l e y ' s 
Synopsis of the British Flora (1829), Bab ing ton ' s Manual (1843), 
and Ben tham ' s Handbook (1856). The years between H u d s o n 
a n d L i n d l e y h a d seen Wi the r ing ' s Botanical Arrangement (1786), 
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the numerous edit ions of w h i c h speak for i ts popu la r i ty , a n d 
Smi th ' s English Flora (1824), bo th wr i t t en i n E n g l i s h . E v e n 
before Wi the r ing , there h a d been a t tempts to s impl i fy the subject 
for E n g l i s h readers, perhaps too m u c h so, b y J e n k i n s o n i n 1775 
a n d -ttoDson i n 1777. -But whi le these volumes rested safely on 
the l i b r a r y shelves botanists could go in to the field fortified w i t h 
some excellent forerunners of H a y w a r d ' s Botanists' Pocket Book 
i n Brough ton ' s Enchiridion Botanicum (1782) a n d Galpine 's 
Synoptical Cornpend of British Botany (1806). 

L o c a l pa t r i o t i sm p l a y e d a large pa r t i n the development of 
the loca l F l o r a . I f R e i h a n cou ld pub l i sh three edit ions of a 
Cambridgeshire Flora i n 1785, 1802, a n d 1820, a n d O x f o r d take 
up the challenge w i t h S ib thorp ' s Flora i n 1794; i f A b b o t , con
templa t ing financial r u i n (he left a w i l l w h i c h ment ioned his 
insurance p o l i c y b u t l i t t le more), cou ld produce a Flora of so 
unpromis ing a coun ty as Bedfordshire i n 1798; i t was a further 
challenge to more floristically a t t rac t ive counties. F lo r a s soon 
fol lowed for N o r t h u m b e r l a n d a n d D u r h a m (1805), N o t t i n g h a m 
shire (1807) a n d D e v o n (1829). F a i l i n g a coun ty to work , some 
botanists t ravel led i n each d i rec t ion f rom home, a d i s t inc t 
advantage i f they l i ved near the coun ty boundary . N o less a 
person t han J o h n R a y h a d done this, a n d m a n y of the earliest 
loca l F lo r a s were centred on a t own . A m o n g these are B l a c k -
stone's Haref ie ld l i s t (1737), Deering 's Catalogue for N o t t i n g h a m 
(1738), Warne r ' s Plantae Woodfordiensis (1771) a n d H . Smi th ' s 
Flora Sarisburiensis (1817). 

I n th is pe r iod the first Scot t i sh loca l F lo r a s appear i n the 
Flora Glottiana (1813) for the ne ighbourhood of Glasgow, W o o d -
forde's Catalogue of Plants round Edinburgh (1824), Grev i l le ' s 
Flora Edinensis (1824) a n d Johns ton ' s Flora of Berwick-on-Tweed 
(1829). I r e l and was earlier i n the field w i t h Wade ' s F l o r a of 
D u b l i n coun ty i n 1794. 

These ear ly loca l F lo r a s are to us m a i n l y d u l l a n d uninterest
ing , bu t i t is we l l to remember tha t they were n o t w r i t t e n for 
our generation a n d tha t the authors h a d m a n y difficulties to 
contend w i th . C i t a t i on was one, a n d i n a l l the F lo ra s th i s tends 
to be long. W a r n e r a n d others, w r i t i n g before the L i n n e a n 
sys tem was f u l l y accepted, used R a y ' s long a n d tedious names 
as we l l as the L i n n e a n . M o s t cite m a n y authors a n d A b b o t c i ted 
plates as wel l . F e w stations are given, a n d these seem to have 
no significance to the authors. A u s t e r i t y appears to be the 
h a l l m a r k of the F l o r a s of this ear ly per iod, for few a l l ow the 
pr ivi lege of a personal comment ; indeed, there w o u l d be l i t t le 
r o o m for i t , as they inc luded the whole of the p l an t k i n g d o m . 
I t is difficult to find a purpose beh ind them except tha t they 
were mos t obv ious ly finding the i r way . Where the pa th was 
leading is no t a lways clear, a n d exceptions to the general pa t te rn 
are consequently of interest. Wade , i n a per iod when authors 
gave E n g l i s h names, even i f they wrote ent i re ly i n L a t i n , was 
logica l and gave names i n Gael ic . I t w o u l d be interest ing to k n o w 
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more of W a d e , for i t is cer ta in that this mus t have annoyed the 
al ien overlords i n D u b l i n Castle. A n interest ing F l o r a b y Dav ies 
of Anglesey (1813) gave W e l s h names a n d a l i s t of the W e l s h 
names t ransla ted in to E n g l i s h a n d L a t i n , w i t h copious notes i n 
Welsh . A b b o t was fr ivolous enough to in t roduce a few personal 
notes : 'of a l l our natives ' , he wrote of Alchemilla vulgaris, ' this 
i s the most elegant p lant ' . Grev i l l e , no t content, as most were, 
w i t h the L i n n e a n sys tem of classification w h i c h they fol lowed 
serving as a rough key , k e y e d out a l l his species, add ing good 
descriptions a n d rather more stations t h a n d i d most of h is 
contemporaries. The result is a vo luminous F l o r a , for i ts per iod, 
of over 550 pages, bu t wi thou t doub t the best of the ear ly F lo ras . 

B y the 'forties the F lo ras change r a p i d l y , the mosses a n d 
fungi are omit ted , or become relegated to l is ts i n an append ix ; 
the descriptions also go, bu t maps appear. T h e number of 
stations g iven increases a n d these become related to geological 
formations. B u t the romant ic element is at i t s height a n d one 
opens a loca l F l o r a of this per iod expect ing i t to be dedicated to 
'the y o u n g ladies of E n g l a n d ' a n d inscr ibed 'Consider the l i l ies 
of the f ield ' or ' M a n y a flower is b o r n to b lu sh unseen'. I t was 
good to k n o w that A b b o t h a d a soul, b u t the botanists of the 
mid -cen tu ry l a y their souls bare i n their over-enthusiastic 
personal notes. P o e t r y abounds, a n d W e b b a n d Coleman 's Flora 
Hertfordiensis (1848) is as m u c h verse as botany . There are, 
however, some good F lo ras of th is period, a n d new influences are 
at work . Leighton 's Flora of Shropshire (1841), i n add i t i on to 
numerous stations a n d an index of locali t ies, gave good descrip
t ions i n E n g l i s h , and useful d iagrammat ic sketches showing 
characters of sedges. I t is a F l o r a w h i c h i t is s t i l l possible to use 
i n the field. W e b b a n d Co leman d iv ide their coun ty in to dis tr icts 
based on r iver drainage, a p l a n w h i c h was to be fol lowed b y most 
subsequent authors of loca l F lo ras , except tha t B a b i n g t o n , i n 
the Flora of Cambridgeshire (1860), t r i ed to queer the p i t c h w i t h 
na tu ra l regions. T h u s began a fierce controversy w h i c h d i v i d e d 
B r i t i s h botanists to the extent of no t speaking to each other, 
or o n l y w i t h v e n o m when they d id . 

B e h i n d m u c h of this was H . C. W a t s o n , a n d there can be no 
doubt tha t his was the greatest influence i n the large amount 
of w o r k being p u t into the s tudy of the B r i t i s h flora. A s ear ly 
as 1835 he h a d w r i t t e n : ' i t is hoped tha t botanists . . . ere long 
w i l l best ir themselves; a n d i f w i sh ing to wr i te a t a l l , no t confine 
themselves to the mere l i s t -mak ing labour of a loca l F l o r a ' . H e 
wrote off the b u l k of the ear ly w o r k s a n d reduced the number 
of acceptable loca l F lo r a s w h i c h h a d appeared before the t ime 
he was w r i t i n g to thir teen. E v e n these, he compla ined , were 
faul ty , as they d id no t con ta in m a n y species w h i c h were k n o w n 
to appear i n the areas they were supposed to represent, and, 
s t i l l worse, they inc luded w i thou t sufficient au tho r i t y m a n y 
species w h i c h were i n fact absent f rom those areas. 
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W a t s o n ma in ta ined tha t a loca l F l o r a should be more t h a n 
'mere nomenclature ' a n d the col lect ing together of in fo rmat ion 
on rare species; b u t he was ready to a d m i t tha t others before 
h i m h a d realised this. There is evidence tha t the first persons 
to do so were not botanists, as such, bu t farmers. I n the 
Napoleon ic W a r per iod, when efforts were being made to b r i n g 
fresh tracts of l a n d under cu l t iva t ion , a n d to in t roduce new 
methods of farming, the self-styled B o a r d of Agr i cu l t u r e con
ducted surveys of a l l the B r i t i s h counties. These General Views 
of Agriculture con ta in m u c h sound bo tan ica l in fo rmat ion w h i c h 
w o u l d we l l repay s tudy. The first botanis t to make use of new 
methods was p r o b a b l y N . J . W i n c h of Newcast le , whose Botanist's 
Guide through the counties of Northumberland and Durham 
(1805) was of the l i s t f o rm against w h i c h W a t s o n so l o u d l y 
proc la imed. H i s paper on the Geographical Distribution of Plants 
in the counties of Northumberland, Cumberland and Durham 
(1819) broke new ground, in t roduc ing such concepts as nor thern 
a n d southern l imi t s of range of d i s t r ibu t ion , coastal range a n d 
cont inenta l elements. Some of the new pr inciples he adopted i n 
h is Flora of Northumberland and Durham (1831). 

T o W a t s o n good loca l F l o r a s could serve a definite purpose, 
for they cou ld show i n min ia tu re the d i s t r ibu t ion pa t te rn w h i c h 
he was w o r k i n g out for the coun t ry as a whole. T h e y cou ld 
serve a double purpose, for W a t s o n envisaged regional F lo ras , 
or as he w o u l d have cal led t h e m p r o v i n c i a l F lo ras , as inter
mediates between the pure ly loca l a n d the na t iona l F lo ras . A 
regional F l o r a cou ld be compi l ed f rom loca l F lo ras , a n d a rel iable 
na t iona l F l o r a f rom the regional ones. I n addi t ion , W a t s o n 
stressed the need to s tudy the condi t ions con t ro l l ing the g rowth 
of the plants . The a r m y of loca l botanists who ra l l i ed to Watson ' s 
cause were i n most cases the v e r y people who, caught u p i n the 
enthusiasm, went on to produce the loca l F lo ras . A t the height 
of their popu la r i t y they mus t have been profitable, for supple
ments were publ i shed and second a n d t h i r d edi t ions appeared. 
Since 1840, s ix editions of F lo r a s of the L i v e r p o o l d is t r ic t have 
been publ ished. 

T h e earlier botanists were fortunate as they were t reading 
v i r g i n s o i l ; b u t i n t ime i t w o u l d become necessary to account 
no t on ly for the f lora as the author found i t b u t also for the w o r k 
done previous ly . T h i s was to be done i n an incomparable manner 
b y T r i m e n a n d D y e r i n their Flora of Middlesex (1869), the best 
of the loca l F lo r a s of the W a t s o n i a n period, a n d i t set a pa t te rn 
wh ich B r i t i s h botanists , for good or i l l , saw l i t t l e reason to depar t 
f rom u n t i l our o w n day. I t is perhaps as we l l to enquire wha t 
th is pa t t e rn was. I t was firstly to account for the h i s to ry of 
bo tan ica l s t udy i n the area covered b y the F l o r a ; secondly to 
examine the factors governing the. d i s t r ibu t ion of w i l d plants 
w i t h i n t ha t area; a n d t h i r d l y to l i s t the p lants of the area i n 
bo tan ica l dis t r ic ts w h i c h were best based on r ive r drainage. 
A u s t e r i t y appears again, for a l l extraneous mat te r was deleted 
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as were descriptions a n d keys. The la t ter has astonished most 
foreign botanists, who have tended to use keys i n a l l their F l o r a s ; 
the authors of loca l F l o r a s i n B r i t a i n assumed tha t the reader 
h a d at h a n d a na t iona l F l o r a , 

The s tandard set b y T r i m e n a n d D y e r was h igh , b u t this d i d 
no t deter others. L o c a l F lo r a s became fewer; they also became 
larger; as the in t roduct ions deal t w i t h geology, phys i ca l geography 
a n d h i s to ry i n at tempts to interpret the flora. I t is doubt fu l 
whether they became better, for the reader was lost i n a maze 
of i n fo rma t ion tha t was difficult to interpret . P r y o r ' s Flora of 
Hertfordshire (1887) was twice as large as W e b b a n d Coleman's 
w i t h a l l i t s verse, b u t a t t empt ing to be scientific, cu t out the 
E n g l i s h names a n d used strange L a t i n ones w h i c h i t is difficult 
for even a botanis t to recognise. I was pleased to not ice a fort
n igh t ago, when discussing a p l an t w i t h a keen, b u t n o t expert , 
botanist , tha t he went to h is bookshelf to consul t W e b b a n d 
Coleman rather t h a n P r y o r . The b lame for the nature of his 
Flora was not ent i re ly P ryo r ' s , for he d ied before i ts pub l i ca t ion . 
Wa t son , too, was dead, a n d the spl i t ters h a d the field ent i re ly to 
themselves. A u t h o r s found i t necessary to account for the 
d i s t r i bu t ion of varieties a n d forms, a n d m u c h appeared i n the 
b o d y of the F l o r a s w h i c h w o u l d best have been publ i shed else
where, i f a t a l l . 

G o o d F l o r a s cont inued to appear, a n d outs tanding among 
those of the pos t -Watson ian per iod were Druce ' s Flora of Oxford
shire (1886, second ed i t ion 1927), a n d h i s Flora of Berkshire 
(1897). H i s Flora of Buckinghamshire (1926) was poor b y com
par i son (it i s no t surpr is ing tha t i t lost h i m £600), a n d h is 
Flora of Northamptonshire (1930), is a d i sappoin tment to us as we 
t rus t i t was to h i m . There was also s t i l l a m a r k e t for the popu la r 
loca l F l o r a , a n d Green's Flora of Liverpool (1902) h a d over 800 
good drawings of the more c o m m o n species. 

I t i s impossible to judge the w o r t h of a loca l F l o r a u n t i l i t 
has been tested i n the field. G i lmour , w h o has no doubt used i t , 
considers W h i t e ' s scholar ly Bristol Flora (1912) to be among the 
best, a v i ew w i t h w h i c h other friends of mine, whose opinions I 
value, agree. I have never h a d need to use i t , b u t i n prospect 
f ind i t d isappoint ing. W h i t e is less austere t h a n most of h is 
contemporaries a n d h is personal notes are those of a botanis t 
for botanis ts to read. B u t compare h is comments on the increase 
of Geranium pyrenaicum w i t h those of T r i m e n a n d D y e r . M u c h 
the same is wr i t t en , b u t more concisely i n the case of the latter. 
Cont ras t W h i t e ' s long account of Geranium pyrenaicum w i t h 
w h a t mus t be an a l l too short one of Radiola linoides. I t is 
obvious o n a lmost every page of the Flora tha t W h i t e k n e w his 
p lan ts except iona l ly w e l l : h is d i l emma was tha t of a l l authors 
of loca l F lo ras , t ha t i f m u c h is wr i t t en of one species less mus t 
be w r i t t e n of another, or the F l o r a w i l l be too large to pub l i sh . 
W h i t e ' s Flora i s a book to have b y one's bedside; T r i m e n a n d 
Dyer ' s is cer ta in ly not. 
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I n recent years loca l F lo r a s have become v e r y large. T h e 
D e v o n F l o r a h a d 802 pages, the Gloucester 849, a n d the Leicester 
985. These are a l l large counties, though smaller t h a n L i n c o l n 
shire, w h i c h s t i l l l acks a F l o r a . Sp l i t t i ng has been largely 
responsible for the great increase i n size, b u t the vo lume of past 
records of species w h i c h we n o w f ind to be rare takes up m u c h 
room. The v e r y size of these works discourages otherwise keen 
loca l botanists , some of w h o m have manuscr ip ts a lmost ready 
for the press, b u t are a la rmed at their size. T h e short cu t to 
pub l i ca t i on t aken b y E v a n s i n the Flora of Cambridgeshire (1939) 
is no so lu t ion of w h a t has become a serious problem. 

The loca l F l o r a has p l a y e d an i m p o r t a n t pa r t i n the h i s to ry 
of B r i t i s h botany. More loca l F lo r a s have been publ i shed com
pared w i t h the to ta l number of works on B r i t i s h p l a n t life t han 
there have been loca l F a u n a s compared w i t h the number of 
works on B r i t i s h a n i m a l life. T h e y have been largely responsible 
for m a k i n g B r i t a i n the best botanised par t of the wor ld . W i t h 
their assistance i t is possible to show reasonably we l l the d is t r ibu
t i o n of m a n y species a n d to collect a great deal of in format ion on 
the behaviour of our plants. Unfo r tuna te ly there are m a n y gaps, 
and, for m a n y par ts of the country , the on ly F l o r a is so o l d tha t 
i t is n o w of l i t t le use. A n n o t a t e d copies of the older F l o r a s i n 
these areas are v e r y i m p o r t a n t a n d m u c h m i g h t be done i n 
col lec t ing details of them. 

L o c a l F lo ras have added few p lan ts to the B r i t i s h flora, for 
most of our na t ive species were k n o w n before the compilers of 
the nineteenth century F lo ra s got to work. Spl i ts , i t is true, 
appear, especial ly when the author was interested i n a c r i t i ca l 
g roup; b u t even here, as w i t h the d iscovery of a new species, 
exci tement l ed the finder to go to press as ear ly as he cou ld a n d 
pub l i ca t i on was made i n a na t iona l journa l . T h e descr ipt ion of 
new species a n d varieties, and the m a k i n g of new combinat ions , 
i n loca l F l o r a s has usua l ly been discouraged. Some appear a n d 
we are to be thankfu l tha t they are so few. T h e m a k i n g of new 
records was, however, often done b y loca l enthusiasts i n the 
rout ine examina t ion of apparent ly unpromis ing country , an 
occupat ion w h i c h at least kep t some botanis ts f rom rushing, at 
every avai lable oppor tun i ty , to Teesdale, L a w e r s a n d the L i z a r d 
to see w h a t was a l ready k n o w n . 

There are, perhaps, some serious l imi ta t ions i n our loca l F lo r a s 
i n the too ready w a y i n w h i c h their compilers fol lowed the lead 
of the na t iona l F lo ras . T h i s i s to be seen most often i n the notes 
on status, hab i t a t a n d the t ime of flowering of the plants . A s i t 
is p a r t l y on the in fo rmat ion i n the loca l F l o r a s tha t the authors of 
na t iona l F l o r a s mus t depend, there is every oppo r tun i t y here 
for a v ic ious circle to be formed. 

Is there a future for loca l F lo ra s? Th i s depends v e r y m u c h 
on the demand there w i l l be for them. I t is useful a t th is stage 
to analyse the mot ives w h i c h w i l l lead a person to b u y such a 
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work. There are a few, a very few, collectors of loca l F lo ras as 
such. L ib ra r i e s w i l l b u y a cer ta in number—loca l l ibrar ies more 
t h a n na t iona l ones. I n every dis t r ic t there are a number of 
persons who w i l l subscribe to or purchase any book of a pu re ly 
loca l character. C o u n t y ties are p r o b a b l y stronger here t h a n 
those of the town, w h i c h m a y account i n p a r t for the popu la r i t y 
in the pas t of the coun ty F l o r a , T h e loca l sale, other t han to 
botanists, w i l l depend v e r y m u c h on the price a n d attractiveness 
of the vo lume a n d l i t t le u p o n i t s contents. Botan i s t s w i l l b u y 
the book i n p ropor t ion to the use tha t they t h i n k i t w i l l be to 
them. W i t h increased l i b r a r y facilit ies, the sales to botanists 
w i l l depend also on price. M a n y botanists or would-be botanists, 
before b u y i n g a loca l F l o r a , w i l l ask two questions. Does the 
book lead me w i t h a reasonable degree of accuracy to the 
d iscovery for myse l f of a loca l species i n w h i c h I a m interested ? 
I f I v i s i t th is area a n d f ind a species of whose iden t i t y I a m 
uncertain, is this book l i k e l y to assist me i n f inding i ts name? 
The f inal demand for a loca l F l o r a w i l l depend, as i t does for a l l 
commodit ies , on usefulness a n d on price. M o r e people are l i k e l y 
to b u y a loca l F l o r a of 400 pages a t £2 t h a n one of 800 pages at 
£4, unless they t h i n k tha t the former has l i t t l e use a n d the 
la t ter a great use. 

T h e p roduc t ion of a loca l F l o r a is a more s imple mat te r to 
determine. I l lus t ra t ions , w h i c h are essential for good sales, 
increase costs, a n d maps are v e r y expensive. Costs of p r in t ing , 
w i t h plates a n d maps, d i m i n i s h w i t h the n u m b e r publ ished. I t 
costs l i t t le more to p r i n t 750 copies t han 500. A n issue of 500 
copies of a 400-page book could n o t sell at less t h a n £3, a s imi lar 
issue of an 800-page book could not be marke ted at less t han £6. 
A n issue of 1,000 copies i n each case cou ld be sold at l i t t le more 
t han a ha l f of these prices. I t is th is marg in between 500 copies 
(and some loca l F l o r a s have sales lower t han this) a n d 1,000 copies 
(which p r o b a b l y no loca l F l o r a has reached), w h i c h is of great 
consequence. This w o u l d make i t unprofi table to pub l i sh a loca l 
F l o r a for a t h i n l y popula ted county , such as Hunt ingdonsh i re , 
most of the Scot t i sh counties or m a n y of the W e l s h counties. 
M o s t loca l F lo ras i n recent years have been publ i shed b y a loca l 
society prepared to face a loss a n d i n some cases ra i s ing a fund 
i n an t ic ipa t ion of the loss. I f loca l F l o r a s can s t i l l serve a useful 
purpose, i t is for us, as botanists , to master the p rob lem of their 
size a n d to pursue the question of greater f inancia l suppor t for 
their pub l i ca t ion . 

There is evidence of new approaches to the s tudy of loca l 
b o t a n y w h i c h can be compared o n l y w i t h tha t of the W a t s o n i a n 
period, a n d there is m u c h encouragement for the future. W e 
have b y no means solved the p rob lem of va r i ab i l i t y , bu t i t is no t 
one to w o r r y the pu re ly loca l bo tan is t as m u c h as i t has i n the 
past seventy years. T h e new Flora of the British Isles of 
C lapham, T u t i n a n d W a r b u r g should b r ing a s tabi l is ing effect 
comparable w i t h tha t of B e n t h a m a n d Hooke r , a n d i n M c C l i n t o c k 
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and F i t t e r ' s Pocket Guide we have the handbook tha t can be 
p u t safely in to the hands of the rawest amateur. The work now 
i n progress, w i t h the D i s t r i b u t i o n M a p s Scheme has produced an 
interest i n loca l bo tany v e r y s imi la r to tha t w h i c h cu lmina ted i n 
Topographical Botany (1873-4). W e b a d l y l ack a modern ' H a y -
ward ' and there is surely a field of w o r k there for someone. 

The tools are w i t h us, b u t , i t is the new methods of s tudy 
w h i c h should interest us most . G o d w i n has shown wha t can be 
done w i t h a pu re ly ecological approach i n the s tudy of a loca l 
flora. The on ly c r i t i c i sm tha t can be made of i t is tha t i t is 
h idden away i n a re la t ive ly obscure pub l i ca t i on w h i c h few of us 
have the oppor tun i ty to consult . T h e Geographical Handbook 
of the Dorset Flora (1948) b y R . D ' O . G o o d opened u p a new 
field b u t fai led to satisfy the needs of the field botanist . These 
new methods should do m u c h towards so lv ing the p rob l em of 
the long a n d wearisome in t roduct ions w h i c h have featured so 
m u c h i n our loca l F loras , bu t do l i t t le towards so lv ing the 
problems of l i s t ing the species w h i c h s t i l l r emain . T h e methods 
being used b y the t eam of workers engaged i n the rev is ion of 
the W a r w i c k s h i r e F l o r a most deserve our a t tent ion. S imi l a r 
methods are i n use for w o r k on the Derbysh i re and Cambridge
shire F lo ras , and there is reason to believe tha t Rose is depar t ing 
f rom t r ad i t ion i n h is proposed Flora of Kent. 

There is hope tha t f rom these new methods a fresh pa t te rn 
m a y arise, b u t the challenge remains for a younger a n d as ye t 
u n k n o w n botanis t to take up. T r i m e n a n d D y e r were b o t h 26 
when the Flora of Middlesex was publ ished. B y contrast, 
R i d d e l s d e l l was 75 when he died w i t h h is Gloucestershire F l o r a 
s t i l l unpubl i shed . T h e field i s one for younger m e n ; a n d perhaps 
the greatest safeguard for successful w o r k is to be sure tha t one 
is a l ive i n b o d y a n d spi r i t when i t is finished. 
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Prof. D . H . V A L E N T I N E enquired to what extent our Br i t i sh system 
of local floras was represented abroad. M r . D . M C C L I N T O O K said that 
for Germany, at least, there were some excellent local floras. For 
example, he had one for Würtemberg which he regarded as almost 
ideal—it was a convenient size for the pocket, and in addition to locali
ties included brief descriptive details. 

M r . F . H . P E R R L N G said that for the Flora of Cambridgeshire which 
was in preparation, data were being collected in lists of species from 
1-kilometre squares, and presentation of the data was a more serious 
problem than their collection. The classical Flora of up to 1,000 pages 
is too large to take in the field and too expensive for present-day publi
cation. Therefore, in contemplating the possible form of the new 
Cambridgeshire Flora, they were considering dividing the county into 
a number of equal areas, such as 5-kilometre squares, which would give 
100 such areas. The data could then be presented in the book by much 
the same method as was used for Comital Flora—by giving the num
bers of the squares in which each species has been recorded. Dr . D O N Y 
suggested that there was no reason why a book containing, say, a 
thousand maps could not be produced cheaply. Line blocks cost little 
more than type which occupied the same space and, if printers could 
be persuaded not to charge for the displaced type which they did not 
set up when blocks were used, the cost of a book of maps need not be 
greatly in excess of a book of type the same size. 

M r . P . D . M E I K L E suggested that an ideal flora should be a com
promise between a mere list of species represented and the other ex
treme of the elaborate lists of localities as set out in the Flora of 
Gloucestershire and the Flora of Devon. 

M r . R . C. R E A D E T T pointed out that the revision of the Warwick
shire County Flora was being carried out on the basis of kilometre 
squares: thus fitting readily into a National Scheme like the Dis t r i 
bution Maps Scheme. It was intended to publish as many maps show
ing the distribution of species by kilometre squares as possible. In 
the case of rare species—and others, i f it were found impossible on 
financial grounds to produce maps in all cases—lists of squares where 
the particular species has been recorded would be published. Thus 
any future worker would have either a map showing the distribution, 
or the data from which to construct such a map. If, as seemed likely, 
i t was found impossible to survey every one of the 2595 kilometre 
squares, and a random sampling of say one in four was taken in some 
areas, i t would be indicated which squares were not in fact surveyed. 
When these were done at a later date the information could be pub
lished as a supplement. 

M r . A . D . B R A D S H A W suggested that there was a danger that too 
great an interest in mapping distributions by wholesale methods would 
mean that information about the small scale distributions of species 
would be forgotten. The latter is essential if we are to understand 
the ecology of species, and is lost in a grid square system. M r . P E E R I N G 
replied that for Cambridgeshire such information is being collecttd 
at the same time as the general grid square information. 
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Dr . J . G . H A W K E S added that the Warwickshire Flora as planned 
would show particulars of habitat by means of symbols on all distribu
tion maps included. This information would also be given i n all 
cases where species distributions were listed and not mapped. 

D r . R . M E L V I L L E pointed out that for some purposes dots on maps 
were insufficient and i t was necessary to give localities so that people 
can go- and collect material. As an example he instanced his experi
ence when organising the collection of drug plants during the war, 
when the localities in local floras proved of great value. 
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T H E P R O G R E S S O F T H E B I O L O G I C A L F L O R A 

P . W . R I C H A R D S (Un ive r s i t y College of N o r t h Wales , Bangor) 

The a i m of the Biological Flora (or to g ive i t is fu l l t i t le , the 
Biological Flora of the British Isles) is to p rov ide in format ion 
about the 'b io logy ' a n d ecology ( in the wides t sense) of B r i t i s h 
vascular plants , na t ive a n d natura l ized. The welcome i t has 
received, since the B r i t i s h E c o l o g i c a l Society first l aunched i t i n 
1940, shows tha t i t has m e t a real need w h i c h has b o t h prac t ica l 
a n d pu re ly scientific aspects. The m a i n cause of discontent has 
been i ts somewhat slow rate of p u b l i c a t i o n ; at the present rate 
i t w i l l be m a n y years more before even a considerable fract ion 
of the B r i t i s h flora has been inc luded . N o w , after i t has been 
i n existence for jus t over 15 years, i t is perhaps a good moment 
to glance back over i ts past h i s to ry a n d to consider whether 
a n y t h i n g could be done to increase b o t h i t s usefulness a n d its 
rate of pub l ica t ion . Since i t i s a co-operative enterprise, depend
i n g on co-operation between i ts editors a n d contr ibutors , and 
between those mos t closely concerned a n d those outside, th is 
Conference m i g h t l ike to consider whether a n y t h i n g cou ld be 
done b y co-operation between this Socie ty and the B r i t i s h 
E c o l o g i c a l Socie ty to increase the value of the flora a n d hasten 
i ts progress. 

B u t first, as there must be m a n y here who do no t k n o w the 
h i s to ry of the Biological Flora or m a y not fu l l y unders tand i ts 
a ims a n d methods, let me br ief ly exp la in how i t came in to 
existence, w h a t i t sets out to do a n d h o w i t tries to do< i t . 

O u r t r ad i t i ona l floras are m a i n l y descript ive works , collections 
of p l an t descriptions. T h e y are often p rov ided w i t h keys and 
other aids to ident i f icat ion a n d are bas ica l ly a modern develop
ment of the mediaeva l a n d Renaissance herbals, the p r i m a r y 
purpose of w h i c h was to be a m a n u a l for the recogni t ion of plants 
of real or supposed medic ina l values. M o d e r n floras differ f rom 
thei r ancestors i n deal ing w i t h a l l p lants impar t i a l l y , regardless 
of possible uses, a n d often give f a i r ly complete in fo rmat ion on 
d i s t r ibu t ion and other matters not necessarily useful for iden t i 
f icat ion. I n recent years i t has become increas ingly clear tha t 
p l an t species differ, no t o n l y i n the characters of the k i n d usua l ly 
ment ioned i n floras (which are m a i n l y f a i r ly easi ly v is ib le 
morphologica l characters), b u t also i n the s u m to ta l of their 
characters, ecological, genetical a n d physio logica l , as we l l as 
morphologica l . I f in fo rmat ion under a l l these headings were to 
be inc luded i n a flora on the t r ad i t i ona l p l an , i t w o u l d become 
cumbersome a n d i ts p r i m a r y purpose, ident if icat ion, w o u l d be 
frustrated. Hence arises the need for a flora of a different k i n d , 
a 'b io logica l ' flora. 
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The first h i n t of such a w o r k can be found i n a remark of 
J . D . H o o k e r i n the first edi t ion of h i s Students' British Flora 
(1870). The t ime was then not near ly r ipe for such an enterprise 
a n d no th ing more was heard of a b io logica l flora of B r i t a i n * u n t i l 
1928, when a commit tee of the B r i t i s h E c o l o g i c a l Society adopted 
a scheme p u t fo rward b y i t s convener S i r E d w a r d (then Professor) 
Sa l i sbury who was appoin ted editor of the new work . A ques
t ionnaire i nd i ca t i ng the k i n d of in fo rmat ion needed appeared i n 
the Journal of Ecology a n d the Journal of Botany, a n d a speci
m e n account of the b io logy of Endymion non-scriptus was 
publ i shed i n the latter. Unfo r tuna t e ly the scheme d i d not 
receive the suppor t i t deserved and i t also became p l a i n tha t one 
man , even i f h is whole t ime cou ld be devoted to the task, cou ld 
no t accompl ish such a task on his own. 

A t a meet ing of the Eco log ica l Socie ty at O x f o r d i n December 
1940, the subject was rev ived , and i t was suggested tha t work 
on a b io logica l f lora might be the sort of w o r k w h i c h could be 
done i n war- t ime when long- term ecological invest igat ions were 
m o s t l y impossible. I t so happened tha t Professor (then Dr . ) 
A . R . C l a p h a m a n d myself h a d recently w o r k e d on the ecology 
of species of Juncus a n d we were asked to prepare for pub l i ca t ion 
accounts of four species, J. effusus, J. conglomeratus, J. inflexus 
a n d J. subnodulosus, fo l lowing a schedule w h i c h we prepared 
w i t h the he lp of var ious people interested. W h e n these accounts 
h a d been prepared the C o u n c i l of the Society agreed to l aunch 
the Biological Flora a n d appoin ted three editors, Professor 
Pearsa l l as edi tor of the Journal of Ecology (afterwards D r . H . 
Godwin) , Professor C l a p h a m and myself. Since then every 
vo lume of the Journal of Ecology has inc luded accounts of several 
species. These accounts are inc luded as pa r t of the Journal of 
Ecology a n d are also repr in ted a n d sold separately. 

T h e scheme begun i n 1940 differs f rom that proposed i n 1928 
i n being co-operative, a different author or authors being respons
ib le for each part , a n d i n the par ts be ing issued as soon as ready 
a n d therefore not i n a systematic or a n y other order. The editors 
impose cer ta in l imi t s of length a n d endeavour to ensure a m i n i 
m u m of u n i f o r m i t y i n the accounts, bear ing i n m i n d tha t the 
nature of the mate r ia l w i l l v a r y b o t h f rom species to species a n d 
according to the opportuni t ies a n d interests of the authors. A n 
excessive s t r i v ing for completeness m u s t be avo ided a n d also 
the premature pub l i ca t ion of accounts based on too l i m i t e d an 
experience of the species. The editors ' a i m is to pub l i sh accounts 
w h i c h are i n the nature of progress reports on the ecology of 
each species, ra ther t han l i t t le monographs. 

*In 1900, G . C . Druce announced that he had i n preparation " A n Ecological 
Flora of the Bri t i sh Isles", in which he hoped to show "more particulars as 
to the exact place of growth, altitude and distribution, than is given i n the 
usual text-books" (7. Bot., 38 , 240, 1900). Nothing came of this project beyond 
the information on the lines specifically mentioned i n the announcement 
which was included in his Comital Flora published i n 1932.—-EDITOR. 
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The editors d iv ide their functions. Professor C l a p h a m keeps 
the l is t of accounts i n p repara t ion ; i n t end ing contr ibutors should 
wr i te to h i m a n d he w i l l p rov ide t h e m w i t h the Schedule for 
Cont r ibu tors (revised i n 1947 a n d to be revised again short ly) 
a n d w i t h a b l a n k m a p for showing d i s t r ibu t ion . A c c o u n t s ready 
for pub l i ca t ion should be sent to m e ; since there are a lways 
problems i n ar ranging and presenting the mate r i a l i t is desirable 
to send a draf t for comments before comple t ing the f inal vers ion 
of the manuscr ip t . 

U p to date (May , 1956), accounts of 74 species a n d several 
genera have been publ ished, the w o r k of a large n u m b e r of 
contr ibutors , i nc lud ing bo th amateur a n d professional botanists. 
O v e r 160 more accounts are i n var ious stages of preparat ion. 
N e w cont r ibutors are welcome, as we l l as da t a f rom those who 
m a y no t feel able to under take the w r i t i n g of complete accounts. 
Such da ta should be sent either to the con t r ibu tor responsible 
for the species (whose name can be found f rom the publ i shed l is t 
of " A c c o u n t s i n preparat ion") or to one of the editors. Where 
an in tend ing con t r ibu tor has no t ready access to l ibrar ies the 
editors can sometimes help, a n d sometimes where the cont r ibu tor 
is an amateur botanis t w i t h o u t l abora to ry facil i t ies something 
can be done to assist. Arrangements exist for co-operation w i t h 
the D i s t r i b u t i o n M a p s Scheme so tha t the fullest da ta on d is t r i 
b u t i o n are avai lable . 

The paper is t h r o w n open to discussion i n the hope tha t the 
audience w i l l ask questions a n d offer construct ive c r i t i c i sm. 

M r . J . E . L O U S L E Y said that the parts of the Biological Flora which 
had appeared had shown very clearly the great value of autecological 
studies, which were urgently needed i n connection with several aspects 
of botany, including conservation. There was a great deal of scattered 
information, some published and some unpublished, but collecting this 
together was a major task, and uneconomic when separate workers 
attempted to go through the whole of the literature independently for 
individual species. Moreover, valuable information was lost because 
botanists were not sufficiently encouraged to send in minor field obser
vations which collectively could be of importance. Records of popula
tion fluctuations are an example. We need a central office for the 
collection of this information—an ecological counterpart to the 
B . S . B . I . Maps Scheme—in which a folder would be kept for each 
Br i t i sh species. The first step would be to index published informa
tion, a set of abstracts from B . S . B . I , publications might be cut up as 
a start towards this, and the central office would also organise the 
provision of new data—much as the Maps Scheme office has done. 
Assistance and encouragement could be given to volunteers. The 
work could never be completed—that could never be said of a biological 
project—but if a grant could be obtained to finance a small staff for a 
five-year period, most of the information at present available could be 
collected and the progress of the Biological Flora greatly accelerated. 
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This, of course, is primarily a matter for the Ecological Society, but 
the B . S . B . I , and other Societies could provide considerable practical 
assistance. 

M r . K E I T H J O N E S then suggested that although the Biological Flora 
is a most valuable publication as i t stands, consideration might be 
given to an expansion of the cytological information. A t the V I I I 
International Botanical Congress held in Paris, 1954, Professor Steb-
bins suggested that writers of floras should become informed on nine 
stated points. Amongst these were included (1) chromosome numbers 
adequately obtained and recorded, (2) structural heterozygosity, (3) 
presence and type of polyploidy. A t the time the Congress considered 
that floras would become far too cumbersome if information of this type 
was included. However, the Biological Flora is unique in form and i t 
would be possible to make adequate references to these points. In 
particular, i t would be of great value if i t could be clearly stated 
whether determinations of chromosome number have been made on 
plants collected from natural populations or on seedlings raised experi
mentally from collections of seed. 

M r . A . D . B R A D S H A W deplored the use of foreign counts in putting 
down chromosome numbers without comment. This could be most mis
leading. He agreed with M r . Jones that there is a very great need 
in the Biological Flora for attention to be paid to chromosome num
ber and behaviour and resulting fertility, since these may profoundly 
affect the whole biology of the plant and are therefore a cardinal part 
of the Flora . To report a chromosome number 2n = 35 for instance 
is surely not enough, since this inevitably means the plant is sterile 
and must be surviving vegetatively and therefore that the position 
should be examined more closely. 

Prof. D . H . V A L E N T I N E enquired if vice-county or grid-system dis
tribution maps would be used for later contributions, and observed 
that some of the maps already published in which whole vice-counties 
had been blacked-in gave a very unsatisfactory picture of the real dis
tribution. Prof. R I C H A R D S replied that they were well aware of the 
shortcomings of some of the published maps and as soon as the neces
sary information was available for the construction of grid-system 
maps they were prepared to consider using them. 

M r . N . Y . S A N D W I T H said that contributions seemed to be getting 
longer and fuller, and asked if this was due to any change in policy. 
Prof. R I C H A R D S replied that he did not agree that contributions were 
tending to get longer. There had been no change in policy on the part 
of the editors but the accounts necessarily varied considerably in length 
according to the material available. 

M r . S A N D W I T H then suggested that better use could be made of the 
facilities of the Biological Flora for publication of really full descrip
tions. For practical reasons this was seldom possible in descriptive 
floras and hence i t is often difficult to refer to descriptions of, for 
example, seeds and seedlings. This was supported by Prof. V A L E N T I N E . 
who said he thought i t a very important point. F u l l descriptions even 
of many common plants are not available, and he would also like to 
see varieties and hybrids described in detail. Prof. R I C H A R D S replied 
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that he thought these were very useful suggestions, which the editors 
would endeavour to implement, but for practical reasons he felt that 
i t was hardly possible to include full descriptions of all varieties and 
hybrids as well as species. 

M r . P . J . W A N S T A L L suggested that i t would be very helpful to 
contributors to have a panel of cytologists prepared to receive and 
examine material. Prof. R I C H A R D S said this was a very welcome sug
gestion and they would appreciate volunteers from cytologists prepared 
to assist in this way. 

M r . F . N . H E P P E R said he thought the importance of growing 
material from various wild sources in the garden for comparison should 
be impressed on contributors. When a species is variable the locality 
from which each particular fact recorded is observed should be included 
in the account. 
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S O M E A S P E C T S O F P L A N T V A R I A T I O N : T H E G R A S S E S 

K E I T H J O N E S (Welsh P l a n t Breed ing Sta t ion , A b e r y s t w y t h ) 

I N T R O D U C T I O N 

I n recent t imes cy to logy has p l ayed such a significant role 
i n the s tudy of species a n d species evo lu t ion tha t a conference 
deal ing w i t h "Progress i n the S t u d y of the B r i t i s h F l o r a " w o u l d 
be incomplete wi thou t some reference to chromosomes. A t the 
same t ime there seems l i t t le need to enumerate the ways i n w h i c h 
cy to logy can assist the botanis t or the breeder, for on a number 
of occasions these have been l is ted a n d discussed b y others. I t 
w o u l d be more appropr ia te to our conference theme to consider 
some aspects of the subject wh ich , a l though unden iab ly i m 
por tant , have n o t received the a t tent ion due to them. I refer 
i n pa r t i cu la r to those var ia t ions i n chromosome number a n d 
chromosome behaviour w h i c h m a y occur within the species, a 
fuller unders tanding of w h i c h mus t lead to improvements i n 
cy to taxonomic methods a n d so to progress i n floristic studies. 

The va r i a t i on w h i c h is characterist ic of a l l l i v i n g organisms 
is most apparent i n external morphology, bu t we n o w k n o w that 
it occurs also a t the chromosome level . Th i s has been shown 
p r i m a r i l y b y the discovery tha t a species is no t necessarily 
characterized b y one chromosome n u m b e r alone, bu t m a y embrace 
forms h a v i n g two or more different numbers. T h i s is c o m m o n 
knowledge these days, bu t perhaps i t is n o t so w e l l realised tha t 
there can also be pronounced intraspecihc va r i a t i on i n chromo
some pa i r ing at meiosis. I t is necessary tha t b o t h aspects be 
t aken in to account i n species studies i f an accurate assessment 
of the cyto logica l make-up of the species is to be made. Th i s 
is the po in t I w i sh to emphasise i n the fo l lowing account, w h i c h 
w i l l describe some of the more recent w o r k on cyto logica l va r i a 
t ion , pa r t i cu l a r ly i n the grasses, the group w h i c h is m y m a i n 
concern. 

V A R I A T I O N I N C H R O M O S O M E N U M B E R 
The wide range of chromosome numbers found i n the grasses 

is due b o t h to the occurrence of at least seven different basic 
numbers i n the group, a n d to the v e r y h i g h incidence of po ly-
p lo idy . P o l y p l o i d s are present i n a lmost every genus so far 
examined, Lolium a n d Melica be ing two notable exceptions, and 
about 70 per cent of the grass species are of th i s type. Of par
t i cu la r interest to the present discussion, however, is the fact 
t h a t we l l over 100 species con ta in several different chromosome 
forms i n a p o l y p l o i d series. There are also some species, m a i n l y 
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apomicts , wh ich have a wide range of chromosome numbers no t 
exact mul t ip les of the basic number of the species (aneuploids). 
There is thus ample evidence of intraspecific va r i a t i on i n chromo
some number i n the grasses, a n d I shal l now discuss the two m a i n 
types of va r i a t i on under separate headings. 

Intraspecific Polyploidy 
A few examples of species w i t h intraspecific p o l y p l o i d chromo

some races are l is ted i n Tab le 1. The da ta here represented are 
taken f rom the publ i shed papers of several authors, more t han 
one of w h o m has, i n some cases, w o r k e d on the same species. The 
chromosome races l is ted do no t necessarily, therefore, occur i n 
the same region or count ry . I t w i l l be not iced that some species 
show a wide series of numbers ranging f rom d i p l o i d to h igh 
p o l y p l o i d , wh i l s t others have a restr icted series i n w h i c h the 
d i p l o i d is not represented. There are some also w h i c h show 
m a r k e d gaps i n the series w h i c h m a y ye t be f i l led i n b y further 
research. 

T A B L E 1 

• Polyploid chromosome races in some grass species 

Species Chromosome N u m b e r 2n 

14 21 28 35 42 49 56 70 
Agrostis stolonifera — — x x x — — -
Holcus mollis x - x x x x - — 
Calamagrostis brewerii — — x — x — — — 
Calamagrostis epigejos — - x — x — x — 
Festuca rubra x —. . — - . — x — x x 
Festuca ovina x x x - x x x x 
Alopecurus pratensis — — x — x — — — 
Agropyron repens — - x — x - — -
Agropyron duvalii — — — x x — — — 
Phalaris arundinacea - - x x x — x -
Bromus ramosus x — x — x — — — 
Bromus erectus — — - - x - x ~ 
Bromus inermis - — - — x — x x 

A n y inves t iga t ion of a species mus t n a t u r a l l y be confined to 
a ve ry sma l l percentage of the plants i n tha t group. If, therefore, 
i t is a t tempted to make an accurate estimate of the chromosome 
number of a species, the p l an t sample mus t be as representative 
as possible. I t is of pa r t i cu la r value, therefore, to k n o w whether 
forms w i t h v a r y i n g chromosome numbers w i l l occupy different 
areas. A l t h o u g h on ly a v e r y few species have been s tudied i n 
tensively f rom this po in t of v iew, i t is possible to see that 
chromosome forms m a y be d is t r ibu ted according to ecological 
or regional requirements, or they m a y occur at r a n d o m showing 
no correla t ion w i t h hab i t a t type . 
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Perhaps the most thorough survey of chromosome races i n 
the grasses is tha t carr ied out b y D r . W a t s o n of the Scot t i sh 
P l a n t Breed ing Sta t ion , on Festuca ovina. She has found tha t 
the d ip lo id fo rm of this species (2n=14) occupies the east coast 
of Scot land, an area n o r th of the lowlands a n d the east coast of 
E n g l a n d . The te t rap lo id race, on the other hand , exists ex
c lus ive ly i n Wales , I re land, south a n d west E n g l a n d a n d south
west Scot land. There is thus a v e r y clear pa t te rn of d i s t r ibu t ion 
i n this case w h i c h seems to be on a regional , ra ther t h a n a n 
ecological, basis (Watson, 1954). S i m i l a r l y i n A m e r i c a , N y g r e n 
(1954) discovered that the te t raplo id (2n=28) a n d the hexap lo id 
(2n = 42) races of Calamagrostis brewerii occupied southern and 
nor thern areas respectively. 

• 

80 

0 

2n=28 

- 35 

- 42 

- 49 

25 

1 
•5.< c 
s. 

Fig . 1. 

The relative frequencies of chromosome races i n populations of Holcus mollis 
(2n = 28 , 35 , 42, 49). 

Invest igat ions w h i c h I have been mak ing , i n col labora t ion 
w i t h A . R . Beddows a t the W e l s h P l a n t Breed ing Sta t ion , on the 
genus Holcus suggest tha t the chromosome races of H. mollis 
(2n=28, 35, 42, 49) (Beddows a n d Jones, 1953; Jones, 1954) 
show some tendency to ecological specialisation. The his tograms 
i n F i g . 1 show the re la t ive frequency of these types i n some 
wood land areas of E n g l a n d a n d Wales , and i n one arable area 
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(Penglais A ) . O n l y the te t rap lo id is present i n one of these, 
whi l s t i n the others the pen tap lo id occurs either alone or i n con
junc t ion w i t h the hexap io id . O n l y t w o p lan ts of the hep tap lo id 
have yet been recorded. Because the te t rap lo id has been found 
i n on ly one of the woods examined i t is no t possible to be sure 
whether soi l moisture is the essential factor i n i ts d i s t r ibu t ion . 
However , there is evidence tha t the pen tap lo id a n d hexap io id 
th r ive under condi t ions of h igh water content of the soil , w i t h 
the hexap io id the more frequent i n the wetter areas. I t mus t 
be ment ioned tha t a l l the races occur i n a r a n d o m assortment 
i n areas d is turbed b y p loughing, tree-felling, etc., as i n Pengla is 
A . The pa t te rn of d i s t r ibu t ion is apparent, therefore on ly , i n wel l -
defined ecological habi tats . C lea r ly then, th is species is i n need 
of more s tudy, pa r t i cu l a r l y on a n ecological basis, a n d i t is to be 
regretted tha t the ecological studies of O v i n g t o n (1947) a n d 
Jowe t t a n d Scurfield (1949, 1952) were made a t a t ime when the 
species was thought to be pu re ly te t raploid . H e r e is evidence 
of the value of chromosome count ing as a rout ine check wherever 
possible. 

A n o t h e r example of the d i s t r ibu t ion of chromosome races i n 
re la t ion to ecology is Festuca rubra. I n a pr iva te communica 
t ion , H a r b e r d , also of the Scot t i sh P l a n t Breed ing Sta t ion , sug
gests tha t a l though most p lan ts of this species i n the B r i t i s h Isles 
are hexaplo ids (2n = 42), octoploids (2n = 56) can be found i n ex
t remely d r y habi tats . T h i s is something of a reversal of the 
p ic ture i n Holcus. 

L i t t l e can be said of the d i s t r ibu t ion of chromosome races i n 
other grasses because of the l ack of publ i shed evidence. I t does 
seem, however, tha t the races of Agrostis stolonifera (2n = 28, 35, 
42), examined b y Björkman (1954), sometimes occur together; 
whether this means tha t they general ly show a r a n d o m dis t r i 
bu t ion , or on ly occasionally, as i n Holcus mollis, remains to be 
seen. 

T h e few examples quoted above are sufficient to show tha t 
chromosome races can be d i s t r ibu ted i n var ious ways, and, u n t i l 
a n inves t iga t ion has been made, i t is no t possible to predic t 
w h a t sort of d i s t r ibu t ion w i l l occur. I t follows, therefore, tha t 
a sma l l sample of the species is no t l i k e l y to give a v e r y good 
estimate of i ts chromosome number pa r t i cu l a r ly when collected 
f rom a restr icted area. 

There is s t i l l m u c h w o r k to be done on the compara t ive 
morphology of intraspecific races, bu t i n general i t seems tha t 
members of a series do not show any major t axonomic dif
ferences, a n d i n some instances, such as H. mollis, i t has not been 
possible to discover a n y qua l i ta t ive differences. The lack of 
morphologica l differentiat ion m a y not be surpr is ing when we 
realise t ha t a pure redupl ica t ion of chromosome sets ra re ly brings 
about a morphologica l change as m a r k e d as tha t w h i c h can be 
caused b y a single gene muta t ion . Nevertheless, p o l y p l o i d y does 
have an i m p o r t a n t influence on the species i n i n i t i a t i n g genetic 
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discont inu i ty . F r o m this beginning the species can break u p 
in to several groups w h i c h m a y eventual ly receive separate taxo-
nomic recogni t ion. A l t h o u g h th is m a y no t happen u n t i l mor
phologica l differences have developed, i t is essential tha t the 
t axonomis t f rom the ve ry outset recognizes the chromosome 
types. The argument against this is the diff iculty of identif ica
t ion , bu t i n these days when cy to logica l techniques have been 
i m p r o v e d a n d simplif ied, chromosome counts can easily be made 
b y a l l who have access to a microscope. W e m i g h t then con
sider chromosome number as a good t axonomic character, so tha t 
instead of i n v o l v i n g ourselves i n tedious a n d prolonged b iomet r i -
ca l studies to separate the d i p l o i d a n d te t rap lo id forms of Dactylis 
or Anthoxanthum, we can resort to a chromosome count a n d be 
sure of our ident i f icat ion. C y t o l o g y should be regarded as a 
useful a n d v e r y desirable a i d to a l l species studies ra ther t h a n 
as a regrettable necessity i n a few cases. 

Aneuploidy 
The n o r m a l sexual species, a n d i n par t i cu la r the mul t iva len t -

forming po lyp lo ids , such as Dactylis glomerata a n d Anthoxan-
thum odoratum, occasional ly give rise to progeny h a v i n g a few 
chromosomes i n excess of, or less than , the n o r m a l chromosome 
number . Such types are cal led aneuploids. I n Dactylis they 
have been recorded as occurr ing w i t h frequencies of 15 per cent 
(Müntzing, 1937), 40 per cent (Myers a n d H i l l , 1940) a n d as 
l i t t l e as 3-4 per cent i n m y o w n studies. Such deviat ions i n 
chromosome number are the resul t of s l ight i rregulari t ies i n 
chromosome pa i r ing a t meiosis a n d seem to be of no evolu
t iona ry or t axonomic significance i n these cases. I n apomict ic 
species, however, the aneuplo id can be m u c h more frequent a n d 
assumes a greater importance. I n the apomic t ic Poas, for i n 
stance, the b u l k of the p lants invest igated seem to be aneuplo id 
a n d there can be a v e r y wide range i n chromosome number , e.g. 
P. pratensis 2n= 48-124, P. subcaerulea 2n= 82-147, P. arctica 
2 n = 39-92, P. alpina 2n= 31-57 (see Gustafsson, 1947, for refer
ences). Such types are the resul t of p ronounced irregulari t ies 
t ha t can occur i n chromosome behaviour i n the E M C s . of apo
mic t i c species. I t is interest ing to see t ha t there are species 
w h i c h are insensi t ive to chromosome unbalance, i n contras t to 
Agrostis stolonifera a n d Holcus mollis w h i c h seem to show selec
t i o n against aneuploidy. 

B o t h these species show m a r k e d meiot ic i rregulari t ies i n their 
pen tap lo id a n d hexap lo id forms, and chromosome counts made 
on seedlings raised f rom these races after open-pol l ina t ion or 
intercrossing, are indeed m a i n l y aneuploid . T h i s i s w e l l i l lus
t ra ted b y the data i n Tab le 2. I t w i l l be seen tha t p rac t i ca l ly 
a l l the seedlings are aneuplo id a n d ye t on l y one or t w o such 
types have been detected i n the large samples of p lan ts collected 
f rom na tu ra l populat ions. I t is thus quite clear tha t i n m a k i n g 
determinat ions of chromosome number , we mus t d is t inguish 
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T A B L E 2 

Chromosome numbers of the progeny of the 28, 35 a n d 42 chromo
some races of Holcus mollis a n d Agrostis stolonifera* 

Species 2n = • 21 23 24 25 26 27 28 29 30 31 32 33 34 35 

H. mollis 
A. stolonifera 

7 1 3 2 4 11 20 
3 

7 3 1 
5 

5 
6 

4 
8 

2 
9 

2 
13 

Species 2?i = 36 37 38 39 40 41 42 43 44 45 47 49 ~62~ 

H. mollis 
A. stolonifera 

1 
11 7 

6 
3 

1 
6 

3 
2 

1 
3 

1 
1 2 

2 4 
4 

1 1 1 

between the potential chromosome number of the species, as 
found i n ar t i f ic ial ly-reared seedlings, a n d the actual chromosome 
number t ha t exists i n the na tu ra l popula t ion . Since i t is the 
species as i t exists tha t is of the greatest interest to the exper i 
men ta l taxonomis t , we should examine chromosome number 
after, a n d not before, na tu ra l selection has operated. A l t h o u g h 
there is l i t t l e doubt tha t aneuploids are c o m m o n i n the Poas, 
most of the chromosome counts t ha t have been made were on 
exper imenta l seedlings raised i n the greenhouse or garden. I t 
w o u l d seem more profitable, i n es t imat ing the frequency of aneu
plo ids i n var ious regions of the wor ld , to collect p lan ts in situ for 
such an examina t ion . 

B-chromosomes 
I n m a n y species i n d i v i d u a l p lan ts can be found h a v i n g one 

or more B-chromosomes i n add i t ion to the n o r m a l complement . 
Chromosomes of th is type are generally smaller t h a n the n o r m a l 
a n d show no homology w i t h t h e m ; nei ther do they appear to 
have a n y qua l i ta t ive effect on the external phenotype. I do not 
w i s h here to discuss the or ig in or significance of the B-ch romo
somes except i n their re la t ion to the accuracy of chromosome 
count ing . W i t h i n the species, a n d even w i t h i n the i n d i v i d u a l , 
B-chromosomes can v a r y i n number , a n d often i t is difficult 
to d is t inguish their presence i n root t i p counts. B-chromosomes 
can be mis t aken for add i t iona l n o r m a l chromosomes i n such 
instances a n d a p l an t m a y erroneously be considered to be a 
true aneuploid . Observat ions of chromosome pa i r ing a t meiosis 
w i l l u sua l ly solve this difficulty. B-chromosomes have been dis
covered i n Festuca pratensis (Bosemark, 1954), several species of 
Poa (Müntzing, 1946, Müntzing a n d N y g r e n , 1955) a n d Agrostis, 
(Björkman, 1951, Jones (unpublished)), the d ip lo id a n d tetra
p l o i d forms of Dactylis (Jones, unpubl ished) , Alopecurus praten
sis (Johnsson, 1941), Anthoxanthum aristatum (östergren, 1947), 
and m a n y others. 

*Björkman (1954) 
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V A R I A T I O N I N C H R O M O S O M E P A I R I N G 

Chromosome pa i r i ng at meiosis can give i m p o r t a n t in forma
t ion re la t ive to the nature a n d evo lu t ionary or ig in of a species. 
Its s tudy i n hyb r id s helps to unders tand species relat ionships, 
a n d t axonomic classifications m a y be affected as a result . I t 
is i m p o r t a n t therefore tha t da t a on pa i r i ng are representative of 
the species or i ts hybr ids . A knowledge of the possible extent 
of pa i r ing va r i a t i on i n the species w i l l assist the cy to taxonomis t 
i n d rawing h is conclusions. 

Unfor tuna te ly , l i t t le has been done to invest igate the range 
of pa i r ing va r i a t i on i n a n o r m a l sexual species. O u r studies have 
usua l ly been confined to b u t a handfu l of p lan t s or have been 
concentrated on the abnormal i t ies of meiosis. I n the course of 
in tensive invest igat ions on the genus Dactylis, w h i c h are being 
made i n co-operation w i t h m y colleague D r . M a r t i n B o r r i l l , I 
have h a d occasion to examine i n deta i l at meiosis 136 plants of 
D. glomerata collected f rom a number of local i t ies i n Europe , 
a n d the Medi te r ranean area. I n add i t i on F x h y b r i d s between 
p lan ts f rom different areas, as we l l as samples f rom commerc ia l 
a n d pedigree strains, have been analysed. T h e results of these 
researches are summar ized i n Tab le 3, and show that, as judged 
b y quadr iva len t format ion, pa i r i ng is v e r y un i fo rm a n d is u n 
affected either b y hyb r id i za t i on , or selection for fe r t i l i ty over a 
large number of sexual generations, as mus t occur i n s t ra in 
bu i ld ing . The h y b r i d s further show tha t despite extreme differ
ences i n morphology between ecotypes there is no appreciable 
degree of chromosome differentiation. 

T A B L E 3 

T h e cy to logy of Dactylis glomerata (2n = 28 + ) 

Per cent Per cent 
Per plants Per cent trans-
cent wi th plants Mean location 
aneu- B-chromo with AI Total quadri hetero- Total 

Material ploids somes laggardst plants valent zygotes plants 

Ecotypes (10)* 3-7 9-7 13-0 216 2-97 10-9 64 
Ecotypexecotype (6)** 1;9 — 15-4 52 2-49 2-7 37 
Bred strains (4)*** 2-7 — 13-5 37 3-04 — 35 

J Any plant wi th more than 15 per cent of A l s wi th laggards recorded. 

* Ecotypes from Silesia, Austria, France, Norway, Finland, Portugal, Sicily, 
Cyprus, Israel, Turkey I and II. 

** Ecotype F , crosses = Cyprus x Cornwall, Cyprus X Israel, Sci l ly x Cyprus, 
Sci l ly x Israel, Sci l ly x France, Cornwall x France. 

*** Strains = American, Danish, S.26, S.143. 
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The survey of the species shows for the first t ime tha t 10-9 per 
cent of the p lan ts f rom na tu ra l popula t ions are t ranslocat ion 
heterozygotes. These have associations of 6, 8 or even 12 chromo
somes at metaphase I of meiosis (Plate I, F igs . 3 a n d 4) ; 2-7 per 
cent of the hyb r id s were of this type a n d none was present i n 
the s t ra in mate r i a l of w h i c h o n ly a sma l l sample has ye t been 
examined. L a g g a r d univalents were present i n more t h a n 15 per 
cent of the first anaphases i n approx ima te ly 15 per cent of a l l the 
p lan ts examined. Whe the r this is due to the env i ronment or not, 
w i l l be seen i n the coming season. The survey is be ing cont inued 
bu t a l ready we have a good pic ture of the cy to logy of this species 
w h i c h enables us to see i n true perspective the significance of the 
cy to logy of a n y i n d i v i d u a l p lan t w h i c h m a y later be examined. 

S imi l a r studies are being made on Anthoxanthum odoratum. 
T h i s is also a quadr iva len t - forming species a n d m y analysis of 
four popula t ions collected b y D r . B o r r i l l shows tha t meiosis is 
again u n i f o r m w i t h a l l p lants h a v i n g means of about 2-5 quadr i -
valents . T h e most interest ing result of this inves t iga t ion to date, 
however, has been the finding tha t every p l a n t examined is 
heterozygous for a t least one t rans loca t ion; commonly , an asso
c ia t ion of 6 or 8 chromosomes occurs at meiosis i n add i t i on to the 
quadr iva len ts (Plate I, F i g . 2). W e thus have a species i n w h i c h 
there is a h igh degree of h y b r i d i t y selection s imi la r to t ha t k n o w n 
i n Oenothera species. O n l y the analysis of a wide range of 
ma te r i a l can reveal such a s i tuat ion. 

The results obta ined on the above two species are not sur
pr is ing . I n par t icular , the un i fo rmi ty i n chromosome pa i r ing 
m a y have been expected as t hey are species w h i c h r e ly o n sexual 
reproduct ion for the i r successful propagat ion. N a t u r a l selection 
has therefore acted to produce the mos t efficient type of pa i r ing 
for good fe r t i l i ty a n d has resulted i n the species showing the 
o p t i m u m degree of quadr iva len t format ion . I t m a y be signifi
cant tha t there is no evidence of a "shif t" to b iva len t fo rmat ion 
i n any of the groups s tudied. 

Meiosis m a y be less un i fo rm i n those species i n w h i c h sexual 
reproduct ion is no t a t a p r e m i u m . The pen tap lo id a n d hexap lo id 
races of Holcus mollis, for example, show v e r y m a r k e d in t ra -
rac i a l differences i n this respect. I n the pen tap lo id race p lants 
show a l l types of pa i r ing , f rom tha t i n w h i c h there are on ly a few 
univa len ts to those i n w h i c h a l l the chromosomes are unpai red , 
(Plate I , F igs . 5 a n d 6); t hey differ also i n the type a n d degree 
of m u l t i v a l e n t format ion, and, of course, i n their fer t i l i ty . The 
hexap lo id race shows s imi la r b u t less extreme va r i a t ion . There 
is no doubt t ha t the pa i r i ng differences i n these plants are not 
due solely to the external envi ronment a l though this mus t have 
some effect. T h e y are due rather to the genetic a n d chromosomal 
cons t i tu t ion of the ind iv idua l s , w h i c h i n th is case m a y be of 
somewhat different o r ig in despite their un i fo rm appearance. 
H o w e v e r i t i s clear that the whole range of va r i a t i on must be 



P L A T E I. 

F ig . 1. Dactylis glomerata (In = 29) Aneuploicl, 1-v bivi 

Fig, 2. Antlioxanthum odoratum (2n = 20). 
Translocation heterozygote, l V I l iv ")n 

Fig . 3. n. glomerata (2n = 28). 
Translocation heterozygote, i V I n 4 I V 2n 

Fig. 4. 77. glomerata [in = 28). 
Translocation lieterozygote, ] X I I 8 n 

Fig . 5. Holcus iiiollls (27) = 3.".). li„ 18n 0 

Fig'. fi. H. mom* (pi = 35). Asynaptic plant. 35 
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examined i f the nature of the races a n d their reproduct ive me thod 
are to be k n o w n . I t m igh t be ment ioned here tha t a l though the 
races can produce a good quan t i t y of germinable seed, we have 
a l ready seen tha t most of i t is aneuplo id a n d incapable of pro
duc ing mature plants i n the field. The appearance of fe r t i l i ty 
is thus deceptive, a n d the p lan t s are effectively sterile under 
na tu ra l condit ions. Such a s i tua t ion m a y w e l l occur i n other 
grasses a n d we should be careful to d is t inguish between " y i e l d " 
a n d "fitness" w h e n considering the significance of seed produc t ion . 

The apomict ic grasses can exh ib i t a l l types of t ransi t ions 
between meiosis a n d mitosis i n the i r generative tissues. T h e 
irregulari t ies of the d iv i s ion are u sua l ly more pronounced on the 
male side because selection operates on female, ra ther t h a n on 
male, fer t i l i ty . I t is also possible for meiosis to occur i n the P M C s . 
wh i l s t a t the same t ime divis ions i n the E M C s . are exc lus ive ly 
mi to t ic . W e can. therefore, find i n the apomicts , no t on ly 
intraspecific va r i a t i on b u t also i n t r ap l an t va r i a t ion . The classic 
s tudy of apomix i s i n the grasses is tha t of N y g r e n (1946) on 
Calamagrostis spp. i n Scandinav ia . The three species C. lap-
ponica (2n = 42-112), C. purpurea (2n = 56-91) a n d C. chalybea 
(2n = 42) show a most interest ing range of behaviour i n their 
P M C s . f rom v e r y d is turbed meiot ic d ivis ions w i t h some mitosis 
i n C. lapponica, to p rac t i ca l ly complete mitosis i n C. chalybea. 
Chromosome behaviour i n the E M C s . was more un i fo rm i n the 
three species. I w o u l d refer y o u to ISTygren's excellent paper for 
further details. T h e most impor t an t aspect of h is studies, f rom the 
point of v i ew of the present discussion, is the demonst ra t ion tha t 
chromosome behaviour i n the apomicts can be p rofoundly affected 
bo th b y the phys io log ica l state of the p l an t a n d b y the external 
environment . One p lan t of C. purpurea, f ixed i n i t s first year of 
growth, showed o n l y meiosis i n b o t h i ts E M C s . and P M C s . F i x a 
t ions of florets of v a r y i n g ages i n the second year showed fewer 
meiot ic a n d more mi to t i c d iv is ions w i t h the percentage of mitoses 
increasing w i t h the age of the floret. Differences i n temperature 
as between alpine and sub-alpine regions were also able to affect 
the divis ions, though not to the same extent. Here then we can 
see tha t the behav iour of the chromosomes is a p roduc t of the 
in terac t ion of genotype a n d environment , b u t tha t i n apomicts 
the genotype is more responsive to changes i n the in te rna l a n d 
external envi ronments t han is the case i n most sexua l ly reproduc
i n g species. ISTygren poin ts out t ha t i f the env i ronment has an 
impor t an t par t to p l a y i n condi t ion ing the reproduct ive me thod 
we should endeavour to make fixations of such plants i n their 
na tu ra l env i ronment ra ther t h a n f rom transplants i n the experi
men ta l garden. 

F i n a l l y , a w o r d m a y be said about pa i r ing var ia t ions i n 
hybr ids . G a u l (1953) has demonstra ted such va r i a t i on i n hyb r id s 
of Triticum aestivum a n d Agropyron intermedium- where F j 
h y b r i d s between the same two species h a d un iva l en t means 



54 PROGRESS I N T H E STUDY OF T H E BRITISH FLORA 

ranging f rom 14 to 38 per p lant . I n m y o w n experience F1 

hybr id s of Agrostis tenuis a n d A. stolonifera h a d means of f rom 
4 to 14 univa len ts per p l an t (Jones unpubl ished) . These differ
ences were no t a t t r ibutable solely to the effects of the external 
env i ronment bu t were a reflection of the chromosomal const i tu
t i o n of the i n d i v i d u a l hybr ids . Pa t en t l y , i t w o u l d no t be 
possible to place reliance on a single i n d i v i d u a l when d rawing 
phylogenet ic conclusions f rom pa i r ing . I t mus t be remembered, 
of course, tha t when we deal w i t h outbreeding grasses the P j is a 
segregating generation. 

C O N C L U S I O N 
A wide field has been covered i n th is ta lk , a n d the examples 

chosen, though perhaps extreme, demonstrate tha t i t w o u l d be 
unwise to ignore cyto logica l va r i a t i on i n species studies. W h a t 
bear ing w i l l th is knowledge have on cy to taxonomic methods? 
I t must , I th ink , influence methods of sampl ing . Studies based 
on one or two ind iv idua l s are of l i m i t e d value, whether they be 
species or hybr ids , a n d i t becomes necessary to examine a m u c h 
larger number of i nd iv idua l s w h i c h have been collected i n a wide 
range of ecological condi t ions. I n v a r i a b l y i t w o u l d seem better 
to collect plants ra ther t han seed for, as we have seen, the seeds 
m a y represent not on ly the potent ia l biotypes, b u t also the 
potent ia l cytotypes. However , i t is often impossible to ob ta in 
plants , a n d reliance m a y have to be p laced on exper imenta l 
seedlings. I n such cases great var ia t ions i n chromosome number 
should be looked u p o n w i t h suspicion u n t i l popu la t ion plants have 
also been examined. A b o v e a l l i t is i m p o r t a n t tha t the source 
of mate r ia l used for chromosome determinat ions should be c lear ly 
stated i n publ ica t ions so tha t the reader can see for h imself 
whether or n o t the actual popu la t ion plants have been inves t i 
gated. 

Studies of chromosome pa i r ing i n sexual species can safely be 
made on cu l tu red mate r ia l b u t the apomicts should wherever 
possible be s tudied i n their na tu ra l environment . W h e t h e r the 
species is sexual, apomict ic or h y b r i d , however, the intensive 
type of inves t iga t ion w i l l y i e l d more f ru i t fu l results t h a n tha t 
w h i c h embraces a number of species b u t o n l y a few representa
t ives f rom each. 

Qui te c lear ly there are m a n y ideals i n cyto logica l invest iga
t ions w h i c h for several reasons m a y be unat ta inable . H o w e v e r 
this m a y be we cannot fa i l to profi t if, at least, we are aware of 
the l imi ta t ions of our methods a n d avo id gross generalizations. 

M o s t of y o u w i l l be fami l ia r w i t h these p i t fa l l s ; if, however, b y 
re-emphasizing t h e m one can encourage the intensive approach to 
the s tudy of the B r i t i s h flora then one m a y feel that a cont r ibu
t ion has been made. 
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T H E I M P O R T A N C E O F E X P E R I M E N T A L E C O L O G Y T O T H E 
S T U D Y O F T H E B R I T I S H F L O R A 

F . H . W H I T B H E A D (Un ive r s i ty of Oxford) 

Of the problems concerning the d i s t r ibu t ion of p lants I w o u l d 
l ike to confine m y t a lk to tha t of the p l an t a n d i ts habi ta t . I t 
needs l i t t le more t han a cursory glance to be convinced tha t 
habi ta t a n d p l an t d i s t r ibu t ion have some connect ion; closer 
examina t ion usua l ly discloses how complex the rela t ionship m a y 
be. 

T h e descript ive side of these problems has received consider
able a t ten t ion b u t far less exper imenta l w o r k has been a t tempted. 
I hope to show tha t suitable exper imenta l methods and techniques 
can contr ibute great ly to our unders tanding of the unde r ly ing 
causes of p l an t d i s t r ibu t ion . 

I t seems to be far f rom general ly realised tha t the descr ipt ion 
of a p rob l em is no t i ts solut ion, and, to go one stage further, the 
demonst ra t ion of a correlat ion is no proof tha t the factor con
cerned is causal. F o r example, i t w o u l d be possible to show on a 
c a l m sunny d a y tha t there is an inverse correla t ion between 
barometr ic pressure and photosynthe t ic rate. E x p e r i m e n t w o u l d 
show tha t there was no causal connection, b u t tha t bo th 
barometr ic pressure and photosynthet ic rate are independent ly 
associated w i t h a t h i r d factor, n a m e l y the in tens i ty of r ad ia t ion 
f rom the sun. I t is this t ype of c o m p l e x i t y of factor relat ionships 
w h i c h is so often found i n p lan t ecology a n d w h i c h o n l y experi
men ta l methods can elucidate. 

A s w o u l d be expected, correct scientific approach is of the 
greatest impor tance i n the inves t iga t ion of these problems at 
whatever leve l they are made. Br ie f ly , i t can be said tha t de
scr ipt ive ecology discloses the existence of problems, a n d often 
includes some correla t ion of d i s t r ibu t ion a n d hab i t a t factors. 
Such correlations permi t the m a k i n g of w o r k i n g hypotheses, a n d 
then exper imenta l ecology tests these hypotheses, either demon
s t ra t ing the i r v a l i d i t y , or leading to new hypotheses a n d further 
experiments. 

The invest igat ions can be carr ied out at var ious levels of 
refinement, a n d the examples g iven are chosen to i l lus t ra te the 
different types of p rob lem a n d approach. A t w h a t m a y be termed 
the first leve l of invest igat ion, we have the type of experimenta
t ion w h i c h consists of t ransplants . There is a considerable b o d y 
of data on this type of experiment. T o choose a few, there is the 
work of Gas ton B o n n i e r (1894), of Clements et al. (1950), and 

the Pot terne experiments of T u r r i l l a n d Marsden-Jones (1930). 
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These last cont r ibu ted ve ry great ly to t axonomic knowledge 
a n d to ecology. T h e i r experiments were designed to test the 
effects of different soils on selected species of the B r i t i s h flora, 
and, amongst other findings, demonstra ted tha t adul t p lants are 
often successful on soils other t han those on w h i c h they are usua l ly 
found, bu t tha t their performance is f requent ly affected consider
ab ly b y changes f rom their t isual soil . A s a supplement to this 
inves t iga t ion i t w o u l d be v e r y interest ing to see i f seedlings could 
establish themselves. V e r y frequent ly i t is a t this stage that 
e l imina t ion takes place, thus dec id ing dis t r ibut ions . 

A t the other extreme from the Pot te rne experiments, we have 
the ve ry detai led w o r k of B l a c k m a n & R u t t e r (1946-1949) on 
Scilla, a n d H a r l e y et at. (1953) on the myco r rh i za of beech. I 
w o u l d l ike to men t ion one smal l par t of this la t ter work as an 
i l lus t ra t ion of i t s nature. I t is often c la imed tha t the d i s t r ibu t ion 
of cer ta in m y c o r r h i z a l p lants is determined b y the needs of the 
associated fungi, a n d B a r l e y ' s w o r k is an inves t iga t ion of the 
nature of the re la t ionship between beech, i ts mycor rh iza , and the 
environment . I t was found b y the use of radio-act ive isotopes 
tha t the up take of phosphorus a n d potass ium was greatest at an 
oxygen concentra t ion of about 20%. I t seemed that the oxygen 
tension i n the region of the feeding roots, i.e. i n the l i t ter , w o u l d 
be an impor t an t factor. N o da ta were avai lable b u t b y an ingeni
ous technique this was measured i n the field. I t was found tha t 
the oxygen concentra t ion throughout the year f luctuated about 
the 20% value. Th i s demonst ra t ion of the agreement between 
field and l abora to ry results shows the value of such experiments. 

A n example of exper imenta l ecology I should l ike to discuss 
i n more deta i l was carr ied out at O x f o r d b y R o r i s o n (1956). W h y 
some plants are found on cha lk soils, a n d others o n l y on ac id 
soils, has a lwavs in t r igued ecoloeists, and this w o r k was an a t temnt 
to see w h a t pa r t mine ra l nu t r i t i on , compet i t ion , etc., p l ayed i n 
this phenomenon. 

T w o calcicoles, Scabiosa columbaria a n d Asperula cynanchica, 
and two calcifuges, Holcus mollis and Oalium saxatile, amongst 
others, were s tudied bo th i n the field a n d the labora tory . The 
minerals mos t closely s tudied were ca lc ium, potass ium a n d phos
phorus. P l a n t s were grown i n water cul ture us ing A n a l a r 
chemicals. Repl ica tes were made up i n a series of v a r y i n g 
amounts of Ca, K, & P i n c l u d i n g approx imat ions to the soil 
types used i n the field. One series was adjusted to a h i g h p H 
the other to a l o w p H . N o v e r y significant differences i n per
formance were found i n the growth of Scabiosa. P l a n t s grown 
f rom seed sown i n the field, however, a l l d ied on the soils w i t h 
l o w p H . F r o m this i t was concluded tha t there was present i n 
the ac id soil something, or some condi t ion , tha t was absent f rom 
the water cul ture. F u r t h e r water cultures were set U D , us ing soil 
extracts f rom the ac id and a lka l ine soils i n place of the nut r ient 
solut ion, and these again were adjusted for t>H. Scabiosa grew 
qui te wel l i n the soil extracts f rom b o t h soils when they were 
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adjusted to a h igh p H , bu t g rowth was poor, pa r t i cu l a r ly i n the 
ac id sand extract , a t low p H . F r o m th is i t was concluded tha t 
the substance affecting growth was water-soluble a n d re la t ive ly 
abundan t i n the ac id soil . I t was thought tha t a l u m i n i u m might 
be a possible substance. T o test this hypothes is a l u m i n i u m was 
added to the A n a l a r cu l tu re . solutions again at two p H levels, 
a n d the p lan ts g rown on these showed the same symptoms a n d 
performance as those grown on the soi l extracts—i.e. g rowth was 
sat isfactory at the h igh p H a n d poor a t the l o w p H . 

The symptoms themselves are of great interest, since the 
effects not iced were the mal fo rmat ion of roots a n d the ve ry smal l 
amoun t of root sys tem formed i n the solut ion at l ow p H . Since 
Scabiosa requires a we l l aerated soi l for growth , i t seems l i k e l y 
that , i n the presence of a l u m i n i u m a n d i n soils w i t h a l ow p H , the 
roo t system is inadequate to supp ly the p l an t w i t h i ts necessary 
water i n the seedling stage, a n d death is p r o b a b l y f rom drought 
i n such soils. 

I t seems l i k e l y then that the d i s t r ibu t ion of Scabiosa colum
baria i n B r i t a i n is determined b y either a h igh p H i n the soil or 
a lack of a l u m i n i u m . Since the la t ter is rare i n the B r i t i s h Isles, 
a n d since here the on ly c o m m o n soils w i t h h i g h p H are those 
conta in ing c a l c i u m carbonate, the d i s t r ibu t ion of Scabiosa has 
p rev ious ly been considered as being determined b y ca lc ium, 
whereas these results show tha t th i s is no t necessarily so. 
The results for Asperula cynanchica were v e r y s imi la r to those 
for Scabiosa. 

Resul t s for Holcus mollis a n d Galium saxatile were less easily 
interpreted, and at the momen t i t is perhaps best to s u m t h e m up 
as p r o b a b l y showing tha t these species have large potass ium 
demands a n d tha t for some reason the up take of potass ium 
appears to be interfered w i t h or i nh ib i t ed b y any large concen
t r a t ion of ca l c ium ions. 

These experiments have shown fa i r ly c lear ly the b road out
l ine of the ecological d i s t r ibu t ion of Scabiosa, etc., a n d something 
of the phys io logica l processes u n d e r l y i n g them. 

F i n a l l y , I should l ike to refer v e r y br ief ly to some exper imen
t a l ecology of m y own . A l t h o u g h the field w o r k was n o t carr ied 
out i n th is coun t ry i t i s probable tha t s imi la r condi t ions can be 
found here. T h i s w o r k is on the rela t ionship of vegetat ion a n d 
the effects of w i n d . A n aerodynamic parameter Zo can be used 
as a scale b y w h i c h to indicate the degree of shelter w h i c h a rough 
s tony surface gives to plants . T h e larger the stones the more 
shelter a n d the greater the va lue of Zo. I t was found tha t those 
cr i ter ia of vegetat ion w h i c h can be grouped col lec t ive ly under the 
t e r m luxur iance are a l l re lated to the va lue of Zo. Thus , i n the 
mos t exposed c o m m u n i t y (type A r e a A) where the stones are 
smal l there are v e r y few species, a smal ler range of life form, 
smaller % cover, lower % y i e l d (grams per square metre), a lower 
average p l a n t height, etc.. t han i n the mos t sheltered area. Inter
mediate values are exh ib i ted b y communi t ies w i t h intermediate 
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values of Zo, so tha t the figures present an in tergrading series 
f rom the most exposed to the most sheltered c o m m u n i t y types. 

A l t e r n a t i v e explanations, e.g. shading, m i g h t be advanced or 
i t m igh t be argued that these findings are mere coincidence. A 
v e r y simple exper iment sufficed to settle bo th points . I f the 
characterist ics of the vegetat ion depend on the nature of the 
surface, then i f the surface is altered there should also be a change 
i n the vegetat ion. T h i s exper iment was carr ied out b y b u i l d i n g 
l o w stone wal ls a round quadrats i n the mos t exposed area where 
the vegetat ion h a d been accurately mapped. These were orien
ta ted so tha t the ca rd ina l points l a y on the diagonals of the 
squares. T h u s one corner po in ted nor th , the opposite one south, 
etc. 

I n th is par t i cu la r region because of loca l topography the w i n d 
is strongest f rom the west. N o w , i f shading is the causal factor, 
the greatest increase i n height w o u l d be against the S .W. and 
S . E . wal ls . I n fact i t was found tha t the greatest increases i n 
height were against the N . W . a n d S .W. T h i s shows that the 
operat ive factor is a western component a n d not a southern, thus 
ind ica t ing tha t shelter f rom w i n d is more impor t an t than shading 
f rom the sun i n this pa r t i cu la r s i tuat ion. 

Expe r imen t s i n the labora tory have y ie lded va luable results 
concerning how these var ia t ions i n height are produced. T h e y 
have also shown tha t for m a n y plants there is a c r i t i ca l " w i n d 
speed / t ime exposed" value w h i c h , i f exceeded, ends i n the death 
of the plant . I t is th is factor w h i c h appears to be determining 
to a great extent p l an t d i s t r ibu t ion i n these m o u n t a i n top areas. 

P r o m these few examples, i t can be seen tha t exper imenta l 
ecology is beginning to discover some of the u n d e r l y i n g explana
t ions of d i s t r ibu t ion . There are at present far too few data to 
jus t i fy the announc ing of general pr inciples . F o r instance, i t 
is b y no means certain, or even probable , tha t the findings w i t h 
regard to Scabiosa a n d Asperula are appl icable to a l l calcicoles. 
Indeed, i t can be sa id tha t one of the most i m p o r t a n t conclusions 
to be d r a w n f rom mos t exper imenta l ecology, is tha t problems are 
far more complex t h a n was thought at one t ime. However , i t 
can also be sa id tha t the results indicate tha t the i r so lut ion is no t 
an imposs ib i l i ty . 

I n conclusion, I w o u l d l ike to make a special plea for more 
exper imenta l work , especial ly of an autecological nature. D e 
scr ip t ive ecology has disclosed a weal th of such problems w h i c h 
need inves t iga t ing b y exper imenta l methods. Besides advanc ing 
our knowledge of p l an t d i s t r ibu t ion i t is more t h a n l i k e l y that the 
results w o u l d have impor tan t p rac t i ca l appl icat ions. 

R E F E R E N C E S 

B L A C K M A N , G . E . & R U T T E R , A . J . , 1946-1949, Physiological and Ecolo
gical studies in the analysis of plant environment, Pts. 
1-4, Ann. Bot. Bond. (N.S.), 1 0 - 1 3 . 



60 PROGRESS I X T H E STUDY OF T H E BRITISH FLORA 

B O N N I E R , G. , 1894, Recherches experimentales sur 1'adaptation des 
plantes au climat alpin, Ann. Sci. Nat., ser. 7, 2 0 , 217-360. 

C L E M E N T S , F . E . , M A R T I N , F . V . & L O N G , F . L . , 1950, Adaptation and 
origin in the plant world. Waltham, Mass. 

M A R S D E N - J O N E S , E . M . & T U R R I L L , W . B . , 1930, Report on the trans
plant experiments of the Bri t ish Ecological Society at 
Potterne, Wilts . , J. Ecol., 1 8 , 352-378. 

H A R L E Y , J . L . & B R I E R L E Y , J . K . , 1953, A method of estimation of 
oxygen and carbon dioxide concentrations in the litter 
layer of beech woods, J. Ecol.. 4 1 , 385-391. 

H A R L E Y , J . L . , M C C R E A D Y , C . C . & B R I E R L E Y , J . K . , 1953, The uptake 
of phosphate by excised mycorrhizal roots of the beech: 
I V , The effect of oxygen concentration upon host and 
fungus, New Phytol., 5 2 , 124-132. 

R O R I S O N , I., 1956, Some aspects of the calcicole-calcifugé problem, 
Thesis. Bodleian Library, Oxford. 

W H I T E H E A D , F . H . , 1951, The ecology of the Altipiano, Monte Maiella, 
Italy, J. Ecol., 3 9 , 330-55. 

, 1954, A study of the relation between growth form and exposure 
on Monte Maiella, Italy, J. Ecol., 4 2 , 181-186. 

Prof. D . H . V A L E N T I N E expressed full agreement with D r . White-
head about the value of work on experimental ecology. To add another 
example to those which had been quoted, he referred to the series of 
papers by Dr . V . M . Conway on Gladium mariscus. By combining 
experiments in the laboratory with observations in the field, she was 
able to demonstrate very convincingly the mechanism of the aeration 
of the rhizomes and roots of this fen plant. D r . W H I T E H E A D suggested 
that i t was a pity that Conway's work was not followed up. 

Prof. T. G. T U T I N said that he had been very interested in the 
contrast between the behaviour of Scabiosa columbaria and Asperula 
cynanchica, which he had transplanted into his garden near Leicester. 
This was on boulder clay, with soil with a p H about 6—it was suffi
ciently acid for Rhododendrons and other calcifuges to grow well. 
Scabiosa columbaria survived for only a few years after introduction 
and then died out; Asperula cynanchica, on the other hand, became a 
garden weed regenerating freely each year from seed. This suggested 
that i t was less sensitive than the Scabiosa to competition. 
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T H E I M P O R T A N C E O F T H E S T U D Y O F D I S J U N C T D I S T R I B U T I O N S 
T O P R O G R E S S I N U N D E R S T A N D I N G T H E B R I T I S H F L O R A 

F R A N C I S R O S E (Bedford College, London) 

I n this paper I propose to d raw at tent ion to some new ideas 
about the h i s to ry of some parts of our flora, bu t to compara t ive ly 
few new facts. Th i s paper is, indeed, the result of ponder ing 
about our " w i l d " B r i t i s h flora a n d vegetat ion after some years ' 
experience of s tudy ing its structure a n d d i s t r ibu t ion i n the field, 
a n d also of considering the va luable results of mode rn w o r k on 
pol len analysis a n d peat s t ra t igraphy. I t is hoped tha t i t m a y do 
a l i t t le to s t imulate further exper imenta l w o r k on the autecology 
of our flora. 

W e now have, f rom the b r i l l i an t a n d pa ins tak ing researches 
of G o d w i n (1940, 1947, 1953) a n d his co-workers, a fa i r ly clear 
picture of the m a i n phases of vegetat ional c l imaxes i n B r i t a i n i n 
the L a t e - a n d Pos t -g lac ia l Per iods, f rom about 12,000 B . C . to the 
present day. W e also k n o w , f rom Godwin ' s w o r k (1940, 1949), 
tha t the p rob lem of the per-glacial s u r v i v a l of a par t of our flora, 
though of academic interest, is of l i t t le p rac t ica l significance 
to-day, because i n the L a t e - a n d early Pos t -g lac ia l periods wide
spread open condit ions enabled a great m a n y species, no t on ly 
arct ic-alpines b u t also those types we now f ind either as weeds of 
cu l t i va t ion or i n open calcareous habi tats , to spread w ide ly over 
B r i t a i n . F o r example, i n the La te -g lac ia l , Potentilla fruticosa 
occurred i n the L e a V a l l e y (Godwin , 1949); a n d Polemonium 
caeruleum i n the L e a V a l l e y (ibid., 1949); a t H a w k s T o r i n Corn
w a l l (Conolly, G o d w i n & Megaw, 1950);- a n d i n Surrey, N o r t h 
Han t s , a n d Berks . , Nor fo lk , Hun t s . , a n d Shropshire (Godwin un -
pub.). These a n d others, such as Helianthemum canum, are now 
ve ry rare or loca l . 

So modern p lan t d is t r ibut ions mus t i n general be s tudied a n d 
interpreted i n re la t ion to post-glacial h is tor ica l changes, ra ther 
t h a n i n terms of spread f rom per-glacial "refuges". T h i s fact was 
appreciated m a n y years ago b y W a t t (see discussion w i t h 
Sa l i sbury a n d W i l m o t t i n Proc. Roy. Soc, B, 118, 197-241, 1935). 

The first major h is tor ica l change i n the Pos t -g lac ia l P e r i o d 
was the spread of forest a n d blanket-bog over near ly a l l the 
surface of B r i t a i n w i t h the development of the warmer c l imate 
of the B o r e a l a n d A t l a n t i c Per iods (zones I V - V I I of the pol len-
analyst) . Th i s mus t have restr icted those species of open 
habi tats , intolerant of shade or of forest compet i t ion, to a Umited 
number of refuges where open condit ions persisted for one reason 
or another, such as mounta ins above the tree-limit , cliffs or steep 
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slopes, bo th i n l a n d a n d coastal, sand-dunes, a n d cer ta in types of 
fen, marsh , a n d lake-shore communit ies . 

I n the ear ly Pos t -g lac ia l Pe r iod , when m e n were few a n d 
their organisat ion l i t t le developed, they appear to have h a d l i t t le 
more effect on the vegetat ion a n d flora t h a n the w i l d annuals, 
but, later on, the biot ic effect of m a n became m u c h more pro
nounced, not on ly on the areas w h i c h he complete ly modif ied in to 
arable lands or bu i l t -up areas, but on the vegetat ion as a whole, 
i nc lud ing w h a t we now ca l l " w i l d " vegetat ion. I t is w i t h the 
s tudy of the possible course of some of these effects tha t this 
paper is concerned, pa r t i cu la r ly w i t h the effects shown i n terms 
of changes i n the d i s t r ibu t ion of cer ta in "ecological ly significant" 
species. 

L e t us first consider wha t vegetat ional changes due to early 
m a n there are of w h i c h we have posi t ive h i s to r ica l evidence. 

G o d w i n (1944) a n d G o d w i n a n d Ta l lan t i re (1951) have shown 
that , whi le u n t i l Neo l i th i c t imes (about 2600-1600 B.C . ) the B r e c k -
l a n d region of E a s t A n g l i a carr ied m i x e d oak forest, f rom this 
t ime onwards forest clearance took place, as is shown b y the 
m a r k e d reduct ion i n the p ropor t ion of tree-pollen a n d the 
increase i n tha t of non-tree-pollen (of grasses, sedges, a n d heaths 
par t icu lar ly) . Th i s change apparen t ly received an impetus i n 
Bronze A g e times (about 1600-500 B . C . ) , so tha t b y the close of 
that per iod m a n y of the E a s t A n g l i a n cha lk grasslands a n d 
B r e c k l a n d grass-heaths mus t have a l ready come in to exist
ence. T h o u g h posi t ive evidence is no t ye t avai lable i n 
detai l , m u c h the same sort of clearance p robab ly took place i n 
other regions of dense Neo l i th i c a n d Bronze Age occupat ion i n 
E n g l a n d (e.g., i n Wessex, the Cotswolds, a n d the South D o w n s i n 
the Neo l i th i c Pe r iod , a n d on the Greensand a n d Bagshot Sand 
areas of S .E . E n g l a n d i n the B r o n z e Age) . O n the other hand , 
some areas (such as the L o w W e a l d , the Bou lde r C l a y p la teau of 
E a s t A n g l i a , m u c h of the M i d l a n d P l a i n , the Ch i l t e rn plateau, a n d 
m u c h of the N o r t h Downs) show l i t t le sign of prehistoric coloniza
t ion, p robab ly due to the heavy c lay soils of these areas w h i c h 
were difficult to clear a n d to cu l t iva te ; and, indeed, several of 
these areas are k n o w n to have remained dense forest u n t i l rela
t i ve ly late h i s to r ica l t imes. 

W e are left, then, w i t h the fol lowing fa i r ly wel l authent icated 
pic ture of post-glacial vegetat ional h i s t o r y : (1) A wide, more or 
less continuous d i s t r ibu t ion i n the La te -g lac ia l a n d ear ly Pos t 
glacial of m a n y species of open, usua l ly calcareous habi ta ts ; 
(2) A later e l imina t ion of these species b y the spread of forest a n d 
blanket-bog, except f rom certain refuges of the types ment ioned 
above, so g iv ing disjunct , rel ict d is t r ibut ions ; a n d (3) a second 
spread of some of these species after forest clearance to new 
open habi tats created d i rec t ly or ind i rec t ly b y man , whi le others 
have been unable to take advantage, for one reason or another, 
of any recent increase i n the area apparent ly made avai lable 
to them. 
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Pigo t t a n d Wal t e r s (1954) or iginated this hypothesis , a n d they 
discuss i t i n considerable detai l w i t h regard to "calcieole" species, 
m a i n l y of the Cont inen ta l type of d i s t r ibu t ion i n Mat thews ' (1937, 
1955) sense. Indeed, this paper owes m u c h to the s t imulus of 
their ideas. A s imi lar glacial re l ic t hypothesis has been developed 
for Sweden b y Sterner (1922). 

I w i sh to br ing forward i n this paper further hypotheses about 
the d i s t r ibu t iona l h i s to ry of some o i the calcicole plants of open 
habitats , a n d also some ideas on the possible h i s to ry of other, 
contrasted, ecological a n d d i s t r ibu t iona l groups of species i n our 
E n g l i s h l o w l a n d flora, w h i c h i n m y v iew show s imilar signs of 
phases of spread a n d subsequent res t r ic t ion to disjunct, re l ic t 
habi tats . 

The groups of species showing possible re l ic t d is t r ibut ions 
tha t I propose to consider are: — 

(1) The calcicole species of d r y open habi tats , m a i n l y of 
" C o n t i n e n t a l " d i s t r ibu t ion i n Mat thews ' sense. 

(2) The calcicole species of we t open habi tats , some of 
w h i c h are of "arc t ic -a lp ine" d i s t r ibu t ion . 

(3) T h e calcifuge species of wet open habi tats , e.g. low
l a n d va l l ey bogs a n d wet heaths i n areas below the 
present treeline. 

(4) Fores t re l ic t species of "Ocean ic" type, 
(5) Fores t re l ic t species of " C o n t i n e n t a l " type. 
(6) Coniferous forest re l ic t species of "Cont inen ta l 

N o r t h e r n " or " N o r t h e r n M o n t a n e " type. 

G R O U P (1). 

I n th is group come most of the species considered b y P igo t t 
a n d Wal te r s (1954), a n d considered briefly above. The fact that 
m a n y of these " C o n t i n e n t a l " species are calcicoles appears to be 
correlated w i t h the Con t inen ta l type of c l imate (see Wal te rs , 
1953). The problems I w i sh to consider here are (a) the possible 
sites of some of the refugia of these species, a n d (b) the possible 
routes a n d nature of subsequent spread of some of these species. 
These refugia m a y have been i n the areas where the p lan t s are 
now most p l en t i fu l ; or they m a y have been a t a distance f rom 
the areas of present abundance. 

The mos t interest ing dis t r ibut ions are perhaps shown b y those 
species w h i c h are a t present concentrated d o w n the east side of 
E n g l a n d , b u t are absent i n S . E . E n g l a n d for no apparent eco
logical reason. Anemone pulsatüla is a good example of this 
k i n d . U n t i l recent ly i t was d is t r ibu ted f rom Piercebridge on the 
Tees d o w n the Magnes ian L imes tone to S .W. Y o r k s h i r e , d o w n 
the Ool i te f rom N . L ines , to N . E . Nor than t s , a n d a long the East-
A n g l i a n cha lk f rom N . W . N o r f o l k to T r i n g i n H e r t s ; an ou t l y ing 
area occurs i n the Cotswolds, a n d another on the cha lk of N . 
Berksh i re (see Lous l ey , 1950, p . 216). A l t h o u g h now bel ieved 
to be ex t inc t i n Y o r k s , i t fo rmer ly occurred i n several locali t ies 



64 P R O G R E S S I N T H E S T U D Y O F T H E B R I T I S H F L O R A 

o n the Magnes ian L imes tone near where r ivers cut th rough i t to 
form steep cliffs or slopes, as at Piercebr idge on the Tees, K n a r e s -
borough on the N i d d , Thorpe A r c h on the Wharfe , B r o t h e r t o n 
o n the A i r e , and at Smeaton Crag on the W e n t . Some of these 
sites m a y we l l have p rov ided refugia for this species: at K n a r e s -
borough, for instance, the cliffs s t i l l suppor t Silene nutans a n d 
other species w h i c h are in to lerant of compet i t ion , a n d w h i c h I 
have seen i n southern G e r m a n y growing together w i t h A. pulsa-
tilla on cliffs surrounded b y dense beech forest, i n w h i c h these 
species are absent. Subsequent spread m a y have occurred south
wards at, or after, the t ime of the Neo l i t h i c forest clearances, down 
the Ool i te th rough L ines , a n d Nor thants . , a n d across the Fens 
(possibly b y means of the feet of an imals over th is area w h i c h 
was, i n part , d r y i n Bronze A g e times, see G o d w i n a n d Clifford, 
1935), in to the E a s t A n g l i a n cha lk count ry , where Anemone 
pulsatilla was former ly far more abundan t over the open sheep-
walks t han today (see B a b i n g t o n , 1860). I ts present res t r ic t ion 
there, a n d i n L inco lnsh i re , m a i n l y to o ld ear thworks and road 
verges is an interest ing example, h i s to r ica l ly documented, of a 
species becoming confined to smal l refuges for a second t i m e ; 
apparent ly th is t ime to refuges, no t f rom the forest, bu t f rom 
the p lough. 

The ou t ly ing areas of this species i n the Cotswolds a n d i n 
Berksh i re are isolated b y present (and former) forests f rom the 
m a i n area a n d were p robab ly colonised f rom loca l refugia. B i o -
metr ic studies on these loca l popula t ions migh t y i e l d some data 
on their degree of genetic i so la t ion and hence on their relat ive 
age. 

Carex ericetorum is another species of open calcareous grass
l and w i t h p r o b a b l y a rather s imi la r recent h is tory . I t was 
formerly thought to be confined to B r e c k l a n d , and to be a good 
example of a cont inenta l species w h i c h i n v a d e d B r i t a i n fa i r ly 
recent ly f rom the east. I t i s now k n o w n , however, i n grassland 
on the Magnes ian L imes tone i n several places f rom near Bolsover 
i n Derbysh i re to near R i p o n i n Y o r k s (Lousley, 1950), on the 
L inco lnsh i re Ooli te , near Ancas te r (Miss E . J . Gibbons , personal 
communicat ion) , a n d i n two u p l a n d localit ies, on W i d d y b a n k F e l l 
i n Teesdale and on Scout Scar i n W e s t m o r l a n d . Before the vast 
l imestone "heaths" of L inco lnsh i r e were enclosed a n d ploughed 
i n the 18th and ear ly 19th centuries, the species m a y we l l have 
h a d a more or less cont inuous d i s t r ibu t ion a long the L inco lnsh i r e 
Ool i te (see fig. 2a). I n this case one m a y postulate s u r v i v a l of 
the species on the sugar-limestone of Teesdale above the tree-line 
th rough the per iod of forest m a x i m u m , a n d subsequent spread 
d o w n the Magnesian Limes tone as this was cleared, fol lowed b y 
spread to E a s t A n g l i a as suggested for Anemone pulsatilla. There 
is evidence that the Neo l i t h i c cultures of the eastern side of 
E n g l a n d were interconnected a n d contemporary ( G l y n D a n i e l , 
1951). 
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Astragalus danicus has a s imi la r d i s t r ibut ion-pa t te rn to 
Anemone pulsatilla, b u t extends far to the n o r t h a long the coast 
in to Sco t l and ; i n th is nor thern p a r t of i t s range i t is largely con
fined to sand-dunes, w h i c h cou ld have p r o v i d e d an excellent open 
a n d calcareous refugium for i t du r ing the forest m a x i m u m . 

Pe rhaps the two mos t interest ing a n d significant features 
shown b y the E a s t A n g l i a n calcicole flora as a whole f rom the 
geographical v i ewpo in t are : — 

(1) I t s close s imi l a r i t y i n component species w i t h the L i n c o l n 
shire Ool i te flora; Hypochoeris maculata, Thalictrum minus, 
Anemone pulsatilla, Astragalus danicus, Herniaria glabra, a n d 
Carex ericetorum are a l l v e r y loca l species these areas have i n 
c o m m o n w h i c h are absent i n S . E . E n g l a n d , a n d there are m a n y 
other more w ide ly d i s t r ibu ted species c o m m o n to the two areas. 

(2) T h e s t r ik ing w a y i n w h i c h m a n y of the more "exac t ing" 
calcicoles disappear as one passes south-westwards, a l l of this 
group being absent f rom the Chi l te rns S .W. of T r i n g (see fig. 2a). 
The south-western recorded l imi t s of some of these species on 
the E a s t A n g l i a n cha lk are g iven be low: 

Carex ericetorum—Cambridge. 
Thesium humijusum—Sandon, Her t s . 
Thalictrum minus—Royston. 
Phleum phleoides—Hitchin. 
Hypochoeris maculata—Knockinghoe, Beds . 
Seseli libanotis—Knockinghoe (? former ly to Dunstable) . 
Astragalus danicus—north of L u t o n . 
Carum bulbocastanum—Tring. 
Anemone pulsatilla—Tring. 
Senecio integrifolius—Tring, a n d a l i t t le beyond . 

O n " o l d " cha lk grassland near W e n d o v e r (S .W. of Tr ing) none 
of these species occur, though condi t ions appear ecological ly 
su i tab le : h i s to r ica l features w o u l d appear responsible for this. 

I t is perhaps significant that , whi le a l l the cha lk N . E . of 
T r i n g u p in to N o r f o l k was covered b y an ice sheet, the Chi l te rns 
cha lk S .W. of th is t o w n wTas not, a n d un l ike the cha lk to the 
N . E . , retains a dense p la teau cover of c lay-with-f l in ts . W i t h 
th is c l ay cover is associated a dense forest cover, m a i n l y of beech, 
wh ich , though apparen t ly denser now t h a n i n earlier h i s to r ica l 
t imes, appears a lways to have been present to a great extent on 
the p la teau a t least. T h i s forested Chi l te rns area bears l i t t l e 
evidence of ear ly man , who m a y w e l l have found i t difficult to 
clear; a n d thus the Chi l te rns forests m a y have remained as a 
barr ier to the south-western spread of the pecul iar E a s t A n g l i a n 
calcicole flora. A s ment ioned above, t h e Cotswolds (heavi ly 
sett led i n Neo l i t h i c times) m a y have p rov ided , on cliffs or screes 
of the harder Ooli te , l oca l refugia. for the Anemone, the Astra
galus, Senecio integrifolius, a n d the open-habi ta t Carex tomen-
tosa. 
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I n the cha lk areas of the south-east, m a n y of the species 
ment ioned above are absent or v e r y l o c a l ; Neoh th i c settlement 
was m u c h more loca l i n this region, and m u c h c lay dr i f t w i t h 
forest cover exists. However , there are a few possible sites where 
refugia cou ld have existed, a n d i t is notable h o w the more loca l 
open-habi ta t calcicoles are associated i n mos t cases w i t h the 
ne ighbourhood of these possible refugia. I shal l n o w discuss 
some of these sites. 

The Boxhill River Cliff, Surrey. The occurrence of the box 
(Buxus sempervirens), a "Sou the rn Con t inen t a l " species, on the 
steep w a r m S.W.-facing slope here is discussed b y P i g o t t a n d 
Wal t e r s (1953), who po in t out t ha t o n th is slope, cons tant ly 
undercut b y the R i v e r Mole , a n d hence no t ava i lab le for develop
men t of closed c l i m a x forest of beech, the b o x m a y we l l have 
found a refuge th rough the per iod of forest m a x i m u m . One can 
see today the apparent i n a b i l i t y of the beech to spread o n xo 
the steep box-domina ted area f rom the more gentle scarp to the 
south-east. I t is perhaps significant also tha t two mosses, 
Isothecium striatulum a n d Pleurochaete squarrosa, are confined 
on the western N o r t h D o w n s to this s lope: the former occurs on 
ash roots i n the open woodland , the la t ter i n sma l l areas of v e r y 
open cha lk t u r f : b o t h are southern species, the lat ter Medi ter 
ranean. A s imi la r steep r iver -cut slope i n the A r u n gap th rough 
the Sou th D o w n s also has abundan t box (R. A . Boniface in litt.). 

The Medway Gap in the Kent North Downs. Neo l i t h i c 
sett lement i n K e n t , according to the K e n t Archaeo log ica l Society, 
centred about the M e d w a y G a p ( K i t ' s C o t y a n d C o l d r u m settle
ments) f rom 1800 B . C . onwards, a n d so was v e r y late a n d 
unconnected w i t h the Neo l i t h i c settlements of Wessex i n t ime. 
T h e Neo l i t h i c settlers m a y have a l ready found b y th is r ive r gap 
sma l l open areas on the steep slopes, a n d no doubt extended 
them. I t i s no tewor thy tha t here we f ind the box again i n i ts 
o n l y other nat ive-seeming loca l i t y on the N o r t h D o w n s (near 
B o x l e y ) , tha t Senecio integrifolius is o n l y k n o w n f rom the eastern 
N o r t h D o w n s i n grassland here, a n d tha t Helleborus foetidus, 
Filipendula vulgaris, Campanula glomerata, Polygala calcarea, 
a n d the mosses Thuidium hystricosum a n d Pleurochaete squar
rosa, have the i r m a i n centres of concentra t ion on the eastern 
N o r t h D o w n s here, a n d d i m i n i s h or disappear east a n d west 
f rom the r i ve r gap. 

The Coastal Chalk Cliffs of East Kent. The cha lk cliffs of 
E a s t K e n t m a y w e l l have p rov ided a treeless open hab i t a t for 
caleicole grassland species du r ing the forest m a x i m u m , u n t i l 
B r o n z e A g e clearances i n the coun t ry n o r t h of D o v e r enabled 
re-spread to occur. I n the cha lk coun t ry n o r t h a n d east of Dove r , 
a n d beh ind Folkes tone, there occur on d o w n l a n d or cliff-tops 
to-day Galium pumilum (an oc toploid form, closer to the central 
E u r o p e a n fo rm than to the other B r i t i s h races of the species-



68 P R O G R E S S I N T H E S T U D Y O F T H E B R I T I S H F L O R A 

aggregate—Goodway (1955)), Falcaria vulgarisf, Euphorbia 
cyparissias^, Silene nutans var . smithiana'f, Thesium humifusum, 
a n d Cirsium eriophorum'f. These species are absent as nat ive 
p lan t s elsewhere on the eastern N o r t h Downs , or (marked " f " ) 
elsewhere i n S . E . E n g l a n d . I n the D o v e r area also occurs a sma l l 
pale-flowered fo rm of Poly gala calcarea, w h i c h p re l imina ry studies 
suggest i s s ignif icant ly different f rom the m i d - K e n t popu la t ions ; 
there is indeed a gap i n the otherwise cont inuous range of this 
species a long the N o r t h Downs , of 17 miles between W e s t w e l l on 
the west a n d L y d d e n on the east, a l though suitable habi ta t s occur 
a b u n d a n t l y i n between (see fig. 3). Some or a l l of these p lan ts 
m a y have used the clifftop downs near Dover , where most of 
t h e m occur now, as a refugium. 

The orchids a n d broomrapes of E a s t K e n t p r o b a b l y h a d a 
different h is tory . I n E a s t K e n t have occurred 33 species of 
Orchidaceae (69 % of the species of Grea t B r i t a i n ) a n d 8 species 
of Orobanche (80% of the species of Grea t B r i t a i n ) , a remarkable 
to ta l , consider ing the numerous calcicole species ment ioned above 
miss ing f rom S . E . E n g l a n d compared w i t h E a s t A n g l i a . B u t 
orchids a n d broomrapes a l l produce large amounts of l ight minute 
seeds, r ead i ly wind-borne . These species are mos t ly of C o n t i n 
ental -Southern type, a n d condi t ions for their successful colonisa
t i o n of B r i t a i n m a y not have exis ted u n t i l after the separat ion 
of this i s l and f rom the Cont inent , w h i c h appears to have t aken 
place i n the B o r e a l Pe r iod , about 6-7,000 B . C . (Godwin) . T h e y 
m a y have colonised E a s t K e n t after the separation, b y means of 
seeds b l o w n across the Strai ts of Dover . The flora of the P a s de 
Cala is is s im i l a r l y r i c h i n orchids a n d broomrapes (Good, 1925). 
Th i s hypothesis seems to be the most satisfactory one to exp l a in 
the large orchid-broomrape popu la t ion i n extreme east K e n t , 
w h i c h contrasts w i t h i ts l ack of m a n y other calcicole species. I t 
is w o r t h no t ing i n this connect ion tha t the chalk scarp w h i c h 
mus t once have existed between the present sites of Abbotsc l i f f 
a n d Cape B l a n c N e z was a lmost cer ta in ly breached i n the glacial 
pe r iod (Wooldr idge & Gold r ing , 1953), so tha t i n the Pos t -g lac ia l 
there is no reason to suppose that a land-bridge persisted here any 
longer t h a n anywhere else. 

The Peachy Head Area. I n E a s t Sussex, open condi t ions 
p r o b a b l y existed on the cha lk slopes ad jo in ing the cliffs of B e a c h y 
H e a d th rough the forest m a x i m u m ; Neo l i th i c colonisat ion of the 
Sou th D o w n s w o u l d have resulted i n an extension of open habi ta ts 
far i n l a n d . A g a i n , jus t as i n E a s t K e n t , we f ind a group of 
calcicoles centred on B e a c h y H e a d , a n d either confined i n 
S . E . E n g l a n d to i ts ne ighbourhood (Seséli libanotis, Bupleurum 
opacum), or a t least t a i l i ng off v e r y m a r k e d l y westwards (Poly-
gala calcarea, Senecio integrifolius, Thesium humifusum). The 
E a s t Sussex popu la t ion of P. calcarea shows differences f rom bo th 
the E a s t K e n t a n d the m i d - N o r t h D o w n s ones; mauve-whi te 
flowers are here mos t c o m m o n and no t blue ones. A g a i n , careful 
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F i g . 3. 

Distribution i n England and Wales of Narthecium ossifragum. 
» = Localities recently authenticated. 
X = Localities now destroyed. 
Continuous black indicates areas where the species is generally common. 

With acknowledgment to the "New Naturalist- for the use of part of their 
base-map. 
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biometr ic studies on these isolated popula t ions m i g h t be v e r y 
useful i n g i v i n g some idea of the ac tua l degree of differentiation 
a n d hence of the re la t ive lengths of t ime of i sola t ion. 

G B O T J P (2 ) 

I n th is group we are concerned m a i n l y w i t h species of open 
calcareous fens, pa r t i cu l a r l y iScftoenws-dominated spring-fens 
developed where calcareous s trata outcrop on the sides of va l leys . 
There is evidence that , though some such habi ta t s have been 
ma in ta ined or extended b y m o w i n g or grazing, places where 
h i g h l y calcareous water seeps s teadi ly out of, or through, the 
ground are i n i m i c a l to the g rowth of coarse mesotrophic vegeta
t ion , a n d tha t i n such places the development of c l i m a x w o o d l a n d 
is indef ini te ly suppressed (see Holdga te , 1955, a n d Sjörs, 1948, 
1950, for evidence on this subject). Such spring-fen habi ta t s m a y 
we l l have remained permanen t ly open since La te -g lac i a l t imes ; 
a n d indeed i n E a s t A n g l i a peat-s t ra t igraphical studies have 
demonstrated such an age for several va l l ey fens where such 
spring-habi tats occur marg ina l l y (see Ta l l an t i re , 1953). 

Open calcareous spring-fens occur, no t on ly i n the uplands of 
nor thern E n g l a n d a n d Scot land, b u t w i d e l y i n E a s t A n g l i a , a n d 
i t is m a i n l y i n this region today tha t S u b - A r c t i c species are found 
as relicts i n l o w l a n d v a l l e y fens. Some of the smaller Cyperaceae 
found i n such places, e.g. Carex dioica a n d Eleocharis paucifcora, 
m a y be re l ic t species f rom the Late -g lac ia l , a n d their general 
d i s t r ibu t ion suggests t h i s ; b u t the best i nd ica t ion of the per
sistence of re l ic t fen communi t ies throughout the Pos t -g lac ia l 
per iod is p rov ided b y the present occurrence of cer ta in b ryophytes , 
some of w h i c h were c o m m o n i n the La te -g lac ia l i n N . W . Europe , 
arid, i n some cases, i n parts , a t least, of B r i t a i n . These species 
are t oday t y p i c a l a n d abundan t plants of basic fens i n nor thern 
Scand inav ia a n d occur l oca l l y too i n our nor the rn u p l a n d basic 
flushes; b u t i n the southern lowlands they are ex t remely loca l 
a n d ev iden t ly re l ic t i n nature. The best examples are : —Campto-
thecium nitens (at present i n five N o r f o l k v a l l e y fens a n d i n 
s imi la r places i n Cheshire a n d Shropshire) ; Cinclidium stygium 
(in two N o r f o l k va l l ey fens, i n one (Acle) w i t h ' C nitens); a n d 
Leiocolea schultzü ( in five N o r f o l k va l l ey fens, no t otherwise 
k n o w n i n B r i t a i n , b u t a characterist ic n o r t h Scand inav ian fen 
species). Several other mosses of the same A r c t i c type (e.g. 
Pdludella squarrosa, Helodium blandowii, Calliergon trifarium) 
have recent ly become ex t inc t i n l o w l a n d E n g l i s h fens, though 
the last survives i n Wales a n d Scot land . G o d w i n a n d R i c h a r d s 
(1946) discuss the present a n d fossil occurrence of such b ryo -
phytes i n the B r i t i s h Isles, a n d also record the ex t inc t Meesia 
triquetra i n Neo l i th i c peat i n Somerset. 

S imi l a r re l ic t b r y o p h y t e communi t ies i n va l l ey fens have been 
described for l o w l a n d areas i n D e n m a r k b y Thomsen (1944), 
where Paludella squarrosa has persisted i n spr ing fens since the 
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Late-g lac ia l , a n d i n H o l l a n d b y L a n d w e h r (1952), who describes 
the persistence of the S u b - A r c t i c moss Mnium cinclidioides i n fen 
a t Be rge i jk ; L a n d w e h r (1949) also refers to Helodium blandowii, 
recent ly ex t inc t i n H o l l a n d , as abundant i n La te -g lac ia l peat 
there. 

G R O U P (3) 

The va l l ey bogs a n d wet heaths of the sand a n d gravel s trata 
of l o w l a n d E n g l a n d have a superficial appearance of p r i m i t i v e -
ness a n d an t iqu i ty , due to their resemblance i n vegetat ion to the 
raised bogs of the n o r t h a n d west, w h i c h s t ra t igraphica l a n d 
po l len-ana ly t ica l studies have shown i n m a n y cases to have 
developed over g lac ia l lakes. However , except ing a few ancient 
v a l l e y bogs such as Cranes M o o r i n the N e w Forest , one finds on 
examina t ion tha t the peat i n our southern v a l l e y bogs is ve ry 
shal low (1-3 feet deep only) a n d usua l ly f lu id a n d uncompressed 

F o r example, a t W i l v e r l e y B o g i n the N e w Fores t (see Rose, 
1953) the surface S p h a g n u m peat is on l y 20-30 cm. deep, a n d 
overlies i n places a l ayer of f l in t gravel . Th i s , i n tu rn , overlies 
a bed of fen peat w i t h Alnus wood abundant i n i t a n d numerous 
Phragmites rhizomes, this fen peat v a r y i n g f rom 15-60 cm. i n 
thickness. Benea th this is a deep bed of gravel . Signs of Bronze 
A g e occupat ion, i n the fo rm of r o u n d barrows, are frequent on 
near ly a l l the southern heaths. I t is suggested that , i n pre-
B r o n z e A g e times, these present heaths bore m i x e d forest on the 
p la teaux a n d fens w i t h alderwoods i n the v a l l e y s ; t ha t forest 
clearance on these l igh t soils l ed even tua l ly to hea th fo rmat ion 
w i t h consequent podsol isat ion, resul t ing i n increased run-off in to 
the va l leys of ac id drainage wate r ; a n d tha t erosion due to forest 
r e m o v a l l ed to the deposi t ion of gravel layers l oca l l y over the 
fens a n d alderwoods. F l o o d i n g of the va l l eys w i t h s tagnant 
water, i t i s suggested, w o u l d then have occurred, due to the 
b l o c k i n g of the i r drainage b y the deposi t ion of eroded mate r i a l 
lower d o w n the va l l eys ; a n d a new hydrosere w o u l d have been 
in i t i a t ed i n w h i c h the ac id drainage water f rom the heaths now 
exis t ing a round the va l leys w o u l d have l ed to the development 
of the Sphagnum bogs w i t h marg ina l wet-heaths tha t we see 
today. 

I n such a way , then, our l o w l a n d va l l ey bogs m a y have come 
in to existence re la t ive ly recent ly i n regions i n w h i c h Sphagnum 
bogs cannot be regarded as a c l imat ic c l i m a x format ion owing 
to the low ra infa l l . O n th i s theory, they must , i n m a n y cases, be 
regarded as owing their or ig in to indi rec t h u m a n in tervent ion , 
a n d no t as relics, l i ke the basic fens, of the La te -g lac ia l t imes. 

T h e seeds of bog plants to colonise these va l l ey bogs m a y we l l 
have come f rom the few ancient raised bogs tha t exis ted i n the 
south of E n g l a n d i n B r o n z e A g e and la ter t imes, as a t A m b e r l e y 
i n Sussex, Shapwick i n Somerset, a n d W h i t t l e s e y i n H u n t s , a l l 
of w h i c h are n o w derelict. I n this way , species such as Erio-
phorum vaginatum, Drosera spp., Erica tetralix a n d Narthecium 
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ossifragum m a y have come to have the fa i r ly cont inuous d is t r i 
bu t ions a long the Greensand a n d Bagshot Sand outcrops tha t 
they apparen t ly h a d u n t i l about two h u n d r e d years ago, to judge 
f rom ear ly records a n d specimens (see fig. 3). The i r present more 
scattered d is t r ibut ions are a reflection of a second phase of more 
intense h u m a n interference, i n v o l v i n g drainage a n d enclosure, 
jus t as w i t h the chalk grassland species p loughing has l ed to 
res t r ic t ion to secondary refugia. 

G R O U P (4) 

J u s t as the open condit ions of the Late-g lac ia l , a n d the clear
ances of the Neo l i t h i c a n d B r o n z e Ages, have left, i t is suggested, 
the i r rel icts beh ind , so the per iod of m a x i m u m forest cover has 
apparen t ly left i t s relicts too. I n one sense every b i t of o ld 
wood land w h i c h has never been comple te ly cleared is a po ten t ia l 
refugium for species of the forest m a x i m u m : b u t here we must 
confine ourselves to those species w h i c h were apparen t ly more 
at home i n the warmer , moister c l imate of the "c l ima t i c op t i 
m u m " , to use G o d w i n ' s te rm, i n the m i d - A t l a n t i c per iod, about 
4,000 B . C . There are a n u m b e r of species w h i c h n o w show ve ry 
d is junct d is t r ibut ions w h i c h h a d p r o b a b l y a more cont inuous 
d i s t r ibu t ion then. I n th i s category come such p lan ts as Dry-
opteris aemula, Hymenophyllum turibridgense, Festuca altissima, 
Wahlenbergia hederacea, Sibthorpia europaea, a n d m a n y b r y o -
phytes . These forest species, besides showing a more cont inuous 
d i s t r ibu t ion of the type one w o u l d expect of such h u m i d i t y -
demand ing plants , i.e., a long our western and south-western 
coastal areas, also occur i n the W e a l d of Sussex and , i n some 
cases, of K e n t a n d Surrey. M a r k e d l y dis junct d i s t r ibu t ion 
pat terns result. 

Dryopteris aemula, for instance, (fig. 4a) is k n o w n today i n 
28 local i t ies i n the H i g h W e a l d of Sussex a n d K e n t , b u t is not 
k n o w n again westwards u n t i l the Devon-Dorse t border a n d the 
Quantocks are reached. I n the W e a l d i t occurs on steep shaded 
banks i n sheltered v a l l e y woods, b o t h on sandy pea ty m i l d l y 
ac id soi l a n d on sandstone rocks. I n south-east E n g l a n d today, 
o n l y the W e a l d appears to prov ide suitable localit ies, bu t I w o u l d 
suggest t ha t i n m i d - A t l a n t i c t imes the existence of b o t h more 
cont inuous forest cover, a n d a warmer more h u m i d cl imate, m a y 
have enabled i t to have h a d a m u c h more cont inuous d i s t r ibu t ion 
t han now. Then , the shelter of deep va l l eys m a y have been less 
necessary to i t t h a n today. Hymenophyllum tunbridgense shows 
a s imi la r d i s t r i bu t i on ; i t is more confined to rocks i n the W e a l d 
t h a n is D. aemula, b u t may , i n a mois ter cl imate, have g rown more 
w i d e l y on trees, as i t does on the west coast today. Festuca 
altissima, recent ly refound i n the Sussex W e a l d i n a r o c k y oak-
wood, occurs t o d a y no nearer t han the W y e V a l l e y , a n d m a y also 
have h a d i n A t l a n t i c t imes a wider d i s t r ibu t ion . 
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G R O U P (5) 

Beside the species of the type discussed i n the last group, 
w h i c h appear to be associated w i t h forest because of the i r h i g h 
a i r -humid i t y requirements, there are other forest species of more 
" C o n t i n e n t a l " d i s t r ibu t ion abroad. Such are the we l l -known 
Primula elatior, discussed b y M i l l e r C h r i s t y (1922), confined to 
two separate areas on the E a s t A n g l i a n C h a l k y B o u l d e r C l a y , 
a n d Dentaria bulbijera, confined, for no obvious reason, to three 
quite isolated areas i n S . E . E n g l a n d . T h i s la t ter p l an t is, accord
ing to C l a p h a m , T u t i n a n d W a r b u r g (1952), a characterist ic species 
of base-rich beechwoods i n centra l E u r o p e . I n B r i t a i n , however, 
i t occurs on d a m p l o a m y neu t ra l soils i n the W e a l d , on more ac id 
( p H 5-5-6-0) sandy soils w i t h b r acken i n oakwoods on H a s t i n g s 
Sands i n the same area, a n d i n the C l i i l t e rn region b o t h on sandy 
soils a n d i n beechwoods on the cha lk ( p H 7-8). T h u s i n B r i t a i n 
i t shows no evident ecological preference. I t s m a r k e d l y south
eastern d i s t r ibu t ion i n B r i t a i n (fig. 4b) suggests re la t ive ly late 
a r r i v a l i n this count ry , as i t flourishes, where natural ised, further 
nor th-west (as i n Staffordshire). I ts pecul iar mode of reproduc
t i o n (almost ent i re ly b y bulb i l s , seed be ing v e r y ra re ly set i n 
Eng land ) m a y we l l account for i ts h i g h l y isolated areas of d i s t r i 
b u t i o n i n this country , for, w i t h i n these areas, i t is often abundant 
and more or less cont inuous i n woodland , especial ly a long the 
courses of streams i n w h i c h the large bu lb i l s could float a n d so 
spread the plant . I ts apparent ly wide ecological tolerance w o u l d 
suggest tha t w i t h a more efficient means of dispersal i t migh t 
have b y now achieved a more cont inuous spread. I t s d i s t r ibu
t ion is d is junct bu t not, i t is suggested, rel ict . 

G R O U P (6) 

The last category, of possible rel icts of the B o r e a l Coniferous 
Fores t Pe r iod , includes perhaps on ly two species i n l o w l a n d 
E n g l a n d , Ooodyera repens and Trientalis europaea. B o t h occur 
i n E a s t A n g l i a . Pol len-d iagrams (Godwin a n d Ta l lan t i re , 1951, 
etc.) indicate the persistence of sma l l amounts of pine i n E a s t 
A n g l i a th roughout the Pos t -g l ac i a l ; i t i s i n such re l ic t pine-woods 
tha t Goodyera m a y have su rv ived u n t i l p l an t i ng of pine-woods 
gave i t an oppo r tun i t y for stronger re-establishment. There are 
several recent records for th is o rch id i n N o r f o l k and at least one 
place (Hol t ) where i t is s t i l l p lent i fu l . 

Trientalis europaea was found b y me i n 1955 i n a boggy b i r ch -
alder w o o d i n N . E . Suffolk; its nearest other locali t ies are i n the 
up lands of N . E . Y o r k s h i r e . 

Goodyera a n d Trientalis m a y be in t roduc t ions w i t h p lan ted 
trees (pine p lan ta t ions exist near each), a n d Trientalis m a y have 
been brought b y b i rds (a l ake v i s i t ed b y water fowl is nearby) , 
B u t D u i v e n (1952) a n d Andreas (1953), who discuss the occur
rence of Trientalis a n d other t y p i c a l no r the rn coniferous forest 
species i n the l o w l a n d coun t ry of N . E . H o l l a n d , believe such 
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species to be true rel icts there, for such species need no t have been 
constant as to their exact locali t ies i n an area a l l the t ime. 

I t is of interest to note t ha t H o l t L o w e s i n N o r f o l k contains 
possible rel icts of four of the groups m e n t i o n e d : 

(a) Leiocolea schuitzii a n d Cinclidium stygium i n basic va l l ey fen 
(? La te -g lac ia l re l ic ts) ; 

(b) Goodyera reperts i n p inewood ( ? B o r e a l Fores t re l ic ) ; 
(c) Hookeria lucens (a moss) i n a sheltered boggy a lderwood 

( ? A t l a n t i c Dec iduous Fores t re l ic ) ; a n d 
(d) Trichophorum caespitosum i n nearby open wet-heath (? relic 

of B ronze A g e clearance). 

C O N C L U S I O N 

The hypotheses pu t forward i n this paper can be summarised 
b y saying tha t several periods of L a t e - a n d Pos t -g lac ia l h i s to ry 
m a y have left their relicts beh ind i n dis junct species-distr ibution 
pat terns over our l o w l a n d E n g l i s h coun t rys ide : — 

(1) T h e La te -g lac i a l P e r i o d , w i t h i ts widespread, b o t h wet 
a n d dry , open base-rich hab i ta t s ; 

(2) T h e B o r e a l Pe r iod , w i t h i ts p ine-b i rch forest a n d 
warmer d r y c l imate ; 

(3) The A t l a n t i c Pe r iod , w i t h i t s deciduous forest and 
s t i l l warmer, a n d wetter, c l ima te ; 

(4) T h e per iod of N e o l i t h i c clearances, mos t ly on the 
calcareous soils of the E n g l i s h lowlands ; 

(5) The per iod of B r o n z e A g e clearances, on b o t h calcare
ous and sandy soils; and 

(6) The enclosures, cu l t iva t ions , a n d drainages of the 
recent h is tor ica l period. 

I a m w e l l aware tha t further ecological s t udy may i n t ime 
show tha t some of these d is t r ibut ion-phenomena can be satis
fac tor i ly expla ined on pu re ly ecological grounds; b u t t ha t t ime 
is no t here yet. Meanwhi le , i f I have been able to s t imulate any
one at a l l to under take detai led autecological studies of a n y of 
the groups of species ment ioned, I shal l feel that the prepara t ion 
of th is paper has been w o r t h whi le . 
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M r . F . P E R R I N G suggested that Dr . Rose may well be right about the 
barrier to distribution caused by the Chilterns, but i n the case of 
'Anemone pulsatilla i t would be equally reasonable to correlate its dis
tribution with that of the present-day climate. A map giving Preci
pitation/Evaporation ratio values of Br i t a in shows that a line enclos
ing values below 150 coincides remarkably closely with the limits of 
distribution of Anemone pulsatilla and of Astragalus danicus on the 
chalk and limestone. Values in the Chilterns are above 150, those in 
the Cotswolds below. To what extent does Dr . Rose consider that 
present climate should also be studied to explain present distribution? 
D r . R O S E replied that in addition to general climate, consideration 
must also be given to the importance of micro-climates in determining 
the flora of an area. 

M r . J . E . L O U S L E Y congratulated Dr . Rose on the way he had pre
sented his hypotheses, but suggested that i t was important to remem
ber that they were only hypotheses and supported by very li t t le valid 
scientific evidence. There was a vast gap between the relatively few 
facts available about past distribution from fossil botany and our de
tailed knowledge of present distribution. I t is dangerous to assume 
that because intervening areas seem to us ecologically suitable that 
plants with disjunct distributions could i n fact grow there. Dr . 
Whitehead's paper (see pp. 56-60) was a reminder that there is still 
much to be learned about the ecological requirements of plants and 
further autecological studies might well show that some, at least, of 
the disjunct distributions could be explained i n terms of present con
ditions. We also need more information about seed dispersal and rate 
of spread. Recent introductions have shown how rapidly plants can 
spread if they find the right ecological niche and the period since the 
Post-glacial seems sufficiently long to cover, perhaps many times over, 
the time needed for a species arriving afresh from the continent to 



78 PROGRESS I X T H E STUDY OF T H E B R I T I S H FLORA 

extend to its present distribution. For example, i t could be tbat the 
feathery plumed achenes of Anemone puhatilla played some part in 
facilitating long distance dispersal i n the past, that ecological require
ments explained its restriction to remarkably limited areas of appar
ently uniform downland to-day, and that i t was entirely unnecessary 
to postulate "refuges" in the north or elsewhere. M r . Lousley sug
gested that the most profitable long-term approach to the problems of 
distribution over relatively small areas like southern Br i t a in would be 
to stimulate research on the ecology and biology of the species con
cerned. Dr . R O S E replied that this was his object. He set up the 
hypotheses as an "Aun t Sal ly" and he hoped his paper would stimu
late interest in all the aspects involved. 
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D E V E L O P M E N T O F K N O W L E D G E O F T H E B R I T I S H F L O R A I N 
R E L A T I O N T O N O R T H T E M P E R A T E F L O R A S 

D . H . V A L E N T I N E (Un ive r s i t y of D u r h a m ) 

The B r i t i s h flora is a sma l l one, possessing, at a rough estimate 
about 15% of the species of the E u r o p e a n f lora ; a n d the great 
ma jo r i ty of its species have a geographical range w h i c h extends 
far beyond the B r i t i s h Isles. Thus , i n order to unders tand i ts 
nature a n d composi t ion, i t has to be v iewed against the back
ground of the no r th temperate flora as a whole. T o do this 
adequately i n a short paper is p rac t i ca l ly impossible, a n d m u c h 
has to be omi t t ed or t aken for granted ; b u t I sha l l t r y to deal 
w i t h some general poin ts of evo lu t ionary a n d t axonomic interest 
w h i c h arise i n the flowering plants . I shal l have to leave o n one 
side a n y a t tempt at a compar ison between B r i t i s h p l a n t com
muni t ies a n d their analogues elsewhere. 

I n order to make the account as concise a n d coherent as 
possible, I propose to restr ict the discussion, a t least to begin w i t h , 
to a single f ami ly w h i c h can be regarded as fa i r ly representative, 
a n d to use this f a m i l y to i l lus t ra te some general points . The 
f a m i l y I have selected is the Pr imulaceae , a n d Tab le 1 gives a 
l i s t of the genera, together w i t h a brief note on the i r geographical 
d i s t r ibu t ion a n d the number of species they con ta in ; for var ious 
reasons, i t is difficult to ensure tha t the la t ter figure is accurate, 
b u t there are p r o b a b l y no major errors. There are also differences 
of op in ion about the de l imi ta t ion of the genera, some of w h i c h 
w i l l be discussed later. 

The f a m i l y is of moderate size, w i t h 22 genera a n d about 800 
species. I t s d i s t r ibu t ion , l ike tha t of a good m a n y other families, 
is m a i n l y i n the n o r t h temperate regions of the wor ld , though 
there are some species (especially i n the Lys imachieae) i n the 
southern hemisphere. Such t rop ica l species as there are occur 
m a i n l y i n cool m o u n t a i n climates, as for example i n Ardisiandra, 
f rom the mounta ins of t rop ica l A f r i c a . I t w i l l be no ted tha t 
about one- thi rd of the genera occur i n B r i t a i n , a n d tha t these are 
a l l genera w i t h a v e r y wide d i s t r i bu t i on ; thus they are a l l found 
i n N o r t h A m e r i c a as we l l as i n E u r o p e . These facts i l lus t ra te 
two points . F i r s t , i t is legi t imate to speak of a n o r t h temperate 
flora; for there are m a n y genera w h i c h have a c i r cumpola r dis
t r i b u t i o n ; a n d n o t o n l y the genera bu t sometimes the species 
too (e.g. Glaux maritima) m a y be c o m m o n to E u r a s i a a n d N o r t h 
A m e r i c a , Secondly, the number of genera a n d species w h i c h are 
represented i n B r i t a i n is rather s m a l l ; thus, there are on ly seven 
genera of Pr imulaceae i n B r i t a i n , as compared w i t h fourteen i n 
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T A B L E 1. G E N E R A O F T H E P R X M U L A C E A E 

A N D R O S A C E A E 
*Primula 

Omphalo gramma 
Dionysia 
Douglasia 
Androsace 
Cortusa 
Stimpsonia 
Ardisiandra 
Soldanella 
Pomatosace 
Bryocarpum 

*Hottonia 
Dodecatheon 

C Y C L A M L N E A E 

Cyclamen 

L Y S I M A C H I E A E 
*Lysimachia 
*Trientalis 

Asterolinum 
Pelletiera 

*Glaux 
*Anagallis 

S A M O L E A E 

*Samolus 

C O R I D E A E 

Coris 

No. of Species Distribution 

about 4 0 0 N . Hemisphere , [ 1 sp. S.] 
1 1 H i m a l a y a s , W . C h i n a 
2 0 Pers ia , Afghan i s t an 

6 A l p s , Pyrenees, N . A m e r i c a 
about 85 Eura s i a , N . W . A m e r i c a 

2 C . Europe , A s i a 
1 J a p a n , C h i n a 
3 A f r i c a 
6 A l p s 
1 C h i n a 
1 S i k k i m 
2 Eu ra s i a , N . A m e r i c a 

3 0 N . A m e r i c a , N . E . A s i a 

18 C. Europe , Medi te r ranean 

about 1 5 0 
3 
2 
1 
1 

2 4 

1 0 

N . & S. Hemisphere 
N . Hemisphere 
Medi ter ranean, E a s t A f r i c a 
S. A m e r i c a 
1ST. Hemisphere 
N . & S. Hemisphere 

N . & S. Hemisphere 

Medi terranean, Somal i l and 

Genera na t ive i n B r i t a i n are m a r k e d w i t h an asterisk. 

E u r o p e as a whole. The reasons for th is are we l l k n o w n a n d can 
be stated briefly. The B r i t i s h Isles have been subjected to 
repeated glaciations du r ing the last m i l l i o n years. D u r i n g the 
glacia l periods m u c h of the vegetat ion was des t royed; a n d i t 
was replaced b y immig ra t i on , i n the inter- a n d post-glacial 
periods, f rom cont inenta l areas to the south a n d east. P l a n t 
mig ra t ion is a s low a n d chancy affair; a n d the resul t is tha t 
the B r i t i s h flora has come to consist of on ly a f ract ion of i ts 
po ten t ia l inhabi tants . M a n y other genera a n d species w h i c h 
cou ld surv ive i n the B r i t i s h Isles, or have l i v e d there i n the past, 
even as recent ly as i n in terg lac ia l t imes, are no longer found i n 
the w i l d state. T o some extent, of course, the whole of the no r th 
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E u r o p e a n flora has been impover i shed b y g lac ia t ion ; bu t this 
is emphasised i n B r i t a i n because of i ts marg ina l pos i t ion a n d 
also because i t is a n i s land. I t m a y be added tha t i ts vegetat ion, 
on the whole, is v e r y s imi lar to tha t of western Europe . The 
five m a i n formations represented are the deciduous forest, coni
ferous forest, heath, bog a n d arct ic-alpine formations. Of these, 
i t is p r o b a b l y true to say that o n l y the bog communit ies , w h i c h 
are pa r t i cu l a r l y favoured b y the m i l d a n d damp cl imate, especi
a l l y of I re land, are sufficiently d is t inc t ive to make t h e m of 
special interest to the ecologist w i t h a wide knowledge of 
E u r o p e a n p l an t communit ies . 

I wan t nex t to use the l i s t of the genera of the Pr imulaceae 
to i l lus t ra te a general t axonomic poin t . I t w i l l be seen tha t two 
of the genera w h i c h appear i n C lapham, T u t i n a n d Warburg ' s 
B r i t i s h F l o r a are omi t t ed f rom the list , v i z . Naumburgia a n d 
Centunculus; a n d the reasons for th is are, I f lunk , re levant to 
the subject of this paper. N o two taxonomis ts have quite the 
same ideas about the scope of a genus; one w i l l favour few large 
genera, another numerous sma l l genera. I n a n y par t i cu la r ease, 
the person best f i t ted to decide is the m a n who has monographed 
the genus i n ques t ion ; for i f he has done h is w o r k p roper ly he 
w i l l have s tudied h is group over the whole of i ts range. The 
examples I have ment ioned i l lus t ra te the point . Naumburgia 
a n d Lysimachia can be read i ly dis t inguished i n E u r o p e ; b u t i n 
eastern A s i a , t rans i t iona l species occur, a n d H a n d e l - M a z z e t t i 
(1928) who has mos t recent ly revised the genus, decided that a 
generic d i s t inc t ion between the two cou ld no t be sustained. The 
case of Centunculus is s imilar . T a y l o r (1955), i n the course of 
w o r k on the F l o r a of T r o p i c a l E a s t A f r i c a , has h a d to revise the 
genus Anagallis; a n d i t is clear f rom his revis ion, i n w h i c h he 
deals w i t h a considerable number of A f r i c a n species, t ha t Cen
tunculus falls in to place as a species of Anagallis a n d can no 
longer be ma in ta ined as a separate genus. 

I t is thus unsafe to fo rm an op in ion of the scope of a genus 
mere ly f rom a knowledge of its B r i t i s h or even i ts E u r o p e a n 
representatives. Th i s poin t can be i l lus t ra ted i n another w a y 
b y reference to Primula, a ve ry large genus represented i n B r i t a i n 
b y o n l y 5 species wh ich belong to 2 sections, the Vernales a n d 
the Far inosae . A b o u t 30 sections are general ly recognized; a n d 
a h igh p ropor t ion bo th of the sections and the species are con
fined to the area w h i c h includes the H i m a l a y a s , T ibe t a n d 
western Ch ina . I f our knowledge of Primula were l i m i t e d to the 
B r i t i s h species, we should have a v e r y inadequate idea of the 
range of fo rm a n d hab i t i n the genus. F o r t u n a t e l y this is not 
so, i n this pa r t i cu la r case, because frequent expedi t ions to the 
mounta ins of A s i a have produced a d ive r s i ty of p lan ts w h i c h 
are now grown i n our gardens. Natura l i s t s are great ly indebted 
to bo th explorers a n d hor t icul tura l i s ts for these a n d other plants 
w h i c h they have made k n o w n to us. I t is w e l l to remember 
tha t a s tudy of the plants w h i c h have been in t roduced into 
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B r i t a i n m a y be just as ins t ruc t ive as a s tudy of na t ive plants , 
a n d we do we l l no t to concentrate our a t ten t ion too closely on 
the natives. Th i s point was wel l made b y W a r b u r g i n his paper 
on B r i t i s h trees a n d shrubs g iven at the 1952 Conference. B y 
gett ing to k n o w plants g rown i n gardens, we can take a step 
towards v i ewing the B r i t i s h flora i n i ts proper perspect ive; a n d 
when we are fami l ia r w i t h such c o m m o n species as Primula 
sinensis, P. japonica, P. auricula a n d P. keivensis, each i n a 
different section, we begin to fo rm a juster idea of the scope of 
the genus. If, i n add i t ion , the p lan t concerned becomes na tura l 
ised (as has happened, for example, w i t h Cyclamen neapoli-
tanum), the fact t ha t i t is tolerant of B r i t i s h c l imat ic condit ions 
tells us something of i ts ecology and phys io logy, w h i c h is 
f requent ly of scientific value. 

I wan t next to speak about some of the problems of the 
de l imi ta t ion of species, because here too a wide v i ew is essential. 
The three B r i t i s h species of Primula of the section Vernales pro
vide a good i l lus t ra t ion . Of these, two (P. veris L . a n d P. vul-
garis Huds . ) are c o m m o n a n d widespread i n B r i t a i n , whi le the 
t h i rd (P. élatior (L.) Schreb.) is confined to E a s t A n g l i a , where 
i t is loca l ly abundant . The fact tha t these species fo rm na tu ra l 
hyb r id s was one of the reasons w h y ear ly taxonomists were 
doubtfu l about their proper treatment. I n par t icular , the O x l i p 
(P. elatior) was confused w i t h the h y b r i d P. veris x vulgaris 
which is widespread i n B r i t a i n ; anyone who cares to read about 
the controversy can find the papers i n the Phytologist, a jour
n a l w h i c h flourished f rom 1844 to 1863. The t rouble was 
pa r t l y due to the un fami l i a r i t y of B r i t i s h botanists w i t h the 
O x l i p , w h i c h is on ly found i n rather remote ru ra l areas i n C a m 
bridgeshire, Essex and the neighbour ing counties; a n d p a r t l y due 
to the i r ignorance, na tu ra l at the t ime, of the d i s t r ibu t ion of the 
species over the whole of their range. B u t i t was soon shown 
tha t B r i t i s h and west E u r o p e a n plants of P. elatior were prac
t i c a l l y ident ica l , a n d that the la t ter often occurred i n regions 
f rom w h i c h P. vulgaris was absent. F o r these a n d other reasons, 
the erroneous hypothesis of the h y b r i d nature of P. elatior was 
soon disposed of. 

F u r t h e r work has not on ly emphasised the dis t inct ions beween 
these three taxa , b u t has shown tha t each mus t be regarded as 
an aggregate species or a species complex, compr i s ing numerous 
t a x a w h i c h are p rov i s iona l ly g iven subspecific rank . T h u s 
P. vulgaris agg. consists of the western subsp. vulgaris w i t h w h i c h 
we are famil iar , a T u r k i s h subsp. sibthorpii, a n d a subsp. hetero-
chroma found further east as far as the shores of the Casp ian sea; 
i n add i t ion , there are a number of loca l races or subspecies on the 
Medi te r ranean islands. P. elatior agg. is even more complex, a n d 
is s t i l l imperfect ly k n o w n . A m o n g the t axa w h i c h belong to the 
circle of affinity of P. elatior are the western subsp. elatior, the 
southern Spanish subsp. lofthousei, the Medi te r ranean subsp. 
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intricata a n d the Caucas ian and A s i a t i c subsp. pallasii; and this 
b y no means completes the l is t . F u r t h e r w o r k w i l l p robab ly 
show tha t some of these subspecies should be g iven specific 
status, though there is l i t t le doub t tha t t hey are closer to 
P. elatior t han to either P. veris or P. vulgaris. B u t the po in t I 
want to make here w i l l , I th ink , be fa i r ly obvious. W e see P r i m 
rose, Cows l ip a n d O x l i p i n B r i t a i n at the extreme western edge 
of their d i s t r ibu t ion , a n d we cannot regard either the i r fo rm or 
behaviour , as we k n o w them, as t y p i c a l ; they mus t be s tudied 
over the i r whole range. S t i l l less can we be certain, f rom mere 
loca l knowledge, of the evo lu t ionary h i s to ry of the species, wh ich , 
i n the Vernales , i s c lear ly rather complex . I t i s w o r t h adding 
tha t the hab i t a t of P. elatior subsp. elatior i n B r i t a i n contrasts 
w i t h tha t i n Cen t ra l E u r o p e ; here i t i s p rac t i ca l ly confined to 
woodlands on calcareous c lay , there i t is f requent ly a meadow 
p l an t a n d b y no means confined to calcareous soil . The factor 
w h i c h seems to be c o m m o n to a l l the P. elatior habi ta ts is their 
wetness, pa r t i cu l a r ly i n win te r and spr ing ; but , i n other respects, 
i t looks as though the B r i t i s h hab i t a t is n o t v e r y t y p i c a l of tha t 
of the species i n general. Differences i n ecological tolerance a n d 
i n other physiological characters between species at the centre 
a n d the marg in of their range are quite we l l k n o w n i n other 
p lants a n d i n some an imals as wel l . 

T h i s leads us to a considerat ion of the m a n y studies, w h i c h 
have been made i n the last t h i r t y years, of the evolu t ion and 
differentiation of p lan t popula t ions i n re la t ion to hab i ta t a n d 
c l imate ; these studies were first extensively developed b y Tures-
son, who in t roduced the concept of the ecotype. Consider ing 
groups at a n d below the level of subspecies, w h i c h were quite 
homogeneous t axonomica l ly , evidence for considerable differentia
t i on was found. T o give only one example of many , Turesson 
(1930) showed tha t there were genotypic differences i n phys io
logical behaviour between popula t ions of Primula vulgaris f rom 
southern a n d nor thern E u r o p e ; the m a i n difference no ted was i n 
t ime of f lowering; i t is probable tha t there are also differences i n 
the behaviour of the seeds i n respect of their co ld requirement for 
germinat ion . Such differences are, i n m a n y cases, best described 
i n terms of clines. A n o t h e r example f rom the work of a number 
of D a n i s h botanists, who are m a k i n g extensive popula t ion studies 
of E u r o p e a n species, m a y be ment ioned here. T h e y have recently 
publ i shed an account (Böcher et al., 1955) of Plantago coronopus, 
w h i c h ranges from nor thern Europe to the Medi terranean. I n 
one of the subspecies (the one w h i c h occurs i n Br i t a in ) , b road 
a n d gradual changes i n the form of the plant , associated w i t h 
geographical locat ion, can be detected, as we l l as ecotypic or 
ecoclinal differences associated w i t h habi ta t . Thus , they conclude 
tha t i n P. coronopus, populat ions of southern or igin differ f rom 
nor thern i n being of greater size, i n h a v i n g more ascending leaves 
a n d scapes, i n h a v i n g longer spikes, a n d i n their greater resistance 
to drought. 
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I t h i n k i t is re levant to insert here a short discussion on 
endemism i n the B r i t i s h flora. A l t h o u g h the B r i t i s h Isles are 
isolated b y sea f rom the m a i n l a n d of Europe , this i so la t ion has 
exis ted for o n l y a re la t ive ly short t ime. I t is, therefore, to be 
expected tha t B r i t i s h plants w i l l be subs tant ia l ly ident ica l w i t h 
their E u r o p e a n neighbours, a n d that no major evolu t ionary 
divergence w i l l have occurred. Th i s is, i n fact, found to be the 
case; i n a number of groups tha t have been examined (e.g. 
Primula elatior, Plantago coronopus) i t has been found tha t the 
B r i t i s h plants are t axonomica l ly the same (i.e. i n the same sub
species) as their nearest E u r o p e a n neighbours; a n d i t can be said, 
w i t h some confidence, tha t there are ve ry few endemic species i n 
the B r i t i s h flora. T h i s contrasts marked ly , of course, w i t h the 
s i tua t ion i n m a n y other i s l and floras, such as tha t of N e w Zealand, 
a pa i r of islands roughly comparable i n size a n d number of species 
w i t h the B r i t i s h Isles. N e w Zea land is a thousand miles distant 
f rom the nearest ma in land , a n d has been thus isolated for a ve ry 
long t ime ; a n d though i t has few endemic genera, more t han half 
of i ts flora consists of endemic species. 

Such endemic t a x a as have been described i n B r i t a i n are, as 
m igh t be expected, m a i n l y to be found i n groups w h i c h are either 
regular ly inbreeding or apomict ic . Popula t ions of such plants 
consist of numbers of pure or near ly pure l ines; a n d when such 
populat ions are examined b y taxonomists , they can dist inguish 
forms w h i c h are more or less constant a n d can be named. 
Whe the r the 'microspecies' so dis t inguished have a n y general 
value depends o n a number of factors. Where the microspecies are 
re la t ive ly few a n d differ m a r k e d l y i n ecology a n d geographical 
d is t r ibut ion , as i n the apomic t Alchemilla vulgaris agg., they are 
obv ious ly impor tan t . Where they are many , a n d difficult to 
d is t inguish i n this way , they m a y be of l i t t le va lue ; new micro
species i n such an aggregate as Rubus fruticosus, w h i c h is a 
facul ta t ive apomict , are constant ly arising, a n d i t is u n l i k e l y tha t 
more t h a n a smal l p ropor t ion w i l l be of ecological or geographical 
importance, though they are, of course, of evolu t ionary interest. 
A number of endemic microspecies of Rubus, Hieracium a n d 
other apomicts have been described f rom B r i t a i n ; a n d there are 
doubtless endemic microspecies of Erophila verna, Capsella bursa-
pastoris a n d other regular ly inbreeding groups. 

A m o n g s t other recorded endemics are a species of Fumaria 
a n d a species of Arabis; these are not k n o w n to be apomict ic , 
bu t m a y we l l be inbreeders. A n o t h e r interest ing endemic is 
Primula scotica, w h i c h is confined to n o r th Sco t land a n d Orkney . 
Th i s is an inbreeding species, a n d a hexap lo id (n = 54), doubtless 
der ived f rom the more widespread P. farinosa, w h i c h is a d ip lo id 
(2n = 18); its closest relat ive is P. scandinavica, w h i c h is octo-
p lo id . R i t c h i e (1955) has recent ly discussed the ecology a n d 
d i s t r ibu t ion of th is species, a n d has poin ted out tha t there is 
evidence t h a t i t was once more widespread, as i t has been 
identified f rom glacia l deposits near Cambridge. I t is probable 
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tha t some of the endemics i n the apomic t ic groups have arisen in 
situ a n d are of ve ry recent o r ig in ; bu t this is not necessarily the 
case w i t h a l l endemics. T h u s P. scotica m a y have or iginated far 
from its present area of d i s t r ibu t ion , to w h i c h i t has migra ted i n 
post-glacial times, h a v i n g become ext inc t everywhere else. The 
movement of plants i n in terglacia l a n d post-glacial t imes m a y we l l 
have been responsible for the or igin of a number of p o l y p l o i d 
species such as P. scotica w h i c h have now a rather restr icted 
d is t r ibut ion . Cochlearia micacea, a p o l y p l o i d species w i t h 2n = 
36, a n d p rac t i ca l ly restr icted to B r i t a i n (possibly also found i n 
N o r w a y ) is perhaps another example. The classic example of a 
p o l y p l o i d endemic species of recent or ig in is, of course, Spartina 
townsendii, t hough i t has since spread f rom its loca l i ty of or igin, 
i n the south of E n g l a n d , to nor thern France . 

Th i s discussion of the endemic element of the B r i t i s h flora 
is necessarily v e r y incomple te ; b u t i t serves here to emphasise 
the need, i n detai led t axonomic studies, of compar ing B r i t i s h 
p lan ts v e r y careful ly w i t h their relat ives i n the countries sur
round ing the B r i t i s h Isles, and i n par t icular , i n inves t igat ing 
bo th their breeding mechanism a n d genetical cons t i tu t ion . T h i s 
has been w e l l shown b y Y o u n g (1953) i n his studies of inbreed
ing species of Epipactis i n B r i t a i n and Scand inav i a ; the degree 
of endemism i n the group a n d the connections between B r i t i s h 
a n d E u r o p e a n t a x a have b o t h been made m u c h clearer b y his 
work. 

F i n a l l y , i t is v e r y impor t an t to take account of w o r k w h i c h 
is a imed a t the s tudy of species groups w i t h an ex t remely wide 
range, either Euras ia t i c or c i rcumpolar . The number of arctic 
and boreal p lants w i t h such ranges is quite large. I m i g h t refer 
here to two workers i n other countries who are s tudy ing this 
p roblem. H a r a (1952) i n J a p a n , is m a k i n g extensive compara
t ive studies us ing b o t h t axonomic a n d cyto logica l methods of 
Japanese plants w h i c h are related to those i n E u r o p e or N . 
A m e r i c a ; a n d h i s results show w e l l h o w complex the s i tua t ion 
m a y be, a n d how i t varies f rom group to group. Thus , i n some 
species, such as Drosera rotundifolia a n d Oxyria digyna, the 
Japanese and E u r o p e a n p lan ts seem to be subs tan t ia l ly the same; 
i n some, such as Ranunculus repens, the Japanese plants are 
thought to be o n l y va r i e t a l l y different; i n some, such as Cheli-
donium majus, the Japanese and E . A s i a t i c p lants differ i n b o t h 
morphology, chromosome number a n d fe r t i l i ty f rom the E u r o 
pean, a n d are g iven subspecific s tatus; a n d i n some, such as 
Sanicula europaea agg., the Japanese members of the group are 
g iven specific rank . I n m a n y cases, H a r a poin ts out the neces
sar i ly tentat ive nature of h is t rea tment ; a n d v e r y often the 
intermediate forms connect ing the E . A s i a t i c w i t h the E u r o p e a n 
forms are imperfec t ly k n o w n . 

I n a l l w o r k of th is k i n d i t is, of course, essential to combine 
cytologica l a n d t axonomic studies. T h i s po in t is we l l i l lus t ra ted 
b y m y second example, t aken f rom the w o r k of L o v e a n d L o v e 
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(1954) on Galium boreale. Th i s is a species w h i c h occurs i n 
nor thern B r i t a i n a n d w h i c h has an ext remely wide geographical 
d i s t r ibu t ion throughout E u r a s i a a n d n o r t h A m e r i c a , The 
authors made a careful compar ison of E u r o p e a n a n d A m e r i c a n 
mater ia l , a n d found a n u m b e r of constant a n d associated differ
ences i n hairiness, shape of bract a n d panicle, w i d t h a n d colour 
of corol la , a n d length of frui ts a n d anthers. T h e y further found 
tha t the E u r o p e a n mate r i a l was te t rap lo id (2n=44) a n d the 
A m e r i c a n ma te r i a l hexap lo id (2n=66) . E x a m i n a t i o n of her
b a r i u m specimens over the whole range of the t axon showed that 
the two types of p l a n t cou ld a lways be read i ly d is t inguished; the 
te t rap lo id extended f rom Ice land to Wes te rn A s i a a n d the hexa
p l o i d f rom Cen t ra l A s i a across N . A m e r i c a to N o v a Scotia, There 
are thus good grounds for separat ing the two forms as dis t inct 
species; the E u r o p e a n f o r m is then G. boreale of L i n n a e u s ; 
the A m e r i c a n fo rm is G. septentrionale of Roemer a n d Schultes, 
w h o described i t under th i s name i n 1818. 

These two species of Galium are at different levels of po ly -
p l o i d y ; th is phenomenon is v e r y common. The poin t was wel l 
made b y M a n t o n , a t the 1954 Conference, tha t the inves t iga t ion 
of the or igin a n d evolu t ion of these po lyplo ids presents fascinat
i n g problems. There is no need here to go in to the quest ion i n 
de t a i l ; I m a y mere ly m e n t i o n one example i n w h i c h I a m i n 
terested, i n the genus Viola. V. riviniana is a t e t rap lo id species, 
a lmost ce r ta in ly an al lo te t raploid , a n d the d i p l o i d species V. 
reichenbachiana i s ve ry p r o b a b l y one of i t s parents. A s i n so 
m a n y other cases, the other parent is as yet u n k n o w n ; a n d i t has 
to be sought over the whole of the nor thern hemisphere, w h i c h 
is the range of th is group of rosulate violets . The other B r i t i s h 
species of th is group, V. rupestris, is a possible parent, a l though 
there i s now some evidence against th is v i e w ; the Japanese 
species, on morphologica l grounds, seem u n l i k e l y ; a n d i t is most 
probable tha t the other parent, i f n o t ext inct , m a y be one of 
the N o r t h A m e r i c a n species, of w h i c h there are three or four— 
possibly V. conspersa. 

I hope tha t these rather miscellaneous notes w i l l have suffi
c i en t ly demonstra ted the impor tance of l o o k i n g a t the B r i t i s h 
f lora as a const i tuent p a r t of the borea l flora as a whole. I have 
del iberately emphasised the impor tance of c o m b i n i n g cytogene-
t i c a l a n d t axonomic invest igat ions because i t is clear tha t further 
advances i n knowledge can often o n l y be made i n this w a y . F o r 
var ious reasons I have sa id v e r y l i t t le on the subject of floristic 
p l an t geography; first, the subject has been discussed a t a pre
v ious Conference, a n d secondly a geographical analysis of the 
B r i t i s h flora, us ing modern E u r o p e a n systems of classification, 
is no t ye t avai lable . Such an analysis, when i t comes, w i l l have 
to take in to account the cr i t i ca l t axonomic w o r k of the k i n d I 
have ment ioned, w h i c h is n o w being produced, on an increasing 
scale, i n countries a l l r o u n d the nor thern hemisphere. F o r 
a l though m u c h of our knowledge of the B r i t i s h flora has been, 
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and must cont inue to be, gained b y B r i t i s h botanists , exchange 
of in format ion w i t h botanists i n other lands is more impor t an t 
than ever. Co-operat ion is effective i n var ious w a y s ; bu t perhaps 
I m i g h t be permi t t ed to suggest that occasional contacts between 
this Society, a n d s imi la r Societies i n Europe , though doubtless 
difficult to organise, w o u l d be inva luable , pa r t i cu l a r ly i f jo int 
field meetings could be ar ranged; a n d I hope the Socie ty w i l l 
consider the suggestion. 

I have, i n conclusion, one further general point . T h e develop
ment of modern t a x o n o m y has made i t b o t h more difficult a n d 
more impor t an t to produce floristic works w h i c h cover a wide 
area. W h i l e not detract ing f rom the va lue of loca l or na t iona l 
floras, I t h i n k there is no doubt t ha t a loca l v i ew can often be 
misleading, a n d tha t large floristic works are required. F o r 
N o r t h A m e r i c a , the 8th ed i t ion of G r a y ' s Manual, revised b y 
P e r n a l d , covers a large par t of the U n i t e d States a n d C a n a d a ; 
and for the east, there is the Flora of the U.R.S.S., w h i c h is 
r a p i d l y near ing comple t ion . A E u r o p e a n F l o r a does not ye t 
exis t ; the nearest approach to i t is Hegi ' s F l o r a of Cent ra l 
E u r o p e ; and inva luab le as this is, i t does not cover the whole 
continent . The p roduc t ion of a E u r o p e a n F l o r a , i f i t cou ld be 
achieved, w o u l d be a b i g step forward towards our unders tanding 
of the floras bo th of B r i t a i n a n d of the whole no r th temperate 
region. 
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D r . E . F . W A R B U R G said that i t was very evident that Bri t ish 
botanists had treated our flora in isolation for far too long. Thus 
the Flora of the British Isles, of which he was one of the authors, had 
been criticised for using names unfamiliar to English workers although 
in fact most of these "new" names were those widely used on the 
continent. He was a little puzzled by Professor Valentine's insistence 
that endemic microspecies were of importance only if their distribu
tion showed geographical significance. What was meant by this and 
would he, for example, dismiss an endemic Sorbus species because it 
was confined to a single hil l? Prof. V A L E N T I N E replied that he put the 
emphasis on ecological rather than geographical significance. He 
thought the test should be whether i t was possible to draw conclusions 
of value—it seemed to him that mere scattered data of minor variants 
had no value at al l . 
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Dr. D . P . Y O U N G said that no species of Epipactis in this country 
was endemic. 

Dr . S. M . W A L T E R S said that although a good many species of 
Hieracium had been described from this country and regarded as 
endemic this had often resulted from failure to consult European her
baria, M r . Sell and D r . West in the course of their work had found 
that many so-called endemics in this group are plants already known 
on the continent. 

Dr . F . P O S E asked if Oenanthe flwviatilis, which was at one time 
regarded as a Br i t i sh endemic, was still known from only a few places 
on the continent. Prof. V A L E N T I N E replied that he believed this was 
still the case. 
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D I S T R I B U T I O N M A P S O F P L A N T S — A N H I S T O R I C A L S U R V E Y 

S. M . W A L T E R S (Un ive r s i ty of Cambridge) 

I w i l l begin w i t h an apology and a confession. T h e apology 
is for inadequacy of preparat ion, w h i c h m a y we l l reveal i tself to 
y o u i n the course of this paper when I have to say ' I have no t 
consul ted the or ig ina l w o r k ' or ' I have been unable to trace any 
earlier use of th is or t ha t method ' . Research in to the diffuse 
l i terature re levant to the const ruct ion of p l an t d i s t r ibu t ion maps 
is a v e r y fascinating, bu t equa l ly a ve ry t ime-consuming occupa
t ion, a n d one i n w h i c h one can never hope to have explored a l l 
the possible by-ways . The confession is tha t there is l i t t l e or ig inal 
i n w h a t I have to offer. N e a r l y a l l the w o r k s to w h i c h I shal l 
refer can be t raced via tha t r emarkab ly useful book. H e r m a n 
Meusel 's Vergleichende Arealhunde, w h i c h was publ i shed i n B e r l i n 
i n 1943, a n d is, therefore, unders tandab ly a n d regret tably difficult 
to obta in . Meusel 's i n t roduc to ry chapters, deal ing w i t h general 
pr inciples a n d h i s to r ica l aspects of the s tudy of p lant d i s t r ibu t ion , 
I have found pa r t i cu l a r l y helpful . 

I do no t i n t end to l i m i t mysel f to workers w i t h the B r i t i s h 
flora i n th is survey of the h i s to ry of m a p p i n g p l an t d is t r ibut ions . 
Such a l i m i t a t i o n w o u l d fa i l to b r i n g out wha t has p roved , to me 
a t a n y rate, one of the most interest ing poin ts of the h is tor ica l 
survey, namely , the degree to w h i c h workers i n one coun t ry or 
region m a y have influenced or been influenced b y w o r k publ i shed 
elsewhere. I have, however, confined myse l f to Europe , p a r t l y 
because there is every reason to believe tha t the pioneer work 
i n this field was done b y E u r o p e a n botanists , who had , of course, 
the advantage of several hund red years ' start over, for example, 
the i r N o r t h A m e r i c a n colleagues, a n d p a r t l y for reasons of ava i l 
able t ime a n d avai lable l i terature. 

There is no evidence k n o w n to me of a n y p lan t d i s t r ibu t ion 
m a p earlier t han the nineteenth century. E x a c t l y wh ich , how
ever, of the ear ly nineteenth century wri ters on p l an t geography 
should be acknowledged the pioneer i n pub l i sh ing such maps I 
have n o t been able to decide. Schouw (1823) has a v e r y good 
c l a i m w i t h a coloured area out l ine m a p of the w o r l d d i s t r ibu t ion 
of Beech (Fagus sylvatica), a n d at least one E n g l i s h m a n h a d 
publ i shed before 1830 a m a p g iv ing an out l ine N . l i m i t for a 
number of E u r o p e a n species. T h i s was B a r t o n (1827). N o t e 
t ha t these ear ly maps gave, at the best, area outl ines on ly . 

Such ear ly w o r k was fami l i a r to W a t s o n at the outset of his 
bo tan ica l career. W e f ind h i m a l ready i n 1836 discussing 'the 
best manner of const ruct ing . . . . maps ( i l lus t ra t ing the d i s t r i 
b u t i o n of plants) , or a n y diagrams i n subs t i tu t ion ' . ' T o represent 
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the d i s t r ibu t ion of i n d i v i d u a l forms or species' W a t s o n says, ' let 
us first imagine a c o m m o n geographical map , i n outl ine, of such 
dimensions as w o u l d render i t possible to m a r k every loca l i t y for 
any g iven species, b y some sign, or spot of colour, cover ing a 
corresponding space on the map. T h i s w o u l d give an exact 
p ic ture of the topographica l d i s t r i bu t i on ; but , as i t w o u l d require 
to be made on the scale of at least a y a r d to the mile , i t is 
obv ious ly out of the question. W i t h less precis ion . . . . we migh t 
great ly reduce the scale b y ind ica t ing a l l localit ies w i t h i n certain 
distances of each other as single ones . . . . A n o t h e r mode of 
representing the d i s t r ibu t ion of species w o u l d be b y an out l ine 
map , i n w h i c h the on ly places named should be those where the 
species was k n o w n to grow, larger or smaller topographica l d imen
sions (townships, parishes, counties, etc.) be ing adopted according 
as the species was more or less general ly diffused'. F r o m this 
passage i t is clear that W a t s o n appreciated the different possible 
methods to be adopted—area outl ine, v ice-county, a n d dot maps 
as they later developed—and suggested tha t the me thod chosen 
should depend u p o n 'the different matters w h i c h i t m a y be wished 
to represent, a n d the degree of precis ion to be sought i n such 
representation' . 

W h y then, i f W a t s o n appreciated so c lear ly and a t such an 
ear ly stage the possible types of car tographic representation, d i d 
he not develop this side of his interest i n p l an t d i s t r ibu t ion i n 
step w i t h h is great work w h i c h l a i d the foundat ion, i n the Cybele 
and Topographical Botany, for a l l subsequent bo tan ica l recording 
i n this coun t ry? The answer is simple, i f we are to take his 
publ i shed statements on the subject a t the i r face value . I n 1843, 
W a t s o n publ i shed the first (and only) vo lume of w h a t he cal led 
the ' t h i r d edi t ion ' of The Geographical Distribution of British 
Plants. I n th is we f ind w h a t we m a y ca l l ' p rov inc i a l d i s t r ibu t ion 
maps ' for 39 na t ive B r i t i s h species, together w i t h the data on 
w h i c h the maps are based. B r i t a i n , on these maps—or, as W a t s o n 
himself calls t h e m i n the ' P r e l i m i n a r y Exp lana t i ons ' , d iagrams— 
is d iv ided in to the 18 provinces w h i c h were later, i n Topographical 
Botany, to be subd iv ided in to the fami l ia r 112 vice-counties. F o r 
each species W a t s o n has a d iag ram i n w h i c h ' b y omi t t i ng the 
figures f rom those squares w h i c h correspond to dis t r ic ts w i t h i n 
w h i c h the species has n o t been ascertained to grow, a to lerably 
exact no t ion of i ts topographica l area m a y be i n s t an t l y conveyed 
to the eye of the reader. Those botanis ts who are sufficiently 
interested i n such invest igat ions, m a y give greater precis ion to 
the d i ag ram b y colour ing the spaces i n accordance w i t h the details 
of d i s t r ibu t ion g iven i n the t ex t for each species . . . . I n each 
copy of the work , one or more of the diagrams w i l l be so coloured 
b y w a y of example, b u t the m a n u a l labour of a p p l y i n g colour to 
a l l of t h e m w o u l d be far too great; wh i l e the cost of engraving 
equa l ly prevented the subs t i tu t ion of p r in ted shades or mark ings 
i n the d iagram, the in t roduc t ion of w h i c h w o u l d have necessitated 
the cu t t i ng of a separate b lock for each of twelve hundred species'. 
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I n other words, W a t s o n says ' M a k e y o u r own maps ; I w i l l supply 
y o u w i t h the out l ine a n d the raw mate r i a l i n the fo rm of rel iable 
data ' . I t was a sensible decision based on considerations of 
economy i n expendi ture of t ime a n d money (fig. 5). 

Districts. Altitude of Districts. 
T H A L I C T R U M F L A V U M L i n n . 

F ig . 5. 
Hand-coloured Map from Watson's 'Geographical Distribution ot Br i t i sh 

Plants' (1843). The area hand-coloured is indicated by stippling. 

T o appreciate h o w complete ly W a t s o n h a d grasped the essen
t i a l points to be borne i n m i n d i n recording a n d m a p p i n g p lant 
d is t r ibut ions , one should, however, t u r n to the in t roduc t ion to 
the Cybele pub l i shed i n 1847. Here he dist inguishes two so-called 
'circumstances of d is t r ibut ion '—'f i rs t the extent of geographical 
surface, over w h i c h the p l an t is spread', for w h i c h he suggests 
the t e r m Area should be used, ' and secondly the greater or less 
frequency of the species w i t h i n tha t space', w h i c h he suggests 
migh t be cal led Census. H e sees c lear ly that , b y m a k i n g the 
recording uni ts sufficiently smal l , some sort of measure of the 
second a t t r ibute of d i s t r ibu t ion can be obtained. T o quote : 
'Tormentilla officinalis (i.e. Potentüla erecta) a n d Hypericum 
pulchrum are found i n every p rov ince ; a n d i t is no t improbab le 
that they w o u l d equa l ly be found i n every county , i f l ooked for. 
B u t i f we cou ld subdiv ide a l l the counties in to sections of a square 
mi le each, the Tormentilla w o u l d assumedly be found i n m a n y 
more of these square mi le sections, t h a n w o u l d the Hypericum''. 
Over a hundred years later, we are at las t w i t h i n sight of com
ple t ing Watson ' s example, if, for ' county ' we read 'v ice-county ' , 
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a n d for 'a square mi le ' we read 'a 10-kilometre square'. W a t s o n 
was not quite r ight about the vice-count ies ; Hypericum pulchrum 
is apparen t ly absent f rom H u n t s . ; bu t there is no doubt tha t the 
Maps Scheme w i l l a b u n d a n t l y bear out h is general content ion 
w i t h regard to the relat ive frequency of these two plants . 

I t i s t empt ing to spend more t ime on W a t s o n ; i n so m a n y 
ways his w o r k was tha t of a pioneer who saw w i t h remarkable 
c l a r i t y m a n y aspects of the subject w h i c h i t is a l l too easy to 
imagine were first thought of quite recently. B u t we must move 
on to the nex t figure i n the chronological sequence. A t th is po in t 
I a m tempted to int roduce a sub-tit le to m y t a lk a n d ca l l the 
rest the 'Tales of Hof fmann ' . Be tween 1860 a n d 1880 there were 
publ i shed i n a re la t ive ly obscure G e r m a n N a t u r a l H i s t o r y Society 
per iodical , a series of papers b y H e r m a n n Hoffmann , w h i c h con
t a in n o t o n l y m u c h the earliest publ i shed examples of the use of 
do t d i s t r ibu t ion maps, b o t h on a loca l and on a E u r o p e a n scale, 
b u t also an example of the use of the g r id square me thod about 
ha l f a cen tury earlier t han a n y other. 

W h i l s t W a t s o n h a d c lear ly unders tood a n d considered a l l the 
possible methods of recording a n d depic t ing dis t r ibut ions , the 
credi t for ac tua l ly first pub l i sh ing examples of the use of a l l 
these methods must c lear ly go to Hof fmann . H o w far Hof fmann 
was influenced b y Watson ' s earlier w o r k we m a y never k n o w . 
I can f ind no ind ica t ion i n h is wri t ings that he h a d even heard 
of W a t s o n ; indeed, i n discussing his methods of m a p p i n g Hoff
m a n n gives no h i n t tha t he has der ived his ideas f rom anyone 
else, a n d there is, of course, no reason at a l l w h y he should no t 
have developed t h e m i n complete isola t ion. I t is, however, w o r t h 
remember ing tha t Wat son ' s w o r k was w i d e l y k n o w n to C o n 
t inen ta l plant-geographers b y the midd l e of the nineteenth 
century, a n d there is no th ing improbab le i n H o f f m a n n h a v i n g 
read, for example, the In t roduc t ion to the Cybele. 

Hof fmann was Professor a t Giessen, n o r t h of Frankfurt- i n 
the province of U p p e r Hesse. H i s interest i n mapping , un l ike 
tha t of W a t s o n , seems to have been throughout subsidiary a n d 
aux i l i a ry to his m a i n study, that of the different soil preferences 
of different species. H e must , inc identa l ly , have been one of the 
first men to invest igate b y means of cont ro l led t ransp lan t experi
ments the so-called 'calcicole ' species of h is loca l flora, T h e first 
of his publ i shed works of interest f rom our po in t of v i e w was a 
paper i n 1860 on this theme, i n w h i c h he deal t pa r t i cu l a r l y w i t h 
the two calcicolous species Prunella grandiflora a n d Dianthus 
carthusianorum. T h e two maps w h i c h accompany th i s paper 
have a good c l a i m to be the earliest publ i shed example of dot 
d i s t r ibu t ion mans (Plate 21. I n this paper be explains the advant
age of do t -manping over the p rev ious ly used area out l ine methods. 
T o quote (a free t r ans la t ion) : ' I f one w o u l d consider the d i s t r i 
b u t i o n as more or less cont inuous . . . . a n d therefore colour or 
shade i n whole areas, one wou ld , as th ings s tand a t present, no t 
o n l y a l low too m u c h scope for in terpola t ion , b u t a t the same t ime 



Plate 2. 
Hoffmann's Dot Map of Prunella grandiflora (L.) Jacg. and Dianthus 

carthusianorum L . around Kissingen (i860). 



Plate 3. 
The first 'European Dot Map' ? (Hoffmann, 1867). 
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obscure the expression of the ac tua l observations w h i c h should 
r ema in (va l id and) independent of a l l hypotheses . . . . The 
isolated occurrences, far removed f rom the m a i n d i s t r ibu t ion , 
s tand out a l l the clearer, a n d i t i s precisely these . . . . w h i c h are 
of par t i cu la r importance. I n these cases, any a t tempt to delineate 
subs id iary distr ibut ion-areas instead of separate dots to represent 
fai thful ly the occurrence i n nature obv ious ly contains a n a rb i 
t r a ry element. ' I n h i s nex t paper on the theme (1865) he has 
m a n y interest ing things to say i n defence of his detai led dot-
mapp ing . T i m e w i l l on ly pe rmi t me two short extracts. O n the 
hab i t of d rawing area out l ine maps on insufficient or u n k n o w n 
data , he has this to s a y : ' I t has a lways seemed to me irrespons
ible 'poetic license' for the geologists no t on ly to cover whole 
surfaces of their maps w i t h different colours when they . . . . 
can never have covered the ground completely, bu t also to neglect 
to record the routes w h i c h they rea l ly have covered. I n this way 
eve ry th ing remains dubious, uncer ta in , a n d everyone who follows 
mus t s tar t again f rom the beginning . . . . I have wan ted to 
a v o i d t h i s ; m y dots can be increased i n number , b u t i t is u n l i k e l y 
that they can be altered' . A n d on loca l floras a n d their generalis
at ions on species d i s t r ibu t ions : '. . . . a l though special (local) 
floras exist . . . . their remarks are a lmost a lways m u c h too general 
a n d imprecise to be useful for the present purpose, even when 
they are correct. W i t h a s tatement l ike ' common i n Obenwalde ' 
we can do no th ing here; a n d when i t says, for Erucastrum 
pollichii 'everywhere common ' , a glance a t the dot -map w i l l 
reveal t ha t th is is false, for i t is absent f rom most of the region, 
though i n p l e n t y where i t does occur. ' 

T w o m a i n papers (1867 a n d 1869) p rov ide m a n y examples of 
Hoffmann 's loca l mapp ing , b u t also, qui te unexpectedly , wha t 
mus t be the first E u r o p e a n dot-map, tha t of Gentiana verna, 
based on data f rom D e Candolle 's Prodromus (Plate 3). E v e n more 
unexpectedly, H o f f m a n n makes no special comment on the map , 
a l though i t is unique i n an otherwise un i fo rm set. F i n a l l y (1879), 
Hof fmann invents a s imple g r id me thod of recording a n d uses 
i t th roughout his F l o r a of the M i d d l e R h i n e (Plate 4). H i s m a i n 
arguments for adop t ing i t sound cur ious ly l ike Wa t son—con
venience a n d f inancia l (printing) economy. H i s publ i shed maps 
are mere diagrams i n w h i c h the numbers of the squares are g iven 
where the p lan t i n quest ion has been recorded. 

A s w i t h W a t s o n , we cou ld p rof i t ab ly l inger over Hof fmann . 
Perhaps we have a l ready spent too long. The rest of the s tory 
does not need such detail , however, for the development of dot-
m a p p i n g i n E u r o p e now looks l ike a more or less cont inuously-
expand ing ac t iv i ty . A l r e a d y b y 1879, Lhne (who on in te rna l 
evidence was p robab ly a p u p i l of Hoffmann) h a d publ i shed a 
dot -map us ing several symbols to d is t inguish records made i n 
different years a n d therefore to indicate change of range. I n 
Germany , as Meuse l suggests, others fol lowed the established 
methods. I cannot agree w i t h Hultén, who suggests i n a recent 
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note (1954) that Hof fmann was an isolated pioneer whose 'method 
was no t general ly adopted before about 1909, first i n Scand inav ia 
a n d F i n l a n d ' . T h e credit for developing the dot -method ought 
c lear ly to go to the G e r m a n workers, of w h o m Hof fmann was 
the first ; b u t i n any case do t -mapping was qui te well-established, 
I should have thought, i n the Scand inav ian l i terature before the 
t u r n of the century. A s an outs tanding ear ly example we m a y 
quote the maps of M u r b e c k (1892) of Gentianella species i n 
Europe . 

H o w does the B r i t i s h work fit in to this pic ture? So far as I 
have been able to ascertain, the answer is s i m p l y tha t there 
i sn ' t a n y ! Watson ' s i n v i t a t i o n extended to B r i t i s h botanis ts to 
'make their own maps ' seemed to fa l l on deaf ears. The da ta 
were there, of course—Watson h a d seen to that-—but I can find 
no pub l i shed d i s t r ibu t ion map of a n y B r i t i s h p l an t i n the nine
teenth century after Watson ' s originals, except the classic of 
M i l l e r C h r i s t y on the ox l ip (Primula elatior), first pub l i shed i n 
1884. No- doubt some people h a d made themselves v ice-county 
maps f rom Topographical Botany d a t a ; F . A . Lees h a d cer ta in ly 
done so, for we have a hand-coloured map of his i n a pamphle t 
i n the Cambr idge B o t a n y Schoo l ; b u t we mus t go in to the present 
century to f ind examples of pub l i shed maps—and then we f ind 
tha t the 'pioneer' was Praeger (1902) for the I r i sh f lora o n l y ! 
E v e n Stapf (1914, 1916) who prepared an excellent base-map for 
his studies of the d i s t r ibu t ion of the B r i t i s h flora i n re la t ion to 
that of the Cont inent , d i d n o t apparen t ly p u b l i s h th is m a p for 
any i n d i v i d u a l species. Our search for the first pub l i shed vice-
county maps for the whole of the B r i t i s h Isles then takes us w e l l 
in to the modern period, a n d to S i r E d w a r d Sa l i sbury ' s deservedly 
famous s tudy of the Eas t A n g l i a n F l o r a (1932).* I t w o u l d be 
true to say, I th ink , that u n t i l v e r y r ecen t ly—in fact I suspect 
u n t i l the advent of the B io log i ca l F l o r a — B r i t i s h botanists have 
been content on the whole w i t h the enumerat ion of v ice -comi ta l 
d i s t r ibu t ion and felt ve ry l i t t le need for v i sua l presentat ion of the 
data. T h i s might be an expression of na t iona l character—per
haps we could refer i t to D r . N i k o l a u s Pevsner to decide! A t 
a n y rate, since 1950 we have, so to speak, mended our ways, 
a n d a l lowed the excellence of the w o r k i n other E u r o p e a n 
countries, no t ab ly Professor Hultén's Atlas (1950) to influence 
our work a n d our methods. If, however, we are late starters i n 
the field, we have two v e r y considerable advantages; f i rs t ly a 
body of codified da ta on the W a i s o n i a n sys tem a n d a t r ad i t ion 
of field b o t a n y accustomed to th is sys tem; a n d secondly the 
va r i ed experience of others to select f rom a n d on w h i c h to b u i l d . 
The careful deliberations since 1950 w h i c h have l a i d the founda
t ions for the Maps Scheme took account of Ge rman , D u t c h a n d 

*It has been pointed out to me that C. E . Moss, Cambridge British Flora (19141, 
has numerous distribution maps. Strictly speaking, these are comital and 
not vice-comital; but obviously the credit for the first use of such maps on 
any scale i n the Br i t i sh literature should go to Moss. 



Plate 4. 
The first use of (he Grid Method for Recording? (Hoffmann, 1879). 

No. 5 is a species dot map wi th the localities numbered for reference to data given in ful l . 
No. « is the basic grid of 7 X 7 squares covering the area; in the text diagrams are given for each species showing those squares 

(by reference number) i n which it is recorded. 

I 
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Scand inav ian w o r k i n par t icular , a n d f ina l ly produced a p l a n 
of wh ich , I feel sure, b o t h W a t s o n and Hof fmann w o u l d have 
approved. A n d what higher commenda t ion do we need? I f we 
read careful ly the works of these two pioneers, we shal l f ind a l l the 
impor t an t arguments i n favour of the me thod or combina t ion 
of methods we are now adopt ing—except ing solely the use of 
mechanica l aids. A n d this last w o u l d surely have pleased t h e m 
more t han any th ing , for economy of t ime, labour a n d expense 
were to them, as to us, i m p o r t a n t considerations. 

A f inal word . Sooner or later, a sufficient number of people 
w i l l be interested i n a co-operative project to map the E u r o p e a n 
flora. Perhaps here we can repay our debt to E u r o p e a n phy to -
geography b y suggesting a pract icable, s tandardised me thod for 
doing i t . I have ventured to out l ine such a me thod as p a r t of 
our M a p s E x h i b i t at th is Conference. 
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D r . E . F . W A R B U R G said that he was interested to see that on one 
of the maps shown on the screen the name of the tree (Pinus sylvestris) 
which nearly everyone referred to as "Scots P ine" was correctly given 
as "Scotch F i r " . He was also interested in the very clear cut distri
bution for Gentianella campestris and Gr. baltica shown on Murbeck's 
map. Recently N . M . Pri tchard had been working on these and had 
found the supposed differences between these taxa entirely elusive. 
I t seemed that Murbeck had in effect drawn his outlines first and 
allowed his ideas of geographical distribution to influence his judgment 
on the value of the characters. 

D r . W A L T E R S then said that he would value comments on his state
ment that i t was necessary to go right into the modern period to find 
vice-county maps published. Hi s search had not been exhaustive and 
there might well be published examples in , for example, the publica
tions of local natural history societies. I t seemed remarkable if the 
first successors to Watson's early efforts did not appear unt i l recent 
years. Prof. D . H . V A L E N T I N E observed that vegetation maps ap
peared earlier than distribution maps, and Dr . Walters agreed that 
foreign examples of generalised vegetation maps did, in fact, ante
date them by about 30 years. 

Prof. V A L E N T I N E then enquired whether Dr . Walters had studied 
the development of methods used for mapping the geographical dis
tribution of animals, and, if so, whether the development has been 
contemporaneous with that i n flowering plants. Dr . Walters replied 
that he had no information on this. 

Dr . E . F . W A R B U R G suggested that in the past we have been too 
obsessed with the use of vice-counties as our standard units and this 
was encouraged by the cheapness of expressing distribution in print 
by a series of numbers, as compared with the greater expense of maps. 
He suggested that we had also relied too much on the wealth of detail 
available in our local floras which might seem to reduce the need for 
maps. Dr . W A L T E R S , in reply, said that perhaps a more important 
reason explaining the absence of published maps was that unt i l recently 
there had been little real interest in correlating distribution in this 
country with distribution in Europe. 

M r . N . M . P R I T C H A R D referred again to Murbeck's map showing 
the distribution of Gentianellas in Europe. He suggested that Mur 
beck had found i t tempting to assume that where Jris lines as plotted 
came to an end on the European coast they should be continued into 
Br i t a in to round off what might seem the obvious distribution. There 
was more justification for the contrary assumption that a plant was 
absent from Br i t a in because no records were available, but this had 
also led to some inaccurate distribution patterns. 

Dr . W A R B U R G added that Love's recent distribution map of Bumex 
angiocarpus, m which the whole of south-east England was marked 
i n for this species, was another example of ho^ workers abroad de
limited distribution in Br i t a in on little evidence. 
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T H E S T A T U S O F V I O L A L A C T E A 

( E x h i b i t ) 

D . M . M O O R E (The D u r h a m Colleges, U n i v e r s i t y of D u r h a m ) 

Viola lactea was described b y J . E . S m i t h i n Sowerby's English 
Botany (1790) a n d even the author d i d not seem ent i re ly con
v inced that i t justified specific rank. H e opens his account w i t h 
the commen t : — " W e are ex t remely doubt fu l of the permanence 
of this species, a n d now pub l i sh i t as d i s t inc t f rom V. canina 
ra ther i n conformi ty to the opinions of others, a n d i n the hope 
of h a v i n g the point cleared up b y inves t iga t ion a n d culture, t han 
as w i l l i n g to decide u p o n i t ourselves". 

There has been considerable d ive r s i ty of op in ion amongst 
later authors as to the grade of th is p lant . F o r example, whi le 
B a b i n g t o n i n his Manual, Gregory i n British Violets, and 
W a r b u r g i n the Flora of the British Isles, t reat i t as a species; i n 
J . D . Hooker ' s Students' Flora, Hegi ' s Illustrierte Flora von 
Mittel-Europa, a n d R o u y a n d Foucaud ' s Flore de France i t is 
i nc luded as a subspecies of V. canina L . Considerable difficulties 
arise i n the ident i f icat ion of h y b r i d s i n popula t ions i nc lud ing 
V. lactea, V. canina a n d V. riviniana, a n d these h y b r i d popula 
t ions are p robab ly frequent. 

V. lactea is placed, together w i t h V. canina L . , V. stagnina 
K i t . , a n d V. elatior Fr ies , i n the sub-section Arosula tae of the 
section Unc ina tae . I t is most closely related to V. canina, of 
w h i c h the p r i n c i p a l characters are set out for compar ison i n the 
fo l lowing t ab le : — 

V. lactea 
H a b i t . 

Pe renn ia l . 
N o central non-flowering 

rosette. 
Sub-glabrous. 

Stems ascending. 

Leaves , 
Lanceola te to ovate-lanceo

late, subacute, sha l lowly 
crenate-serrate, cuneate a t 
the base, broadest about 
the midd le . I oliage • some
times purp l i sh . 

V. canina 

Perennia l . 
N o central non-flowering 

rosette. 
Glabrous or spar ingly pubes

cent. 
Stems decumbent to erect. 

Ovate to ovate-lanceolate, 
obtuse or subacute, crenate 
or crenate-serrate, t runcate 
or sha l lowly and w ide ly 
cordate at the base. 
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Stipules. 
La rge (except the lower), 

lanceolate to ovate-lan
ceolate, coarsely a n d irre
gu la r ly fimbriate - serrate 
or dentate, equa l l ing or 
somewhat longer t han the 
petiole. 

Coro l la . 
Peta ls nar row (3-4 t imes as 

long as broad), c reamy to 
pale l i lac . 

F l o w e r i n g per iod. 
M a y to June . 

R a t h e r smal l , ± lanceolate, 
d i s t an t ly serrate - dentate, 
w i t h few short a n d stout 
teeth, about ha l f as long as 
the petiole. 

Peta ls obovate (l-J-2 t imes as 
long as broad), blue w i t h 
l i t t le or no v io le t t in t . 

A p r i l to June . 

Viola canina has a wide Euras ia t i c d i s t r ibu t ion (reports f rom 
N o r t h A m e r i c a refer to V. adunca, w h i c h is a l l ied to our V. rupes-
tris Schmidt ) b u t V. lactea is m u c h more restr icted. I t reaches 
i ts nor thernmost l i m i t i n the south a n d west of the B r i t i s h Isles 
and has been recognised (under a va r i e ty of specific names, 
i nc lud ing V. lusitanica Thore) i n S. France , P o r t u g a l a n d Spa in . 
I t therefore belongs to Mat thews ' Oceanic W e s t E u r o p e a n 
E lement . 

B r o a d l y speaking, V. canina i n B r i t a i n is a p l an t of downs 
a n d dunes, a n d V. lactea a p lan t of heaths, especial ly near the sea. 

I have found tha t V. lactea has 58-60 chromosomes (counts 
on 5 p lan ts f rom four localities) i n contrast to V. canina w h i c h 
n o r m a l l y has 40, bo th B r i t i s h and foreign mate r i a l h a v i n g been 
examined. A r t i f i c i a l h y b r i d s have been made b y Prof . D . H . 
Va len t ine between V. lactea a n d V. canina a n d w i t h V. riviniana, 
a n d both , as expected, are pen tap lo id w i t h about 50 chromo
somes. I t m a y be added tha t V. canina x riviniana is p rac t i ca l ly 
sterile, whi le the h y b r i d V. canina x lactea, though of reduced 
fer t i l i ty , is able to produce some v iab le seed. 

The da ta on morphology , geographical d i s t r ibu t ion a n d 
cytology, t aken together, support the v iew that V. lactea is 
w o r t h y of specific status, a n d this conclusion clears the w a y for 
a s tudy of va r i a t i on i n V. lactea a n d for an inves t igat ion in to the 
extent a n d impor tance of hyb r id i s a t i on i n na tu ra l populat ions . 

I n the summer of 1955 I examined a number of field popu
lat ions i n S .W. E n g l a n d , col lect ing samples of 30 specimens f rom 
each i n order to car ry out a b iomet r i ca l analysis . Since v io le t 
flowers are notor ious for their deter iorat ion when dr ied, the flower 
colour was scored i n the field, a n d the d iagnost ica l ly va luab le 
lower petals were preserved b y s t i ck ing them on cards w i t h strips 
of cel lotape; th is me thod was used b y H e s l o p H a r r i s o n (1949) 
for w i l d popula t ions of the Dac ty lo rch ids . T h e remainder of each 
flower was preserved i n a lcohol whi le the s tem a n d leaves were 
pressed and numbered to correlate w i t h the petals. 



T H E STATUS OF VIOLA LACTEA 
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Scatter diagram based on tbe length of the longest stigmatic papil la and 

length of style of V. canina, V. riviniana, V. lactea, and w i l d hybrids. In 
vegetative characters, V. canina is intermediate between 7. lactea and F. riviniana, 
so that hybrids Involving these species may be difficult to distinguish i n dried 
or fruit ing specimens. The wi ld hybrids scored closely resembled V. canina In 
vegetative characters, but it is evident that on the floral characters used V. canina 
is not involved. 



100 PROGRESS I N T H E STUDY OP T H E B R I T I S H FLORA 

Subsequent invest igat ions showed tha t the fo l lowing charac
ters were b iomet r ica l ly most suitable for de l imi t ing V. lactea 
f rom the other species : — 

1. L e a f shape, scored as length /greatest breadth . 
2 . B a s a l angle of leaf, i.e. the angle between m i d r i b a n d 

blade to give degree of cordate- or truncate-ness. 
3 . Leng th /g rea te s t breadth of the lower petal . 
4 . A n g l e formed at apex of lower petal . 
5. P e t a l colour. 
6. S ty le length. 
7 . L e n g t h of longest s t igmatic pap i l l a . 
8. P o l l e n fer t i l i ty . 

I n a p r ehmina ry analysis of the da ta obta ined i n this way , 
the me thod of radiate indicators (Fassett, 1 9 4 1 ) was used on 
characters 1 to 5 . The conclus ion at th is stage was tha t the 
popula t ions consisted of V. lactea, V. riviniana, a n d hybr ids be
tween these two species. I n order to conf i rm this conclusion, 
further analysis b y means of scatter diagrams was carr ied out, 
this t ime inc lud ing characters 6, 7 a n d 8 (compare fig. 6). A l l the 
results agree i n i nd ica t ing tha t the hyb r id s concerned i n the 
popula t ions are V. lactea x riviniana a n d n o t V. canina x lactea. 
These results are somewhat unexpected, as the impress ion h a d 
been gained f rom the l i terature, a n d f rom he rba r ium notes, tha t 
the most frequent h y b r i d i nc lud ing V. lactea was V. canina x 
lactea. I t should be noted tha t the conclusions f rom these popu
la t ion analyses are confirmed b y the observations so far made i n 
the field. I n the h y b r i d popula t ions so far examined V, lactea 
a n d V. riviniana are bo th present, whi le V. canina is absent, and 
I have no t ye t been able, i n spite of searching, to find V. lactea 
a n d V. canina g rowing together. 

T A B L E 1. R A N G E O F V A R I A T I O N I N S P E C I F I C C H A R A C T E R S U S E D F O R 
B I O M E T R I C A N A L Y S I S . 

Leaf length Petal length 
Leaf Petal 

Basal Angle breadth Apica l Angle breadth 
V. lactea 4 0 - 9 0 ° 1-4-2-5 3 9 - 7 6 ° 1 -6 -2 -05 
V. canina 9 0 - 1 3 9 ° 1-0-1-5 7 5 - 8 0 ° 1-0-1-6 
V. riviniana 1 1 8 - 1 6 0 ° 0 -7 -1 -2 7 8 - 9 0 ° 1-2-1-43 

These results have one further consequence since, as i n d i 
cated i n Tab le 1, V. canina is intermediate i n vegetat ive characters 
between V. lactea a n d V. riviniana; so that, a l though the lactea x 
riviniana h y b r i d can safely be dis t inguished f rom V. canina on 
floral characters, i t is difficult to make the d i s t inc t ion on her
b a r i u m or f ru i t ing specimens. Thus , i f popula t ions conta in ing 
a l l three species are encountered, i t m a y be difficult to analyse 
them. Clear ly Anderson ' s h y b r i d index, w h i c h is v e r y suitable 
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for cer ta in groups, is of l i t t le use here; a n d i t w i l l p robab ly be 
more satisfactory to describe h y b r i d popula t ions either graphic
a l ly , i n terms of cyc l ic polygons, or numer ica l ly , b y m a k i n g use 
of d i sc r iminan t analysis . 

I n conclusion, i t mus t be po in ted out tha t these observations 
need to be extended m u c h further, b u t they do suggest ve ry 
s t rongly some of the causes for the doub t concerning the taxo
nomic status of V. lactea, a n d i ts de l imi ta t ion . T h e ecological 
tolerances of this species and of V. canina are a t present under i n 
ves t igat ion a n d this, together w i t h exper imenta l breeding n o w i n 
progress, a n d further analysis of field populat ions, should provide 
an unders tanding of the evo lu t ionary pos i t ion of the species. 

Summar i s ing the preceding notes one m a y say t h a t : — 

1. Smi th ' s recogni t ion of V. lactea i n English Botany, as a 
species d is t inc t f rom V. canina L . , has been shown to h o l d good 
on morphologica l , cy to logica l a n d geographical grounds. 

2. V. lactea i s found to be hexap lo id , 2 n = 58-60; compared 
w i t h the te t rap lo id V. canina w i t h 2n = 40. 

3. M u c h of the indecis ion as to the status of V. lactea seems 
to have been due to the confusion between i ts hyb r id s w i t h 
V. canina a n d V. riviniana. Several reasons for th i s diff icul ty are 
suggested. 

4. P r e l i m i n a r y notes on b iomet r i ca l analysis of w i l d popula 
tions conta in ing hyb r id i s i ng V. lactea show that , i n a l l cases 
examined, these h y b r i d s are V. lactea x riviniana. 

5. I n this country , V. lactea a n d V. canina general ly seem to 
occupy different hab i ta t s and, so far. I have been unable to f ind 
them growing together i n the field. F u r t h e r w o r k is to be under
t aken i n this d i rec t ion a n d in fo rmat ion on th i s is b a d l y needed 
a n d w o u l d be grateful ly accepted i f anyone can help . 

I should l ike to express m y thanks to Professor D . H . V a l e n 
t ine bo th for suggesting th is p rob l em a n d for h is constant 
inva luab le advice a n d encouragement. 

I also wi sh to acknowledge the a id g iven b y the Depa r tmen t 
of Scientific a n d Indus t r i a l Research whose grant enables th is 
w o r k to be carr ied out. 
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M r . J . E . LOUSLEY- said that his experiences of T-'ioJa lactea in 
localities i n the west of England and Wales confirmed M r . Moore's 
observation that i t hybridised freely with V. riviniana. He thought 
it important to analyse also populations further east where habitat 
requirements might be somewhat different, and instanced the puzzling 
plants on Chailey Common, East Sussex, which some botanists had 
regarded as including hybrids with Y. canina. as well as with T". 
riviniana, and some had been regarded as involving all three species. 
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N A T U R A L H Y B R I D I Z A T I O N O F A G R O S T I S S T O L O N I F E R A A N D 
A . T E N U I S 

( E x h i b i t ) 

A . D . B R A D S H A W (Dept. of A g r i c u l t u r a l B o t a n y , Bangor) 

Agrostis tenuis S ib th . and Agrostis stolonifera L . are two v e r y 
c o m m o n plants and i n their own par t icu la r habi ta ts are v e r y 
dist inct , a n d easi ly separated b y the fo l lowing contrast ing 
characters : — 

G r o w t h hab i ta t 

L i g u l e 

Pan ic le 

L e m m a 

Pedicels 

H a b i t a t 

Agrostis stolonifera 

Stoloniferous, never 
rhizomatous . 

Longe r t han 
poin ted . 

fruit . 

5-nerved. 

Scabr id . 

Base r i c h soils, usual
l y damp. 

Agrostis tenuis 

lever Rh izomatous , some
t imes s l igh t ly s toloni
ferous. 

broad , N o t more t h a n ha l f 
as long as broad, 
square. 

open i n C y l i n d r i c a l , c losing i n P y r a m i d a l , 
fruit . 
3-nerved. 

Scarcely scabrid. 
Base poor soils, usual
l y d ry . 

Y e t i n m a n y regions i t i s difficult to d is t inguish the two 
species a n d i n the past there has been t axonomic confusion. W e 
might we l l ask w h y is there th is diff iculty? Is i t possible that 
the two species hybr id ize? 

Pou i l l ade (1932) reported i n F rance the considerable occur
rence of hybr ids , b u t the poss ib i l i ty seems to have been over
looked i n this coun t ry b y P h i l i p s o n (1937) i n his excellent 
account of the genus. R e c e n t l y interest i n the genus has grown, 
a n d D a v i e s (1953) carr ied out a complete series of ar t i f ic ia l 
hybr id iza t ions between var ious Agrostis species. H e showed tha t 
the fo rmat ion of ar t i f ic ia l h y b r i d s between Agrostis tenuis and 
A. stolonifera was easy: seed sett ing i n the crosses was 25% of 
tha t of no rma l . H e grew the h y b r i d s a n d found t h e m to be inter
mediate i n a l l characters between the parents. T h e y were ve ry 
sterile w i t h about 1% seed set. Jones (1953) showed tha t this 
was due to poor chromosome pa i r i ng a n d un iva l en t format ion , 
though b o t h the parent species are of the same chromosome 
number , 2 n = 2 8 . 
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Tn the course of a general inves t iga t ion of the genecology of 
Agrostis tenuis, a v e r y o ld pasture, P o r t Meadow, near Oxford , 
was sampled. A b o u t 60 t i l lers of the Agrostis plants w h i c h were 
growing there were t aken at r a n d o m over a wide area, a n d were 
g rown as spaced plants i n an exper imenta l garden. T h e com
posi t ion of this sample, on a morphologica l basis, was found to 
b e : 

(i) P l an t s of Agrostis tenuis 
(ii) P l a n t s of Agrostis stolonifera 3-J% 

(iii) P l a n t s of F1 type 70% 
(iv) P l a n t s no t easi ly ascribable to a n y of the above 

categories (presumably F 2 s or backcrosses 25 % 

(Tota l number of p lants = 60) 

The diagnosis of these plants has been confirmed b y their 
pol len ferti l i t ies. The fertilities of a few are g iven be low: 

Type % fertility 

(i) 96, 94 
(") Agrostis stolonifera 941, 93 

(iii) F , type 7,3, 8,4 
(iv) P l a n t s no t easily ascribable to any of the above 2, 7, 5, 9* 

F u r t h e r conf i rmat ion has been g iven b y Jones (unpublished) 
who has examined the meiosis of a number of the sterile plants , 
a n d found that their behav iour was s imi la r to tha t of the syn
thetic hybr ids . 

T h i s popu la t ion is therefore remarkable i n t ha t i t is composed 
a lmost ent i re ly of sterile h y b r i d plants . T h i s can on ly mean tha t 
the h y b r i d can compete successfully w i t h i ts parents despite its 
s ter i l i ty . I n h e a v i l y grazed grassland, such as P o r t Meadow (there 
is documenta ry evidence tha t P o r t M e a d o w has been c o m m o n 
grazing since Domesday times), reproduct ion b y seed w o u l d be 
of negligible impor tance i n compar ison w i t h vegetat ive spread. 

Some p rehmina ry evidence of the super ior i ty of the vegeta
t ive g rowth of the hybr ids is avai lable . U n d e r cu l t i va t i on the 
na tu ra l h y b r i d p lan ts appear to have a g rowth hab i t better 
adapted to grazing condi t ions t han either parent. 

General Density Height Vigour 
habit of tillers of tillers 

Agrostis tenuis Tuf ted M e d i u m M e d i u m Average 
Agrostis stolonifera Diffusely L o w M e d i u m B e l o w 

spreading average 
H y b r i d types Dense ly H i g h Shor t A b o v e 

spreading average 
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The F , of Agrostis stolonifera x tennis is not completely 
sterile, as a l ready poin ted out. T h u s Agrostis stolonifera x tenuis 
w i l l fo rm a h y b r i d swarm, i.e. give rise to a popu la t ion w i t h a 
mul t i tude of backcross a n d F , types, etc., besides the F1 types. 
B u t the P o r t Meadow popu la t ion does no t show this to a n y 
degree. O n l y 25 % of the plants do no t appear to be pure species 
or F , types, a n d the fert i l i t ies of these suggest t ha t they are not 
far removed f rom Fx types. Th i s gives the idea, though further 
proof is necessary, tha t selection is d i sc r imina t ing no t just i n 
favour of the h y b r i d s i n general, b u t i n favour of the F1 type. 

I f we recognise the poss ib i l i ty of finding s imi la r extensive 
areas of th is h y b r i d elsewhere, i t m a y help us to solve t axonomic 
difficulties i n these two species. T h i s seems to be s imi la r to other 
cases of sterile F1 hyb r id s k n o w n i n the Oramineae such as 
xAgropogon littoralis, x Ammocalamagrostis baltica a n d Gly-
ceria x pedicellata w h i c h su rv ive b y vegetative growth. B u t i t is 
un l ike most of t h e m i n tha t the h y b r i d is occupying a closed 
habi ta t , a n d b y this shows tha t the h y b r i d is able to wi ths tand 
severe compet i t ion . 

R E F E R E N C E S 

D A V I E S , W . E . , 1953, The breeding affinities of some Bri t ish species of 
Agrostis, Brit. Agric. Bull., 5, 313-315. 

E O U I L L A D E , M . , 1932, Agrostis alba, vulgaris, castellana et leurs 
hybrides, Bull. Soc. Bot. Fr., 79, 789-804. 

J O N E S , K . , 1953, The cytology of some Bri t i sh species of Agrostis and 
their hybrids, Brit. Agric. Bull., 5, 316. 

P H I L I T S O N , W . R . , 1937, A revision of the Bri t ish species of the genus 
Agrostis L i n n . , J. Linn. Soc., 51 , 73-151. 

M r . K . GOODWAY enquired whether M r . Bradshaw had any idea of 
how long individual plants could exist in a vegetative condition. M r . 
B R A D S H A W replied that if a plant was able to keep growing into new 
soil conditions i t could grow on indefinitely in the case of some hybrids. 
A t the Welsh Plant Breeding Station they have various hybrid grasses 
which have been grown for many years—for example, Lolium plants 
which they have had since 1925. He saw no reason why the Agrostis 
hybrids in Port Meadow should not be very old, but i t must be remem
bered that the population was not due to one old hybrid plant having 
spread throughout the meadow since many different forms of the 
hybrid could be found. 

M r . A . W . W E S T R U P pointed out that lawns which are regularly 
mown offer an example of grasses which perennate for very long 
periods. 
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A L C H E M I L L A V U L G A R I S L . A G G . I N B R I T A I N 

( E x h i b i t ) 

Miss M . E . B R A D S H A W (Un ive r s i ty of D u r h a m ) 

The C o m m o n L a d y ' s Man t l e , Alchemilla vulgaris L . , is an 
obligate apomict , widespread i n the N o r t h e r n Hemisphe re ; i t is 
an aggregate consist ing of a number of species differing m a r k e d l y 
i n geographical range; there are few, i f any, endemic species. 

F o l l o w i n g the great work of Buse r i n the A l p s (1891 +), and 
L i n d b e r g (1909) i n Sweden, Sa lmon s tudied the B r i t i s h species 
a n d described five i n the Journal of Botany i n 1914. I n 1922, 
W i l m o t t inc luded seven species i n an A p p e n d i x to the 10th 
edi t ion of Bab ing ton ' s Manual of British Botany; and i n v i ew of 
the confusion w h i c h followed, i t is no tewor thy tha t these species 
are a l l recognised to-day. Af t e r this p romis ing beginning i t is 
regrettable that so m u c h mate r ia l submi t t ed to J aque t (Buser 's 
pupi l ) was inaccura te ly named, resul t ing i n nineteen species be
ing recorded b y Druce i n the Comital Flora. Sa lmon, W i l m o t t 
a n d Druce struggled w i t h the aggregate, a n d records are scat
tered through the Journal of Botany a n d the Reports of the 
Botanical Society and Exchange Club between 1920 a n d 1939. 
W i l m o t t added A. minor H u d s . i n 1939, and identif ied A. acuti-
loba f rom he rba r ium mate r i a l i n 1946. Samuelsson's monograph, 
a n d several papers b y R o t h m a l e r , on Scand inav ian a n d Cent ra l 
E u r o p e a n species respectively, h a d been publ i shed b y the t ime 
Wal t e r s revised Jaquet ' s determinat ions a n d reduced the to ta l of 
species i n th is coun t ry f rom nineteen to eleven, thus p roduc ing 
i n 1949 some order out of the chaos a n d a firm basis on w h i c h 
to s tudv the group. 

Sufficient work has now been done to get a fa i r ly clear p ic ture 
of the range of each species i n th is count ry . A s found b y Samuels-
son i n Sweden, there is a m a r k e d difference between species i n 
geographical range. E a c h is best considered i n re la t ion to its 
type of d i s t r ibu t ion i n the N o r t h e r n Hemisphere . Samuelsson 
found no endemics, a notable contrast to the s i tua t ion i n Hier-
acium a n d Taraxacum, w h i c h conta in a number of loca l endemics. 

The species m a y be arranged as fo l lows: — 
1. E u r o p e a n - A t l a n t i c 

A. xanthochlora R o t h m . (A. pratensis auct. n o n Schmidt) 
2. Cen t ra l E u r o p e a n 

A. minor H u d s . (A. glaucescens W a l l r o t h ) 
A. monticola Op iz (A. pastoralis Bus.) 
A. acutiloba O p i z ( A acutangula Bus.) 
A. subcrenata B u s . 
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3. A m p h i - A t l a n t i c , Arc t i c -mon tane 
A. glomerulans B u s . 
A. wichurae (Bus.) Stef. 

4. A m p h i - A t l a n t i c , B o r e a l 
A. glabra N e y g . (A. alpestris auct. v i x Schmidt ) 
A. filicaulis B u s . 
A. vestita (Bus.) R a u n k . 

5. E n d e m i c 
A. minima Wal te rs . 

The d i s t r ibu t ion of mos t of these was g iven i n maps i n the 
E x h i b i t . T h e y m a y be considered as fo l lows: — 

1. European-Atlantic. A. xanthochlora is ra ther s t r ic t ly 
oceanic i n E u r o p e f rom Spa in to Sou th Scand inav ia a n d is one 
of the three c o m m o n species i n B r i t a i n . 

2. Central European. A. minor H u d s . (more correct ly 
A. glaucescens W a l l r o t h ) is widespread on the cont inent ; i ts 

' i solated records on l imestone i n Craven , Sco t land a n d I re land 
m a y be relicts of a wider d i s t r ibu t ion . 

A. monticola, A. acutiloba and A. subcrenata. Wal t e r s found 
the first two to be c o m m o n i n U p p e r Teesdale; another feature 
of the floristic uniqueness of this dis t r ic t . I n 1951, A. acutiloba 
was found i n some q u a n t i t y i n Wearda le , and, shor t ly afterwards, 
a t h i r d Cent ra l E u r o p e a n species, A. subcrenata, was discovered 
i n Teesdale; though, even after intensive searching, A. gracilis 
(A. micans), w i d e l y associated w i t h the first two species i n Europe , 
has no t been found. F u r t h e r work i n the area has revealed a 
s t r i k ing difference i n the detai led d i s t r ibu t ion of these three 
species, w h i c h i n i t i a l l y appeared to be s imi la r since a l l are com
ponents of hay-meadows, pastures and roadside verges. A. mon
ticola is concentrated i n U p p e r Teesdale over a large area a n d is 
mos t abundan t i n meadows, especial ly about Middle ton- in-Tees-
dale. T h e m a n y records a long roads lead ing f rom the va l l ey 
suggest tha t act ive spread is t a k i n g place, p resumably m u c h helped 
b y modern traffic. A. acutiloba, i n contrast, is most c o m m o n 
a long road a n d r a i l w a y verges, especially i n Wearda le . T h o u g h 
m a n y of the records i n meadows are associated w i t h field paths, 
there are s t r i k ing concentrat ions i n fields and along the roads 
i n some areas i n U p p e r Wearda le , as at Westgate, n o r t h of W o l -
s ingham a n d B e d b u r n . A. subcrenata is k n o w n o n l y f rom 
meadows i n two smal l areas i n Teesdale a n d one i n Wearda le . 
T h i s association w i t h man-main ta ined habi ta ts was also not iced 
b y Samuelsson i n Sweden a n d has g iven rise to discussion about 
the status of these three species as na t ives of B r i t a i n . 

3. Amphi-Atlantic, Arctic-montane. A. glomerulans a n d 
A. wichurae were k n o w n b y W i l m o t t f rom Scot land . Wal t e r s 
found bo th i n Teesdale, where they are now k n o w n to be more 
c o m m o n ; the i r d i s t r ibu t ion contrasts sha rp ly w i t h t ha t of the 
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Cent ra l E u r o p e a n species b y their occurrence m a i n l y i n na tu ra l 
or semi-natural habi tats . A. wichurae occurs i n N . England a n d 
Sco t land a n d is associated w i t h calcareous rocks. A. glomerulans 
has a disjunct d i s t r i bu t ion ; i t is more widespread i n Scot land 
than A. wichurae, bu t in E n g l a n d is on ly found i n Teesdale a n d 
Weardale . There is some evidence tha t the Scot t i sh a n d Tees
dale plants are eco typ ica l ly different and i t is impor t an t to k n o w 
i f their d i s t r ibu t ion is rea l ly disjunct . There is on ly one record 
f rom Wearda le (made i n 1954) b u t the whole Cheviot, and 
Southern U p l a n d s area urgen t ly needs explor ing . 

4. Amphi-Atlantic, Boreal. A, glabra i s the c o m m o n species 
of the nor thern a n d montane areas of B r i t a i n . A. filicaulis a n d 
A. vestita differ o n ly on a character of ha i r cover and are regarded 
as one species b y m a n y workers. The more h a i r y A. vestita is 
the most widespread over the count ry a n d is the c o m m o n Alche-
milla of southern E n g l a n d ; the scarci ty of records i n Scot land 
may , i n part , be due to lack of botanis ts ; or the species m a y rea l ly 
be replaced b y A. filicaulis, the more glabrous, montane form. 
Hultén includes i t w i t h A. wichurae a n d the B r i t i s h d i s t r ibu t ion 
fits this, bu t i t is doubtfu l whether the t axonomic pos i t ion is clear 
since A. vestita shows great va r i a t i on i n ha i r density. A s tudy 
is be ing made to determine the t axonomic status of the pair . 

5. Endemic. A. minima is s t i l l on ly recorded f rom one 
loca l i ty (S imon P e l l . Ingleborough), w h i c h is no t surpr is ing since 
the p lant is on ly dis t inguished w i t h diff iculty f rom the h a i r y 
dwarf p lants w i t h w h i c h i t grows. C u l t i v a t i o n of A. vestita f rom 
a range of habi ta ts has shown the existence of other dwarf 
ecotypes. A large number of dwar f p lants f rom montane areas 
are now being g rown at D u r h a m ; the results of these experiments 
should help to decide the status of A. minima. 

T h o u g h the major i ty of B r i t i s h p lants belong to these segre
gates, a sma l l residue remains of i nd iv idua l s w h i c h do no t clear ly 
belong to these species. There are some p lan ts f rom Scot land 
a l l ied to A. acutidens (which group contains A. wichurae) w h i c h is 
a group s tudied i n Sweden b u t not c lear ly unders tood; a n d there 
are plants f rom N . E n g l a n d w h i c h appear to const i tute a new 
t a x o n w h i c h awaits compar ison w i t h European mater ia l . 

I w i sh to t hank Prof . D . H . Va len t ine a n d D r . S. M . Wal te r s 
for he lpful discussions a n d the N a t u r e Conservancy a n d D u r h a m 
Colleges Research F u n d Commit tee for f inancial assistance. 
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A C O M P A R I S O N O F T H E S P R E A D O F G A L I N S O G A P A R V I F L O R A 

A N D G . C I L I A T A I N B R I T A I N 

( E x h i b i t ) 

W . S. L A C E Y (Un ive r s i ty College of N o r t h Wales , Bangor) 

T w o species of the genus Galinsoga are now wide ly d i s t r ibu ted 
i n B r i t a i n . The d i s t inc t ion between them has been g iven b y 
various authors (for example, B renan , 1939; Lous ley , 1950; 
Lacey , 1951; C lapham, 1952) a n d need not be repeated here. 

U p to the present t ime G. parviflora C a v . has been recorded 
f rom 39 vice-counties and the more recent ly recognised G. ciliata 
(Raf.) B l a k e f rom 35 vice-counties, m a i n l y i n E n g l a n d bu t also 
ex tending in to south and n o r t h Wa le s a n d in to Scot land. So 
far nei ther species has been recorded f rom N o r t h e r n I re land or 
E i r e . 

A l t h o u g h G. parviflora was first in t roduced to th is coun t ry 
more t han a century a n d a ha l f ago, a n d near ly 100 years have 
elapsed since i t was first recorded as an escape f rom the R o y a l 
B o t a n i c Gardens a t K e w , i t s spread du r ing the greater par t of 
this t ime has been v e r y slow. I t has been ca lcula ted tha t for the 
first 80 years or so the spread i n the L o n d o n area was a t the rate 
of about one mi le i n ten years (Sal isbury, 1943). B y contrast, 
G. ciliata, w h i c h p r o b a b l y a r r ived i n B r i t a i n at about the t u r n of 
the century, has spread v e r y r a p i d l y indeed, especially du r ing 
a n d since the Second W o r l d W a r . A s a result, i t has achieved 
almost the same d i s t r ibu t ion as G. parviflora i n about one- thi rd 
of the t ime and, indeed, i n some distr icts is now the more abun
dan t species. Calcula t ions made b y the present wri ter , based on 
records f rom three different parts of the country , suggest a pre
w a r average rate of spread of about one mi le i n two to five years. 

The exh ib i t a t tempted to compare the spread of the two 
species i n two w a y s ; (a) b y d i s t r ibu t ion maps showing increase b y 
vice-counties for each species du r ing the same selected periods 
of years (fig. 7, A to C, a n d fig. 8, A a n d B ) a n d (b) b y a graph 
showing the to ta l number of records for each species p lo t t ed 
against t ime (fig. ' 9 ) . I t is realised tha t bo th these 
methods have their l imi ta t ions . I n the d i s t r ibu t ion maps, 
vice-counties have been g iven l ine shading where the record or 
records are unconfirmed (almost confined to ear ly records of 
G. parviflora), bu t t hey are shown sol id b lack on the basis of one 
or more confirmed records. Th i s does not, of course, give anv 
in format ion about the re la t ive abundance of the two species i n 



110 PROGRESS I N T H E STUDY OF T H E B R I T I S H FLORA 

F ig . 7. 
A to C. Spread of Galinsoga parviflora fav. in Br i ta in . A, 1908. B , 1939. C, 1955 
Vice-counties wi th unconfirmed records shown by line shading. Further explan

ation i n the text. 

With acknowledgment to the "Neiv Naturalist" for use of part of their base-map. 

different parts of the d i s t r ibu t ion area, a n d m a y give a false 
impression tha t they are c o m m o n throughout a large pa r t of the 
count ry . T h e y are, i n fact, most f requent ly found i n south-east 
E n g l a n d , a n d i n the v i c i n i t y of docks, especial ly i n southern 
E n g l a n d , south Wale.s, a n d on Merseyside, w i t h a compara t ive ly 
t h in scatter throughout the rest of the count ry . D i s t r i b u t i o n 
maps showing the ac tua l locali t ies for each species were also 
exh ib i ted i n order to correct any mis leading impress ion f rom 
the v ice-county maps. 
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The graphica l me thod of representing the spread depends for 
i ts r e l i ab i l i ty i n pa r t on the recording of the correct year for the 
first appearance i n a par t icu lar loca l i ty , and th is in fo rmat ion is 
not a lways avai lable . B o t h methods, v ice-county maps a n d 
graphica l representat ion alike, fa i l to make al lowance for different 
in tens i ty of bo tan ica l a c t i v i t y i n different parts of the country , or 
i n the same pa r t at different t imes. I n th is case, however, i n spite 
of the difficulties, bo th methods have g iven results w h i c h are 
d is t inc t enough to show a s t r ik ing difference i n the rate of spread 
of the two species. 

M A P P I N G M E T H O D 

Figure 10, A to C, gives the d i s t r ibu t ion of G. parviflora b y 
vice-counties; (a) for the per iod 1860-1908, tha t is f rom the first 
recorded occurrence outside K e w Gardens u n t i l the first recorded 
appearance of G. ciliata i n 1909, (b) w i t h add i t iona l records f rom 
1909-1939, t ha t is up to the outbreak of the Second W o r l d W a r , 
a n d (c) w i t h add i t iona l records f rom 1940-1955. The three maps 
thus show the d i s t r ibu t ion of G. parviflora i n 1908, 1939, a n d 1955. 

The first m a p (fig. 7, A ) includes s ix probable m a i n centres of 
in t roduc t ion , n a m e l y L o n d o n ( K e w , 1860), Manchester area 
(cotton m i l l s at Mick lehurs t , 1874), Cardiff (Penar th F e r r y , on 
ballast , 1876), Merseyside (1892), H e w e l l , Worcs . (1901, said to 
be in t roduced w i t h A m e r i c a n wheat), a n d E d i n b u r g h (Botanic 
Gardens, 1902, ac tua l ly k n o w n there as far back as 1815). The 
second a n d t h i r d maps (Figs. 7, B a n d C) show tha t the sub
sequent spread is m a i n l y in to Cen t ra l a n d Southern E n g l a n d . 

Fig-. 8, 
A and B. Spread oi Gullnsoga ciliata (Baf.) Blake i n Br i ta in . A, 1939. B , 1955. 
Vice-county wi th unconfirmed records shown hy line shading. Further explan

ation in the text, 

IVilh acknowledgment to the "Neiu Naturalist" for use of part of their base-map. 
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1125 iqso l<BJ 

F i g . 9. 
Graph demonstrating tire higher rate of spread in Galinsoga ciliata. 

Explanation in the text. 

Figures 8, A a n d B , give s imi lar in format ion for 67. ciliata 
for the periods 1909-1939 a n d 1940-1955. T h e y show the d is t r i 
bu t ion of the species i n 1939 and 1955, so tha t a direct compar ison 
can be made w i t h 67. parviflora for these periods. A g a i n , the first 
map (fig. 8, A ) includes five wide ly separated probable m a i n 
centres of in t roduc t ion , n a m e l y L o n d o n (Ac ton , 1909), Mersey-
side (1913), Cardiff (1922), Chr i s t church (1922), a n d A v o n m o u t h 
(1926), whi le the second m a p (fig. 8, B ) shows tha t the sub
sequent spread is m u c h as i n 67. parviflora. There is, however, 
the i m p o r t a n t difference tha t a d i s t r ibu t ion , nea r ly the same as 
tha t w h i c h required 47 years (1909-1955) i n the case of G. parvi
flora, has been achieved b y 67. ciliata i n 16 years (1940-1955). 

The results are summarised i n Tab le 1, i n w h i c h the ac tua l 
numbers of records collected for each species to date are also 
shown. 

I t can be seen f rom the da ta i n Tab le I , tha t du r ing the last 
16 years, 67. ciliata has increased i n terms of vice-counties b y about 
200 %, and i n terms of ac tua l records b y near ly 500 %, whi le the 
corresponding figures for 67. parviflora for the same per iod are 
86% a n d 93%. • .-- -v . ' -
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T A B L E 1. 

Species 

67. parviflora 
Period 1860-1908 1909-1939 1940-1955 Totals 

T i m e i n Y e a r s 
N o . of v.-cs 
N o . of records 

49 
11 
42 

31 
+ 10 
+ 71 

16 
+ 18 
+ 105 

39 
218 

G. ciliata 
N o . of v.-cs 
N o . of records 

11 
20 

+ 24 
+ 95 

35 
115 

G R A P H M E T H O D 

I n figure 9 the to ta l number of records for each species 
(using new localit ies only) is p lo t t ed against t ime. I t should be 
noted tha t the s t ra ight l ine for G. parviflora a n d the three straight 
l ines A , B , a n d C for G. ciliata are the ca lcula ted "lines of best 
f i t" , i.e. regression lines of y ( log /no . records) on x (time). F u r 
ther, the slopes of a l l four hnes have been compared a n d their 
significance determined s ta t is t ical ly . 

T w o interest ing points have emerged: — 
(1) The differences i n slope between the G. parviflora l ine on 

the one hand , a n d the G. ciliata l ines t aken separately or as a 
whole on the other, are h i g h l y significant. T h a t is, G. ciliata 
shows a higher in t r ins ic rate of spread t h a n 67. parviflora. 

(2) F o r 67. ciliata, the differences i n slope between 
the hnes A a n d B , B a n d C were also found to be significant, but 
A to C was not significant. T h a t is, there is a real increase i n 
the rate of spread f rom about the end of 1942 to 1947, more or 
less co inc id ing w i t h the per iod of intensive b o m b i n g du r ing the 
Second W o r l d W a r , a n d con t inu ing for some t ime after the war 
before re turn ing to app rox ima te ly the pre-war level . There 
appears to be a s l ight ly increased rate for 67. parviflora also, at 
about the same t ime, bu t this cou ld not be p roved w i t h cer tainty. 

Th i s clear demonstra t ion, at least for 67. ciliata, of the 
effect of the war per iod on the spread of Galinsoga species is 
of some interest i n conf i rming the suggestions made b y Salis
b u r y (1953) on the effects of b o m b i n g on p lan t dispersal . 
B u t , a l though i t is doubtless made more effective b y bombing , 
w i n d dispersal is b y no means the on ly factor i n the spread of 
these plants , as L o u s l e y (1953) has a l ready po in ted out. The 
present wr i te r now has considerable evidence accumula ted w h i c h 
supports Lous ley ' s v i ew a n d shows tha t bo th species have prob
a b l y been d i s t r ibu ted to a v e r y large extent w i t h ho r t i cu l tu ra l 
produce, bo th plants a n d mater ia ls (for example, po t ted plants , 
t op i a ry tubs, bedding plants , shrubs, root-stocks, bulbs , seeds, 
soil , and peat). 



114 PROGRESS I N T H E STUDY OP T H E B R I T I S H FLORA 

I n a recent paper on chromosomes a n d p lan t ecology, H a s k e l l 
(1954) states tha t 67. ciliata "has no t made headway" a n d that i t 
" w i l l m a i n t a i n i tself on ly b y con t inua l re in t roduc t ion" . These 
views are no t supported, however, either b y the present demon
s t ra t ion of a higher rate of spread i n 67. ciliata, w h i c h has enabled 
the species to achieve p rac t i ca l ly the same d i s t r ibu t ion as 67. par
viflora i n m u c h less t ime, or b y the cont inuous presence of 67. 
ciliata i n several i n l a n d localit ies over periods ranging f rom s ix 
to twelve years. These poin ts w i l l be discussed i n more deta i l 
i n an account of the genus Galinsoga i n B r i t a i n w h i c h is i n pre
para t ion . I n this connection, I w o u l d welcome any in format ion 
re la t ing to vice-counties for w h i c h no records are as ye t avai lable . 

I w o u l d here express m y thanks to the m a n y correspondents 
who have a l ready k i n d l y responded to m y requests for confirmed 
records, specimens a n d in format ion . I a m especially indebted to 
Messrs. E . B . Bangerter , J . P . M . B r e n a n , a n d J . E . Lous l ey . I 
should also l ike to t hank m y colleague, M r . P . Gre ig -Smi th , 
for s ta t is t ical assistance w i t h the graph forming figure 9. 
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Dr . S. M . W A L T E R S enquired to what extent the taxonomic error-
factor had been taken into account in interpreting the statistics. If 
some of the early records of G. parviflora really referred to 67. ciliata. 
which was not then recognised, the relative rate of spread of the two 
species could be quite different. Dr . L A C E Y replied that during the 
last few years there had been renewed interest and records of both 
species had been much more numerous, which, of course, had an in
fluence on the statistics. Reviewing the records over the whole of their 
history he had the impression that the rapid increase of 67. ciliata 
was very real, but i t was appreciated that there could be quite a big 
margin of error. 
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M r . A . W . W E S T R U P pointed out the importance of continuing to 
collect records as fully as possible. If G. ciliata had now caught up 
with G. parviflora, i t was to be expected that the present rate of in
crease would enable i t to outstrip the other species during the next few 
years. Now that the distinction is clearly recognised, i t should not be 
difficult to keep accurate records. 

M r . N . Y . S A N D W I T H asked whether the different shapes of the 
pappus squamellae might have any conceivable influence on the rela
tive powers of dispersal of the two species; "whether, for instance, the 
acuminate-aristate squamellae of the pappus of G. ciliata could aid 
its dispersal by animals or other mobile objects. Dr . L A C E Y replied 
that he thought animals as well as man might play a part in the dis
persal of the two species, and it might be significant that some of the 
early records were connected with wool. He had no information about 
the reproductive capacity of G. ciliata or the possible biological signi
ficance of differences between the pappus of the two species. 
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T H E S P E C I E S P R O B L E M I N G A L I U M P U M I L U M 

( E x h i b i t ) 

K . M . G O O D W A Y (Unive r s i ty College of N o r t h Staffordshire) 

The group of t a x a w h i c h are cohect ively referred to Galium 
pumilum has been d iv ided up i n var ious ways, a n d m a n y names 
have been g iven to the segregates, b o t h i n th is coun t ry a n d on 
the Cont inent . Some order was brought to this confusion b y 
Sterner (1944), when he showed tha t there were two m a i n groups 
i n N . W . Europe , w h i c h are read i ly dis t inguishable f rom one 
another morphologica l ly . One group has a southern, more or 
less cont inuous d i s t r i bu t i on ; whi le the other is more nor thern, 
a n d exists i n a number of dis junct popula t ions each of w h i c h 
differs s l igh t ly f rom the others morphologica l ly . The s i tuat ion 
i n the B r i t i s h Isles is no t clear, since Sterner cou ld o n l y use the 
records i n the Comital Flora. 

F u r t h e r w o r k has shown that b o t h morphologica l types occur 
i n this count ry , w i t h a geographical separat ion as w o u l d be 
expected. I n the south a n d east is Sterner's southern form, 
67. pumilum M u r r . sensu stricto, whi le i n the n o r t h a n d west is 
Sterner's nor thern form, 67. sterneri Ehrendorfer . T h i s morpho
logical and geographical separat ion is quite clear a n d dis t inct . 

I t was thought at first that the cyto logica l p ic ture was going 
to be as clear, for a l l the plants of 67. pumilum f rom B r i t i s h popu
lat ions w h i c h have been examined have been octoploid , a n d at 
first a l l the plants of 67. sterneri were te t raplo id . I t was then 
found tha t p lan ts of 67. sterneri f rom the B u r r e n (Co. Clare) were 
d ip lo id , a n d i t has since been found that a l l the plants examined 
from B e n B u l b e n (Sligo), I n c h n a d a m p h ( W . Sutherland) and 
Snowdonia (Carnarvon) have also been d ip lo id . O n the other 
h a n d a l l the p lan ts f rom Breconshire , Derbyshi re , Y o r k s h i r e , 
Cen t ra l Sco t land a n d B e n H o p e (W. Sutherland) have been tetra
p lo id . The boundary between these two forms is not clear because 
l i v i n g p lan ts f rom N . E . I re land, the Hebr ides a n d the Orkneys 
are s t i l l needed. I t is no t clear because these two types can o n l y 
be dis t inguished b y their chromosome numbers ; morphologica l ly 
they are indis t inguishable . I t is also imprac t icab le to separate 
t h e m on characters such as pollen-size, s tomata l size, s tomata l 
index, etc., because, a l though there i s a sma l l difference i n the 
average values, the overlap is so great tha t i t w o u l d be impossible 
to assign a single plant , a n d difficult to assign a popula t ion , to one 
of these groups us ing these cri teria, T h i s is due largely to the 
great v a r i a b i l i t y of the te t raploid . 

T h i s pa t te rn of d i s t r ibu t ion raises a number of interest ing 
points concerning the h i s to ry of these groups i n the B r i t i s h Isles. 
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pa r t i cu l a r ly the reason for the res t r ic t ion of the d ip lo id to the 
western fringe, bu t the m a i n p rob lem I w a n t to discuss here is 
tha t of the classification of this group. F o r th i s I mus t men t ion 
another group of plants w h i c h come f rom the cha lk cliffs of the 
Seine i n France . These are the n o r m a l G. pumilum sensu stricto, 
iden t ica l i n appearance w i t h the B r i t i s h plants , b u t they are 
te t raploid . 

I t is difficult, a n d I have found i t impossible, to hybr id ise 
p lants i n this aggregate wh ich are on different chromosome levels. 
T h u s the d ip lo id a n d te t rap lo id forms of G. sterneri cannot be 
crossed, a n d the te t raplo id a n d oc toplo id forms of G. pumilum 
cannot be crossed. However , I have found tha t the two tetra
p l o i d forms, a l though morpholog ica l ly different w i l l cross fa i r ly 
readi ly . 

T h i s is o n l y one example of a fa i r ly c o m m o n feature of this 
genus. The same th ing happens i n the field i n D e n m a r k , where 
two morpholog ica l ly different types come in to contact . E h r e n -
dorfer has found the same th ing i n several A u s t r i a n species 
(Ehrendorfer , 1954, 1955), and F a g e r l i n d (1937) showed the same 
th ing w i t h G. verum a n d G. mollugo. I n each case, the different 
morphologica l types have several different levels of po lyp lo idy . 
T h e different levels are genet ical ly isolated f rom one another, 
bu t the different morphologica l types on the same chromosome 
level can hybr id ize . 

The p rob lem now is that there are two dis t inc t classifications, 
morphologica l and cytogenetical , w h i c h r u n d i rec t ly counter to 
one another. W h i c h one should be used generally? I sugggest 
that the breeding group or hologamodeme does no t prov ide the 
basis of the most na tu ra l classification. The te t rap lo id G. sterneri 
has far more i n common, ecologically, geographical ly a n d his tor ic
a l l y w i t h i t s d ip lo id form w i t h w h i c h i t cannot hyb r id i ze t han 
w i t h the te t raplo id G. pumilum w i t h w h i c h i t can hybr id ize . 

Th is , I w o u l d suggest, is a case in w h i c h the gross morphology 
of the p l an t provides a more na tu ra l a n d a more useful classifica
t i on t han does its cytogenetical behaviour . 
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Prof. D . P L V A L E N T I N E asked whether self-incompatibility was 
found in the polyploids as well as in the diploid and whether all the 
higher polyploids were autoploids or if some of them, might not be allo-
ploids of the lower chromosome levels. M r . GOODWAY replied that self-
incompatibility was as pronounced i n the octoploids and tetraploids 
as in the diploids, and that, although there was no direct evidence 
since i t was not possible to cross the different chromosome types, i t 
seemed most probable that these were autoploids, because of their 
morphological similarity and because one or two quadrivalents were 
usually present at meiosis in the tetraploids and octoploids. 

M r . A . D . B R A D S H A W asked if there was any explanation of the 
fact that i t was impossible to cross the different chromosome races here, 
pointing out that sterility did not usually appear unt i l the next gene
ration. M r . GOODWAY replied that he had no explanation to offer. 
Prof. V A L E N T I N E added that a number of cases were known in which 
i t was difficult to hybridize a diploid with its own autoploid, while it 
could be hybridized with its alloploid quite readily. 
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D I S T R I B U T I O N A N D V A R I A T I O N O F E R I C A M A C K A I A N A 

( E x h i b i t ) 

P E T E R A . G A Y (Un ive r s i ty College of Wales , A b e r y s t w y t h ) 

Since i ts discovery i n 1835, Erica mackaiana B a b . has c la imed 
the a t tent ion of botanists for two m a i n reasons. F i r s t l y , of the 
species present i n the flora of the B r i t i s h Isles i t affords one of 
the most s t r i k ing examples of major d i scon t inu i ty of d i s t r i bu t i on : 
a n d secondly, its true t axonomic status has always been i n some 
doubt . 

E. mackaiana is k n o w n on ly f rom I re land a n d Spa in a n d has 
been inc luded b y var ious authors of phytogeographical classifi
cat ions as belonging to the L u s i t a n i a n element i n their schemes. 
T h i s element, as Stapf (1914) showed, is mere ly one end of a 
graded series. Th i s series shows progressive increase i n the degree 
of d i s junc t ion of d i s t r ibu t ion , and E. mackaiana is best considered 
as at the extreme end. W h i l e G o o d (1931) has suggested i n h is 
" T h e o r y of Tolerance" tha t c l imat ic cont ro l is p r imary , a n d has 
shown tha t sometimes a close para l le l between d i s t r ibu t ion a n d 
some c l imat ic factor m a y be found, i t appears u n l i k e l y t ha t the 
d i s t r ibu t ion of E. mackaiana cou ld be expla ined b y reference 
to c l imato logy except i n the most general fashion. I n the west 
E u r o p e a n area, the re la t ionship of species a n d cl imate has un 
doub ted ly been great ly modif ied b y the great movements of 
species and floras w h i c h have taken place i n the past a n d are 
apparen t ly s t i l l cont inuing . The relat ionship of a n y one species 
to others w h i c h have bio logica l association w i t h i t i s an essential 
pa r t of the prob lem. A p p l y i n g these pr inciples to E. mackaiana 
an a t tempt w i l l be made to show the re la t ionship of this t a x o n 
to E. ciliaris a n d E. tetralix. 

I n Europe , E. ciliaris is p r edominan t ly south-western i n i ts 
d is t r ibu t ion , reaching o n l y the south-west fringe of the B r i t i s h 
Isles. A c c e p t i n g for the momen t the former presence of th is 
species i n Connemara , where i t has been recorded, the I r i sh 
stations for E. mackaiana are rough ly at the nor thern b o u n d a r y 
of the area occupied b y E. ciliaris. T h e d i s t r ibu t ion of E. tetralix 
i n E u r o p e is more north-easter ly t h a n tha t of E. ciliaris. A t 
the southern b o u n d a r y of i ts area, there are a few isolated records 
beyond the general range w h i c h extends to the coastal region 
of n o r t h Spa in a n d Por tuga l , a n d i t is near th is southern 
b o u n d a r y tha t E. mackaiana again occurs. A c c o r d i n g to W e b b 
(1955) E. tetralix a n d E. mackaiana behave as v icar iads i n th is 
region, a n d perhaps E. ciliaris a n d E. mackaiana- i n the B r i t i s h 
Isles m a y be considered i n a comparable way . 
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T u r n i n g now to the morphology of E. mackaiana i t is observed 
tha t i n cer ta in respects i t possesses features intermediate between 
E. ciliaris a n d E. tetralix. T h i s is shown b y leaf shape (as 
measured b y leaf length / w i d t h ) : E. ciliaris falls a t leaf L /' W = 2 ; 
E. tetralix = 4 ; a n d E. mackaiana = 3. There is considerable 
va r i a t i on w i t h i n samples a n d i t is impossible to a l lo t on this 
character every specimen to either E. mackaiana or E. tetralix-^-
i n r a n d o m samples of these t w o species considered together, the 
two t a x a grade in to one another, b u t the modes corresponding 
to the central type of each t a x o n are dist inct . A non-morpho
logical character i n w h i c h this in te rmediacy is shown is the 
flowering t ime. E. mackaiana falls between E. tetralix a n d E. 
ciliaris i n this respect as also do hyb r id s of these la t ter two 
species. 

I n some features, E. mackaiana collected f rom Craigga More , 
near Rounds tone , differs s ignif icant ly f rom tha t collected at L o u g h 
Nacung , near Gweedore. T h e two most significant characters 
w h i c h demonstrate this are flower number per u m b e l a n d pedicel 
length. L e a f size a n d colour also differ between the two locali t ies 
bu t the leaf shape is ident ica l . The differences are sufficiently 
m a r k e d for there to be a noticeable difference i n the appearance 
of the plants f rom the two stations, a l though i t is doubt fu l i f every 
specimen cou ld be a l lo t ted to its source th rough such consider
ations. 

F r o m the t ime i t was first discovered E. mackaiana has been 
assigned to var ious t axonomic ranks , among t h e m being that 
of h y b r i d between E. ciliaris a n d E. tetralix, a n d despite the 
current feeling against this, the poss ib i l i ty should be seriously 
examined. A n apparent grave object ion to th is hypothesis is 
that the hyb r id s between these species are known—these hyb r id s 
have been named E. x ivatsonii. However , i n th is s i tua t ion 
where segregation of the F1 a n d later generations a n d back-
crossing of these h y b r i d s a n d segregates to b o t h parents takes 
place, i t is mos t u n l i k e l y t ha t every b io type w i l l be k n o w n and 
s t i l l less, described. Indeed, i t is possible to find, i n the range 
of hyb r id s between E. ciliaris and E. tetralix, specimens w h i c h 
s t rongly resemble E. mackaiana. 

U s i n g a h y b r i d index scheme w h i c h was devised for the s tudy 
of h y b r i d i z a t i o n between E. ciliaris a n d E. tetralix, a compar ison 
of F x E. x watsonii and E. mackaiana can be made. M o s t of the 
i n d i v i d u a l characters scored for F , E. x watsonii fa l l half w a y 
between the score awarded to E. ciliaris at 0 a n d E. tetralix at 1, 
yet, for E. mackaiana, each score tends to fa l l a t the E. ciliaris 
or E. tetralix v a lue ; nevertheless, the to t a l of the nine scores 
for bo th (i.e. the h y b r i d indices) are approx ima te ly equal at 4 J . 
The means (or totals) of the i n d i v i d u a l character scores are more 
or less iden t ica l b u t the var iances are v e r y different. 

A useful guide to the t axonomic status of p lan ts is the i r 
fer t i l i ty . There is s t rong evidence tha t E. mackaiana is sterile 
or a lmost so; cer ta in ly seed set i n th is t a x o n is unrecorded and 
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da ta f rom the s tudy of pol len grains can be sat isfactori ly inter
preted i n the same way . I t w i l l be asked, that i f E. mackaiana is 
sterile, h o w then can E. praegeri—a supposed h y b r i d of E. mac
kaiana a n d E. tetralix—be accounted for? T h i s hypothes is is 
unnecessary when i t is realised tha t E. mackaiana is a col lect ion 
of b io types a n d that the ' type ' is p r o b a b l y the result of h u m a n 
selection du r ing collect ion, of something sufficiently different 
f rom E. tetralix to warran t a t tent ion, regard hav ing , been taken 
of one or two characters only . E. praegeri seems to be one of the 
biotypes more closely resembling E. tetralix t han does the ' type ' 
of E. mackaiana. 

T h e re la t ionship of the d i s t r ibu t ion of E. mackaiana to the 
status of the other two species and to h y b r i d i z a t i o n between this 
pa i r can now be considered. F r o m other l ines of approach i t is 
clear tha t E. ciliaris has reduced its range i n the B r i t i s h Isles. 
T h e d is junct ion i n the d i s t r ibu t ion of E. tetralix at the south of 
its range suggests tha t i t too is migra t ing , l eav ing re l ic t areas. 
I n France , h y b r i d i z a t i o n between E. ciliaris a n d E. tetralix is an 
exceedingly rare phenomenon, whereas i n B r i t a i n i t is of common 
occurrence. Unfor tuna te ly , I a m not personal ly fami l ia r w i t h 
the state of affairs i n no r th Spain . 

I t appears therefore t ha t E. mackaiana i s present on ly where 
the phytogeographica l status of one of i ts 'parents ' is fa l l ing, a 
phenomenon signif icant ly associated w i t h a h igh incidence of 
hyb r id i za t i on . I t seems tha t E. mackaiana has arisen poss ib ly 
as a p roduc t of h y b r i d i z a t i o n between E. ciliaris and tetralix, and 
i f this hypothesis is t rue i t can give a more satisfactory explan
a t ion of the fo l lowing facts t h a n has been possible h i t he r t o : — 

1. I t accounts for the morphologica l in te rmediacy of E. mac
kaiana between E. ciliaris a n d E. tetralix 

2. S i m i l a r l y for phonological in termediacy. 
3. The loca l d i s t r ibu t ion can be expla ined as be ing the result 

of vegetat ive spread only, seed dispersal be ing discounted owing 
to the s te r i l i ty factor. 

4. The major a n d mino r dis junct ions are expl icable through 
po ly top ic or igin w i t h i n the former c o m m o n areas of E. ciliaris 
a n d E. tetralix, an or ig in w h i c h can be leg i t imate ly ci ted here. 

5. P o l y t o p i c or ig in explains w h y plants f rom different 
stations show differences i n the i r morphology. 

6. I t gives added weight to the former records for E. ciliaris 
i n W e s t I re land. 

N o a t tempt has been made to say exac t ly wha t E. mackaiana 
is, except tha t i t seems to have arisen somehow as a p roduc t of 
h y b r i d i z a t i o n between E. ciliaris a n d E. tetralix. I f th is i n i t i a l 
step is accepted, i t helps to exp la in i n a compara t ive ly simple 
w a y m a n y facts w h i c h are apparen t ly otherwise unrelated. B y 
approaching the species not as pa r t of a phytogeographic element 
bu t as an i n d i v i d u a l t a x o n w i t h b io logica l affinities, a m u c h more 
comprehensive pa t te rn t h a n p rev ious ly recognised is shown to 
exist even i f the explana t ion offered is no t final. 
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M r . A . W . W E S T R U P asked if there was any cytological evidence to 
distinguish between E. machaiana and E. x icatsoni. M r . G A Y replied 
that there was no cytological evidence and that cytological work on 
these plants presented exceptional difficulties. 

Prof. D . H . V A L E N T I N E asked if E. machaiana propagates itself vege-
tatively in the field, and if so, what is the means of propagation. M r . 
G A Y replied that i t does propagate vegetatively in the field and this 
seems to be extensive. 

M r . R . D . M E I K L E said that E. ciliaris had been reported near 
Roundstone on three occasions and specimens had been collected and 
yet it had not been accepted as part of the Irish flora. The area is 
difficult to search and E. ciliaris may well persist on the extensive 
heathlands. M r . GAY - said he had seen the Roundstone specimen of 
E. ciliaris in the Bri t ish Museum collection and it is correctly named. 
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C O N C L U D I N G R E M A R K S 

P R O F . T . G . T U T I N i n b r ing ing the conference to a close said 
tha t the var ious speakers h a d given a first-class bird 's-eye v iew 
of the s tudy of the B r i t i s h flora. B y considering a l l the major 
methods i n tu rn , w i t h examples of their appl ica t ion , i t h a d been 
possible to see t h e m i n their proper re la t ionship to each other. 
M a n y ideas of lines on w h i c h we can progress h a d been given, 
a n d these should be a va luable s t imulus to future work . I n his 
i n t roduc to ry remarks he h a d d rawn a t tent ion to the impor tance 
of increased col labora t ion w i t h cont inenta l workers a n d the s tudy 
b y us i n habi ta ts abroad of species w h i c h grow i n this country . 
H e thought the papers read du r ing the two days of the confer
ence showed clear ly tha t the o ld insu la r i ty of workers here was 
break ing d o w n and ind ica ted the profitable field w h i c h a wider 
v iew of our flora opened up. Th i s was one of the most pro
mis ing ways i n w h i c h the w o r k of the Society could develop. 

Prof . T u t i n then proposed votes of thanks to a l l those who 
h a d read papers or cont r ibu ted to the discussion, a n d to the 
P r i n c i p a l a n d Counc i l of B e d f o r d College a n d Professor A u d u s 
for l e t t ing us have the use of the h a l l a n d other facilities of the 
college for the meetings. These proposals were carr ied w i t h 
acc lamat ion . 

M R . P . J . W A N S T A L L then proposed a vote of thanks to the 
members who h a d acted as Cha i rmen dur ing the two days a n d 
to those responsible for the organisat ion of the conference. H e 
said tha t he was sorry that th is was the last conference for w h i c h 
D r . D o n y w i l l be d i rec t ly responsible a n d tha t a l l present w o u l d 
w i s h to offer h i m thei r best wishes i n h is even more arduous 
new duties as H o n o r a r y General Secretary. 
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C O N C L U S I O N 

The theme of this Conference was a review a n d compar ison c >i 
methods used for the s tudy of the B r i t i s h flora w i t h the object 
of suggesting the most profitable l ines for future developments. 
A number of va luab le suggestions were made and readers of the 
preceding pages w i l l have not iced the remarkable way i n wh ich 
repeated emphasis was l a i d on two broad lines as offering the 
most p romis ing avenues for progress. A l t h o u g h no fo rmal resolu
t ions were p u t to the Conference i t was evident f rom the 
enthusiasm w i t h w h i c h these proposals were received tha t they 
met w i t h the general support of those present. 

The first of these proposals was tha t B r i t i s h botanists should 
take a broader geographical v i ew a n d learn to regard our flora 
as par t of that of Eu rope a n d of the wor ld . T h i s was the theme 
of Professor Tu t in ' s i n t roduc to ry remarks a n d of Professor 
Valen t ine ' s conc lud ing paper. P r a c t i c a l measures for implement
ing the proposal inc luded greater col labora t ion w i t h cont inenta l 
botanists, a n d pa r t i cu l a r ly the encouragement of vis i ts to 
E u r o p e a n countries to s tudy our species as represented abroad, 
inv i t a t ions to foreign botanists to j o in our field meetings, 
col labora t ion i n the project for a E u r o p e a n flora, and D r . S. M . 
Wal t e r s ' p l a n to extend the sys tem of the B . S . B . I . M a p s Scheme 
to Europe . I t i s hoped tha t the Society w i l l take act ive steps to 
implemen t some, at least, of these suggestions. 

The second b road proposa l covered ye t greater col labora t ion 
between field a n d indoor workers. Th i s was brought out v e r y 
ear ly i n the Conference i n the discussion fo l lowing Canon Raven ' s 
paper, a n d was pa r t i cu l a r ly we l l demonstrated i n the papers read 
b y M r . K . Jones a n d D r . F . H . W h i t e h e a d w h i c h showed ve ry 
c lear ly indeed to wha t great advantage field and labora tory 
approaches can be combined . Professor R i c h a r d s showed how 
m u c h the B io log i ca l F l o r a owed to teamwork of this k i n d , and, 
i n the discussion w h i c h fol lowed his paper, J . E . L o u s l e y suggested 
set t ing u p an organisat ion to collect publ i shed a n d unpubl i shed 
in fo rmat ion to faci l i tate such studies. T h e impor tance of col la
bora t ion between field a n d laboratory , a n d between amateur and 
professional, was i l lus t ra ted m a n y times du r ing the two days. 
A l t h o u g h this is a l ready the wel l established p o l i c y of the Society 
as stressed at earlier Conferences, i t is evident tha t there is scope 
for even greater efforts to b r i n g together workers whose research 
cannot be pu t to m a x i m u m advantage i n isolat ion. 

E D I T O R . 
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