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amounl of chlorophyll. The inner corl x cOl1si ts of Jarg 
groups of sclerenc hyma separa ted by narrow bands of tran s
lu cent cells. Tbe cortex of the younge ' t branches is gr 11 , 

but when lhe epidermis becomes liUed with tannin lhe 
br9nch assumes a dark-brown 'urface which ullirnat ly i 
rup tured by cork-formation . 

Alhagi Camelorulll Fisch . 

One of the most common plants in Trancflspia . )( look 
1iI,e a s tumpy shrub wilh green branches. The aerial parIs, 
however, }'Ire nol persistent and in general Alhagi is doubLless 
a root-geophyte. Bul as short slems are occasionall.\' I'ound 
- probably rhizomes origina ll y - from which IH'W shoots 
rise 10·-30 centimetres above th e grolllld, and ns th e 
determination of RAt ' NI{I A': II 'S uj{Jlo~ical Iypes is dependent on 
the position of th e least protected bud-;, J propose to clnssify 
the species under the chumaep}1ytes. 

The lighl-shool of Allwgi is green and spiny. The plnnl 
frequenlly assumes the globular form since the close-set 
expanded branches project equally in nil directions. The 
leaves are smail, at most a couplr of cenlil11l'1res Jong, 
oblung ovnte 01' spathulate, and the Illajori ty fall off during 
lb e early part of summpr. This is especially thc case wilh 
lhe leaves developed laler, wh erea s l11 any of th e older, lowcr 
leaves persist for a long lime. This is probahl.v due 10 the 
great h eal and dryness of Ihe summer which prevenls th 
perfect development of new leaves. 

All the Ieaf-axils except the very uppermost b 31' lhol'l1 -
branches. These are leafless and green, about 4 'enlimelres 
long and with a yellow tip ; on ly the upper thorn-branches 
bear JloweJ's . These branches arise not in the middle of 
lhe leaf-axil bui ol.>Jiqu \y lowards the caUlodic side of th e 
leaf (the phyllola}'" is a tl5 spiraJ). Many of the I af-axils 
of the maiu-!>boot give rise to long-shools beside lh spine, 
on lhe anodic side; the e long-shoots bear leaves which also 
ub tend spines except sometimes the upper ones, more rarely 

they bear .long-shool . 
AUwgi ha horizontal roots which al intervals send out 
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light-shools direcled upwards. Normally these die during 
winter down to the sLlrface of the soil and new shoots appear 
nexl year from the upper parl of the subterraneall perennial 

Fig. 50. AI/Jag; Came/ofl/III. A, Leaf in transverse section . B, Part of a 
lran sverse s{'clion of the outer cortex of II thorn shoot. C, P:lt·t of trans
vcrse section of a young shoot. D, Tmnsvcrsc sectio n of a sandshoot 
(r'cj uvcllcsccllce-"hoot) ; a, pith ; b, wood ; c, inner cO/'lex; d, outer COl" x 
(COl'!,). E, The outermost part of the outet· cortex in D. D: ~lightly 

magnified ; the others. X 203. Cells containing tnnnin are hatched. 

rilizl)me. These as well as old roots (?) mny bccom very 
thick; I have seen them 4 l /j centimetres in diameter. 

From what has been already sairl, iL will be understood 
that III Alhagi are gregarious plants, and that their sub~er
ranean parts ontain food-resel'\'e which enable them to 
contend against very unfavourable ouditions. Alhagi has 
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been frequently mentioned in the preceeding pages (e . g. pp. 
122, 128). 

When buried b the sand axi lla ry shoots enrased in :1 

thick corky coating (see below) grow up"ards through the 
sand to the urface (comp. fig . 22 which shows a somewhat 
similar case in Heliolropillln). Specimen of Alll(lgi weI' 
found where this had taken pla(" twice : The first restoration 
shooL had a fter burial formed a 11ew shool. On the other 
hand rhizomes or root - laid bare by th saud being blown 
away from th em may form new light-shoots. 

The red flowers of A/hagi apIP3r in isolated group 2- 7 
togeth er on the upper spine , they commen('e to expand in 
June. The fruit is an jointed crook cI pod, (not a 10m Iltum) 
with 5- 8 joints and a many seeds ; it is vcry light 

The anatomy of A/hag; has heen examined among otb r 
by B. JONSSON who gives a number of somewhat diagrnm
malic figures. 

The structure of the leaf in my Tran caspian specimen 
agrees with his description and figures. The h)'poderm contain 
ing tannic acid on the lower surface, (see lig. 50, A) may, 
however, be wanting. When present it is seen in sections 
parallel to the surface to form :1 net-work below the epidermis. 
The stomata are slightly sunk, the epidermis is one-layer d 
and there are 4 - 5 layers of short palisade cells on the 
upper and lower sides. 

As most of the leaves fall ofT early. th iJranches are 
well provided with assimilating ti ssue (lig. 50 B and C). Th~ 

epidermis consists of two layers, and many of th cells of 
the inner layer contain tannic acid ; the palisades are nearly 
simila r to those of the leaf and are apparently best developed 
in the thorn-branches (lig. 50 B). 

Within the gr en ti ssue there lies a pat'enchyma with 
many large cell con taining tannic acid. In oldel' branch s 
the leptome has bands of sclcreuc11yma on the 'outer side. 
The pith is lal'ge.celled, many of its cells containing tannin. 
The presence of tannin in fi g. 50 is indicated by hatching. 
Reference should also be made to SCHUllE, B. JONSSON and 
VOLl<ENS; the laUer (tab. III , fig . 10) gives a transverse ' ction 
of an inler ode of Alhagi manni!eru11l. 
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A restoration-shoot grown up through the sand from a 
buried shmb of Alhayi had ils suhlerranean parl beset with 
scale-leaves and with a yellow coaling which was thick and 
spongy to th e louch . When cut through the coating proved 
to be a thiel, layer of ('ork (fig . 50, D, E), form ed from 
a phellogen in the cortex; this was double the thick ness of 
pith , wood and inner cortex togeth er. All th e cells had 
ex(,eedingly thill corky walls, easily torn and all ell1pty and 
dead. Insid e such an air-filled case the growing shoot must 
he well protected. 

Heliotropium dasycarpum Ldb. 

An undershrub oceurring in the clay-desert. 11 has 
.l eaves 1 to 2 centimetres in leng th , coated with stitl' hairs ; 
lh e folinge is so open that the whole pla!)l is transparent. 
The flowers appear in June and .July and evidently only the 
lower flowers of the scorpioid cyme produce fruil. The 
achenes a re long-haired and hard-shelled. 

The leaf is almosl isolflleral in structure. The epidermis 
is one-layered with stomala Oil bOlh surfaceI' and not sunk. 
Both surfflces fir coated WjUl hairs most of which fire benl 
to one side while some are shorl and somew hat dome-shap d. 
The cuticle extends over all the epidermis as a warly 
covering. The hairs arise from large thin·walled epidermal 
cells which con tain slratified cysloliLhs, the so-called hair
cystolilhs (see SOLEI EDEll 1899, p. 632, fig . 127; tile hairs 
mentioned here are similar to Jig. B). The upper faee of the 
leaf has one layer of long palisade cells, the lower face two 
layers of shorter ones. Grouped around the veins in the 
middle are some isodiametri' or slighlly oblong cells, trans
lucenl or containing a liLLIe chlorophyll. 

• 

Frankenia hirsuta L. (= F hispidu D. C). 

This species occurs in compm'atively moist localities and 
as a rule on a saline oil. It has decumbent, lignified bran
ches. The leaves are aboul balf a centimetr long, revolute, 
with s 'attered hairs and with grains of saIl. The small red 
flower may be found still open in July. 
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T.he structure of the leaf is dorsiventral (lig. ,51), but the 
stomata and salt-secreting glands are found on both urfaces, 
whereas the setaceous hairs are absenl on Ih e upper sid. 
There are long palisade cells on the upper side, gener'ally 
transversely divided, and short palisades on the lower side 

Fig. 51. Fralllrellia Irirsula. A, Outlinc of leaf in lrans
versc section wilh epidermis, palisade cells and huh's 
indicated. n , Part of leaf in lr'nnsver~e section . Xyl ., 
Xylem; PM. , Phloem. C: Gland. A : X 47 ; JJ, C: X 2(J3. 

and a loose spongy parenchyma with crystal-tells in tbe 
middle. The air· "paces in the interior of the leaf are gener
aUy fairly large. Sclerenchyma is wanting. 

ConvolVlllus eremophilus Bois. & Bubse. 

An undershrub growing on clay or stationary sand. The 
year-shoots arising from the perennial branches are branched . . 
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two or three times. The tertiary 'Series of branches apd the 
upper ones of secondary order are :.pparenlly always short 
(up to about 4 eentimctres) and rarely bave more than 2 or 
3 internodes. It seems as if growth were inlelTupted by the 
drying up of the terminal bud. Each of these small branches 
bears one 01' two flowers . 

The lower leaves fi re lanccolate-linear and may attain 
a length of aboul 3 cenlim'tres; the upper ones are !;l1lall 
sca les, so that th e plant is tbus praclically Jeafless . All the 
green parLs are covered with slanting bipartite hairs similar 
in forl11 Lo those of C. erinacells (see fig. 53). 

The while flowers open i.n June. The capsule contains 
two large, long-haired and hard-shelled seeds. 

I had no opportunity of examining the anatomy of the 
leaf. The primary cortex resembles th al of the next species. 
Thc epidermis consists of one layer and contains tannic acid; 
the s tomata are not sunk. There are three layers of palisade 
cells which towards the interior are supported by one or a 
few layers of l:mgcnlia lIy ex tcnded cells, almost devoirt of 
chlorophyll , and among these al'e a few bast cells oppO!;ite 
the groups of phloem. 

C,onvolvulus divari catus Rg\. & Schm. 

An undershrub which grows on stationary sand. The 
year-shools, aboul 30- 40 centimetres in lenglh, are sinuous, 
while-woolly and two or three limes branched. Tbe leaves 
are small, (5 to 15 mm. long) and with a broad cordate 
base. 

The isolated white flowers open in May. 
The structure of the leaf is isolateral. About five layer 

of. palisade cells occur, the middle ones being the smaller. 
The epidermis is one-layered and contains tanni acid. Both 
surfaces are covered with long projecting hairs which are 
bipartite but one arm is much reduced. Alongside the veins 
there are secreting cells (laticifel'ous cells). The structure of 
the green cortex of the young branches is similar to that of . 
the previous species, but the hairs are erect and the coating 
is much denser. 



- 225 -

Convolvulus erinaceus Ldb. 

An undershruL with very long rools 31Hl preferring 
somewhat stationary sandy soil. It allnins a heighl of auout 

Fig. 52. Convolvulus erinaceus. To the left a leaf-bearing plant (J un e). To 
tile rigbt a specimen which bas shed its leaves. (.July) . 

40 centimetres, but according to AlTCfIISON it may reach the 
height of 1 metre (2- 3 feet). The year-shoots arc stilT, 
strongly branched, geniculate at tbe nodes and tbe branches 

Ifi 
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arc spread Qu t or rellexcd . In spring li nd cn rly SUllll,l cr th e 
plan l developes lcnves (see (ig. il2) which arc linca r· la nceohlle, 
2- :\ cc nlim clres long, a nd white· h~ired , hut the !c:I\'CS fall 
off latcr in th e SUll1l1\ l~ r so thai !he branches bcC' .. mc the 
only assimila ting orgn ns. In latc SUIIllll e r the larger plant s 
a rc Icallcss, globular a nd spiny sh rubs. The spines afC 
form ed by the year· shoot branches of secondary [jnd tertiary 
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Fil(. [,3. C()/WO!1II111111 ninaUlIs. A. l'r:Ul~"crse section or the green cortex 
and purl of Ih" wood : two n~~scI 8 ore I't'prnell teti ; e, Cambium ; I , Secreting 
cel l. 11, StonUl. C, Epidermis with h pil1l, IICen r.'Om aboveo D, A ~imnar 

"ilO
.., or COIIIKllv"'''.~ {flilicollu. (X 20:1). 

onler, li nd also hy the uppermost oll es of primary o.oller 
\\'hich as n. rul e have formell only one internode and the 
beginning of ~ second one when growth ceases, hence the 
hl"Rnch .ocllHlins as a spine, terminated by a dead, withered 
po; nl. 

The white " owers occur 
tl nd open in June ami .Iulyo 
[It sunrise, bu t I have found 
day in :l broiling S UIi . 

s illgly on th ese smull branches. 
AITf.IIISON says thlll they open 

Ihem open in th e middle 'of the 
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TliC capsule oft en (always?) l'onill ins on ly one seed Wllh 
sha ri wooll y ha il's and a hard shell. 

I h(l ve not exa mineli the allalo lll~' of Ih e leaf. The primary 
f'orlex of Ihe hr:mdi Cs is simil:u' 10 Iha l of Ihe Iwo species of 
COlwo/llll{/IS descrihed Above, as will he seen fr OIll fi g, 53. 
The inner corlc ,,", as in lIH'se species, inclndes S('t' I'clin g cells 
(fi g. 53, A. L), wh ieil tis SCt:1l in 
longiludinal scdion s l:1I1I1 ill 
long rows like piles of 1I:I .... e ls, 
(COIllJl . H ,\I.L1EII). Simi lar t:ells 
arc fou nd in the pit h whieh 
al so encloses It'plome li s .. ;ue 
(a gelleric d iameter). 

COil vo l vu lu s 
frutico s us Pall. 

Grows all clayey or siony ' 
so il. An undershru h wi th stifl~ 

spin y brunches, The year
shoals issui ng from Ihe low 
kllnUcd peren nia l part s a rc 
branched once, Iwif'e or Ih ree 
limes, The bra nches, ma le 
especially the ones of sccoml
IIr}' order, ure sprend oul or 
benl backward s ; th e branches 
of tertiary order and also Ihe 
upper ones of secondary order 
a rc spi nes, of which Ihe lower 
Diles bear fl owers. Each bears 

r 

FilC. 54. COII/HI/lmitll (rllIiNJIIII , 1J1l1lt.'r 
CA) and middle part (II) nr II ~hool , 
C: Schenle (of brllnchcd ycur·~hoot , 

AUlCulIl . 

only one terminal flower w ith smull foliage-lik e prophylls 
each subtend ing :l branch-spine which is generally Ie:JfJess. 
After the flower and the two ICll\'eS have ({tllen otT. n fOl·k· 
s lw ped !tpine remains hehind . (fi g. 54 H, C). The upper thorns 
a re unbra nChed . 

The Jea,'es arc small a nd lanceoJale; Ihe lower olles nt'e 
the larger and may atlni n a length of about 21/1 centimet res , 
whilc higher up Ihey are shorler a nd narrower. In th e 
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month of .July Lh ey all become ben l vertically dowuward s 
and curl up into some~hing like a spouL. (fig. 54). 

The plant flow ers in May, the col'Olla bing comparatively 
large, pink and coated with woolly hairs. 

The young branches and also the leaves are while with 
u coa ling of bifurcate convolvulaceous hairs, the arms of 
whi ch are very unequal in length (fig. 53, D). The longer 
arm is directed toward s lhe apex of the organ. 

The leaf is isol:lteral in structure. The outer wall of 
th e epidermis is very thick, as thiel, as the ceJl cavity which 
(~ontflins tanni c acid. The stomata are sunk. There are two 

' 01' three layers of' palisade cells above and below ; strong 
bundles oC ha st surround the veins. 

The oulcl' .cortex or the young hranches has the same 
structlll'c as half a lea r. 

Acanthophyllum ('Ialius Bge. 

A planl of slony nncl clay soils. The woody base gives 
rise 10 lIumerous straight unbranched twigs about half a 
melre long , with while bark and bearing opposite stiff 
prickly leaves. Bcl'ore the nex l vegetative period the branches 
ha\'e died oJI almost dowll to the ground. They bear small 
ax illary leaf- rosettes, and the apex carries a cymose inOor
escenee. 

In the middle of the leaf is found a thick band of 
sclerellehyma, many times tbicker than the midvein which 
extends along its upper side. Laterally there are a couple 
of smaller veins partly accompanied by narrow bands of 
sc\erenchymn on the leptome side. From the median strano 
palisade eells radiate in all direetions. The epidermis has 
very thick outer walls. The stomnla are not sunk . Th 
intercellular spaces in the interior of the leaf are of consider
able size (lig. 55, B). 

ACQnthopbyllllll1 pl1ngens dosely resembles the above 
species. As for the other spe ies recorded , I have not 
examined lhem. 
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No a e as p in 0 i s i n H I L. 

All undershrub which pr >fer s tony soils (on mount a in ). 
It is mu ch branched and form s n thi el" spiny, glolJIIl:u 
shrub ; the branch c!ii die down a lmost to the ground a nd 
ari se from a lower, lignificd long- Ijved part. Th leaves are 

Fig. 55. Acrwlllopllyllul1I d alills. A, Lea f jn l l'unVC I'SC 

sectio ll ; Scl ~ I'e nchym a in hlack; N, Vein s. R, TiNSUC8 

from the lower side of A. A, X 77 ; B, X 203. 

long, triangular ~l~~ d poi nted like a spine. Thcy HII subt 'nd 
thorn-shoot which allah a Icngth of 3- 6 centim clr s and 
the e in their turn frequently b ar latera l lh orn -shoo ls. 

FJov ering season October, the fl ower being ' Ioscly sur
rOllDded by bracteoles. The fruit is a nul coclo d in a 
winged periantb. 
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Nanophylull1 e rina ceum Pall. 

My knowledge of this specj~s is derived solely from 
herbarium specimens. lL is a lmost a cushion-plam as the 

Fig. 56. Anabasis salsa. End of June. 



- 231 -

sh ool~ h:lVe sharI internodes nnel many sllHlII knollNI latem l 
shootS" with th e Icaves nrrnll~ed in I'ose tt e~. TIlt' leaves stand 
c10sc toget her a nd arc ovnlc-Ianccolnle wil h n slI1 all spi nose 
point. 

Anaba s is s alsa (C. A. 1\1.) (Jlr"chyh'/Iis). 

This spccies oecu l's on dayey or s tOll~' and sill ine soil. 
li s habit is shown in fig. 56. It is !I ll undersh ru b-chnlll!le
phy tc, with sligh lf ~l branched ycar -shoots wh ich d ie olr 
nl most down to the su rface of the grou nd . Thc~' arc r ichly 
furnished with Il owcrs which a rise in the axil s of th e small 
opposile scalp, leaves. The !lowcrs al'e out in .July or Augus t. 
Thc fruit is somew hat fleshy, il is surrounded hl' the 11011 -

win ged peri:lIlth . 
The assim il atin g s tem is eonsl l"tll"l ed llfter Ih e onlilHlI'Y 

ccntric type of th e Chenopodiace:le. The epide rmal tissue 
consists of three layers , of wh ich the inner layer is a th in
walled "crystal-layer". The s tomata arc slight!.\' s link. A 
I'ing of palisade ('ell s slll"l"olll](ls the starch -~h c:lth and \\illlin 
this is an nqllCotls tissue 
with large crystal-cell s and 

th e vcins. 

Anahasis aphylla L. 

This species is a sa ll
plant like the previolls Olle 
and relationship isalsoshown 
as regards shoot-s truct ure. 
In its fru it A. ophyf/a is a 
true Anob(ujj, lhe leaves of 
th e pcrianth heing broadly 
winged and tbe frui t dry. 

Arthrophylum sub uli
foli u m Schrenk. 

An undershrub growing 
on linn SOLis_ It probably d ocs 

Fill. 57. Arlhrol/llflillfll ,,,1J/l1ifolillm. A, 
led in lt1lns\'~rsc Hclioll ; h'e, "eln ; 
Ski., IIC lcrellchy ma (hlack) ; W, a1lncQus 
tluu~ ; St, starch-sheath; I'al, 1,.lIude 
« Ila; Or, crystal-Iay~r ; /-:1', epidermis. 
II, Part or transvcne iIoeC tion or a 
youn" branch ~howin" epidermis, hy
pod~rm with crystal-cells, "al!aade cells 
lind starch-shealil. A, X 47 ; 11, X 203. 
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noL exceed a heighL of 30 (',p.ntimeLres. Sometimcs it may 
he a hcmicrypLopJJyLe, but in its je f1~ t proteclcu form -it is a 
chamaephyle wilh a lo";v thick perennia l epigeal basp, which 
bears rather short green branches. These bear o}JPosile 
suhulate lea,'es wilh the axils woolly-haired, and with the 
bHstli parl persisting lhrough the winter. 

I have IIOt seen the plant in flower . The fruil is said 
to he somewhat fleshy and wingless. 

As regard s the assimilating, epidermal , and aqueous 
ti sslles, the strucLure of the lea r Hnd slem is similar, both 
belonging 10 the centric type. A thin-wallerl hypoderm 
contains crystal-groups. (Fig. 57). 

The Chamnephyles rlescribed have the following char
act ers in common: They are und el'shruhs with a perennial 
lignified and oncn lhickened base, and with year-shoals lhe 
hll'gc'l' di stal parl of which dies before Ihe next vegelative 
period, NanophY'"11l alone is a cushion-planl, or nearly so. 

With lh exception of Capparis, they have all small 
leaves, alld some of the Chenopodiaceae are practically .Ieafless. 
In some species all or some of the leaves are shed during 
summel" and the stems assume the function of assimilating 
orgnlls (A lhagi, C0/1IJ011J1I1IIs). 

The structure of the leaves is isolateral except in Fran
!lcnia. The leaves of many species are coated with hairs, 
some have tracheids, others aqueous tissue. 

The year-shools are almosl always branched which is 
the rule foJ' undershrubs (WAJUIING ] 892). 

As already staled all the cbamaepbytes Ine lale flowering. 
The slru ·ture of the fruit so far as I bave observed, presents 
no g neral cbaraclel'islic common to all. 

C. Hemicryptophytes . 
. The majority of tbese (see chap. 12, p. 167) are spring

planls the aerial ptu·ts of which are dead during the warmes t 
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part of summer. So far as I know this b , for instant·, lhe 
case :'f>'itll all the UllIbelli/,erae belonging to thi typ ; and 

Fig. 58. Anabasis criopoda. August. 

most species of AsfrCl9allls and Cousinia , amongst th e larger 
genera, disappear during ·ummel .. 



• 
Thl' morc important lH'mkryploph.\'lk su mmer-plants a re 

some halop hy tes which will be dealt Wll h below. 

Anabasis cr iopod :l (C. A. M.J. 

Thi.~ spe(·jes is common in ,'cry Il ry cluy- and s tone
deserts. It h:LS a "cry characteris tic appear:uwc as will he 
seen from ligures 50S ,md 59. The year-shoo ls measure 30 
Clil . long or (' \'en Illore, and arise f!"Om :1 white woolly 
('IH;hioLl which lies in the uppermost crust of soil. The le:1\'cs 
arc reduced 10 small 0JlJlos ite seal es, whi ch Oil ohler hrallch cs 
Icnl1illlll c in ralher long slclldcr spines ; in their :I~ils mall)' 
wh ile \\'0(11)' JlIlil's occur. 

The lowel' Icaf-axils of th e yettr-shools arc hrnnchlcss. 
hul th e upper ones all bear hnmchcs The more dgol'olls 
hl':lndH's J.\ ; \,c rise to nt'w ones so \h:1I a hmglc of hranches 

I'll! . 69. A rmb"siR 
('r;QIIOO(l, I'ar·t of 
w cushion with 
1"·0 ~hool. •. Au
",'st. Naturwlsizc. 

I'csldts towards the top (lig. 58). All tile 
acrial ~hoots nre annual. 

The two lowcrmost Icavcs of c~ch sh ool 
are em hedded ill th e cushion whence ~ III tbe 
shoot s issue, th ey arc "cry shor·t, but hnvc 
long apica l spincs (lig. 59), a nd their IC~lr

axil s are "cry woo ll y. Thc woolly cus hion 
mll sl bc formcd hy the hairs ill th e lower 
Icaf-axils of successh'c shoots, and my obser
vatio ns indiCfllC thaI th e shools urisc in th ese 
,"cry leaf-axils, though not conclusive enough 
to pro\'c Ihis positively. 

The small inconspicuous fl owers Qpen in 
.Iul y, li nd the fruits which are fl cshy and nol 
covered by the perianth ripcn during Sep
(embe'r or October, 

The an atomy of the shoots is shown 
in fig. 60, The epidermis is very th ick con · 

sisting of three I:lyers; inside it is a thin -walled "crystal 
layt'I"" which is, however, interrupted in many plflces. The 
ordinary la yers of palisades arc present, likewise a s ta rch · 
shea th and 311 aqlleous tissue. 



- 235 -

ZYl-:ophyllulIl . 

The species of thi s gcnus arc to sOllie ('~ h'l1 l a\ IC:II;I 
summer-planls. Z. Eicllltmlllii C. A. iIIl. may he tll kell as :111 
exa mple. It has long rurcatc shoal s sparsely covered with 
leaves. These have lon g slfllk s and a rc pinnnic with small 
flat leaflets. The old<'l' IcnY(!s die ofl' :Inc! I'al] whilt! the apex 
or the stem is still ~row i ng (Tr:ms lo('a lio ll of waleI', ('Oll1p . 
nhoH' p. 71). The pl :m\ ti u",\'I' r s in spring (al slI in sUll11m'I"I), 

but may still he fou nd wilh Ji\'illg shools wcll in to MllIl !llcr . 

\ ' 
, ( 

c , \ 

( 

., ... ~ .... 

" 

Fil! . 60. Ana />£ui. rrio/iQ(/a. ;I , Pad "r 81Cnl in Iran~\'CrM! M'di"" , I'M . 
• ,hloi'm with iu which litl "'nod with \'ClIIIe!S. II, Dr laiill (If A , C, EI)idenll ll ' 

tissue with stoma. A, X 47: IJ .{- G. X :W;1. 

The leaf is isohl le ral and in conlras l 10 IIlI! species des
cribed hy W Afn,!Nr. 1897 (p. 41 ) ami VOl-KENS (p. 11 :J) iI 
consists of palisade cell s throughou t. Thesc hCI:um e largc! 
and morc translucent towards the in lerior, hut they all con 
Inin cbloroplasts, henc:e there is no 3(ltiCO US tissue present . 
The epidermis consists or one la yer and seems 10 be mucil 
aginous, the s lomata a re s lightly sunk. 
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In a yo ung slem th e pith is a waler-sloring tissue: The 
primary cor tex includes hundles of h~lSl al regular intervals. 
Oulside is the green ouler cortex wilh ils cells slightly 
pa lisade- like. . 

Zygophyflum Fubago and lJIinia/IIIll bolh have broader 
leaves an d shorter branches th3n Z ~ EichlValdii. 

The leaves of P egl7/1/1111 lJarl7lala are repea tedly l'llrca le 
wi th lin ea r segmen ts. The branches lie prostrate on the 
grou nd lik e lhose of' ZII!Juphyllul7l . II flowers in spring 
an u the shools wither during the summer. (camp. VOLI{ENS 

p. ll -1.) 

Fig. GJ. Sialicc olo/epis . A, Tl'ansvel'se scction of inflo
"cscence'axis, Thc wood is hlack , the whilc hol es indi
calc vascular bundles w hich m'c also present within 
the ring. n und C. Details of A; B shows u gland a nd 

II s tomo . A, X 47; Baud C, X 203. 

Statice a tol ep is Schrenk. 

Thi spe ies ha large broad hasal leaves which are 
dorsiv ntral with two layers of palisades 011 the upper ide. 
and spongy tissu with stomala on the lower. Thes leaves 
die on the approach of ummer. Meanwhile the plant has 
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flowered in Mayor Jun e and the richl ' branch ed floral nxes 
remain green and persistent , and as i 1 S. cordijillia (Boss 
p . 20) they are the assimila tin g organs for su mmer. Th ir 
s tructure may be seen in Hg. 61 : collateral vnsculnr bundles 
occur in the pith (comp. SOLEH EDE II 1899 p. :')ti4); the wood 
forms a solid cyliud er of libril'orm cell s; th e cortex cons is ts 
of green tissue, details or which are givt'll ill ligures 13 & C. 

Some Summer - Hemicryptophyl es orclll' in tlt e more 
favourabl e localities, in depr s iOlls nea r ri\'crs a nd si mila r 
places. These are only slighll y x.erophy ti c and 1I:1\'l' c1i s lillc l 
leaves, generally not very l::trg and ofLen hniry. Th ese plants 
which I bave not inves tiga ted vcry c lose ly illclude, for ill ' 
stance, th e following specics : COlIlIOlu llllls IJilllsl'lIij'oiills !1IH\ 

SlI bh irs II illS, lnllla caspicQ, .Il/finea d('rdl'rioiC/cs, .I. Pol/iell i i. 
COllsinia IrifTora, plalylepis and 
dissec/a (spiny), Cenial/rea ibe- . ;"", -:" ., ~ 

rica , echilll1l ilaliclIIH , Undcl
ofia allchllsoiC/cs and Asler 
Tripolium . 

D. Geophytes. 
Thc majority of Ih ese arc 

bulbous plants (camp. chap. 
12, p. 170), a nd I ha y only 
investigated specimcns of thn'e 
impol·tant genera J)odarlia , 
Heiiofropiu11l and Arislida. 

Dodartia orieNtali s L. 

This specj~s is a Hool
Geophyte which g nws in thc 
more fa i'oUl'able localities on 
clayey soH. Its leaOess bra nch 
ed shools bear purple flowers 
in Mayor June. The branches, 
as illustrated in fig. 62, ba\' 
a thick epidermis and below 

, 

Fig. 62. Dodarlia orielllaliB. A, Part 
of transverse sect Ion of slem; Plrl, 
Phloem . SClerenchyma hlack. U, 
Deta il or A. A, X 47; H, X 203). 
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Ihal ra hypoderm in wh ich sO llie cell s become basl -cell~ wh il e 
othe rs remain th in and ulti ma tely d isappcnr lea ving empty 
spa ('{'s betwee n the bast-bundles. There urc 4 or 5 layers 
of pali sade ce ll s of which the innermost arc bounded hy 
a storage-s hea th 01 la rge th ick - wli lled lignified cells wi th 
nu merous pits. In tCI'1Hl I to Ihese arc vascula r bu ndles w ith 
Ihe leploln e shea thed hy small bund les of baSi, w hile between 
Ihe v(' seuln l' bundles is a small-celled tissue. The Filh is a 
large-celled aq ueous ti ssue. 

H e li o lro pi u Ul s o g rl ianu m Bgc. 

T h is species whieh has hCCll referred to several ti mes in 
till' precedi ng chapters (c. II. p. l :l:i, 124), forms long horizon ta l 

Fi ll. Ii:!. Jld io/rol,iulII (llmlula Q
). Part or a hori zontal rh izome with 

aerial $hools. 

subterran ean shoot s fr01l1 which aerial shoots arise, some
times widely a part. A cree ping s tem of thi s ty pe is shown 
(lig. ti;l) dense ly covered wit h shoots. At the base of these 
shoots , roots al'e olle ll for med , The aer ial shoots :lre fre , 
<ju ('nll), roselle-like, T he older light · sh oots h ave a white, 
glossy co rtex ('overed externall y wit h long sti ff protruding 
hairs, The ova te 0 1' ova te - elliptical leaves are also s liff
Iw ired . The length of the leaves is I - l ,~ (- 2) centimetres, 
the veins arc very promin en t 0 11 th e lower surface :m d the 
d epress ions between them appear on th e upper surface as 
convex ities, so Ih al the leaf h as :In embossed a ppeara nce. 
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The hnirs on Ihe Uppl'!' surfa ce art' ('omplll"tll ivr ly few, hul 
thi ck and s tiff : th e:,-' nrc while and clwh one oc('upies a 
while d ,'cu lm' ha se. On the lower slIrf:u'C Ih ese hairs arc 
ve ry nunH'l'O us. The ",Ilil<- !lowers HI'e oul in May . 

Jleliolropilllll Hot/lila, so far liS it ha s heel! possible to 
determi ne the frc<jl1cntl,' "lc l'i lc light -s hoots. see lll s 10 Ii :"c 
the same mode of growt h and the SIHllC 1'01'111 of leaf lind 
hair'couling as 11. sogdiallllm. The hair, {'o:l ti[lg is, howe\c ... 
somewh :-tl closer. 

The leaf of 1/ . 509(/iolllllll is isolnlcral. The cpi d l" rnli s 
is one· la:ycred. densely hairy (with hair-t"ysloliths, sec fl . 
(/(lS!lCarp"1II p. 222). ami willi s lighlly SUli k :-. lolI\:lla 011 hoth 
sides. There nrc ahou l two layers of short , s l:ll'ch-jillccl 
palisade ('clls 011 cm:h s ide. The vein s arc SI I1TOllniled by 
translucen t cells. 

Arislida p Clln al1l 'frin . 

This sUiul -bimling grass has ]wcn alre:ltt y dcal t wilh 
(p. 81 - 83). The thick, shruhby growlh of 111(' plaul anc! il s 
powf'r of forming lalernl shoo!s, whil'h :uld 10 the tufl s lind 
w hen buried hy the sam! fOl'lII lleW OIWS, Illakes I hi , .. planl 
the " COIulueror of the Sand !If'se!'t '' (A'-':TIlSOW) and Ihl' musl 
valua ble of a ll sand-bindcrs. 

It ha s been :tlready recorded and iJlus ll'a lcd (fig, f1) thai 
Ihe roois are CIlCllscd by a sand - s!ockillf(, With in Ihis 
slocking thc root lies loose, " \\'ie cias Brin in tier 1I 01\c mlel', 
bessel' und :Isthelischer tlUsgcdruc kl , \\'le cine PllI'ygancI'II 
lan'e in dCIII selbsl gchaulen Gehlluse" (VOl.lil·: I'ro'S p. 26), 
VOUiENS poinls oul Ihnl Ihis s.'lIld -s loekillf( is fOl'lIIcll h:oo' the 
roots - hairs ccmenting th c suntl-grains togelh er, :Ind he is of 
opinion thai ;ts function is to proted the 1'0015 against 
c \,lIporali on . This is (:onfirlllcd iI)' th c fael Ihal in grasses 
pro,'ided with n sa nd-sl ocking, th erc is no col'l: or olhcl' 
corresponding means of prolection. 

My observaliolts show Ih:11 the rool, which s its loose 
in Ihe sand-stocking, is devoid of cortex. It is cndo,~cd ill 
a thick-walled pericycie consis ling of sewrol hl)'crs of proscn 
chy matouli I'ells wit h numerous llOl'CS and contai ning start h i 
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o Ulside lhis is a lhin-wall d endotlermis which on iLs oul
ward side bears shreds of the cortex. 

The s locki ng itself was originally formed by mucilage 
secreled by the young toOL; laler on the rool-hairs penelrate 
lhe sa nd (It PIHCE), and long afLe r lhey are dead, lhey 
keep Ihe sand -grains hound together. Root -hairs arc found 
on ti l(' epidermis which is sli ll entire a nd form s the inn I' 

wa lloI' Ih e sand- lube. The inlernal diameler of the slocldng 

r i/:o (;4 . Arislirlll peIlHa/rr. A. Part of ]cllf in trnnsvcl'se 
sectioll, slillhtly di:1f,(l'Rmm nti c. SC]CI'cnchyma bla r ll , 
wce n t issue shaded. Ii. Delail of A. 1\', Veins ; C, 
Epidermis of the lower' face wi th hail·s. A, X 53; 

JJ a nd C, X 203). 

.. 

11m indicates the original thickness of the rOOl, hut from 
lhe dh;appearance of the primary ('orlex Ule root becomes so 
lhin Lhal is li es 100 ely in Lhe tube. 

The s tmw OJ' haulm is solid alld the va cular bundles 
lie sca ttered jn a somewhal lhick-celled tissue; each of them 
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ha s 3;-4 vessels ami II leptome grou p, while down both 
sides thcre is a s trand of sl"lcl·cnchy ma. 

The anatolll)' of th e Icn r II ns been desc ribed in th e 
clost'ly rela led . perhaps id cnli nll "p('(· it's, ,\ ristifl(l JlIIIIYCIIS. by 
DUVAL Jot"'.: (lab. 17, fig. 7) a nd Tst:lIll! clI (lah . Ii, fig. 3). 
Thc TranscasJli:m specimens cxamin ed hy 111 (' af.(rt'e in thdr 
chicf features wit h what li as 1)('('11 found hy thl'se :1l1lhors, ye l il 
scems 10 III C Ihal the single cc ll -Iayer of Ihe grccn tiSSll1! has 
II mor(' pronoul1(·cd palisade-form , :lIId Ihn l 111 (' wllol(' lellf 
ha s large r inlem:!1 air-('tt l·iti es than in 111(' li gul"t"!> dIN/. Some 
ligu res of Ihe slrll('(11I·e of Ih (' l('af are given ill lig. G4 . The 
leaf can roll up towa rd s tht' inner (upper) Mlrfu{"l' which ha s 
long hairs, :lIul Ihe I'pid(' l"lI1 is ind udes hin ge·Cl·lls. Lik(' all 
POIlif"en!', Ih e plant ha~ the \"('i ns sUrl·o~ lI Hled hy II slare h
shca th whkh is open 011 Ihc II'pln lne s idl' in Ihe laq':l'r 
\"cins, wh ilc rOlilld Ih c sma lh'J" one!' it is int erruptt'd 011 IInlh 
s ides; Ih is ag:lin is s lilTounded hy a p:d isudc laycr. In m y 
spe<'imcns Ih e lowe r surfa t·e i" also fll'TnW!',I, Ih oll~h bi ntly, 
nnt! in the furrows oppos ih' Ihe :Iir-spa("cs :III1 Ulllo-tsl the 
greell tiss ue of the " pri sms" th en' al"(' !'. lo l1l ala which UI·l' 

s lightly M\II k; other pa riS o f the epiderlllis are covl!rt'd ,,;I h 
... hort, poinlcd hai rs (lig. 64 , H, C). 

E, Theroph ytes, 

It has been repea ted ly statcd in pl·e,·;oll!'. pflgt' il that some 
of the TheroJlh :--,tes are ephemeral spring-plants, wh il(, olhel"!' 
- the smaller lIumber - are s lllmner-jllants which persisl 
thrOll/o(h Ihe dry, W:1 1"1\1 summ er, The foll owing includes 
obsen'ations on some of th e sped es helongiu g 10 the IlIlI er 
group. The ephemeral ~pecies mighl likewise repay :I ca reful 
im'esligll tion, fo r in sta n('e their variahility liS 10 xero phi lous 
struclure. d epending o n Ih e soil lllld li me of de"elopment, 
w cou ld be well worth cXfl miu ing. The malel"inl B\'lI ilahlc 
did 1I0t, however, permit of such :In im·estigll tion, purti cu!:lrl y 
liS regnrds anatom y. Out the sUlIllll cr- plauls see m to lIl e 
more interesting, find during the journey Ill)' allcnli on was 
chieny directed towards Ihem and towards collecting male rial 
of them, 

16 
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Cousinia. • 
Many Transcaspian f>pecies hdr,ng to this genus, most 

of them perennials. They are all r!~.ther hroad-leavt:!d: thorny, 
and frequenLly "cobweb-haired". C. annua and C. di~holoma 

were examined as examples of annua l species. The former 
I found (lowering in the sand-desert during the hollest time 
of summer. It was abou l ha lf a m elre high and had broad 
spiny Leaves the axi ls of which bore rich dense inl10re cence . 
The planl is glabrous, the stem snow-while and glos y. 

The leaf is somewhat dOJ'siventral with lwo layers of 
palisade ce ll s 011 the upper side and one 0n the lower , and 
a ralher loose spongy paranchyma. The veins have bast
strands, Ihe la rger ones projecting as ridges on tbe Lower face . 

Fill. 65 , COllsillia anlllla. Epi
dermis and coJlcllchymtl of stem. ex 20:1). 

They lie severa l together, quite 
separate 01' ('.onn eled by a trans
lu cent aqueous·tissue which merges 
ouh ards inlo a colJencbymalous 
tissue. 

The epidermis is 1'atb:1' thin 
walled am1 has stomata on both 
sides, slightly sunk. 

The stem is without green 
li!>slle, and has a lhick epidermis 
over a deep thick-walled colJen
chyma (fig. 65) all the way round. 

COl/sinia dichofoma is a smaller plan 1 which may till 
he found 1I0wering al the beginning of July, bUl it begin 
to wilber about this lime. The broad, spiny lea" s still 

. preserve tlleir form and position because well-provided wilh 
.sclerenchyma: they are somewhat dorsiventral and have 
s tomata (not sunk) on bolll face,s as in C. amlUa . 

Frankenia pulverulenta L. 

A slend r plant with d cumbent branches. Like F. 
hirsula (see p. 222) it oc lI\'S most frequently on somewbal 
moist soil. The leave arc small and flal with salt-cry 131s 
on both fit· ; the glands which are figured by SOLEREDER 
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(p. 121), thus occur on both urface, and Ule same j the 
ca e with the stomata (in contrast to the statement made b 
VOLIm s I. c. p. 109). On the other hund , th long hairs 
are only found on the lower side. The leaf otherwise i 
dorsiventral with two layers of palisade cells on the uPI> r 
side and a rather 100 e spongy parenchyma. 

Crozophora gracilis P. & M. 

An herbaceous plant with outspread branchcs and long
stalked ovate-cOl'date leave which are covercd on hoth slll'fac>s 
with a thick Cplt of stellate hail·s. The plant oc urs in phwes 
where the soil is not too dry, and it is sLill in flower in the 
month of July. The leaf i dorsiyentrnl with one III 'el' 0(' 

long paJi ade cells on the ttpp{'r surfac.c, and 011(-' la r of 
short ones on the lower ; there is no aqueou s tissu . Cry Lol 
cells are present in considerable Ilumber. Th e epid rmis 
consisls of one layer and has slightly su nk slomata on 
both leaf-surfaces. 

Euphorbia TUl'czanino ii Kar. Kir. 
(E. carnosu Pauls.). 

A thick-leaved, grt::t::I1 , glahrous plant , attaining th 
height of about 10 eenlimelres. Like th previoll s species 
it occurs in more favourable localities. 1l is far!' ly found 
in flower in July although it frequently has fruits at that 
time of the year. Tbe sessile, broad leaves arC dir 'cl d 
obliquely upwards , and are isolateral in structur. There is 
a thin epidermis with slighlly sunk stomata on holh surface. 

Euphorbia cheirolepis F. & M. 

n erecl planl '""i1h rather long intel'11odes ; habitat th 
and-desert. The leaves are about one cenlimelr long, 

petiolate, oDovale, spinose-toothed ; tbe upper sUl'fa('e is shining 
and cobweb-haired, the lower is almost woolly-haired. They 
are dol' ivenlral, yet with stomata ( lighlly sunk) both ahove 
and below. The epidermis is thin. The dorsal side has a lay r 

16' 
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of long palisade cells over a spongy parenchyma which ba 
its lowest (green) laye r of cells slightly palis&de-like, and 
helow thi s is still another palisade-l ike layer of celis which 
is colourless and mu s t be des ign a leti an aqueous tiS :;Uf~, 

Fil( , 66, C('ralocarplIs arl'llar;,u, A, A young planl with green leaves and 
n few f.'uits in the axils, Muy, (nalm'ul size), B. An older planl, (reduced 
on -half), C, A b.'a neh of lJ. (X 2), The pllrenchyma has disa ppeared 

und the mid.'ills rcmnin as spines. August , 

Ceratocarpu arenariu , L . 

'fhi very 0l111110n plant oceul's both on 
'Iay y soil; Fig. GG how it appearance. In 

andy and 
pring the 
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leaves arc di stinctl y lincar- J:lJ1('('o llltc and hear s in gle 1l 0W!'rli 
in their :l xils (fig. 66, II ). The planl is coa led wilh s lel/ale 
h airs. The lC:lvcs are isolalcral with about Iwo la yers of 
pali sade cells on ellch s ide and a number of crys tal-ct· lis. 
The midrib is surrounded by :1 Ihiek Sdl' l'cllch y nJa extend ing 
ofte n fr0111 c l'ili('nnis \0 ('piilcl"111is. Thl' s lII a ll \'ei ns a rc 
surrOll nded hy Iranslu c('111 s \om gf' eell s . The epidermis consists 
of one I:' YC I" , 1l0\ \'c ry thi ck .wall ed, and ha s slOll1n la (not 
sunk) on hoth s ides . 

In Augus t Cernlowrp"s rcsl'lll hl t's a spill)' ball ( fi ~. lit), 

B , (.). The leaves a rc retluccd so Ih:11 only Ih e rnitlrih rel11ai ns, 
and ('\'CII if so m e s till seem to n ' l :lin lhdr 1:lIlI il1:1 , :111 ana 

lom ieu t CS :1mllia iioll shows thai all til(' cl'l l ~ arc co lla psl'd 
:Uld d ead. At this S{'lIson of the .yca l" all lhl' leitH'S nrc 111U .~ 

rcdu ced to th orns, and Ihc 
assimila ti ng functions arc 
carried on by th e Iwo 
eOll llnte proph yll s whieh 
fo rm Ille two·thorned fr uil 
spath es (sec Jig. (i6 C). 
A section of Ihe wall 
o f Ihe fruit -s pa the shows 
(fi g. (7) tha t the inncr 
surfaee is forlil ed of IWfl 

lign ilied thick-WIlli I'd layers, 
the secon d o f which shows 

l'iJ( . 67. (:"f(Illic(trIJII~ ("r,,(/ri,,~. Tn' lIs, 
\.". ~I.' ~{'ctl{) n of [Jut or Ihe rrult s[JHI II ~ 

l l'r0l' ln·Jlj. ( X 20!1.) 

no cell ·cav iti es; beyo nd Ihese skelet on·ee ll·l:tyers Ih cre lies 
an assimilat ing parenchyma mad e 11]1 o f one layer of s ll ort 
pali sade cells and I or :1 layers of tra nsvcrse cell .. loosely 
arran ged . All the cell s arc till ed with sla n· h. The veins ( 1\') 
are cnclosed in bundles of bas t above and helow, especinlly 
the two veins s itu a ted ncar the Iwo margi ns of th e spat he . 

Cornu laC:1 Ko rschin s k y i Lil w. 

An erect sa nd-desert pl ant thickly cO\'cred wit h sh ort 
acicular len\"es (li g. (8). Each leaf·axil gh'cs ri se to a rosclle
shoot bearing IImny lear-th orns, and in evcry lear·ax il , (i. e. 
on the lower parts of the leaves) Lhere a re a great number 
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B 

Fig. 68 . Cornu/ara Korsc/Jinskyi. A, Plant, half size: B, Branch, natural 
size. June. 
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of white, woolly hairs. These are slighlly over 1 111m . 1 IIg 
and a,.e arranged in bunehes. Each hair consi , t::- of on , 
two or three rows of cell, the thickness decrea ing frol11 
below upwards (fig. 69). 

The leaf is COil tru ·ted after LI1 ordinary cenlric typ 
and resemhles LhaL of Horaninol/l;a l1iic'ina (fig. 71) : Th r is 
an epidermis of one layer with Inrge papill:c, a crystal -layer, 
one layer of palisade cells wiLh a slarch -sheath , a thin zolle 
of aqueous tissue, and a Lhick sclerellchyma enelo 'ing the ein. 

Fig. 69. Cornulaca Korscllinslr!J i . PaJ'ts ofaxillal'Y hairs. 
(X 302). 

The small flowers do not open lill uutuJIln . TIl(' r 'rinnlh 
remains round Lbe fruiL alld hears a spi ne 4 111m. in lellgLh. 

Horaninowia ulicina F. & M. 

A sand-des rL plant with decumben l hmn cbes und aci
culllr ' Jeaves. The branch s may atluin a length of' 20 - 30 
centimetres (see lig. 70), with long inlernodes b tweell lhe 
pairs of opposite leaves. In Ihe woolly-huired uxils of lhe 
more or Ie cylindrical thol'l1like leaves, lhere are either 
roo eit -shoots, o. more or les elongated long- 'hools, or 
Cewers. The leaves on the main bran b die ralher early 
but the axillary shools remain gl' en. 

In f· yourable localities the leave may aUain a 1englh of 
a couple or centimetre!>, and lhe hoots are erecl (/Jar longi(olia .) 
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With regard to the stmclllre of tbe leaf aOlI stem, ' refer
ence to fig. 71 rend rs any description unnece sal'y. · T1JC 

Fig. 70. lIoranillowia Illicilla. PIII·t of a plant. July. 

sl In has hands of green tissue alternating with bands of 
collenchyma (lier. 71 C). 
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Agri o phyllulIl miuu s P. & i\I . 

A- strongly Iml1lehcd , thorny -leaved sand-dese rt plant 
which mu y attaill : ! heigh t of about 30 cen timetres: lig. 72 
illustrates a small ~pCciIllCI\. The leavC's a rc lip to a CIll . 

long, nat wilh ste lla Ie h:lirs, hard ill texture , pamllel -\'cincd 
nnd It':lVt'rscd hS par:ll id rills :11111 furrows, 111111 te rmina te 
in a spin e. The lower nnes arc lam'l'o lalt" lllil h i!-(ht' 1' ui' 
they beco me lI:lITowcr, '1'111' Ica r-:o.ils bear ~hul'l -shools wil h 

~,' ',., , 
.t'~ : '1,:. 

-, 

\ 
• >. (, J 

Fill. 71. lI(lfilllillllWifl ulirilUl. A. T"'Il~,·t·n.e ~t'dJ"" of leaf , N, 'duo 
H. Detait ul A. C, I'art or Irll"SH'r.'>C sedi .. " ',f ~1,·U1 Sl'k rc lI ('~'~' 1l1 ~ hlack. 
rollcncllyma doUed, I,alisallc tissue ~ Iliuh:d. Il!, X :W:I ; A ,md C, X r,3). 

leaves w hich arc tJuite narrow, lI\'inilar and CUlling in a 
straw-coloured sjlwe, The IIat lea\'es die aW;lY III th e ('ourse 
of su mm er, whill! the shorl-shools remnin green, 

The s lrui:lure of the , isolaleral len f will hl' seen from 
Iig,73, T he ,'> upel'ficinl ribs co nsist of hands of s('\crcnchYlIln, 
There :He one 01' Iwo ia)'ers of pa lisade cells Oil eaell s ide, and 
Ir:lnsluccnl cells wilh numerous crYSllll ·cells in Ihe middle, 

Tbe stem shows bunds o f ('ollenchyma alternating wi lh 
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hands of green tissue which have about two layers of low 
palisade cells supported by transverse storage-cells. 'Where 
/'Ool and sLalJ, merge inlo Olle another, the axis is thickened 
and succulenl. No green tissue . occurs here but thp. collen 
chYl1la extends all round. 

Fig. 72. Agriophyllum millus. Jun e. 

Agriophyllum lalifolium F . & M. 

This re embles the previous species, bul the lower leaves, 
which gradually disappear, are ovate-elliplical to broadly 
co roat with pinnate v nation (fig. 74). They are co~ered 
with scaltered stellate hairs and end in a spine. Higher up 
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the planl the leave become narrower wilh th pine Ion 1' ; 
the uppermost leave as well as the le:\\'cs of the ros tt 
are sessile and ~lcicular a ' in the PI' yious specie . The leaf 
is nol ribbed as in A. minlls but the 'lructure of th gr en 
tissue is almost the samc. The" ins have a thi'k ba t-

Fig. 73. Agriophyllum mil1llll. A. Transverse sectlon 
(If leaf, shllwing the distrihution of 8c1ercnchymo (bla(~k) . 
palisades ( triped) and veins (N). fl, Detail of A ; N, 

Veins (A, X 53; B , X 203). 

sheath and a strand of bast runs along the margin. Th 
'tern ( lg. 75) has thick hypodermal rib of cl r ncbyma 
and is better provided wilh Bre 11 lissue than the pr viou 
peci s. Lying within the palisade tissue there is a layer of 

storage cell int rrllpted by the bast-bundles of the leptome. 
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8alsola. 
• 

This genus includes a number or leaf-succulents some of 
which are lborny (S. ga/i, aperi(/, s09diana, AlldrosSfJwii) while 
olhers (S. ('rossa , l(lllalu, c/avi{olia) are thornless: also some 

~---------------------------~ 
Fig. 74 . Agl'iophyllllm lalifolium. June. 

bracleole-succulcnts (comp. above p. 71 ), namely, Salsola 
spissa (fig. 8), illcanescens and scleralliha. 

I have cxamin d S. sogdiana (fig. 76) and S. aperla ~oth 
of which have thorny-pointed, semicircular leayes and found 
them to have the ordinary 'entric structure like S. Kali (see 



• 
\VAn ~lI Nr. 1897 p. 21G). The 
b.·:lcteoles in S. $pi!l.~a I1ml S . 
sder(llllha nre s imilar in s trut" 
lure. Th e laller spet-ies IS 

white-haired. 

r'l a loc h ari s hi s pilln r.. A. M. 

A dny- and snit · pia III w ilh 
sUffhairs w hiLh give it a grey is h 
colour. The IC:I\'(,s arc lIIore 

o r ies!-o c"yliIHiri ("al alld long-

Fi ll i5 Ayriolillylium /n/i/oUIlIII. 
" art "r II !o'nn~n'rsl' 8t'cll"l1 or 
~I"m. 1I11~1 in hind.:. '<'I'tome "I'O~~ -

Iw l dwct. ( X [jll). 

hai red, CSPC('i:1Jly lit tht, apl'x; tilt'.\" III"(' 
on shorl-!oo hoots 11I'bi ng in th e !t'll f-:I:I:ils. 

very du ... eiy arrallgl'd 
Tll(· ... c s horl -lo rlools 

Fig. 76. Salf(J/u qlfiana In fruit. June. 
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may sland so close at the tips of the branches that the 
plant becomes almosl globuil:l.i" . 

The anatomy of the leaf is of the ordinary centric type. 
There are two so'ts of hairs : some are long ctifT multi
cellular hairs, but more abu Idat:tt are the short, stilT uni
cellular ones . No hypodermal layer of crystal·cells is present, 
but these cells are humerous in the green tissue and in the 
aqueous tissue. The epidermis is one - layered, with stomata 
slightly sunk. 

l 

Fig. 77. IJalimocnemis pilosa. July. 

H alirn ocnemis. 

This genus is characleriSNl by the ripening fruit, the 
perianth of which develope no wings or other protuberances, 
whereas tile leaves harden and coales<.;e thus forming a 
protective upule in whi h the fruit is placed. The specie 
are tru ummer-plant growing on Clayey and saline soil. 

The habit of H. pilosa is illustrated (fig. 77), and r~laled 
to this we have H. macranlhera and H. uillosa. These species 
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have long tl'ianoular and hairy leaves, th e upper on s sub
tending the soli lary flowers. 

H. uil/osa and nwcranthera, probably also H. pilosa, hay 
leaves constru'ted after th e ordinary centric type. Since th ' 
leaf is thick the aqueous tissue in the middle is large; the 
midrib has a bast-sheath ; the hairs consis t of II hasal cell 
and a long filam entou s cell ; Ihe stomata are lIo t stllde 

The leayes of H. Kare/ill; (fig. 78), a bructeolE'- ucculent, 
are similar in s lrueture; Uley have very 
short hairs and Ihe stoma ta are sligh Ll y 
sunk. 

C!usely relateu to Ihe lon g-Iellv('ll 
species of Hulimocnelllis holh in ap 
pearance and inner structure we ha\"(, 

Halan thilll1l g(lIllOCarplIIII, nnd probahly 
also PiptoJitera tllrkestalla, the anatomy 
of which J haY(' no t examined. 

Sua cda . 

The leaves of a number of spc,:ics 

FIll. 711. Bnlud1 of /1ali 
llIof llelllin I\urclilli . . July. 

(Nut. s ize). 

of thi s genus have been exa mined. As J"('ga l'ds leaf-structure 
these may be divided into three groups. 

The leaf-s tructure of lIl1:' sp 'c ies of th e first group is 
similar to that already d escribed fOI" S. maritill/(/ (se for 
instance WAIlMING ] 897, p . 207, 1890, p. 2~ 1). Below I he 
thin-walled epidermis th ere is a gre n mcsophyll of l':llisade
Ijke cells which become larger and ("ontain less ('hlorophyll 
lowlU'ds the inlerior; the veins lie in a ("urve in th e middle 
of th e leaf. Other speci s belonging lo this group ar : S. 
seliaera and S. O/lI{sellii (from Pamir), also S. lilli/olia which 
differs in having flat leaves with ordinary isolateral green
tissue. 

The second group of SUCleda has underneath the epid
ermis a single layer of pali ade cells all round and a starch
sheath below this (fig. 79, B). Thus far th ese leaves follow 
the ordinary centric type of the Chenopodiaceae. Bul those 
vein, wbkh in other organs of this type run obliqu Iy 
through the central aqueous ti ssue and arrange them elves 
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besicie the starch -sheath , a rc here wa nting. The :~quco u s 
ti ssue lIlust therefo re br (:apaiJi{' or translocation a nti we 
also li nd Ihnt all its cells ("ontain chloro phy ll , though \'c ry lillie. 

The "cin s, like those in Ih e lirsl group, lie in a curve 
with (h e ('O!lellve si de upwards (fig. 79, IJ). In IOllgilud inal 
section Ih ey 3rc seell 10 branch reti cul ately with in tb e cu r \'ed 
plulle, th e tra nsverse sect ion of which is th e curvc men tio ned , 
IHtt not out side it. To thi s sCt'ontl group belong S. 1)/UUllllw, 

(llIi.~sim{/, U".~kii, arl'lIo/(I and tit'm/roidf's. 
S , micro'~/J/'rm(l is the only OIiC of Ihe species exa mined 

hy lII e whkh Iwiongs to th e third gr6up. As show n in 

Fig. 79. Tralls,'cl'S(' seclions of: A. Srwrda lUicro.prrma: Il, SlIaeda Liprkii. 
In IJ Ihl" \'ein~ 1' 1"(' indicated by horh;ontal hutchlnll. (X 203). 

fi g. 7!1 , A, the palisades lind the s tarch-sheath of thi s species 
li e int ernal to the aqueous ti ssue which is (Iuite trunsluccnL 
The starch-sheath inuncdintely adjoins t.he nrc in which the 
veins run nnd branch . 

HaloJlcp li s Jly g ma ea (pall.) Ugc. 

A halophyte with sheathing and almost globular leavcs. 
The epidermis is 1I 0 t ,'cry thick :md the stomata fire not 
su nk . About three layers of rather loosely arranged palisade 
cells are present, abutting intcrnally on the network of finer 
\'eins which in turn nre linked up with th e primary vein by 

·, 

'. 
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larger bl·anches. Internal to thi net'work of fin r vei ns th )"p 

is a tI~anslucent aqueous tis o. The s tl"llclurc of the 1 af 
thus resembl s that of Halostac/IYs caspic(I (sc above p . 201). 

orne of the herbaceou plants described under C, D 
and E, are Ha\opbyt, e. g. Halopcplis, 511 (Jeda, HalimocnI'mis, 
Salsola , Halocharis, Anabasis, Slatice and Zygoph!llllll1l. Wilh 
the exc ption of the two last-named tiley aI" Cilenopociiaceae 
and have thick assimilating organ ' of th • cen lric type, which 
is also the case WiOl the vicarious bran ches of SIalicI'. Linl<cd 
with ZY90phyllum we have Ellphorbia 1'u1'::0 II ill0111 ii , both 
being thick-leaven and isolntera l. Olher reprC'senta tivcs of 
tile Chenopodiaceae rlJ'e xerophylit' planls (Comlllaen , Horul/ 
inovia, Agrioph!JlIum, Ceralororplls). They a re spiny, with 
the assimilating organs thin and not succ ulen t, but in tit 
two first-named th e same ccntri ' "truelul'C is ohs>rv d, 
allhough on the whole lIley arc bell er prov ided with sele r
ell byma ; to the sa me ca tegory belongs /)olla/'/;o. /le/jo/I' op

iLl11l and COllsillia a re more nea rly rela le<\ 10 Ihe helllil'ryp l
ophytes with a more pronoun 'cd lIH'so ph ylic sll'lI('(ul'l' (~C 

p. 237) sin ce th cy have flal Jea \'cs nol much Illodifl ed . Such 
leaves arc as a rule isolatcra l, bul uOl's iven tra l also o('('ur 
(Frallkenia, Euphol'bia, CI"o;;oplrora). 

The fruits exhibit a variety of tyV ~;. 

The material of hel'baceous plants ava ilahle is how v I' 

insuUicient 10 furnish a reliabl e genera l sUlllm ary of ih 
conditions of struclure. The foregoing mus t th I' fol' '' he 
regarded as a seri es of examples illu slrating til dif1'el' III 
modes of adaptation to the conditions of lire in TJ'nn sc~l spia . 

If 'i e endeavour, in conclusion, to su mmari se th fea tures 
of all the plata'S described in this chapter, - keelling, how
evel', ;n mente the Spring-plants - it is possible 10 fOl'mulul > 
under Huee heads some of the specially characteristic fea tures 
of Trar,scaspian desert-plants. 

t. The diUicuHy attending the cl velopmenl of long
lived aerial boots. [n thi connection olle must onsider 

17 
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the lnrgc number of spring- plants with Iight-shools . which 
onl y live n shorl lime, anll :1150 th e eha rnacph), les :lIld 
fancrophytes on wJlich annual shoots are ('£.ommon, bul 
where th e pers is tent shools of JIlosl species lose Iht: ir distal 
paris . 

2. Hcduclion of lhe leaves, It is a \\'<, iI -known feature 
of deserts thai th e leuves hc('o me small or disa ppear en tirely. 
As II rule th e stem assu mes the pari of "iell ", it may be ill 
some t:ascs wh ere leaves lire s till present, as assist:!1l1 vie:lr, 
0/' in othe l' cases , where leaves arc en tircly wanting , as 
dcpuly-\'icnr (B . .1 6""55011.' 1!1I0). BornrvAKT has proved by 
ex periments :l cOl'rei:llion between absence of leaves and 
formation of assimilati ng ti ssue in the s tem. 

:1 . The fl'CquClll'Y of the cent ric type of assimilnting 
organ s (in and out wil lt the Chellop()(/ial'c(lc) unci of iso lalcl'a l 
lellves" 1501a\('I"al st ruclure seems to be specially dependcnt 
on s trong li gh t (IiEI NI!lCIIEII), ;.Inl! it IIl list promote IIw proeess 
of assillli lation " Til(' xC I"o phylic sl ru cl ur"c of th e ass ill1ihlti ng 
orga ns is lila'wisc a well-kn own fClI lme in desert plants II ", 
I"ccorded in the various lext- books 0 11 plant -.:cogr:I)lhy ; see 
also H El\"sl"Ow Um:l, wilh w hose inh' l"prcl a lion, however. I 
do 1101 agree. 

SECTION IV. THE FLORA OF THE 
TRANSCASPIAN LOWLANDS. 

CHAPTER 14 

T he Elements of the F lora. 

When a t the beginning of the Quaternary period Trans
cflspill emerged from the sea whi ch reh-e:tted tawIlrds. the 
\Vest a nd Norlh , a change ill cli matic conditions look place 
sim ultaneously in the mrious parts of W estern Asia previous ly 
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wu sh ed by this sea, In this e:lrlier period Iht" dima le, which 
was prohably rather moist, h:1(1 heen f:n:ourn hlc to th (' growth 
of plnuts ami hod res ulted in a lu xuri:lIl t and fai rly hOlllo
geno'is flo ra deyeloping oyer the imm ense nrea betwcell t he 
Himal3ya :lIld th e PYI'enecs, Wh en the sen disn ppeared the 
climate beca me dry. Thc pl:wts ca me under the influence 
o f Il "ery differe nt elly il'Ontll l'u t so th a t Ihey wt"re com pelled 
to change, Only in th e north el'll p:ut of the Elluln' and the 
western part of the Cn llc:isuS, lIellr two grea t inland sellS , 
a rc luxuriant forests st ill fou nd which are re/43nied us ti l{' 
Ins t, tho ugh perhaps sOIllC'what nttered , rellllHHlts of Ihe old 
terti ary \'cgeta linll of Western Asia , T he rest of th e plants 
mu s t either d ie o r adnpt themselves to th e new co nditions. 
At the S:ltlle li llie th e Araioctlspian 10\\'\:lI1d s, le ft by the sea, 
were open to im migrat io n from th e neighhou ring co unt r il's, 
The result of th e chall E:es wh idr look pilice was I I lIew /lam, 
xerophytic a nd especially adapted to a di mllte wi th :I short 
vegelll li \'e peri od, but which was - a nd is - otht:rwise 
closely re lated to th e clements of th e flora of th(' Med ite r
ranea n la nd s with which Ihey h ave a ('ommon o rigin I), 

If Ihe developm ent look 1" :lcc as imlic:tl cd Ir t·1'1'" IIC

co rdi ng to ' ENG I,lm , it is e\'ident IIll1t the !lora of Trail s
c.'lspin IUu st for the mQo;t part have originated from Ih :11 of 
\\'estern Asia, and that the 1'111 1115 I:I l1st have descended frolll 
th e mountainous parts towards th e South <Lnil Ea !.l (COlllp . 
BOllsao\\' , abO\'c p, 30), Southcrn Russ ia cmmot COll Ie under 
consideration as a sta rting poi nt for the spccies whieh pop
ul a ted Transeaspin , because large tracts of it al th e hcginni ng 
of lhe (Iualernary period (SJOO II HN, sec a lso K ,\III'INSI\I) were 
covered by w[lier (th e Aralocaspi an Sea) a nd this " Caspian 
Transgression" probably origi nated ill ice- water frO/ll Ihe 
IlHl rgins of the grea t Europea n ice, sheet, so thai the climate 
must have been evict With regard to the c limale of Weslern 
Siberia a t that period there is no informatio ll, hut it lIIust 
a lso have been cold , colder LImn now, therefor'e the possihili ty 
of immi.;rnuon frollt there need not be considered. 

' ) E NIl LIUI 1879, pp. 57 and rollowln" 184 and followlu,. 

"" 
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If the flora of Transcaspia originated thus from "'pecie!> 

which at the end of the tertiary p p.riod or the beginning of 
the quaternary period ' immigrated from the neighbouring 
mountains, it is natura] to expect that many endemic species 
have developed. For all the factors of the lowlands, cosmic 
as well as terrestrial, differ from those of the highlands; 
besides, for many plnnts Transcaspia has been a closed basin 
enclosed towards the South and East almost everywhere by 
mountains - the Balchasb basin being included - and 
barred towards the West by tbe Caspian, and to\Vard~; the 
North by the cold. 

A third condition fayourable for th e evolution of endemic 
species is the dryness of the climate, and consequently a v~ry 
scatlel'ed planl-covering. There is no internecine struggie 
among the vlants lhemsel\'es, bUl always sufficient open 
ground available ; th ey have only the conditions of the 
ellvirolllll ilL 10 contend with (comp. ENG LER 1882, pp. 48, 
324·; VAIIL p. 1M). 

Moreover iL is nalural that there should be a close flor 
istic relationship between Transcaspia and the surrounding 
mounLainous parls. This relationship must be closesl towards 
the South , since the cOllntry towards the East rises Lo a far 
greater height than towards the South where the natural 
conditions must resemble those of Transcaspia more closely. 

Utilising the records of distribution given in the plant
Jist in chap. 12, we slial! cndeavoUl' to formulate some con
clusions which may be of interest with regard to these 
question. 

The 768 Transcnspian species enumerated in the plant
Jist (chap. 12) may be assigned with respect to their distri
bution outside Trunscaspia to the following ight groups 
( omp. p. 138) : 

1. Endemic species, 169 01' 22 p. cent. 
2. Species distributed only towards the OUUl (\Vestern 

A ia), <l noled in the list by V: 142 or 18 p. cent. 
3. Species distrihuted only toward the North (Russia) 

denoted in th Ii t b r R: 29 or 4 p. cent. 
4. Spe ies distribu ted towards the East (High-Asia) denoteu 

in the Ii I by H : 83 or 11 p . cent. 
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5~ Specie distributed toward th North and outll but 
not tQ.wards the Ea t, denoted in the li , t by RV : 56 or 7 
p. cent. 

6. Specie distributed toward th e Ea t and South, but 
not towards th e North, denoted in the list by HV : 68 01' 9 
p. cen t. 

7. Species distributed towards th Eas t and North , hut 
not towards the South , d noted in tile lis t by HR : 52 01' 7 
p. cent. 

8. Species distributed equa lly towards the East North 
and South, denoted in the list hy HRV : 1611 . 01' 2~ p, ·en!. 

From th ese statislIcs it follow ' by addition thnt 372 
species (48 p. ('enl.) are distributed towards the East, 306 
species (40 p. cent.) towards the North, 4;15 speci s (57 p. 
c nl.) toward the South, while 169 species (22 p. ccnt) fire 
endemic. 

These figures form the basi of th following conclusion ' , 
but their a 'cum y must only be regarded as more 01' I ss 
compa rative. As previously :tflled, the 110ra or Transcaspia 
i insu lIicienLly investigated, and to a still gt'eatcl' exten t is 
this the case with several of thc neighbouring cOllntri > , 
e 'pecially Persia and Afghanistan. This will naturally involve 
mistakes in the figures given above. Another SOUITC or error 
is that the specie are (liITerenLly interpretcd hy th varioLlS 
authors who have described the phnts of these coun tries, 
and no descriptive floras have been compiled for the cOLIn 
tries in question. I have in everal cases been obli 'cd to 
decide according to my own judgment. Of course I heli ve 
that I am right in general, but future investigations on the 
flora of these countries may prove that many species whicb 
in this memoir are recorded as common Lo several ten itori' 
ought to be divided into mor pccies, each one end emic to 
it own territory, or that pecies which are b re rcgarded 
a endemic to Tran {':} pia are identical with sl ecies in other 
countries. 

The fig.Jfes given above must therefor be treated with 
caution, and conclusions drawn from them can only be 
regarded as rough estimates. 

As endemic pecies 1 have reckoned not only tho e 
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occurrin g within th e territory defi ned in chap. 1, but also 
species which likewise occur ill ' he UalcIHlsh-basin. with 
na tural co nditions whi ch ! ... Ill y know!edge a rc :tlmost ident
ic.1I with those of Transcnspia and ", jlhout Iraus itio u. Dsung
:Iria , 011 the conlrnry, is left Ollt, a nd species which are a lso 
round there lire classed under th ose with an eastern distri 
bution (denoted H). In lil y opinion thi s was necessary, 
fir stly in order 10 fix a bo undary between the eastern and 
th e endemi c species ; secondly beca nse DSlIngaria , though 
mu ch the same in character as the Balc.hash -bMi n, yet fo r 
the grca ter part lics higher and according to BUNGE (1880, 
No. 26) it also din'crs to so mc ex tent in ph ytogcographical 
res pects rrom the countri es lying to the wes t. 

Nor are plants occurrin g in the areas north or th e Aral 
Se .. regarded as en demic. It is impossihle to fi x any natural 
well-deJined bou nda r) betwee n Tran scaspia in the sou th and 
the Kil'ghiz-s teppe in th e no rth , hut the bound .. ry I ha \'e 
se lected , th e 46U, lt northern pamllel of latitude, canllot be rar 
wrong as it is confirmed in the recenll .Y p uhlished work by 
SA WITCII . This m emoir sho ws tha t several plants wbich arc 
C01ll1ll0n ill Central Europe :lI so occur i n the desert ~orUI 
of th e Am I Sen (see p. 5). 

The census shows that there lire 169 endemi c species in 
the Trnll scaspian low lands, th at is 22 p. cent. or lhe tolal 
number of species. Ir the area had heen dill'crcnll y defined 
so as 10 be wider in ex tent a nd to incl ude for in stance the 
the whole or West-TlII'kesl:lIl in clus ive of the mountains, it 
is poss ible IIll1t the end emic pel'cent<l ge might be increased, 
but th en it co uld !lot be regard ed as an expression or, or to 
be co nnected WiUI , the homogeneous natura l conditio ns which 
pervad e and ha ve pervaded the Transcnspinn lowlands. Since 
th e a rca bas been conli ned with in snch narrow limits, we 
must have l' certain right to see such a cO llnecti on, remem
berin g, JlOwe\,cr , lhat thc end emism is dependent 110 t only 
011 lhe number of species rormed, but also on the f:leulty of 
migratio!l Rnd adaptation of these species. The endemism 
would hu\'e been slill ,greater i( the northern boundary o( 
OU I' territory had been moved rarUler north . If the Kirghiz _ 
s teppe and the eastern part or Ciscaucasia to the Jergeni 
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mountains had been includ ed, :l Ilumber of Chcnopodiaccac 
(e. g. ~h/llo"h!JllIl1I , Ale.t:ondra, Orl,j.~tofl ), ('fllligotlll'" sjlp . and 
AmllllXlell(lroll would be .'cga rd ed as cndemit-. !luI as already 
indicated the natural cond iti ons :Ind the , ·e..:elalion arc rAther 
dirrcr~nl in Ihes~ more north ern areas. 

The dis tribution of the (,!l demil' spl'des amongs t the 
,'ariOll s growlh- rorm ~ \\'iJI be seen frOlll Ihe fo llowi ng tablt, 6 : 

Table 6. 

I F. I co. I " .; 
I 111 1 'I'll 

Ende mic s pcl'ics (l ct. I 17 T ~ I 
:I:t 

I 
11 I 0 I :{4 

Transcaspian " 11 27 10 5 '" 
The endemic species arc thu s di strihutetl o\'er the growth 

form s in ahout Ihe same proportion as th e aggrcgall' 11 0m 
of the desert. Th e following ":trialion s lIIay be of some 
intel'cst : 1) There (lrc no cndcmi"t· ,l(luali('s and 1\\:ll's ll -pl:lnts 
whatever ; 2) The endcm ic species include ('o ll1para tivcly 
greater 1I1111lhcrs of fan crophytes arid Il cln kry ptopJ ly tes th ull 
the tlggrcgllt t' spccies ; ii) The en demi c species include COIII 
paratively fewer tl urru:rls tha n the a~rcga te . 

The firs t ntriali on is not surpri si ng s in cc it is wclI 
known that aq uatics lind mal·sh ·"lan ls ha ve a wi ll e di stri · 
bution (see e. g. DU DIlI': p. 3 17). 

The last point, that there are co mparatively few ende mic 
therophylcs, rna)' be ex plaincd thu s : Ih e Ihcroph)'If'S li re 
liS (I rul c spring- plants, and m allY of th csc hllve a widc 
di stribution because over consid erabl e t l'llds of regions with 
wintcr-raills th ey find :tllllost thc slim e cO llditions dming the 
shorl vegetative period. In accordllnce with Ihis III Jell sl 28 
». ccnt. of the endemic tlleroJlh)·tes arc late-tl owel'inij, in 
comparison with 21 I'. ce nl. of the total therophytes of the 
whole norn (comp. table 4, p. 162). The second point of 
variation suggests thai the natural condi tions of Transcaspia 
have been favou rable to tbe dc\"ciop",cnt of fan erophytes and 
hemicryptophytes. This does 1101 seem unnatural s ince lir e 
fanerophyles are one or the mosl prominent and appa ren tl y 
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one of tbe best adapted typc;~ in the deserts. As regar~s the 
he~icryptopbytes, about 30 out 01 5(:' endemic pedes are 
spring-plants and abopt 2':; are xerophytes (most of which, 
however, shed their blossoms before July 1. compo p. 162). 
Unfortunately 1 have not been able Lo draw up suITiciently 
reliable comparative figures for the '."hole flora. If what bas 
heen tated about the annuals be taken as a starting point, 
it might be expected that the xerophytic hemicryptopbytes 
were comparatively beller represented among the endemic 
species than tbe mesopbytic ones ; but I am unable to decide 
this question . • 

The 169 endemic species belong to 83 different genera. 
Only 7 of these genera are endemic namely: 

Borszcuwia Bunge. (Chenopodiaceae). 
PiptoplerQ Bunge. (Chenopodiaceae). 
Char/oloma Bunge. (Cl'Uciferae). 
(;ithare/oma Bunge. (Cruciferae). 
SmimOIVia Bunge. (Papilionace&e). 
F1%p/ellra Rg!. & Schill. (Umbelliferae). 
Milliallilws Bunge. (Zygopbyllaceae). 

These genera are monotypic except Cilhareloma, which 
has two species. 

Of the two Chenopodiaceae, Borszeowia is closely allied 
to SlIneda and Biener/ia, while Pip/op/era is related to Hal
(IIIthillm and other linabaseac. Thus both belong to groups 
of plants which ~re widely distributed in Transcaspia and 
urroulllling countries. 

The two Crllciferae are doubtless well-established genera, 
but hoth have some near relatives: Chartoloma is closely 
alii d ,to Isa/is , Tallscheria and Samcraria, of which Tauschrria 
is indigenous in the interior of Asia while the other two occur 
in westem Asja and the eastern Mediterranean countries. 
Cithareloma is related to a number of orienlal Hesperideae, 
snch genera as Farse/fa, Eremobium (N. Africa) and Mal-
eolmia. .. 

The validity of the genus Smimowia likewise seems to be 
well-founded, in fact it stands amongst the endemic genera 
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as one of the mo 1 i olated. IL is allied to p/taerop/tysa 
wbich "likewise belongs to the interior or Asia. and 10 Colulea 
which is distributed [rom the south of Europe to th e w sl'l'll 
Himalaya. 

li%p/ellra, so far as I can leal'll, i insuffi'ientl known 
and there may be some doubt as I'eg:uds its right to grn ri 
rank . REGEL says that it is related to Carl/Ill and RI/Illia. 
Millianlhus is related to ZyguphUll1l111 . 

Among tbe endemic species scarcely any ont' stHnds 
isolated. Whichever one be named, it is possible to indical 
closely related species in the surrouncling countries, III or 
especially 1hose towards the SOUUl nnd South-west. Through 
more intensive sy tematk studies one could prohably enul1lcl'al 
a series of pairs of vicarious species. Studies of this kind 
have noL been undertakell hp.1' , as J have I' strirtect myself 
Lo the i!1"estigatiol1 of Lhe distribution or Ihe genera which 
contain endemic species in Lhe lowland" or TrnnscasJlia . Th 
following genera have Lheir m!iin distribution ill til Medi
terr~nean countries, especially in Lh eastern o ill'S, and in 
Nearer Asia whence some of them extend right in to Central 
Asia. 

lieliolrop ill 111 Plerolheca Allinm 
Lapp II 10 f'orzonera Li l1Iodorll /Jl 

Rochelia COlwolvlIlllS Cis/allrlle 
Gypsophila Isalis 11 ypc(,f) II 111 

lierniaria Malcolmia Trigol1 clla 
Saponaria Peltoria CruciclIIclla 
Silene Sis!ll1lbrillm liaplophyl/um 
Cefltallrea Crypsis Srrop/1IIlaria 
Echinops LeplurLls Tamarix 
Jurinea Lagochilus C(Lchrys 
Rhapollticum Phlomis PerLILa 
Matricaria Tulipa Valeriallella 

The following genera seem to have their main dislri
bution more to the Ea t, in the intePior of Nearer A ia and 
in Central Asia: 
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Eminium Salsola Ammoth(Uunlt.~ 

A call tllopll ylfu m COIiSilliu Ox ylropis 

Ayriophylll1m Lorl/nop"!l1i l.m CalligolllulI 

AI/(/b(/.~is /::remos/ach!ls 11 ph (/ flople.llra 

COrllll/o("(/ J J !JPogomJ,hin. C"!Iplodiscll.~ 

GiryclI,wJl!lIia E refll /lrE!s Hya/o/at':.nu 
H (110 III" i //11/ !lllil/ope/aiulII I'sammufjelo/l 

JJ a I i IIIOCI/cm i.~ Ammodem/roll Z !Jaop"!JilllfI! 

T he foll ow ing genera have a wide distrihu tion mai nly 
in W3.,111 -lemphnlc countries (or tropical) : 

Cleome 
ClIsl'ltia 

I::flphorbiu 

Arisli(/r, 
Iris 
Asirayalll.~ 

Lacillca 

There still remain some large \\ idcJy distribu ted gell era : 

Arlellli.~ia 

J~,:l !IIIIII.~ 

Plall/ago 

Delphi /I i fII/I 
HOII /mel/ /lis 

CflfIlm • 

TheS(' gell cl'a arc dlstr il Hlled o\'el' so large a n nrea thai 
onl ," a ("loser st udy could elucidate where th e TI'anscaspi'lIl 
cndemi(' species of th ese sencra ha\·c th eir !len r!!!; t rela ti ves. 

Le.n'in g ou t of :lCCOUtl t th e 6 Hencra la st· named w hic h 
arc r('presented by 9 endem ic spt!cies, nil the res t of th e 
plant se nNa conta inir's {' nd cmie spedes in Transcaspia haw' 
their mai n d is lribu li oll towa rd s th e Soulh , most of them in 
Ih e Mcditerr:ureHtl cou ntries 11Ild in \\' estern Asia , Thi s IS 

!U1 indication Ul a t Ih e nonl of Transc:lspia is closely allied to 
the nora of these countries. 

The natural ordcrs which co ntaI n endemic syecies (~RlI 

be ascertained by reference 10 the list of plants {pp. 1::i8 - t 58l. 
;\iun' tll:1I\ one t!xamp[e of endemism is to be found in the 
fo llo\\ ing families : 

• 
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Number f' t re.!lllagt 
• of end t mle of tola l 

~peci eli siledes 

Papiliolluceae .. ;·H (2. Astraga/Ils) 36 p. cl. 
Composilae . 28 (9 COl/.~ i/li(l , H 5/'or:o/lf'ra ) . 27 

" Chcnopodiar.eal· 17 (5 S(liso /II ) . . . 18 
" Polygo/laccae 14 (Ca/ligollum) f>.I " Um bf'fli{erac . 10 32 " 

Liliaccac .. 9 :17 
Caryopllyffacc(lc . . . . 8 .. .. ... .. . .. . ... . 32 " Cruci{erae . . . ... 8 ........ 10 

" 
Labia/oe 6 :\0 

" 
Zygophyffaceac " . . . . . . . 44 

" Gramilleae . . . .. 5 II " 
Orobancflew'cue 4 . . . . . . . 6li .. 
COIwo/ull/accne . . ... 4 . . ....... :lli 

" /Jorraginaccae. 3 .. . .. .. 7 
" /lallll IlCII/aceae 3 '" " 

Illliaceae ... 3 ..... . . 50 " 

Only a few order ... con taiu no endemic species at 11 11 , 
for instance Cyperaceac, (icn/1l iucc(//!, PillmiJ(1yillw·cm: ; ll1d non c 
of these ord crs are ri ch in species in Tntns(·;lspia . 

T he Papilioll(lCUle take first pla ce as rcgul"ds e l1demism, 
and this is especially du e to the nlllIlerOllS spec ic ... of thinlY
olw. the majority of which belong to the ::tlh-gen us Cerci
dolhri.t which has h ifurc:.lle hairs. 

It is characteristic tha i sevcral of the smalle r f;unili es 
a re compa ra ti vely ri ch in endemic species, thus half of th e 
/lu/aceae and two-th irds of thc Om iu /f/ f" he(l (;eac are endemic 
li kew ise o ne-tlrird of the CO/l/Jo/lJ lllacc(l e, Liliaccue clc. The 
o ne species of Amceuc and the onl y Orchid are both endemic. 

E nd emi sm in TranscasJl ia Illay according to the preceding 
be denoted as recent , i. c. it has a risen frolll the devt! loplll cnt 
of species wilh in a period 11 01 very rem ole in Ihe geologic ... l 
sense. There are no form s at all sta nding qui te isolated und 
showing indications of being relict't •• but there orc endclllic 
species in almost all the natural orders and in several of the 
larger genera . 
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The result we have arrived at <.loes not, therefore, 
conflict with the theory of the migration of the flo fa inl0 
Transcaspia at the beginning of tbe quaternary period (see 
above p. 259). The great number oj endemics moreover 
confirms ENGLE II'S assertion that dry areas (he also mentions 
"the Asiatic Steppes") whence a great ' number of plAlit types 
are excluded give rise to endemic spedes t). 

Among the non-endemic species of Transcaspia we 
distinguish between those which have a northerly, those 
which have an easterly and those which have a southerly 
distribution (s?!e above p. 2(0). 

Northerly distribution is seen jn such species as are 
distributed from Tn1J1SCaspia over western Siberia and South 
Russia. The limit is lixed at about 46 0 N. Lal. (see above 
p. 2(2). Of such plants there are 306 or 40 p. cent. of al1 
the species of Transcaspia ; in the plant-list they are the 
species with the lelter n included in the distribution-index. 
This is no small number, but the importance of the figure 
is lessened when we remcmher; (1) that with the exception 
of 29 of the 306 (9 p. cenl.), they are equally dislJ:ibuted 
towards the east and south; (2) that only 96 species (12 
p. cent. of the total number of species) are common to both 
Transcaspia and the 'governm nt of Yekaterinoslaw, (these 
are indkated in the list hy H *). The first of the above 
points empha ises that the species occurring towards the 
North are on the whole widely distributed. The 29 species 
referred to (those indicated in the list merely by R) do not 
even extend far northwards , only one of them (Erodillm 
Hoefllianum) is found as far north as Yekaterinoslaw. Most 
of th m occur on the Kirghiz steppe which as already stated 
is very similar to Tl'anscaspia. Nor do many 'of the remain
ing plants with a northern distribution reach the true steppe 
or forest areas. 

As regards the second point (2), the number of species 
common to Transcaspia and Yekaterinoslaw, it may be 
remar.!,ed that, witb the exception a few Chenopodiaceae and 
I..ycium and Statice, tbe species common to both countries 

1) 1879 p. 10, 1882 p. 50. 
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belong. to the mesophytic aspect and that all exc pt Erodium 
Hoefftianam are species with a wide distribution; only a 
small number of them have not also an ea ted r and a 
southerly distribution in relation to Tran caspia. 

Easterly distribution is seen in the plants occurring in 
the mountainous countries towards the East, i. e. from Hin
dukush, Badakshan, Hissar, Pamir to Tibet. Tian han and" 
Dsungaria (comp. p. 262). This category includes 372 plHnt
species or 48 p. cent. of the total species f Transcaspia (in 
the list the letter H occurs in their distributipn-ind x). Of 
these 372 speci s, 83 or 22 p. cent. are not distributed 
towards the North and South (indicatf'd in thc list by H nl
one). Many of lile 372 species occur only in Dsungaria, (a 
to the similarity and di sc;imilarity between this country and 
the Balchash-basin s e p. 262). As a t s t of the rli strii>ut ion 
of Transcaspian lowland plants 0" r rea ll y high moun tain s, 
I have summed up the spe ·ies thi s ('OUldry has in COl111Oon 
with the Pamirs (according to the houndnri '5 given lIy OLGA 

FEDTSCHENKO). Such species are denoted in til l' list hy HI!: , 
and thel·e are 41 (5 p. cenl. of th total numher of spe ies) . 
Only a few of thcsc (Nilraria and a f('w Clrcrwpodia("cae) 
belong to the xerophytic aspect. They nrc all sp cies of 
wide distribution, and most of thelll also occur both towards 
Lhe North and South . 

Southerly dis tribution is se n in plants which h yond 
Transcaspia are distributed oyer larger or small'j" parts of 
Afghanistan (Badaksban, however, bcing recJ<o ned us purt of 
High-A ia), P rsia , Asia Minor, Syria and onwards to the 
Medil rranean countries, including North Africa. 

There 3re. 435 plants or 57 p. cent. with a southerly dislt·i
bution - their distribution-index in the list con tains the I tt r V 

- against 40 p. cent. with 3 northerly and 48 p. cent. with nn 
easterly di tribuliu~. Thus more than half the plants of the 
Trall caspian lowlands bave a southel"ly distribution. f th 
435 peci s, 142 or 33 p . cent. (18 p. cent. of the total 
number of species) have no distribution toward th North 
or East, Lhey are thus W stern-Asia=tic species which avoid 
the higher mountains and th e higher d gr es of latitude. 
(In the list Lhey are indicaled 1y Valone). Recapitulating the 
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nho,re. we ha,'c thai the " nort herly" plnn ts incl ud e Dnly 9 .. 
p. cen l. which a re exclusively northern, the "c:lsterly" ones 
22 p. cent. excl usively enstern, while th~ "southerly" pl ants 
inclu de 33 p. cen l. exclusively distribu ted low:ird ~ U)C ~ou'lh . 

T hese figures as in the case of the pcrcenhlge r&r the 
loinl (li slribu lion, show that th e T nlnscaspia n low lands nrc 
'most closely rela ted to Ihe coun tries lying lownl'{is th e So ulh 
and Sout h· West, ami most dishmtiy I"elated to the coun tries 
ly in g lowards Ih e North . T h is is the elise though th e T ra ns
cas pi:lIl l owla ~ ds low:mis th e No rth lIrc open ::lI1d with out 
:t n.Y natural houndn ry, while in e\'ery direction towards the 
Sou th Ihey :Ire h emmed in by mountai ns. 

T h is result is further confirmed ir we take in to con · 
s iilel'U tioll the species which the Trnnscnspian lowlands 11I1\'c 
HI (:O Ill1l1 0 n with Syria and Palestin e {166 species, Pos'1', 
indi('ll ted in the li st hy V·}, 01' with Egypt (91 species, 
ASCII EIISON & SCIlWEINI'UIlTlI) : Ih nl is respectively 22 ~nd 12 

II. cenl. of the loln l nu m ber of species. Aholl t one· th ird of 
these (Syria 30, Egypt 2!1 p. cent.) do nol occu r ei tllfr east 

'OJ' north of Trn nsclIspia, nnd less than hnlf of Ihem (Syria 
an. Ef.(ypt 41 p . cent.) arc widely dis tributed s l.ecies w llich 
arc also found nOI·th and enst of Trrmscaspil'l. 

Compare wi th this what has been s lated aboul species 
common 10 Yekli teri nosJaw li nd 10 Pll1n i!·. Here almost all 
the species in com mon hnve a wide distribu tion; th is CoU1~ 

lI1ull it)' the refore indicnles II more disl:lIll relntionship th nn 
Ihnt between IIrens with species in common wh ich show II 
more li mited distribu tion. ~ 

T h ough derived from im perfecl a nd sO lllewh:lt scan ty 
mnterials, Otll' fig ures )Ioint in the r ight direction, as they 
have shewn us thu t the T rllllscnspian lowla nd s in their lIor. 
istic as well as their biologieui aspects (comp. abo\'e p. 160) 
111'6 more close ly rela ted to .the couutries towards the South . 
T his result will probably be fu rt her confi rmed by ru ture 
system atic investign tions withi n . th e ind h'id unl gencm or 
families. Such in\,estiiutions a re ulrendy being car ried on, 
an d we may iIIustrnte them by a short SUlll mar y of Profess6r 
KUSSEZOW'S interesting ill\'estigat ions on /lindua Pa ll ., n gen us 
of BQrraginClctat. 
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A ~ the re ult of areful morpbological nnd anatomical 

studies of 'the species of Rindera, it appears that the sub
genus Mallia is tb "cenh'al-type" of the genus, from whi b 
fhe sub-g nera Cyphomatlin and Ellrindera hay dey lop >d 
each in iL<; 0\ n way. 

KUSNEZOW presumes lhat th e nnc('stor of Rille/era (and 
ParacarY/~m) at the b ginning of the tertiary p rioel w 'J" 

widely distributed over the eal,th ; the last r mnants or them 
are the two exis ting monotypes : Tysollia in south-eastern 
Africa and Myosilie/illlll ill New Zealand, 

During the lall r half of the tertiary p riod Rillder(l must 
have been widely distributed in the M di ternll1enn ('oun tri s 
(from Spain to Ct:ntral Asia), and the genlls at lhat period 
had two sub-genera: Mailioria (now one speci('s) Hnd JlJallill 
(now () species). Tbese seven species are 'onstfillt wi th no 
illiervening transitions, and they have small and weI/-defined 
areas of distributi n 1'1'0111 Algeria 10 P('J's in , - they 111 list 
be regarded as relicl forms. 

At th end of th > tertiary period wh n the lowlands 
were dl'ying up, Kl'SNEZOW consider that the flv sp('ties of 
lI1e sub-genus Eurindrrfl were evolv d in the mountains of 
Turkestan; these specics are barder to distingui sh than thos' 
of Mallia. One of lhem, Rim/era lelrasJlis, hud th e fae-ully of 
m ' ration so thal after tbe dr illg-u p of lit Trans 'a sl'iun 
lowlands it was able to propagate here u:; well as in ~re l 'rn 
Siberia, South Hussia and Ciscaucasiu. 

Simultaneously with Ellrindera. th J'C 'Bille illto exist II e 
in Neal'er Asia from Mallia the two peei ,s of the sub-gt'l1uS 
Cyphumaltia of wbicb one, Rille/era lalla/u , is very polymorphic 
aud -.; idely digJl'ibuled . 

• 
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