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INTRODUOTION. 

A biological-anatomical description of the Arctic species of 

Saxifraga must essentially have reference to the foliage-leaves, as 

they are the organs which most distinctly bear the impression of 

external factors in nature. The roots were less suitable for anatomical 

investigation in the material which has been within my reach. All 

the material which 1 have had for examination has been placed at 

my disposal by the director of the Botanical Museum in Copenhagen. 

The literature of the subject does not contain much regarding 

the leaf-anatomy of the genus Saxifraga. ENGLER was the first to 

give a more exhaustive account of it in his monographic treatment 

of the whole genus (Breslau, 1872. See list of literature). He does 

not treat the individual species anatomically, but confines himself 

to a kind of comprehensive characterization, w.ithout entering more 

fully into the peculiarities of the different species. The genus is 

treated in very much the same way by THOUVENIN (1890) and LEIST 

(1890). (1 have unfortunately been unable to have access to a 

paper by WALDNER (Graz, 1885) on the "lime-druses" of the Saxifragas). 

The first three works mentioned above give, therefore, only 

very scattered data regarding the species we are here considering, 

and treat them according to systematic principles, without discussing 

the connection between structure and biological conditions. 

More exhaustive descriptions are given by LEIST (1889), BON?'JER 

(1894), BORGESEN (1895), LAZNIEWSKI (1896). These works aim 

particularly at elucidating the relation between habitat and anatomical 

structure, - LEIST and LAZNIEWSKI with regard to the Alpine, BOR

GESE!i' with regard to the Arctic plants. BONNIER compares Alpine with 

Arctic specimens of the same species; among the many examples 

he gives, he mentions only one Saxifraga (S. Aizoon). FREIDENFELT 

(1904) occupies himself with the root-anatomy of a few species, 

considering them to a certain extent from a biological point of 

vIew. HOLM (1885) mentions the anatomy of several Arctic species, 

16' 
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and I shall have occasion to refer to his work in the following 

pages. LINDMARK (1902), also, has made a few anatomical observa

tions on the subject. 

It is beyond the scope of this paper to discuss more fully the 

contradictory conclusions which previous authors have considered 

might be drawn from their studies of Alpine plants; here it will 

suffice for me to give the names of the contending parties (BONNIER, 

LEIST, WAGNER and LAZNIEWSKI) in the list of literature, and also 

STENSTR0M who has, in a very comprehensive manner, studied and 

discussed the questions here under consideration. Quite recently 

SCHROETER (1904-08) has published some valuable observations 

upon Alpine Saxifragas. The investigations of these authors have 

been taken into consideration only in so far as they have touched 

upon Arctic species. 

Here we are only concerned with those Arctic species which 

have been partially investigated by TH. HOLM and F. B0RGESEN. I 
shall not enter more closely into the general and comprehensive 

results which B0RGESEN gives in his paper. 

The specimens investigated by me are the following: 

Saxifraga aizoides L. ........... p. 266 

Aizoon Jacq. . . . . . . . . . .  p. 280 

cernua L. . .. ..... ... . p. 242 

Cotyledon L . . . . . . . . .  " p. 276 

fiagellaris Willd. . . . . . .. p. 269 

groenlandica L . ... .. ... p. 261 

hieraciifolia W. K. . . . .. p. 253 

hypnoides L. . . . . . . . . .. p. 258 

nivalis L. . . . . .. . . . ... p. 250 

opposit-ifolia L. . . . . . . .. p. 285 
t'ivularis L . .. . . . . ... . , p. 246 

stellaris L. ... . .. . . .. . p. 255 

tricuspidata Rottb. . . . .. p. 273 

These belong to six different sections. Common to all the 

species is a leaf-venation which is either palmate or appears to 

have been derived from the palmate type even in such divergent 

forms as S. aizoides and oppositifolia, the relatively serrate and 

entire leaves uf which, with regard to venation and form, are 

connected by gradually transitional forms (especially S. tricuspidata) 

with the palmate leaf of, for instance, S. cernua. Moreover, 
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hydathodes are present in all the species. Consequently, the principal 

form (the type) had probably palmately-veined leaves with hydathodes. 

Nearest to this type·form are the mesophytic species with large leaf

blades, distinct leaf·stalks and marked differentiation between palisade

tissue and spongy parenchyma (the sections Boraphila, Nephro· 

phyllum, and Dactyloides in part); less close to the type are the 

more decided xerophytes, with leaf·rosettes, narrow leaf-blades, etc. 

(the sections Trachyphyllum, Euaizonia, Porphyrion). 

The following is a list of the chief literature upon the subject: -

BONNIER: Recherches experimentales sur J'adaptations des plantes au climat 

alpin (Ann. des sc. nat., VII ser., T. XX) 1895. 

- Les plantes arctiques compllrees aux memes especes des Alpes etc. 

(Revue gen. d. bot . ,  T. VI) 1 894. 

B0RGEREN, F.: Bidrag til Kundskaben om arktiske Planters Bllldbygning (Bot. 

Tidsskrift, Bd. 19) 1895. 

ENGLEH, A.: Monographie d. Gattung Saxifraga. Breslau, 1 872. 

FREIDENE'ELT: Del' anatomische Bau del' Wurzel etc. (Bibliotheca botanica, 

Heft 61) 1904. 

HOLM, TH.: Novajll-Zemlia's Vegetation, srerligt dens Phanerogamer. (Dijmphna

Togtets zo{ll.-bot. Udbytte, Kobenhavn, 18KS). 

L1NDMARK: Bidrag til kiinnedomen om de svenska Saxifraga-artens yttre 

byggnad. (Bihang till k. svenska Vet.-Akad. hand!., Bd. 28, Afd. Ill, Nr.2) 

1 902 .  

LAZNIEWSKI, W. Y.: Beitr. z. BioI. d. Alpenpflanzen (Flora) 1896. 

LEIST: Ueber den Einfluss des alpin. Standortes auf die Ausbildung d. Laub

bliitler (Separat-Abdruck aus Mittheil. d. Naturf. Gesellsch. von Bern) 

Bern, 1889. 

- Beitr. z. vergleich. Anat. d. Saxifragen (Bot. Centralblatt XLIII) 1 890. 

NORMAN, J M.: Norges arktiske Flora, 11, 1895. 

ROSENYINGE, L. KOT.DERUP: Andet Tillreg til Gmnlands Fanerogam- og Kar

spol'eplanter. (Meddelelser om Gnmland, Ill) (separate copy) 1 892. 

SCHROETER: Das Pflanzenleben d. Alpen. Ziirich, 1904-08. 

STENS'rR0M: Ueber das VerhaIten derselben Arten in verschiedenen Klimaten 

etc. (Flora) 1 R95. 

THOUYEN1N: Recherches sur la structure des Saxifragacees (Ann. d.  sc. nat.,  

Sel'. VII, T. 11) 1890. 

W AGNER, A.: Zur Kenntniss des Blattbaues d. Alpenpflanzen etc. (Sitzungsber, 

d. Wienel'-Akad., Bd. Cl, Abth. I) \892. 

WAlnllNG, E.: Gronlands Vegetation. (Meddelelser om Gronland, Hefte XII) 

1888. 
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1. Nephrophyllum. 

The two spec ies  of this group  which have been inve stigated 

agree in the fo llowing points : - ( 1 )  The leave s  are stalked 

and palmately lobed , ( 2 )  the epidermis has undulat ing radial 

wal l s ,  (3 ) glandular hairs are present ,  (4 )  the cells of the spongy 

parenchyma are decidedly ste llate (without a compact layer of t is su e  

under the epidermis), (5) the hydathodes  are exactly marginal , 

without a cavity and without secret ion of l ime .  

The  species differ  most  in  regard to the  thickness  of the 

outer wal l s  of  the epidermis, and the more or  l e s s  decided ly 

stel late form of the ce l l s  of the spongy parenchyma. The two 

specie s can eas i ly be d is t ingui shed from each other by these  

features, wh ile , howeve r , their mutual relationsh ip i s  very 

d i stinctly expre s s ed  in their anatomy. A key to the ir  deter

mi nation by theil' l eaf- anatomy would be as fol lows : -

Outer wal l s  of the epidermis: -

(a) th in (2-3 fl): S. cernua. 

(b) irregularly th ickened (as much as 8- 1 0  (1): S. rivularis. 

Glandular hairs: --

(a) long- stalked  upon the  upper ,  and short-stalked upon 

the lower surface : S. cernua. 

(b) s imilar upon the upper  and lower surface :  S. rivularis. 

Saxif'raga cernua L. (F igs .  1 and 2). 

This spec i e s  according to NORMAN (I. c . ,  p p .  303-04) i s  

a decidedly A rct ic plant which extends  beyond the tre e- l imi t  

697  metres and upward s .  Grows both upon flat and s loping 

ground ,  as commonly on the northern as on the s o uthern s i d e ,  

more rarely on t h e  eastern and western s i d e s .  I t  prefers  co ld 

and damp localiti e s ,  among mos s ,  along the  banks of rivers ,  

upon stones  in rivers ,  e tc . ,  and  must  be characte r ized as 

dec idedly hygrophilous .  

The leaves a r e  long- s talked , reniformly-palmately lobed  
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w i t h  5- i lob e s .  Each lobe terminate s in a hydath ode  (Fig. 1 Al. 
Along the  margin and upon bo th  su rfaces glandular hairs occur, 

long upon the upper s u rface and short  upon the lower �(Fig. 2 E.) 

B 

c 

A 
JJ 

Fig. 1. Saxifmga cernua. 
A (8f,), Leaf-form. B, Upper epidermis with a glandular hair. C, Transverse section of 

leaf. D, Longitudinal section of leaf-apex with hydathode. E, Spongy parenchyma. ( B, 
C, D and E 50ft). 

The ep idermis of the upper surface consists of cells with un

dulating wal l s  (Fig .  1 B) ,  the lateral and outer wal ls of which are 

thin ( 2-311)' Cuticle is very slightly developed .  The ep i d ermis o f  

t h e  upper surface i s  provided with stomata which proj e ct above 
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the leaf- surface and also with scattered ,  long- stalked glandular 

hairs .  B0RGESEN ( I . c. , pp .  225-26) state s that the stomata are 

most  numerous upon the upper surface , where there are 10 

per unit of surface , whi le on the  lower surface only 8. 

The ep idermis of the lower surface has even more strongly 

undulating walls ; it i s  otherwi se  very slightly developed (as upon 

Fig. 2 .  Saxifraga cernua. 
A, Epidermis of the upper surface of the leaf. B, The same in vertical section. C, Epidermis 
of the lower surface of the leaf (in a solitary cell several crystal-aggregates are seen). D, 

Lower epidermis in vertical section. E, Hair from the lower surface of lhe leaf (m/1). 

the upper surface )  and is provided with stomata, p laced slightly 

above the level of  the leaf- surface ,  and short- stalked glandular 

hairs exactly similar in appearance to those  upon the margin 

of the l eave s (Fig .  2 E). 

The mesophyll is very loosely arranged, with large and 

numerous intercellular space s (Fig. 1 C) . The pal i sade-ce l l s  form 

indistinct rows and ,  in the greater part of  the leaf, are placed 

almost  vertically within the e pidermis while towards the apex of 

the ve ins they are p laced somewhat obl i quely - a circumstance 
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which has been exhaustively d i scussed by LAZNIEWSKI ( I .  c . )  in  

regard to rosette-p lants and which we shall find  again in the 

very decidedly rosette-forming spec ies  (S. Cotyledon, Aizoon, etc . ) .  

The 2-3 pa l isade- layers  are differenced,  bu t  not  very di st inct ly ,  

from the cel ls of  the spongy parenchyma, which are dec idedly 

ste l late ( i .  e .  branched ) ,  long, and loose ly arranged (Fig.  1, E.) 
The ve ins  are not  accompanied by  mechanical tis sue ,  but  

are surrounded by  a (usually one-Iayeredl bundle-sheath of 

e longated cel ls devo id of chlorophyll (Fig .  1 C). 
All the ve ins  at the apices o f  the l eaves  terminate in a 

hydathode .  The ep i thema i s  in terwoven , and enveloped by 

the spirally thickened tracheids of afferent ve ins  and i s  cove red 

with a small-cel l ed  ep idermis  wi th water-pore s .  Lime-secretion s  

were totally absent  from th e  Arctic specimen s  examined by me .  

The  surface of  the epithema  i s  convex  and  s i tuated d irectly at 

the edge o f  the leaf-margin ;  a hydathode-cavity is absent  

( compare, S. oppositifolia, S. Aizoon, etc . ,  the hydathodes  of 

which open upon the upper s ide of the leaf-margin and have 

a cavity ) .  Fig. 1 D. 

The l e aves  of the bulbi ls  are morphological ly somewhat 

different ; a gradual trans i t ion may be traced from entirely blade

l e s s  scale-leaves to bu lb-scales with rudimentary leaf-blades  

which have en tire marg ins ,  and  ultimately to  bu lb-scale s  with 

a small three- lobed blade (the ce l l s  of which are devoid of 

starch-grains although the latter occur in  quant ities in  the leaf

base ) .  

The bulb-scale s are  wi thout hydathodes .  The ce l l-wal l s  

of  the lower ep idermis are almos t  straight ; no  s t omata were 

found by me  a l though they were found by TH. HOLM ( I .  c ., p. 471. 
The hairs are s imilar to those upon the l ower surface of the 

foliage - leave s .  

The cel l -wal l s  of  t h e  uppe r  epidermis are straight, and 

there are no stomata. The hairs are s im i lar  to those upon the 

upper s urface of  the fo l iage -leaves .  
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All the cells of the mesophyll are alike ,  i sodiametric and 

c losely fil l ed  with starch-grains .  

There i s  a soli tary vein with a one-layered bundle- sheath 

devoid of  starch .  

The structure of  the  fo l iage- leaf and bulb-scale here  descr ibed 

I found to be  ident ical with that of  the spec imens from Modru

vellir in  I c e land, and Egedesminde in Greenland .  

As already ment ioned ,  thi s  spec ies  i s  hygrophytic i n  i t s  

cho ice  of locali t ie s .  I t s  anatom ical s tructure i s  in  dist inct 

conformity therewi th : Stomata (proj e ct ing above the  level of  

the leaf-surface) on  both s ides ; thin  ep idermis, - in short, 

no means of protect ion agains t  excess ive transp iration .  

Saxifraga rivularis L.  ( F ig s .  3 and  4 ) .  

Saxifraga rivularis L.  i s  a dec ided mountain-plant which 

occurs most frequently on  s lop ing ground,  more numerously 

upon the s hady than upon the sunny s ide .  Probably grows 

usually in  damp locali t ie s ,  and in the choice of i ts  localiti e s  is  

a lmost exact ly l ike S. cernua (NORMAN, I .  c . ) .  

The leaf i s  reniform and pa lmately-Iobed ,  w i t h  usual ly 5 

lobe s ,  each provided with a hydathode at i t s  apex (Fig .  3 A). 

Glandular hairs occur spars e ly upon bo th surface s .  

The  ep iderm i s  of the  upper  surface cons is ts  of large ce l l s ,  

which have slight ly undulating walls and  th in  late ral and  inner  

walls and irregularly thickened outer  wal ls (F ig .  4 ) .  Cuticle th in .  

Stomata numerous and prominent .  Glandular hairs are  scattered 

over the whole surface ,  bu t  are no t  abundan t .  BORGESEN (\. c . ,  

p .  22i)) state s that the s tomata are mos t  numerous  upon  the 

upper side, but ye t  he ment ions  (I. c . ,  p .  226) hav ing found 9 

per  un i t  of surface upon bo th the upper and lower surface .  

The ep idermis of the lower surface i s  a lmost  exactly lik e  

that of the upper ,  b u t  the c e l l s  are somewhat l arger ,  and the 

walls more undulating (a long the ve ins ,  however ,  to a le s s  

degree than outs ide them) .  (Fig .  4 A, 0.) 
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The stomata here a lso are p laced very s l ightly above the 

l eve l  of the l eaf- surface ;  they are mos t  numerous outside the 

ve ins ( in  the ang les  between  the l obes ) ,  but  are no t  ent irely 

absent from along their length. 

The mesophyU is exactly l ike  that of 8. cernua. What has 

been said above of the pal isade-ce l ls ,  spongy parenchyma and 

veins of  the l atter species w i ll apply without any alteration to the 

Fig. 3 .  Saxifmga rivula1'is . 

�� 
�B 

.d, ('It) Leaf-form. B, Upper epidermis. C, Transverse section of leaf. D, Longitudinal 
section of tip of same with hydathode. (B, C, and D wit). 

present spec ies  a l so .  The p ali sade-cells in thi s p lant al s o  are 

obl ique ; BORGESEN evident ly d id not ob serve thi s feature , ne ithe r  

does  he de scribe the hydathode s ;  t h e  latter a r e  exactly l i k e  

those  of S.  cernua. I t  i s  extremely in tere s t i ng  to note how 

the modes of l i fe of these  two c losely-al l ied species are reflected, 

with such clo se correspondence , in the anatomical s tructure o f  

the i r  leaves .  

The mater ia l  upon which the descr ip t ion here given is based ,  

comes  from  the  fo llowing local i tie s :  - Jan Mayen (July 22 ,  
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1896) , MOdruvel l i r  ( I ce land ,  May J 9, 1889), Uperniv ik (July 18, 

1886) , Danmarks 0 (Aug. 1, 1892) , Frederikshaab (June 8, 1888) , 

Malersomial'fik (July 6), Nova Zembla and Trom s0 (June 26, 

Fig. 4. Saxif1'aga ,·ivularis . 
.d, Epidermis of the upper surface of the leaf. B, The same (transverse section). C, Epi
dermis 

'
of the lower surface of the leaf. D, The same . E, Spongy parenchyma. (.d, B, 

C, D, and E 282ft). 

1885); therefore from Norway, I c eland , Nova Zembla , Green

land and Jan Mayen .  In  sp i te of the widely separated local i t ies 

of the ind ividuals they were all ab solute ly ident ica l  in regard 

to l eaf-anatomy. The spec imens which have been  inve stigated 
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give no ins ight into poss ib le  seasonal d ifferences ; they were 

al l  col lected between the end of June and the beginning of 

August .  

Lastly, I may add, that I have examined numerous roots 

of  this plant, withou t  finding any k ind of  mycorhiza ; but thi s 

also ,  no doubt ,  c ou ld  s carce ly  be  expected to be found . 

2. Borapkz'la. 

The three spec i e s  of this group agree c lose ly  i n  the fo l lowing 

feature s : - (t) Epidermis with undulat ing wal l s ,  ( 2 )  glandular 

hairs ,  (3 )  marked difference between  the pal isade-tis sue  and the 

spongy parenchyma ( the spongy parenchyma varying from ce l\Fo 

whic.h are sl ightly branched ,  but  arranged in irregular me shes  

and rows ,  with larger intercel l ular spaces  (S. stellaris) - to 

much  branched ( " stel late") ce l\s in the  spec i e s  S. nivalis and 

S. hieraciifolia; compact spongy parenchyma immediately 

beneath the ep idermis  doe s not  occur ) ,  (4) hydathode s exactly 

like those  in the s ec tion Nephrophyllum. The differences are 

as fo l lows : -

Hairs : -

Two kinds ( i .  e .  both glandular hairs and marginal non

glandular hairs) : S. nivalis and S. :steUaris. 

Glandular hairs only : S. hieraciifoUa. 

Spongy parenchyma : -

(1) very loose ly arranged,  cons i s ting o f  unbranched and 

branched cel ls ,  in  rows of  irregular length, the main 

direction of which i s  parallel to the  longitudinal axis 

of the leaf : S. stellal'is. 

( 2 )  a l l  the ce l l s  of the spongy parenchyma branched :  

S. hieraciifolia and nivalis. 

I t  can therefore be  seen  that the leaf-anatomy of this 

sect ion corresponds c lose ly  with that of the section Nephro

phyllum. It is in real i ty imposs ib le ,  on the bas is  of  our knowledge 
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of  the spec ie s of which the inve s tigation i s  here recorded ,  to 

point out any anatomical difference which characterizes  the whole 

of  the one  sect ion i n  contradi s t inct ion to the whole o f  the other .  

Saxifraga nivalis L. ( Figs .  5 and 6) . 

Saxifraga nivalis L .  occurs far above the tree-l imit in 

Arctic regions ,  where (according to NORMAN) i t  usually grows on 

Fig. 5 .  Saxifraga nivalis. 
od (2!t), Loof-form. B, Hairs from leaf-margin. C, Longitudinal section of leaf with hyda

thode. D, Transverse section of leaf. (B, C, and D "';,). 

sloping ground,  three times  more commonly on the sunny side 

than on the shady side ; it usually grows i n  d ry l ocaliti e s ,  more 

rat'ely in  damp.  M. PORSILD i nforms me verbally that in  Green

land i t  i s  found among damp moss  and upon cl iffs we lted by 

spray. The p lant  according to my judgement i s  fairly d is tinctly 
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mesophytic in its anatomical structure .  The leaves are cordate , 

with a hydathode at the apex of each too th. (Fig. 5 A.) 

The epidermis of  the upper s urface con s i s t s  of  cells which 

have undu lating wal ls  and thin (about 2(1) lateral, inner  and 

Fig. 6. Saxifmqa nivalis. 
A, Epidermis of the upper surface of the leaf. E, The same (transverse section). C, Epider
mis of the lower surface of  the leaf. D, The same. E, Spongy parenchyma. (A, n, C, IJ 

and E, 282/t). 

o uter walls .  Cutide very s l ightly developed .  Stomata numerous ,  

and prominent (Fig.  0 ,  A, E). 
The epidermis  of the  lower surface i s  almost s im ilar to 

that of  the upper; but the cells are a l i t tle larger ,  and the 

lateral walls are somewhat more undulating .  The stomata are 

precis ely s imilar to those  of the upper surface (Fig. 6, 0, D) .  
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Dr. BeRGESEN s tate s that the stomata are e qually abundant 

on bo th sides (I . c . ,  p .  225) ; he has however counted 17 upon 

the upper surface ,  and 20 upon the lower per uni t  of surface 

(I. c. ,  p .  226). 

The mesophyll is fairly d is tinctly differentiated into a palisade

l ayer and spongy parenchyma ; in the spec imen s examined by 

me there are  three distinc t  palisade-layers (BeRGESEN found 2-3). 

The presence of these three layers ,  which impl ies  that the 

specimen s  examined had been growing in  comparatively li gh 

l ocalitie s ,  harmonizes excel lently with NORMAN'S above-mentioned 

statement that the spec ies  occurs three t imes  more commonly 

on the sunny s ide than on the shady side ( I have not s een  

" shade-specimens ,"  but  BeRGESEN has  evidently found them) .  

The spongy parenchyma i s  loo sely arranged and cons i s t s  

o f  ste l late ce l l s  (Fig .  6). The ve ins  are  accompanied by colour

less ,  long-ce l led ,  usnally one-layered bundle-sheaths .  

The hydathodes have convex epithema and are quite s imilar 

in structure to those  of S. cernua; they do no t  secrete l ime .  

BeRGESEN found scattered glandular hairs ; the se  cons i s t  of  

a s ing le  row of  ce l l s ,  terminating  in an undiv ided ,  obovate , 

one-cel led head. HOLM (I . c .  PI . X, Fig .  9 )  has figured a glandular 

hai r with a two-ce l led head, - a feature which I have not met 

with. The hairs are more abundant upon the lower ,  and few 

in number upon the upper ,  surface .  

The s tructure of  the leave s i s  e s senlially the same in spe

cimens  from all the local i t ies from which material has been  

examined ;  thus ,  I have more close ly inve stigated specimen s  

from  Uperniv ik (July 10, 1 887 ) ,  Hold with Hope (July 10, 1891), 

Julianehaab (June 1 4 ,  1887 ) ,  Dyrefj ord (June 10, 1 895) , and 

Troms", (June 28) .  The only deviat ion from the description given 

above was observed in the specimens from Hold with Hope 

and Dyrefj ord, al l  of which contained  a considerable quantity 

of oxalate of l ime as crystal-aggregate s in the ce l ls  of the spongy 
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parenchyma near to the bund le- sheaths of the ve ins at th e 

base of the leaf. 

A s  may thus be seen ,  the structure of the leaf i s  d is tin ctly 

mesophytic or pe rhaps even hygrophytic ; the prominent stomata 

upon bo th leaf- surfaces ,  the thin-wal led epidermis ,  and the loose  

s tructure of the  spongy parenchyma show thi s .  The agreement  

between the struc ture of the  l eaf  and the  character of the  habitat, 

as it has been  described  to me by M .  PORSILD, i s  unmistakable .  

Saxifraga hieraciifol ia  W. K.  (F igs .  7 and 8). 

Saxifraga hieraciifolia W. IL OCCllrs in precise ly the same 

loca l iti e s  as S. nivalis (according to verbal information from  M. 

PORSILD ) ,  and it should b e  expected to have a structure similar 

to that of  the latter; that it has it will b e  more clearly proved 

by what fol lows.  

The leaf i s  long- stalked ,  oval, with dis tant teeth and a 

hydathode at the apex of each tooth (Fig. 7 ) .  The thickne s s  i s  

s l ight, l e s s  than in S. nivalis. 

The ce l l s  of the epidermis of the upper  surface (Fig. 8 A 
and Cl have undulating wal l s ,  and rounded ,  wavy contours ; all the  

wal ls  are  thin ,  with cuticle very sl ightly deve loped .  The stomata 

are numerous ,  and prominent .  Scattered glandular hairs occur 

which cons i s t  of  a s ingle row of ce l l s  with a one-ce l led head. 

The epidermis of the lower surface (Fig. 8 B and D) is 

essen tially l ike  that of the upper ; but the undulating ou tl ine of 

the lateral wal l s  i s  more acutely angled .  Stomata are numerous ,  

and prominent .  BORGESEN write s that there are  as many upon 

the upper as upon the lower surface , but  yet ,  a t  the same 

time ,  records seven upon the upper and twe lve upon the l ower 

surface  per  uni t  of surface .  

The mesophyll (Fig. 7 B ,  C and  D )  i s  d istinctly differen tiated 

into pal isade-tis sue and spongy parenchyma. BORGESEN found 

2-3 layers ; my specimens showed two ; nowhere in  the leaf 

are they placed obl ique ly .  The ce l l s  of the spongy parenchyma 
XXXVI. 17 
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are stel late, the whole of the t issue is h ighly lacunose .  The 

ve ins are without mechanical t i s sue ,  but are accompanied by 

colourle s s ,  long-cel led bundle-sheaths .  The hydathodes are 

prec ise ly s imilar in s tructure to those  of  S. nivalis, exactly 

marginal , wi th convex ep i thema ; they secrete no  lime ( Fig. 7 C). 

B 

A 

Fig. 7. Saxifraga hieraciifolia. 
A (3/2), Leaf-form. B, Transverse section of leaf. 0, The same in longitudinal section 

(with hydathode). D, Spongy parenchyma. (B, C, and D wh). 

In its choice of local i t ies this spec i e s  probably nearly agre e s  

with S: nivalis. I n  i t s  structure ( a s  may be  s e en  from the 

above) i t  i s  more typ ically mesophytic than that spec i es ,  the 

whole o f  its mesophyll be ing even more loosely arranged .  I t s  

mean s of p rotection agains t  excess ive  transp iration  are as  s l ightly 

deyeloped as those  in S. nivalis; i t  can be d i st in ctly seen that 

the palisade-ti ssue i s  l ess  developed than in S. nivalis, -
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from which it may perhap s be concluded that thi s spec i e s  does  

not grow i n  quite as l ight localities  as does  S.  nivalis. 

Only spec imens  from Nova Zembla and Cape Tschelju s k in 

have been  at my d i sposal ; they were precise ly s imilar in structure . 

Fig. 8. Saxifmga hiemciifolia. 
A, Upper epidermis. B, Lower epidermis. C, Upper surface. D, Lower surface (mh). 

Saxifraga stellaris L. 

Saxifraga stellaris L. (Figs . 9 and 1 0) grows generally at very 

cons iderable he ights on damp and co ld ground ,  among mos s ,  

in clefts of rocks ,  along streams ,  in  short i t  i s  a mois lure

loving p l ant, as  is also d istinctly indicated by the anatomy of 

the leaf. 

The l eaf has s l ight and d i s tant teeth and a hydath ode at the 

apex of each tooth (Fig .  9 ) . The ep i d e rmis of  the upper surface 

17' 
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Fig. 10 A and E) has undulating walls which are thin everywhere. 

The outer wal l s  are al so  thi n ,  and have a d i stinct cutic le .  

S tomata are numerous ,  uniformly d i stributed ,  and prominent. 

Fig. 9. Saxifraga stellaris. 
A (2/.), Leaf-form. B, Epidermis of the upper surface of the leaf. C, Transverse section 
l of leaf. D, Longitudinal ,ection of leaf. E, Spongy parenr.hyma. (B, C. D and E 50h). 

Glandular hairs occur scattered over the who le  l eaf-blade; a 

defini te  head i s  wanting to some of the mal'g inal ha i rs  (F ig. 9). 

The epidermis o f  the lowel' surface (Fig. 10 C and D) c lose ly 
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resemble s that of the upper ,  b ut the cells are greatly elongated 

j ust above the veins and at that place stomata are wanting .  

The stomata are p laced bo th upon the upper  and lower s urface ,  

with their aperture s principal ly i n  the direction of  the length 

of the l eaf. Glandular hairs are absent. 

The mesophyll (F ig .  9) is  very loose ly arranged .  All the ce l l s  

above the veins are cylindrical - either shorter or  longer - with 

J 

Fig. 10. Saxifraga stella?·is. 
A, Epidermis of the upper surface of the leaf. B, The same (transverse section). C, 
Epidermis of tbe lower surface of the leaf. D, The same (transverse section). (A, B. C 

and D mf,). 

their axe s at right angles to the epidermis .  They can be readily 

d i stingui shed from the stel late cel ls of the spongy parenchyma 

which form a very large-ce l led lacunose  tissue .  How many of 

the 3-4 layers of  cylindrical cel ls  are to b e  cal led palisade

cells ("col lecting-cel ls" of  HABERLANDT ) i s  quite arbitrary. 

The veins are accompanied by colourle s s ,  one- layered (rarely 

many-layered )  bundle-sheath s .  Mechanical tis s u e  is  entire ly 
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absent .  The structure of the hydathode i s  exactly s imi lar to 

that ,  for in stance ,  of S. nivalis ; i t  does not secrete l ime .  

The  leaf is  consequen tly very d i stinctly mesophytic (more 

particu larly hygrophyt ic ) ,  and is p re s umably the most hygrophi

lous of the three spec ies  of  the secti on Boraphila here dealt 

with, a fact  which agree s  excel lently with its u sually very damp 

habitat; LAZNIEWSKI also state s that it i s : "ni cht se lten im Was

ser  wurzelnd angetroffen" ( I .  c . ,  p.  246). 

Of this spec ies  I have examined spec imens from Uperniv ik 

(July 18 , 1886), Frederi k shaab ( Aug. 1 7, 1886), East Greenland 

(Sept. 4 ,  1885), Nova Zembla, the Fooroe (July 1895) , Harjedalen 

( Aug. 1 884 ) ,  Troms0 (July 21, 1885) , - therefore , from widely 

separated localit ies; b ut they all agreed in regard to thei r  s tructure . 

With regard to the fleshy leaves of the bulbil s ,  see HOLM, 

I. c. PI. X, Fig .  6. 

3. IJactyloides. 

The two spec ies  of th i s  group which have been inve stigated 

agree prec ise ly in (1 \ the form of  the leave s ( stalk e d  and pal

mately lobed to palmately c left) ,  (2) the undulating wal ls  of  the 

ep idermis , (3 ) the di st inct  differentiation of  pal isade-ti s sue  and 

spongy parenchyma, and (4 )  hydathode with convex ep i thema, 

opening upon the upper surface of the l eaf s l ightly within the 

margin.  - The layers of  the spongy parenchyma , from the 

ep idermis of  the lower surface to beneath the p al i sade -ce l l s , 

differ in compactness ; immed iately within the epidermis  the  

ce l l s. are  po lygonal , wi thout intercel lular space s ; h igher up ,  

intercel lu lar spaces  occur in considerab l e  numbers .  The  d iffe

rence between the two spec ies  i s  most apparen t in the extent 

to which they are hairy. 

Saxifraga hypnoides L. (Figs .  11 and J 2). 

Saxifraga hypnoides L. greatly resembles S. groenlandica 

( s e e  be low) in its anatomy. 



259 

The ep idermis  of the upper surface (Fig. 1 1  B and C) consi sts 

o f  two kinds of ce l l s ,  (1) large ,  somewhat straight-wal led and 

e l ongated cel l s ,  (2 )  i rregularly-shaped  cel ls  with undulating walls .  

The inner ,  lateral and outer walls are thin (the last about 2p. in 

thicknes s ) .  I n  the leaf- s talk the cel ls are greatly elongated, narrow 

B 

c 

Fig. 11. Saxifmga hypnoides. 
A ('h), Leaf-form. H, Epidermis of the upper side of the leaf-stalk. C, Epidermis of the 
upper surface of the leaf. D, Hairs (see text). E, Epidermis of the lower surface of  the 

leaf. (B, C, D and E 5Oh). 

and straight-walle d .  The stomata are placed on a leve l  with the 

leaf-surface and are distributed in group s  of very variable s ize ; 

their aperture s p rinc ipal ly  l ie paral le l  with the longitudinal axis 

of the leaf. Al l  the ep idermal cel ls  b e tween and in immediate 

proximity to a group of stomata are smaller than the ordinary 
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epidermal cell s ,  and the ir  wal l s  are far more undulat ing.  The 

groups  of stomata are continued as a long and very narrow 

stripe  along - and sl ight ly within - both the margins of the 

leaf- stalk ,  and are here a lso accompan i ed  by
' 
the highly charac-

6 

Fig. t 2. Saxifmga hypnoides. 
F, Spongy parenchyma from just below the epidermis of the leaf-blade. G, The same 

from just below the epidermis of the leaf-stalk. H, The same from midway between the 
epidermis and veins. It Longitudinal section of leaf. K, Transverse section of leaf. 

(F, G, H, I and K 50/.). 

ter ist ic small  epidermal ce l l s  with undulating wal l s .  Almo st al l  

the hairs are without apical glands; they occur inva riably in  

the  spaces  be tween the  groups  of stomata and ari s e  from the  

straight-wal l ed  ce l l s  - never from those  w i th  undulating wal ls .  

The structure of the ep i dermis of the lower surface (Fig .  11 El 
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i s  like that o f  the upper ,  only the hairs o f  the former are 

glandular ( upon the leaf- stalk, however, non-glandular hairs occur ) .  

Along the margin o f  the leaf-s talk there are numerous 

hairs s imilar to those upon the upper sur face of the leaf. 

The mesophyl l (Fig . 12 ) is d ifferentiated to about the same 

degree as in S. groenlandica: the pal isade-cel ls  are short (in the 

spec imens investigated very indis tinc tly, or not at all, oblique ly 

p laced) and the layer passes  fairly gradually in to the s pongy 

parenchyma. The latter is  loose and lacunose in the middle of  

the leaf, but immediately within the  lower ep idermis i t  becomes 

very compact and p olygonal, and i s  a lmost without intercel lular 

s pace s .  

The veins are without mechanical tissue , a n d  are accom

panied by a bundle- sheath of  elongated ce l l s  one-Iayere� on 

the  whole. 

The hydathode is well-developed, wi th convex ep ithema , 

and it opens  upon the upper  s ide of the leaf-margin and doe s  

no t  secrete l ime  ( Fig. 1 21). 

The de scrip tion here given is based upon the inve s tigation 

o f  spec imens gathered by F .  B0RGESEN at Velbe stad (the Frerees ) ,  

July 5 ,  1895 ; that i s  the only m aterial I have had a t  m y  disposal .  

Saxifraga groenlandica L. ( Fig s .  13, 14 and 1 5) .  

Saxifraga groenlandica L. is  common everywhere on the 

heather  moors and upon th e rocky flats of Greenland, and 

ascends  to the mountain heights there and also in Norway 

(\V ARMING, NORMAN). Grows almost as common ly on the sunny 

s ide as on the shady side upon the mountains; and usua l ly 

in d ry l ocalities. 

The leaves  are deeply palma tely cl eft, the leaf- stal k is 

broad and flat .  A hydathode occurs at the apex of each segment. 

Glandular hairs occur fairly numerously upon both surface s .  

The epidermis of the upper  surface ( Figs .  1 3  Band 15 A 

and B) has everywhere thin-wal led ce l l s ; the latter ,  upon the leaf-
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segments ,  are short and have undu lating walls ( s traigh t-wal led ,  

however ,  above the veins and at the base of each hair) .  Upon 

the re s t  of the l eaf-blade the ep idermal ce l l s  are large and 

s traight-walled ;  th i s  a lso app l i e s to the l eaf- s talk, only its 

c 

Fig. 13. Saxifraga g�·oenlandica. 
A ('h), Leaf-form. B, Epidermis of the upper side of the leaf-stalk. C, Epidermis of the 
lower surface of the leaf, near the midrib. D, Epidermis of the lower surface, just above 

the midrib. E, Longitudinal section of leaf. (A, B, C, D and E SOh). 

e p ide rmal ce l l s ,  above the veim, are somewhat narrower  than 

those  upon the leaf-blade . Glandular hairs are found in numbers 

upon the leaf- segments ,  and are fewer in number upon the rest  

o f  the leaf-blade and along the margin  of  the leaf- stalk .  The 

u p per s ide  of the l e af- stalk i s  very sl ightly hairy. The s tomata 

are numerous and evenly d i s tributed upon tbe leaf- segments ; 
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upon the re st of the leaf-blade they are arranged in groups  o r  

rows and  are always accompanied by short c e l l s  with undulating 

wal l s. Stomata are also  found  (very sparsely) along the margins 

o f  the leaf- stalk ,  accompan ied  by ce l l s  with undulating wal ls .  

B 

Fig. 14. Saxif1'aga g1"oenlandica. 
A, Transverse section of leaf. B. Spongy parenchyma from just below the epidermis (51]/1). 

All the stomata have their aperture s parallel w i th the longitu

d inal axi s of the l eaf. 

The ep i dermis  of the lower surface (Fig. 1 3  C and D; Fig. 1 5  C) 

clo se ly resembles  that of the upper ,  on ly  that the s tomata, and 

the ce l l s  with undulating wal l s  connec ted with them,  are l e s s  

numerous ; the large-ce l led groups of hair- produc ing  ce l ls a r e  more 

numerous  than upon the upper s id e .  Only glandular hairs occur .  
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The mesophyll i s  dist inctly, but  not marked ly d ifferen tiated. 

The pal isade-cel l s  are obl ique and short . The spongy p aren 

chyma i s  fairly compact ; ( the sect ion figured had been par t ly 

torn during preparation and has therefore been drawn as more 

B 

c 

Fig. 15. Saxifraga crespitosa. 
Epidermis of the leaf. A ,  Upper surface. B, The 

same (transverse section). C, Lower surface. 
(A, B, C 282/1). 

lacunose  than it was in 

real ity) . The ce l l s  of  the 

spongy parenchyma are 

roundly - polygonal ,  un

branched o r  very s hortly 

branched. The lowest 

layer of ce l l s  immed iately 

within the epidermis  i s  

very compact, without in

terce l lu lar space s ; the 

o ther  layers ( e. g .  m idway 

between the ve ins and 

the epidermis o f  the lower 

su rface) are much looser  

i n  texture (F ig .  1 4). 
The veins - like those  

in a l l  t he  prev ious spec ies  

- are without mechanical 

t i ssue and are surrounded 

by bundle-sheaths con

tain ing tann in .  The hyda

thodes  a lmost  exactly re

semble in s tructure those  

o f  S. hypnoides; they do  

no t  secrete l ime. 

The description here given refers to the spec imens from 

Jan Mayen (July 22, 18!l6). Somewhat different  from these  

(but otherwise  res embling each other )  were  the spec imens  from 

Danmarks 0 (Aug .  6,  1892) and Disco  (Ju ly 20, 1884) , these  
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latter hav ing fewer stomata upon  t h e  upp e r  surface and  non e  

a t  all u pon  th e  lower surface . 1 

4. Trachyphyllum. 

The three spec ies  which have been  examined , agree i n  

( 1 )  t h e  structure of the hydathode ( i t  o p e n s  upon  the upper  

surface of the leaf , with flatte ned  o r  highly convex ep ithema;  

hydathode-cavity absen t ) ,  ( 2 )  the  structure of  the hairs (they are 

everywhere irregularly-mult icel lular and retain this feature ,  e i ther 

they have ,  o r  are without ,  an apical g land, - in contradist inc

t ion  to the secti o n s  Boraphila, Nephrophyllum, Dactyloides ) ,  

and ( 3 )  the  ce l l s  of  the spongy paren chyma are  very little o r  

not  a t  a l l  branched. - The three spec i e s  differ  mos t  in the 

form of their leave s , but are separated also by other, smal lllr 

d ifference s .  

The  chief structural feature s useful in diagnos i s  a r e  the 

fo l lowing :  -

Leave s : -

toothed at the apex, with three acute teeth : S. tricuspidata. 

e nt ire : -

margin hairy a long the lower half of the l eaf : 8. 
aizoides, 

margin hairy along its whole exten t : S. flagellaris. 

Hairs : -

i rregularly- multicel l ular margina l  hairs : S. aizoides, 

glandular hairs with i lTegularly-multice l lu l ar stalk s : 8. 
flagellaris, 

( 1 1 wi th globular head : S. flagellaris, 

( 2 )  wi th c l ub- shaped head : S. tricuspidata. 

1 Besides the prin cipal form I also examined specimens of the variety 

palrnata from Thingvell ir in Icelan d  ( June  13, 1895 ) .  The latter is very 

remarkable  by reason of its agree ing in almost all points w ith S. hypnoides 
in regard to leaf-anatomy ;  the only di fference  being that a few of the 

marg ina l  hairs of the leaf are glan dular.  
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The  other differences a re  no t character ist ic  en ough to b e  

given as a key ; they are b e s t  s e en  i n  the figure s .  

Saxifraga a izoides L. (F igs .  1 6 , 17 and 181 . 

Saxifraga aizoides L. accord ing to NORMAN is a decided 

mountain-plant which grows both upon very wet and very dry 

B 

A 

Fig . 16 .  Saxifraga aizoides. 
The leaf: d (2/t), Leaf-form. B, Upper epidermis. C, Lower 
epidermi s :  the middle line of the leaf is to the right. D, 

Marginal hair. (B, C, D 50f,). 

ground,  and occurs  

mos t  commonly on 

the sunny side . 

The leaf i s  l inear, 

thick and succu lent  

and terminate s i n  a 

point at the base o f  

whi ch i s  found the 

only hydathode o f  

the leaf. A few hairs 

occur along the 

marg in  towards the 

base ; the l eaf is 

o therwise glabrou s .  

Th e  ep idermis  o f  

the  upper  surface 

(F igs . 1 6 B ;  1 8 A  and 

Cl cons i sts  of ce l l s  

with s l ightly undula

ting, lateral wal l s  and 

well -developed outer 

wal l s  wi th d is t inct  

cut ic le .  At the base of  the leaf, the lateral wal l s  of the ce l l s  

are straight and  the cells a r e  long and  narrow. Stomata are 

absent at the base of  the leaf upon its m iddle part , but in 

o ther places  are evenly d i str ibuted. The stomata are p arallel 

w ith the longitudinal axis of the l eaf ; they are placed on a 

leve l  with the leaf- surface . 



26i  

The  epidermis of the  l ower  surface (Fig . 1 6  C ;  Fig .  18  B 

and D), along  the margin of the leaf, i s  a lmost exactly l ike  

that of the upper ; the stomata are absent  from a b road band 

along the middle ,  where the ce l l s  are e longated and n arrow. 

The differentiation of  the mesophyll i s  fairly distin ct. The 

palisade-cell s ,  towards the apex of  the l eaf, are obl iquely placed .  

Fig. 1 7 . Saxifraga aizoides. 
The leaf: A ,  Transverse section. B, Longitudinal section. C, Spongy parenchyma.  

(A ,  B, C 50lt). 
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The spongy parenchyma cons i sts of roundish,  shortly branched 

ce l l s , which are placed more c lose ly together ,  are elongated 

and are even more shortly branche d  in the middle band which 

i s  devoid of  stomata. 

The hydathode i s  s i tuated at the apex of the leaf upon the 

upper  surface ; it doe s  not secrete l ime .  The nerves are w i thout 

stereom and are surrounded by a hyal ine bundle- sheath . 

JU 

}<'ig. 18. Saxifraga aizoides. 
The leaf : A, Upper epidermis. B, Lower epidermis. C, Upper surface. D, Lower surface. 

(A ,  B, C, D ''''h). 

I have investigated spec i mens  from Greenlan d  (Hua ; Ivigtut, 

Aug. 20, 1 883 )  and Troms0 ( 1 885 ) ; from all three local iti es  

the specimens were  s imi lar in al l  respects .  

A s  already ment ioned  the  p lant l ives both in very wet  and 

very dry localiti e s .  The spec imens  examined  by me  were  not  

accompan i ed  by notes  containing further information regarding 
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the ir  habitats .  The fac t  of  their occurring more commonly upon 

the  sunny s ide  appears  to sugge st a predominant xerophytic 

tendency. At any rate ,  the anatomy shows ,  although not very 

decidedly ,  several xerophytic features ( succulency, fai r ly wel l

de veloped epidermis , narrow leave s ,  etc. ) .  BONI'"IER (Ann .  d e s  

sc iences na l . ,  VI I ser . , T .  XX) has  grown the spec ies  in Alp ine 

reg ions ( 1 600 metres )  and found the spec imens grown there to 

contain several pal isade- layers  more than are found in  the 

individuals from the lowlands ,  - probably a natural resu l t  of  

the more intense l ight upon m ountains .  The Arct ic  specimens ,  

in that respect , resemble rather the  lowland than the  m oun

tain spec imens .  

Saxifraga flagellaris Willd. (F igs .  t 9 and 20 . )  

Saxifraga flagellaris WiUd. There are  too few data re

garding the hab itats of  th is  specie s to enable me  to form an 

opinion concerning the extent of  its adaptation .  

The lamina i s  almos t  oval and passes gradually into the 

l eaf-s talk. Large glandular hairs  occur - along the margin , 

one upon the leaf-apex i tse l f ,  and a few scattered over  the 

upper  surface (Fig.  1 9) . 

The ep idermis  of the upper  surface (Fig . 20) consists  of cel ls  

which have undulating wall s ; above the ve ins the ce l l s  are larger 

and more straight-wal led than outs ide them.  The outer walls of 

the  ce l l s  are only fa irly strongly deve loped ,  wi th dist inct c uti cle . 

The s tomata are placed s l ightly above the leve l  of the leaf

surface , are evenly d i stributed ,  and have the ir  apertures p aralle l  

w i th the longitudinal axi s of the leaf . 
. 
The epidermis of the lower surface (Fig. 1 9  B) , along a very broad 

longitudinal band down the midd le , has less undulating wal l s  

than upon the uppe r  surface ,  and  consists  o f  longer ce l l s .  The 

outer wal l s  are somewhat thickened (Fig. 20 D). Along the m argin 

the epidermis ,  l ike that o f  the upper  surface ,  has undulating 

wal l s ,  with only few stomata. 
XXXVI. 1 8  
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The ce l l s  of  the  m esophyll (Fig .  1 9 ) are not  marked ly  d iffe

ren t iated ; the pal i sade-ce l l s  are obl iquely placed .  The  ce l l s  of  the 

spongy parenchyma are round i sh .  The whole leaf is somewhat suc-

Fig. t 9 .  Saxifmga flagellm·is. 
The leaf : A (2/t), Leaf-form. B, Lower epidermis. C, Marginal hairs. D ,  Longitudinal 

section. E, Spongy parenchyma. F, Transverse section. (B, G, F 5Gf,), (D, E wit) . 
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culent ,  and appears , although not  very dec idedly so ( e .  g. on  

account of the  numerous stomata upon the upper surface )  to  

b e  somewhat xerophyti c .  The hydathode occurs at the  apex  of  

the  leaf , upon the upper  surface (Fig. 1 9 ) ; the  ep i thema i s  

Fig. 20. Saxifraga flagellaj·is. 
The epidermis of the leaf : A ,  Upper surface. B, The epidermis of  the hydalhode. C 

Upper surfaee. D, Lower surface. (282/1). 

convex. There i s  no secret ion of l ime .  The veins are without 

s tereom, and surrounded by a co lourle s s  sheath (Fig .  19) . 
The f l  e s h y  I e a v e s of the bulbils contain much starch. The 

form o f  their blade is nearly l ike that o f  the foliage-leave s ,  but 
l S '  
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the leaf i s  more short- stalked  than that of  the latter .  The 

epidermis  of the upper  surface cons i st s  in part  of  very d i st in ctly 

transversely elongated ce l l s with sl ight ly undulat ing lateral 

wall s .  The ou ter  wal l s  are 6-8 p. thick ,  with d is t inct  cu t i c l e .  

The s tomata occur in fair numbers  (not  so abundantly, however, 

as upon the fo l iage-leave s ) ,  and s cattere d  evenly over th e whole 

surface from the apex to  the base .  A t  the apex of  the l eaf 

there i s  a hydathode  with convex epi thema .  So far I cou ld  

s ee ,  the s tomata, both upon  the  leaf-blade itself and upon the 

ep i thema (the water-pore s ) ,  Fig. 20 ,  are funct ionle s s ,  the m i ddle 

lamella in the wall common to both guard-cel ls no t  appearing 

to part ,  so  that even upon the o ldest  leave s the stomata are 

permanently c losed .  

The ep idermis  of the lower  surface cons is ts  o f  elongated 

cell s ,  longer than those upon the upper  surface .  Outer walls 

6-8 fJ. in thicknes s ; cuticle present and stomata absent .  A long 

the margin are glandu lar hairs , prec ise ly  s imi lar  in structure 

to  those  of the foliage-leaves .  

The  ve ins  and the hydathode are  exac t ly  s imilar to tho se 

of  the fol iage- leave s ,  but -- a's already menti oned  - upon the 

epi thema the water- pores  are c l o sed .  

The ce l l s  o f  the  mesophyll a re  a l l  more rounded  than are 

those in  the foliage-leave s ;  the cells of the layer answering t o  

the pal i sade a r e  s e t  o b l i q u e l y t o  t h e e p i d e r m i s  a s  i n  

t h e  f o l i a g e - l e a v e s ,  although they are fi l l e d  with starch

grains  and are without chlorophyll ; so  this oblique pos ition 

has  absolutely no  c o n n e c t i o n  w i t h  a n y l i g h t - o r i e n t a t i o n  

w h i c h  m a y h a v e  r e f e r e n c e  t o  a s s i m i l a t i o n . The ce l l s  

of the spongy parenchyma are  rounded and fill ed  with starch . 

Consequent ly ,  in these  fle shy leaves are found three struc

tural features which , for the exi s ting funct ions  of the leave s , 

appear to be  usele s s  rudiments inher i ted from parent- plants  

with foliage-leaves s imilar in structure to those  of the present

day S. flagellal·is. 
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These structural feature s are : 

( 1 )  Funct ion less  (permanently c losed )  stomata. 

(2) Function less  hydathodes (the water-pores  be ing 

c lo sed ) .  

( 3 )  L ight-or ientated (obl ique ly placed )  pal i sade-ce l l s .  

have inve stigated spec im ens  of  thi s  spec ies  from two 

local i t ie s ,  viz. S iber ia (July 24 , 1878 ,  [{JELLMAN) and Nova 
Zembla (Th. Holm ) . They were al l al ike .  

Saxifraga tricuspidata Retz. (F igs .  21 and 22 . )  

Saxifraga tricuspidata Retz .  a i s  usually found upon  heaths 

and is xerophyt ic  in  the cho ice  of  i t s  hab i tat , and thi s  xero

phyt ism i s  dist inctly impressed  upon the structure. 

The leaf i s  narrow (Fig. 2 1  A), fairly thick ,  and,  at the 

apex,  i s  trifid and bears three hydathode s .  The epidermis of 

the upper surface (Fig.  22 ) cons is ts  o f  fair ly straight-wal l ed  

ce l l s ,  wh ich at the  base  of  the leaf are  nearly i sod iametric ,  

but  become more and m ore transversely e longated towards the 

apex of  the l eaf. The cel ls are no t  e longat ed  along the m idrib .  

Pits are pre sent in  the lateral wal l s .  The outer wal l s  are thick,  

with dist inc t  cuticle (Fig .  2 2  B) .  Stomata are evenly di stributed 

over the greater part of  the leaf-b lade ,  they are mos t  nu

merous on the m ore exposed  parts o f  the leaf , but are few 

i n  number at the base .  They are somewhat prominent .  A long 

the marg in o f  the leaf are  numerous irregularly-multi ce l lu lar 

hairs .  Glandular hairs occur, with long ,  c lub-shaped  apical 

glands (Fig. 2 1  B). 

The epidermis of  the l ower surface  (F ig .  22) along the  margin 

i s , in  s tructure , prec i se ly s imilar to that of the upper surface -
a l s o  in regard to i ts  stomata.  Aiong the m idd l e  of the leaf 

the cel ls are more ielongate d and the stomata few in  number  

(more abundant,  however ,  towards the  ape x of the  leaf) ; BORGE

SEN state s that there are two per  unit of su rface , whi le  the 
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upper s ide ha s  twelve per  unit . A t  the base o f  the leaf they 

are almost  completely ab sent .  

Fig. 2 1 .  Saxifmga tricU8pidata. 
The leaf : A (2/!) , Leaf-form. E, Marginal hairs. C ,  Spongy parenchyma. D, Transverse 

section. E, Longitudinal section. (B, D, E 56/!), (C 00/1) .  

The mesophyU is s l i ghtly and ind i s tinctly d ifferent ia ted ,  

and strongly re ca l ls the cond i t ion i n  the  s e c tion Euaizonia 

( see below) .  The pali sad e - cel l s  are short and rounde d , and 



2 ; 5  

s o m e  are placed i n  rows which are dec ided ly obl ique t o  the 

long axi s  of the leaf (Fig .  2 1  D, E) . 

The ce l l s  of the spongy paren chyma are rounded ,  un

bran ched , and  mos t  compact  i mmediately beneath the  lower 

epiderm i s  ( Fig .  2 1 ,  C) . 

The ve ins are without stereom and have hyal ine bundle

sheath s (F ig .  21  D) .  

Fig. 2 2 .  Saxifraga tl·icuspidata. 
The epidermis of the leaf: A and B, Upper surface. C and D, Lower surface. 

( A , B, C, D '""/I) .  

The hydathode opens upon the upper  side o f  the leaf

m argin (F ig .  2 1 ) ;  it does  not secrete l ime .  In one  so l itary 

spec imen the wate r-pore s  were gathered very c losely together ,  

s ix being direct ly i n  contact with each other. 

I have inves ti g ated specimens  of  th i s  spec ies  from Disco 

(July 20 , 1 884 ) , Amerdlok (July 1 1 , 1 884 ) , Upernivik (May 1 0 ,  

1 887 ) .  They were all al ike .  
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5 .  Euaizonia. 

The two spec ies  of thi s  group which have been inves tigated  

show the i r  c lose  relat ionship i n  ( 1) the form of the  leave s 

(both are spathulate , and serrate , with a hydathode at each 

tooth) , (2 )  the di stribu t ion and s tructure o f  the hairs , (3 )  the 

transverse e longation of  the ep idermal ce l l s  of  the upper sur

face and the longi tudinal e l ongation of those  o f  the  lower,  (4 )  

the p i ts  in  the rad ial wal l s  of the epidermal ce l l s , (5 )  the 

structure of the pal i sade-t issue and of  the spongy parenchyma, 

(6 )  the struc ture of  the veins ,  ( 7 )  the hydathodes w i th a cavi ty, 

and with secret ion of l ime ,  (8) and the stomata, surrounded by 

4--6 smal ler ce l l s .  The d ifferences  be tween the two spec ies  are 

so  s i ight, that on the bas i s  of the anonymous s e c t ion a t  hand i t  

wou ld  be  d ifficult , if not  impos sib le , to separate them from 

each other w i th any certainty ; presumably they differ  more 

particularly as regards the epidermis o f  the upper  surface of  

the leaf , which in  S. Aizoon has more dec idedly transverse ly 

e longated ce l l s  than in S. Cotyledon. As far as i s  known , wax 

is ab sent from the ep idermis  of the latter spec ie s , wh i l e  it i s  

found in S. Aizoon. A key to their determination would there 

fore be  as fol lows : -

Epidermal ce l l s of the upper surface 

very d is t inctly transversely el ongated : S. Aizoon, 

somewhat indist inctly, or more rarely no t  at a l l  trans

verse ly e longated : S.  Cotyledon. 

Saxifraga Cotyledon L. (Figs. 23 and 24 . )  

Saxifraga Cotyledon L .  Thi s  spec i e s  i s  a Sub-alpine 

l owland plant which here and there extends  a lmost down to 

the sea-level and s carcely ever extends  higher into the moun

tai n s  than abou t  500 fe et ; found most commonly at elevations 

o f  200-300 fee t  above the sea .  I t  grows partly upon leve l ,  

partly (and most  commonly) upon s lop ing ground,  where i t  i s  
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Fig. 2 3 .  Saxifraga Cotyledon. 
The leaf: A (2/1), Leaf-form. B, Epidermis of the middle of the upper surface. C, Marginal 

hairs. D, Transverse section. E, Longitudinal section. (B,  C, D, E 'Oh). 
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about  five times as common upon the sou thern s ide as upon 

the northe rn , whi le  i t  scarcely ever  occurs  on the  eastern 

and western s ides (NORMAN, I .  c . ,  pp .  294-95 ) .  

The  leaves are i n  a d en s e  roset te ,  which somewhat recal l s 

Sempervivum. Each of the teeth upon the leave s i s  provided 

with a hydathode (F ig .  23 A).  The l eaves  are fai rly thick .  

The ep idermis  of the  upper  surface  (Fig .  23  B and Fig . 24 )  con

s is ts  of polygonal , straight-walled ,  u sually tran sve rse ly e longated 

c e l ls ; th e late ral walls are rathe r  thick ( 3  -4 pI ,  with numerom 

thin-wal l ed  parts (p i ts ) .  The outer wall i s  th ick ( 8- 1 0  pI ,  with 

a strong cut ic le ; s tomata occur  abundantly, bu t  are absent  

toward s the base ,  are more numerous upon the exposed  parts 

o f  the leave s , and are all surrounded by 4-6 smal l  c e l l s ; 

they proj e c t  above the leaf-surface (Fig. 2 3  B, .  

The  ep idermis of the lowe r  surface (F ig .  24) cons is ts  of 

e longated  cel ls which are s imi lar in  structure to those upon the 

npper surface .  The stomata are absent  from along the whole 

of the midd le  band and from the base of the l eaf , exactly as  

in S. Aizoon ( a  spec imen from Kobbefj ord - which see ) ; bu t  

they are  numerous a long the  margin ,  where the ep idermal ce l l s  

a re  l e s s  e longated ,  and are  dec idedly most  abundant upon  the  

l ower s id e .  A long the  margin of the l eaf-base there  a re  some 

thick ,  i rregularly-multi ce l lular ha i r s  (F ig .  2 3  C, . 

The  me sophyl l  cons i sts o f  remarkab ly homogeneous cel l s ; 

the pal i sade-ce l l s  are somewhat longer than the  ce l l s  of the spongy 

parenchyma, and approximately barre l - shaped (Fig .  2 3 ) .  They are 

placed , e specia l ly towards  the apex, ob l iquely to the ep iderm i s ,  

and t h e r e  a r e  numerous , rather large i nterce l lular spaces 

between  the m .  Be low,  the pa l i sade me rges  impercept ib ly i n to 

the  more i sodiametric , unbranched  c e l l g  of the spongy paren

chyma , between which the in terce l l u lar  spaces are st i l l  larger .  

The  vascular bund l e s  a re  without stereom, but  a re  surrounded 

by a (u sual ly one- layered )  bund le- sheath whi ch  contain s tannin . 

Sphaerocrystal s , the nature of whi ch has no t  been more 
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c lose ly inve s tig ated , a r e  found ( in  spir i t-material ) prec ip i tated 

in  some of the ce l l s  of t h e  mesopbyll which d iffe r  i n  no o th e r  

r e sp e c t  from th e  r e s t  o f  the  mesophyll . 

All the ve ins  termina t e in  a hydathode ( Fig .  23 ) .  The latter 

opens  into a cav i ty upon the surface of the leaf and secretes 

]) 

Fig.  24. Saxifmga Cotyledon. 
The epidermis of the leaf : A and B, Upper surface. C and D, Lower surface. 

(A ,  B, C, D 282/1) . 

l ime  abundan tly which in many cases  en tirely fil l s  the cav i ty 

and s preads ou ts ide  it ( th i s  i s  om it ted in the figure ) .  

BONNIER has p roved that d iffe rent  s p e c imens  of th is  spec ie s ,  

co l l e c t ed  partly i n  the  A rct ic and part ly in  t h e  A lp i n e  region s 

o f  Cen tral Europe , can be d i st i n g u i s h e d  from each other  by 
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the former hav ing less markedly differen tiated pal isade-t i ssue 

than the latter .  This  somewhat ind i st inct d ifferent iat ion also  found  

by me  in  the Arctic spec imens of S.  Cotyledon a t  my  disposal agre e s  

c lose ly with characters found by  BONNIER i n  Arct ic spec imens ; 

the  same inves tigator (Rev.  gen .  d. bot . ,  Tome VI ,  p .  5 1 41 has 

demonstrated this feature very dist inctly in  S. oppositifolia ( s e e  

be low) . His figure of  the Arctic l eaf of th i s  latter spec i es  i s  good  

and agrees  close ly wi th the  resu l ts  of  my investigation s .  

Saxifraga Aizoon Jacq. (F igs .  2 5 ,  26  and 2 7 ) .  

Saxifraga Aizoon Jacq .  occurs upon  sunny c l iffs, and 

somet imes upon rathe r  wet moraine , and i s  xerophytic .  I ts  whole  

Fig. 25 .  Saxifraga Aizoon .  
The lea f :  A ('f,), Leaf-form. B ,  Epidermis of  the upper surface. C, Marginal hairs. 

D, Longitudinal section (50f,). 
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morphol ogical and  anatomical structure has  a great many po in ts  

in common wi th that  of  S. Cotyledon ( e .  g .  the succulent  l eaf

roset tes ,  the external form of the leaf, e tc . ) .  

The ep idermal ce ll s  of the upper  surface (Figs .  25  B and 2 7 1  

o f  the l eaf are e longated longi tudinally a t  the base,  b u t  higher 

up i n  the l eaf they become transversely e longated .  The outer 

wal l s  are thick ,  with dist inct cuti c l e .  The s tomata are absen t  

from the  l eaf-base s ,  they do no t  appear unt i l  a bove  the 

Fig .  26 .  Saxifmga Aizoon. 
The leaf : A ,  Spongy parenchyma. E, Transverse section (below to the left, a tannin-cell, 

to the right a sphaerocrystal). (A, E, w/.). 

marginal hairs .  They are surrounded by, u sually, four smal ler 

ce l l s  ( cf. Thouvenin I .  c . )  and are not  defini te ly orientated 

(e .  g .  not paral l e l  wi th the m idrib ) .  

The lower epidermis (Fig. 2 7 )  i s  of e longated c e l l s  at  the  base 

of  the  l eaf  and i s  cont inued as a median band o f  s imi lal' e l o n gated 

cells without  stomata, which gradually narrows towards the apex 

of the leaf. To the right and left of this band occur areas which 

are of  smaller ce l l s ,  and there a l l  the stomata are placed in 
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groups .  These  two marginal bands commence  above  the mar

ginal hairs of the l eaf and widen  continuously towards the apex 

to the sacrifice of the middle band. Therefore stomata are 

quite ab sent  from the leaf-b lade below the po in t  at which the  

marginal hairs begin , they a l l  occur towards the  apex  of 

the leaf. 

B eRGESEN state s ( I .  c . ,  p .  2 25 )  that the s tomata are more 

abundant upon the upper surface ,  but  yet ,  at the same t ime ,  

records that i t  h a s  eight ,  whi le  t h e  lower surface  h a s  twelve ,  

per  unit  of  surface .  The lat ter statement  unques tionably cor

responds better w i th my observation s .  LAZNIEWSKI'S s tatemen t  

t ha t  the stomata are ent i re ly absen t  from the exposed l eaf

apices  of many rose tte-plants does  not at all agree with the 

rond i t ions found by me in th i s  spec i e s ,  which has al l its s to

mata e spec i ally p laced [ in the  mos t  exposed par ts  of  the  l eaf. 

A wax-covering is present  in the form of small grains of  

irregular form upon the apical, exposed  parts of the upper s ide 

of tile l eaf. 

The  descript ion g iven above of th e mesophyl l  of S. Coty
ledon exact ly su i t s  that of the present  specie s .  The palisade

ce l l s  are  very s l ightly differen tiated ,  are  barrel- shaped ,  and the 

t i s sue  merge s be low impercep tib ly  into the spongy parenchyma 

wi th i t s  more isodiametric ,  unbranched ce l l s  (F ig .  26 ) .  
The pal i sade- ce l l s  are  more or  l e s s  obl iquely placed 

towards the  apex of the l eave s .  LAZNIEWSKI ( I .  c. )  has found 

this to be  the case in  many rose tte - plants , and connects i t  

with the pec ul iar way in wh ich  l ight fal ls  upon such  a rose tte 

with i ts obl i quely erect leave s ( th is  feature was firs t  pointed 

ou t  by PICK ) .  

At the ba s e  of t h e  leaf t h e  d ifference be tween the pal isade 

t i s sue  and the  spongy parenchyma i s  e ven  further  obliterate d ,  

nor  does  any  obliqu i ty occur  there ; the  who le  mesophyl l  i s  

homogeneous , exac t ly l i k e  t h a t  found  by LAZNIEWSKI i n  many 

A lpine rose t te - p lants .  
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In  many  of the ce l l s  of the mesophyl l  t he re  a re  quan titi e s  

of tannin , which gives the  usual  reaction  with iron .  Bes ides  

these scattered tannin-id ioblasts  there  are found , prec ip itated 

Fig.  27.  Sctxifraga Aizoon. 
The epidermis of the leaf : A and B, Upper surface. C, Lower surface (a large sphaero

crystal i s  seen immediately beneath the epidermis, probably precipitated by alcohol. D 
and E, Lower surface (C 115/1), (A , B, D, E 282/1). 
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in many p laces ( in s p irit- material l , large sphaerocrystal s ( the 

compos i t ion of wh ich has not  been more c lo se ly inve stigated ) 

among the ce l l s  immed iately beneath the ep iderm i s  (Fig .  2 7 ) .  

Sphaerocrystals al so  o c cu r  h ere and  there in t h e  epid ermal ce l l s .  

In none of these  p laces  - as far as I cou ld  judge from l iv ing 

material - do  the s e  crystals occur in connection with l iv ing 

ce l l s ; they are probably an alcohol ic prec ipitate . 

The veins are accompanied by bundle - sheaths containing 

tannin (Fig . 26 ) . E ach tooth of : the l e aves  i s  prov ided with a 

ve in which terminates in a hydathode with a large cavity (Fig .  

25 ) .  The ep idermis  of the hydathode has 1 -2 water-pores  and 

some of the ce l l s  are e longated as papi l lre .  Lime i s  abun

dantly secreted-much more abundan t ly than in  S. Cotyledon. 

I have inve stigated specimens from I{obbefj ord (June 29, 

1 884 ) ,  Holsten sborg (July 1 7 ,  1 88 4 ) ,  Sarfanguak (July 1 5 , 1 884) 

in West Greenland ,  fro m  RYDER'S expedit ion to Score sby Sound 

(July 28 , 1 887 ) ,  and from Vatnsdal (Aug. 6 )  in I ce land .  They 

were a l l  almost  identical ; only the spec imen fro m Sarfanguak 

had more ample l ime-incrustations upon the hydathode than 

had the rest .  

The p lant grows usually in dry localiti es  (part of my mate

rial came from sunny southern s lopes ) ; i ts whol e  character is 

rather  decided ly xerophytic ; but  here also  reference should be 

made to the occurrence of stomata upon the exposed parts of 

the leaf, as  in S. Cotyledon. 

LEIST ( 1 889 )  maintain s  that in Alpine di stricts this and the 

former  spec ies  have a l eaf- structure which more c lose ly resem

b les  ihat  of shade  - leaves .  LAZNJEWSKI ( I .  c . )  d i spute s this , and 

maintai n s  that  the A lp ine  Saxifraga are  xerophytes .  - It  

mus t  be  owned that LEIST'S assertion carri e s  no  conviction ,  as 

the neces sary figures are wanting ,  and the desc l' ip t ions are , by 

themselves ,  unsati sfactory. 
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6.  Porphyrz'on. 

Saxifraga oppositifolia L. (Figs. 28 and 29 ) .  

Saxifraga oppositifolia L .  extends  to  the highes t  summits  

of  the mountains into the snow-flora (NORMAN, WARMING) . Grows 

on  dry, stony ground , upon the rock itself or among large 

boulders .  Consequently it is a xerophyte , and shows thi s 

very di6t inct ly i n  i ts internal structure . The leaf has on ly one  

hydathode  at the  apex .  The marginal hairs are  i rregularly 

multice l lu lar. 

The upper ep idermis (Fig. 29) has fairly straight lateral wal l s ,  

with numerous p i t s .  The  outer wal l s  d iffer in thickness  i n  the 

different parts of  the leaf ;  towards the apex they are very 

thi ck , and from thence become gradually thinner towards the 

leaf-base .  The cut ic le i s  d is t inct  and very finely wr ink led .  The 

stomata, with fair  regularity, are  p laced pal'a l J e l  to the l ength 

of the leaf , only a few depart somewhat from th is  po si t ion . 

The i r  d i str ibuti on  upon the leaf-blade is very remarkab le .  They 

are entirely absent from the extreme t ip of the apex, upon 

which i s  the hydathode .  Immed iately behind the apex they 

occur in  a broad band acro ss  the leaf and are part ial ly con

t inued along the under-.s ide of the l eaf-margin .  

The ep idermis  of  the l ower surface (Fig .  29 )  c l o stl ly re s emb l e s  

that of  the upper· ;  i ts ce l l s ,  however ,  are somewhat more  e longated 

longitudinal ly .  The d is tr ibution of the stomata i s  l i ke  that upon 

the upper  s ide .  

The pal isade-ce l l s  of  the  l eaves  ( Fig .  28 ) ,  a t  the  exposed  apex,  

are very dist inct and occur bo th upon the upper and lower surface ,  

the l eaf b eing d i rected sharply upwards .  Further down towards 

the base the d ifferentiat ion b e tween pa l i sade-ti s s ue and spongy 

parenchyma d isappears enti re ly .  The spongy parenchyma con

s ists  of rounded , unbranched ce l l s , fairly compact ; within the 

ep idermis towards the l eaf-base there i s  a s ingle laye r of  ce l l s  

which i s  qui te  without  inte t'ce l lu lar space s .  As  already men-
XXXVI. 1 9  
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tioned , the  parts of the  l e af which are  exposed to the  l igh t 

posse s s  a spongy parenchyma deve loped in the form of 

pal isade.  

F 

Fig. 28. Saxifraga oppositifolia. 
The leaf: A (7/1), Leaf-form. E, Marginal hairs. C, Longitudinal section. D, Transverse 
secti on. E, Spongy parenchyma. F, Spongy parenchyma from the leaf-stalk. (8, C, D, 

E, F bOf,) . 
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LAZNIEWSKI !F lora, 1 896 )  has described the leaf-anatomy of 

th i s  spec ies very accurately and has given figure s of it .  He 

points out that the leaves are seated so c lose ly together that , 

for the greater part , they overlap each other, and he then 

emphaz ises  the fact that on ly that part of  the leaf which is 

covered by  ne ighbouring l eaves  bears stomata abundantly, while 

Fig .  2 9 .  Saxifmga oppositifolia . 
The epidermis of the leaf: A and C, of the upper surface ; B and D, of the lower surface. 

(A, B, C, D mh). 

the l ight-exposed leaf-apex  is a lmost without them , and has a 

very thick outer ep idermal-wall and true pal isade-ce l l s  (which, 

on the o ther hand ,  are absent  from the shaded part) . LAZNIEWSKI 

maintain s that this d istribution of the stomata i s  a lso found in 

rosette-p lants and regards it as a protection against excessive 

transp iration .  

1 9' 



288 

I n  a l l  the spec imens  exam ined by me I found the  distri

bution of the stomata to d iffer  somewhat from  that mentioned 

by LAZNIEWSKI .  His F ig .  1 1  ( I .  c . ,  p .  239 )  shows the stomata to 

be  below the l ine  A-B. But  in  al l  the Arctic specimen s the 

stomata-bearing band begins still higher up  and only the 

ob l i que surface upon which the hydathode i s  situated is devo id 

of them.  I n  the ful ly expanded spec imens that part of the 

leaf which bears the stomata , i s  n o t  a t  a l l  s h i e l d e d  f r o m 

e x  p 0 s u r  e . t o  l i  g h t ,  in fact , the stomata occur especia l ly 

upon the strongly exposed  p arts of the leaf which posse s s  

pali sade-ce l l s ,  with the  exception only of the obl ique surface 

bearing the hydathode .  Hence we must resort to quite a d iffe

rent explana t i on  of the d i stribu t i on  of the stomata : - They 

are absent from the obl ique surface bearing the hydathode ,  

wh i ch  is  the on ly  part of  the leaf  that i n  the b u d-c 0 n d i t i o n  

of the shoot  i s  exposed to l ight and air ; we have here an 

instance of  a pr im i tive bud-pro te c t ion which compr ises only 

the very young leaves ,  while already the o ldes t  leaves of  the 

bud ,  which are exposed to the elements, are somewhat expanded 

before winter se ts  i n .  

Be side s ,  t h e  stomata are ab sent from  the base of  t h e  leaf, 

- where I think they might be expected to occur in large 

numbers if LAZNIEWSKI'S hypothe sis ' should also apply to the 

Arct i c  spec ie s .  The absence of stomata from the base of the 

leaf is to be  connected with the fact that the " leaf-base" i s  in 

real ity the morpholog ical leaf-s t al k (below the common start

ing po int  of the ve ins ) , where ne ither p al isade-cel ls nor sto

mata occur (compare S. groenlandica and S. hypnoides) ; conse

quently the o ther  Saxifraga-spec ies  have no  stomata upon 

the i r  leaf - stalk s .  LAZNIEWSKI'S assertion that the stomata are 

hidden  in " i n t e r f o l i a r  s p a c e s  f r e e  f r o m  a i r - c u r r e n t s" 

does  not  apply at al l  to the Arcti c spec imens , as ( 1 )  the sto

mata are s i tuate d chiefly i n  the parts of the leaf possessing 
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pal isade-ce l l s  and ( 2 )  they are  entil'ely absent  from the " inter

fol i ar- spaces" ( i .  e .  the morphological leaf- stalks ) .  

As  regards th e  seasonal  b iology of  the  leaves i t  may  be  

observ ed  that at the base  of the  buds  which l i v e  over  the 

winter partial ly expanded leaves usual ly occur ,  which probably 

ass imi late for some l ength of time before beginning their 

winte r-rest ; but  of course this has no t  been proved .  The buds , 

moreover ,  are sharply l imited below by dead l e ave s ,  which per

s ist  upon the stems for severa l  years .  Bud-sca les  are ab sent, 

and the only protect ion the younger leaves have i s  due to  the 

circumstance  already mentioned ,  that they are without s tomata 

exactly upon the small space containing the hydathode which ,  

i n  the  bud-condi t ion ,  i s  the mos t  v i s ib le  and mos t  exposed  p art 

of the leaf. 

A spec imen from East Green land (Danmarks 0 ) , col le cted 

February i8 ,  1 89 2 ,  was remarkable with regard to the arrange ·· 

ment of i t s  chlorophyll-grain s ,  the latter ( in the two upper  

pa l i sade-layers 1 hav ing sunk down to the bottom of the ce l l s ,  

of which the upper par t  was  occup ied  by a large vacuole .  The  

o ther ce l l s  o f  the mesophyll showed no  such feature . Whether 

thi s  circumstance (which was not observed in any leaf g athered 

dur ing the per iod of growth) i s  really a common winter

phenomenon i n  S. oppositifolia i n  Arctic region s ,  o r  i s  due to 

the imperfect way in which ordinary sp irit-material on  the 

whole i s  fixed when col lected ,  I am not  p repared to state with 

any certainty. 

I inve stigated p l ants of S . . oppositifolia from the fol lowing 

place s : - Upernivik (May 1 7 , 1 887 1 ,  Danmarks 0 (Febr. 1 8 , 

1 892 )  and Julianehaab (May 22 ,  1 88 7 )  in Green land ,  Jan Mayen 

(July 22 ,  1 896 ) ,  Nova Zembla, Val lanres ( Ice land ; Dec .  2 1 ,  1 893)  

and fro m  the B otani c  Garden i n  Copenhagen (Apri l  1 8 , 1 907) .  

The leaves of a l l  the se species agreed very c losely i n  a l l  ana

tomical details .  Any difference which could be attr ibuted to the 

influence of the different  geographical conditi ons  could not be 
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demonstrated in spi te of much inve stigation ;  the leave s all 

agreed  with the description given .  

The cultivated  specimen from the  Botanic  Garden alone 

had ve ry long internodes , but  the structure of the leaf was 

exactly l ike that of , for example , the spec imens from e i ther 

Upernivik or  Jan Mayen.  

We have now seen what i s  the leaf-anatomy of the d ifferent 

specie s .  It appears that the species belonging to any systematic 

section show greater anatomical relationship mutually, than they 

show with spec ies  of other sections .  The structural feature s 

which vary least are here also of the most  value as a supp le

ment to the microscopical section-diagnos i s .  The structure of 

the hydathode and the appearance of the radial walls of the 

epidermis appear to be  generally the characters which are least 

influenced by external condit ions and which with a certain 

degree of  constancy, remain uniform within the same sect ion .  

There are three different type s  of hydathode s :  -

( I )  Hydathode marginal ,  s i tuated actually at the edge of 

the leaf ; no  secret ion of lime : Boraphila , Nephro

phyllum. 

( 2 )  Hydathode upon the upper surface of the leaf

margin ; no  cavity ; no  lime : Dactyloides, Trachy

phyllum. 

( 3 ) Hydathode upon the upper surface of the l eaf

margin ; cavity present ; l ime secreted : Euaizonia, 

Porphyrion.  

The other s tructural feature s ,  such as the th ickness  of the 

epidermis and the struc ture of the mesophyll , which are more 

eas i ly influenced by external conditions ,  a lso are s imi lar within 

each sect ion , as may be seen from what has been wri t ten 

above .  To this must  be  added,  that BONNIER' S inve stigat ions are 

greatly in favour of  the idea that the structure of the mesophyll 
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in the spec ies  here investigated would be  different if they were 

cultivated in Alp ine reg ions .  When neverthel e ss  they agree 

within each sect ion in Arctic regions ,  th is  prove s that although 

the structure of the mesophy\ l vari e s  according to cl imate , yet 

i t  v a r i e s  c o r r e s p o n d i n g l y  in t h e  s p e c i e s  b e l o n g i n g  

t o  t h e  s a m e  s e c t i o n . LEIST found that S. Aizoon and S. 

Cotyledon ( from the A lps )  had exactly the same structural fea

tures ; I , al so , in my Arctic spec imen s , found that these two 

spec ies ,  be long ing to the same section ,  had quite s imilar l eaf

s tructure , - but  it mus t  be admi tted it was a structure which 

was entirely d ifferent from that found by LEIST in  h i s  Alp ine 

specimens - a good example ,  therefore ,  of  corresponding va

riation in c lose ly related spec ies .  

I f we wish to define how the Arctic s p ec ies  of Saxifraga 

are adapted in the ir  l eaf-anatomy to their natural surroundings ,  

emphasis must  be la id  upon the  fac t  that the same characteri

st ic tests  cannot  be app l ied to all the spec ies  inve sti gate d , 

taken as a whole .  They cannot as a matter of fact be  termed 

e i ther xerophytic or  hygrophytic , the se words having on  the 

who le  only a re lative value , as they do not state anything 

about the plant' s absolute relation to water - absorpt ion and 

tran sp iration .  I f ,  on the other  hand , we can show that the 

A rctic Saxifragas are e i ther  more , or  e lse less , xerophytic 

than their Alp ine co l leagues ,  that would be  a positive result of 

great s ignificance ,  as i t  would bring about a compari son from 

which , to a certain extent , we m ight b e  justi fi ed in deciding 

how Alp ine p l ants must  adapt themse lves  in  order to be  able 

to  l ive under  the external  condit ions of Arct ic regions ,  and v ice 

versa .  My endeavour has been to give as accurate a de scr ip

t ion of Arct ic species as pos sibl e ; future investigations must  

prove  wherein such spec i e s  di ffer from A lp ine  spec ies .  BONNIER 

has already attemp t ed  something of th i s  kind , but more ex

haustive inve stigations are highly de s irab l e .  The variations  

occas ioned  by external condit ions are , in  the  greater number 
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of  cas e s ,  so  small that mere descriptions cannot  indicate them ,  

or  can do so  on ly with great d ifficulty and with l i ttle precis ion ; 

detailed figure s e lucidate the variations be tter. It i s  my opinion,  

that much of  the con stant d ispute as to how far Alpine plants 

are xerophytic or  non-xerophytic in  character i s  a merely verbal 

d ifference 'which might have been avoided if the several authors 

had given sufficient figure s (for  instance , as many as BONNIER 

or even more , by preference ) ,  - instead of the many verbal 

renderings ,  of very l i ttle characterist ic importance or  significance ,  

of  shade s of  difference .  

Be tween the two extremes  - submerged aquatic p lants  and 

leafles s ,  xerophytic stem-succulents wi th abundant water-ti ssue -

there i s  a long graduated series of l ife-types .  I t  may be stated 

at once that no  Saxifraga approache s the se two extreme s .  The 

habitats o f  the spec ies  differ  however fai rly widely and therefore 

the degrees  of adap tation  are a lso somewhat variab le .  The 

subj ect may be best viewed by arranging the sec tions under 

inve s tigation in a graduated ser ies  according to their greater 

o r  l e s s  xerophyti sm.  Here we may note the very intere sting 

circumstance  that species be longing to the same sec tion are 

fairly uniform in their degree of  protection against  excessive 

transpiration : the purely systematic div is ions may be extended 

to include a l so  anatomical and physiological characters .  A 

careful  s tudy of the figure s shows this fact more completely. 

The section Porphyrion (in casu S. oppositifolia) i s  the mos t  

xerophytic , t h en  come the  others in the  fol lowing order : -

Trachyphyllum , Euaizonia , Dactyloides J Nephrophyllum and 

Boraphila, the two last be ing a lmost  s im ilar in regard to this 

feature . 

Lastly, if we wish to formulate the resul ts  thus obtained 

(the fac t  should , however, b e  particu larly emphasiz ed  that they 

are of  less importance than the information which may be 

gathered from the figure s ) ,  i t  may be done as fo l lows : -

( 1 )  Each section has i t s  own complex of s truc tural 
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features  in  i t s  leaf-anatomy which characterize s  the 

whole group of species ; th is  complex d iffers in the 

different sect ions (as regards its more minute detai l s ,  

see  above ) .  

( 2 )  The  species cannot , without a certain amount of 

arbitrariness ,  al l  b e  characteriz ed in common. They 

show differing degree s  of protect ion agains t  exces

sive transpiration ,  from the highly protected spec ies  

( S. oppositifolia , Aizoon , Cotyledon ,  tricuspidata) 

to the very s lightly protected (e .  g .  the sect ions 

Nephrophyllum and Boraphila) ,  i n  exact correspon

dence wi th the external condi t ions of  the i r  habitat s .  

(3) In the  few cases in which we know the  same spe

c ies , as regards i t s  l eaf-anatomy, both from the 

Alpine regions of Central Europe and from Arct ic 

regions ,  the specimens from the A rctic regions  show 

less p rotection agains t  exces sive transpiration than 

the Alpine (for instance they have not  their stomata 

hidden in "calm" interfo l iar space s , fre e  from air

currents , as LAZNIEWSKI found to be  the case in Al

p ine rosette-p lants .  

(4) Whether there are any di fferences be tween the Arc

t ic and the Alp ine spec imens (besides those  pe r

taining to transpiration ) 
·
i s  as yet not  known with 

any cer tainty , in this paper Arctic spec imens ,  only, 

having been inve stigated ; Al pine specimens have ,  i t  

i s  true , also  been investigated , but generally they 

have been described (and figured) so  unsatisfactorily 

that a comparison would not be  entirely reliab le .  -

From the l i t l le we know (bes t  from B ONNIER and 

LAZNIEWSKI) it  appears , however ,  that in the Arctic 

leaf there is generally a less decided difference 

between the spongy parenchyma and the paJisade

tissue than in the Alpine , and that the former is 
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more abundantly provided with i n terce l lular spaces  

than the latter . 

(5) Indiv iduals of the same species appear to vary very 

s l ightly in regard to leaf- anatomy, although they 

may have come from widely separated districts 

within the Arctic regions .  

9 . - 6.- 1 9 1 0 .  




