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i ne to t e 01 sifioat1on i ven i n En o'ler d Frantl'e 

"Pfl nzen-familien" (1912 ) may be een fr om the t a.bla 

a1ven elo , h ioh seta out the ubdivie10ns of the 

group Filicalee L ptosporan '1 t 1. Of the 8 fsmiliea 

camprl i n the Eufl1ioi eae the Po lypo i ceae con­

stitutes by far the lar est d ost port nt. It 

inoludes on en number d v iety of f rna , 

the four under d1eou sion I ere . The furth r sub ... 

di i 10n of t ly :ve 

i n full,in order to m e ole 

position 0 t he four ener: 

Nothoolaena , P1euroaorus, 

r been at out 

the act t ana 10 

~l~ntheSt 



(a) 

FILl CAtES LEPTOSPORANGIAT AE . 

Eufilioinea e 
Family l ~. 

N 2 . 
M 3. 

" '. 

Hymeno }:tyl.l 
Ctathaoeae 
Polypodiao e e 

Su -f ily 1. 
tt 11 . 
1ft. "1 i1. 
H iv. 
u 

eae 

odaieae 
Aspidie e 
01 dre e 
Dav lie 
Aaplenie e 

01 aa 

tJ 

. Sub-fa.zuily vi.PtGride r 

Sub-f .. 
u 

4. Prkeri oeae 
2. atoni e ~we o. Gleichenl 08 e 
7 •• Sohi eno re 
8 O SI ld c a. 

01 ~ • Gymno~r lin e 
Get1 :,Ano gr I e 

Gymnogr e t, 
n b.Oheilanthinae 

Genera :r.hA i lanthe 
Nothoclaen 
Pellae • 

Cryptogra.mme at 
~ Q. Adiantin e 

Genua: Adiant 
fl d. Pterid1nae 

G nera:Pteris 
Pter1di 

ily vii.Vitt 1e 
v l1i.Polypodieae 

ix.AcroBtioheae 

( 0 ) Hydro e • 



.A. b:rief deaoript;lon of the charaoters 

upon 7hich the fore oing 01 81 ication is based 

ill aocotmt for the position accorded to the four 

gener under consideration . 

The eight large familiee are dlatin ish..,. 

d ocordin to the nature of the s oren ium, partlcu 

ly 1th r g d to the type 0 annulus . 

F Polypodia cea e . Here the aporan ium haa 

an inco plete vertio annulus. not quite 

do to the baa~ on on e aide. This annulus i ~ sel -

dom b. A fe fe e ar oree~entf but mo st 

gra in shrub-like fashion . 

Sub-f 11y v. Aaplen1eae. The ori arise l~ terally 

on the veins t the spar ·;ia beln rIa k-ahaped. An 

l ndu i ia usua~ly present. The petiole 1s unjoint -

and there is consider ble leaf-division . 

Cla. a b . Aepleniinaa. The sari r pl ac ed lon,' the 

1 tar 1 1.:. _. 

G nu~: Pleura orus. There is no indusium d the 

1e ~es re much divided . 

G n r 1 ch 

Th sari 

oter of the enu8(trom 'n 'ler 1912 ): 

ithout 

ro 

oblonG d s itu ted on the 1 teral veinB~ 

ny i ndus ium. 

h i zome . he 1 

The unjointed p ti lea ariee 

f is uch divided, and 18 

furnished 1 th £9 or any lairs, hile 

oales ay be present . 

br noue 



Sub-family vi. Pteride e. The sori are 0 long 

linear t at the ends of the veina . Ther is 

, UBUally no speoia.l indusium but the leaf mar in' 

1s often odified and rou h refl~xed to oover t e 

oru • The un ointed pet io le rise fro 

rhi .... om • The le~veB are very rarely divi d , 

and may hay a. cov rinrr of embr nou c 1e 0 

haira, the 1 tter Bom times secretin • 

Cl OgT::nw tin G.e. T eori e tend a 0 t 

t he h ole length of t e ve in • 

Genua: Anogr e. The leaf is quit lO th d 

bare . General oharactera of the nUB ( fro 

En ler 1912 ): t he or! are sit ated on t h eine 

extend! ~ almos t t air ole leu't 

are tetr ral . The pro"h llu 

_ he spores 

y r 19t or 

a numb r o ~ ye re, d consists 0 ~ much-lo ad. 

exp@Ild d port ion, and tu erouo ~_100t hi ~h be~.r 

archegonia . The sporophyte genera.t ion 19 usually 

annu 1.( ote . This matter of t he pers i s ting 

a;ametophyt e d.Ld Jhe ahart-lived ap rophyte i8 to 

be gone into fully in the chapt r on morphologY b 

Part 11 B.) The rhizone is hortened very 

delioate and be re Ion bristles . Tl~ petioles 

are unjointed . . The l eaves a e ~l109t holly 



ear, an d e y-time perina.ts , ther v ina ,bein . 

ep ~t edly iohoto OUB ~ 

Class b. Cheila.nthinae. The Bori are plao d on 

the dista l endiS 0:f the veins, where they somet imee 

spread out till they become confluent • 

• Cheilanthes: The leaf-margin is always 

r flexed . 

G n r al haractere of the enus ( rom Engler 1912 ): 

The sori a e on th nd of the veins and 

re rounded to 0 long, fin lly beeo in oonfluent. 

They a r a l " S covare ~ over by tl e refloxed marg in 

o t el • he hizo is usu, lly short. i t e.r 

Bcendirtc; or creep ~ d ~ ith ernbranou8 scales . 

The p tiole ia unjointed p arid 1e :ves ay be simple, 

t)ut 0.: c, usually ~ y t as ~~he:r may be 

or 1 1 try . 

-:rothoola en 'I' ll I e :ves a: e membranoue 

se 1 s '. 

en r 1 c ractera 0.(1 t he u 1 e sori are 

-t rmi nal on t 1 9 t e d ~. ~l veins. and 

a rounded to 0 10 j; l y b (; · ing 00 fluent. 

They Ll be un overed , or ~ y 0 0 red by the 

re lexed le .. ~. rr, in. "' re more or leas 

ivi e I ,_ no. e or 1 n. l ~ "i_ y or 8C ~ ly . 



(] 1 (1912) point out it ia v ry 

d "ficult to eeper te Nothoclaena 

eve 1 rel ted gen r 

rply fro 

i t is esp ci 11 diffioult th e' rd to 011 .......... ~=-----.~-. 

hi h. as ill b r t J. egoino e cript-

ion , resembl B :;.;. ..... ~~~ __ V' ry strongly. Th 

nu __ ~ __ ~ __ ~ co pri es mae of fa 8 . 

c t in 0 

co 010 

t t 

10 p o. ;""Q,thoclaen 

i '].1110 t LllJ 31 1 to keep 

pl ~ ep r t e . 



2. 

:I.e t in 

Of the four genera, Pleuro orus 19 the 

ber of speo! 8, t here being only 3 . 

Anogr , speoie8. genu8 . Ch 11anthes 

ho ever there are 40 Bp 01es" and in liothoolaena 30 

sp oie .. 

( 11118 (1919') gives later f1 re • • 
Pi urosoru 3 p: Ano amm 10 p j Cheilanth B 120 ap ; 

ot. oclaana. 50' sp. ) 

The distribution of the prinoipal speoies of 11 four 

3ner.a (ao givon in En 1 r and Prantl 1912 ) 1 as 

follo a : 

i. PleuroAoruA ~ 

The three sp ie e feebly d1 tin iehed 

fro p. oh nt her . Th Y are mostly of limited dis -

tribution. The distribution there ore of the 

hole genua is very. disoonneoted. thus: Australia , 

N Zea.land, Southern Chili, South of' Spain . 

l? . pozo i : Found in orevices i n the mountains of 
Southern Spain . 

Common in Austl 11a and N 

' P.papaverifoli : Southern Chili. 

ii .Anogramm • 

A. leptop ;yllc.: ~leGtern Europe , throu h the 

editerranean region. on moist clay~ 

oil or on rooks; on the ano mOWltain 

i n )ysa i nia. sad in , outh Afrioa, in 

Capeto 0, and adaAaec r, est Asia , India , 



.... t !.U tr 1 1 , :Ul2. d e ---- - -- ri 

to the Ar entin _ 

.... ___ ;;:;;;.,o;;,~~.-..-._i .... s : On the reen oWltains 0 , th 

_ 0 10 . 

In er Americ t:e Ant111e 

to Nort ern Argentine . 

....... _-_........:...&...;.;......- : J lea . Cub • 0 th - oW1taina and 

0 tr e in E ern 1m l a.y e, and 

Kha. i ount in • 

ana . 

,1 ., utll: • 1 c1, y e o tIl n I 

to 1 0 the 

il of ,11 i iii 

uti n '" i IN • . J1 u , t w..o p lao 

so flU.&. 0 d1 ,,' t G , t I ndies . 

: C~tltr 1 t - ,oth on the co t1nent 

tl e 

uouth t , _ 10 • 

. lh hole u u rn .Ieditel"r n n r ... glon 

to the 

N. Ilea : So ttel'ed t rou~ 11; .ost tl 0 - 1 ole 1 

Australia . 

N. ~ollis : On the voloanoes of Gnate~la d in 

Chili. 



N.~poleuo : Al at ive in Chili. 

N. Asohenborn a, ; (j'entral Amer1c ' i as and ' exico . 
~-------------. 

N . P.ar'ry:!::' !n North Amerioa.. 

N. squamosa: Central America, from the .Andc .... to t he 

'Argent ine. 

N.hirButa: East coast 0 ia from Hong Kong to 

Polynes ia . 

N. distans : Rook-plants on the Phillip1nes, New 

Caled,onia . AuatraJ.1a, Ne Zealand G 

N ~ eoklonia : Afrioa from klgo1 a sout a rda . 
, , ' 

N ~ 1n~qualis : Afrioa from Aneola. Bout ards to the 

South les t Coast on d~? rocks . 

,N • Buchan i ; Na t a l . 

Centr Chin . 

N. erophora : Oent r(;Nl Bra z il." 

~ ------

Dry mountains of Californi a nd Texas 

t hrou h Mexico alone the Andes to Chili ; 

Ga l ap g OB I sland. A aeries of related 

forms is found i n North exico a nd South 

' ies t United St.tes . 

On tJ e.1 d ' rom \:1ru t the Arge till 

o '~ h 

Ch.mioropt ria; 01 tIl Andes ro the l!: qu tor to the 



'- ltitu e as 

Ch. : S,ou her Americ • -"'"""------- d izonc. ~ 

e : On r eke of t "19 ledi err ~ e t _ ,ion to 

t ,he Kashmir-Himalaya . 

Ch. l orth ric fro Ne York to Tex B . 

Ch. h1rt : In Africa from Angola SoutI rd r:t t very" 

o on in Cap Colony. :. I ( _l op n et r r ting 

~l 0 the'l " rroo neieh our ood. Aleo 1n 

cult1 to . 

Ch. chi1 : t fric in the hilly country of 

Huill . t a titud 1000 - 2000 metree . 

Ch . myaurene ia: Co on dry pla..c t Vir oughou t 

Oh. 

Ch . 

011. 

Ch.ten in · 

Southern India , i n Ceylo. h~n:.. . nd Japan . 

. . C ~ n~ 1 9 , f~1rly 00 on on rooks . 

AbyCMi i a . South est ~~biaf and Somal i 

hi 111 nd • 

Fr _ rt h r I 1 . !Xl d r. au . 113m C ina 

throuBJ. ~ ,' . ~9ia to the P. 1 i mea . 

, t a.t ,es 

~ 1'10 i 0ul 1 t ion . 

j , . ,t .. rl'1 ;- :f:a. 1 - . -,r , ou t 1ern mrl,} (. -e 

to AUBtralia 



Sout h est Ch i na. 

Ch.mult i ida: Roo~ p l aces i n the South and on the 

h i ghl d of tropioal Atria , st . H lena , 

J a.va . 

Ch.trichophylla : South eat Chin a . 

Ch. Porty al t Southern Spa in . -
Ch. f rinoa8. : Ver idely di stributed in a.ll trop i cal 

1 de and very richly repr aented in the 

of . orthern Indi d Southern 

C t (he e h t ',n tit of 3000 

tr e,) i 

c I t 1 Hi. 1 yae .. 

t Pacu i~ d1 tr i t10n in the E t p rt · 

f ~ _9.; r 111 ___ i n a i1 y ountry. ; 

~To t r t au r 1 Chin d J apan ; 

1 0 0\ B • 
In dr,y r i!.!onl" ' r C1 e tr 1 Amer10 , from 

i t 

.. 

1 ~ 12. Y r c i n or. of a pe 

Col $ _ 

"10 . • 



Ch.g t of .ort Am rica t an altitude 

of 1800 - 25'00 m tree . Central Amerioa . 

Ch.f ndleri: In Colombo , Californ1 d Texas . 

Ch. Cleveland!! : Sout rn C lifor i • 

Ch. l anu inosa : I n orth !mario 1111 01 

inneeota nd British Col b1 South est 

to T 9 d izon • 

i AI. . r1 , E at I t l y , 

D . , Cr te, thrall Sout h at A i a. 

to th ir -H 1 triot (u to 

2000 etre ) e 

Ch. mloroR~l In the A d F1 ro cr.i ornia to 

Ohili d , utl lent e . 

Ch . to ] orth Amer1c 1 our ! d 

Virginia to T Ka. and 113 . 

h . Oat on! : South rn United s t tea ron Arizona 

lmost to Ark aa . 

Ch. oarioaa : On th 1 0 to Peru , 

Ch. ar1 : Au r i , C leden! 

and the I 1 Pines . 

u; n r 1 l ance a. ' G!tc distribution of 

the four e 

over 'ho 01 :"1 

t l t the . re v ry i dely spre 

.7 orlds ., lao ch y occupy the 



mo t v ria " hebita e • t rry speai , eap oially of 

t h r 1n ry 

pl e , or on roo , or in or vic , and some on 

mount in of Clonai era.ble lt1tude , 7hile forme of 

AnoC e , or on t s0tl. 

( otG : 7hc tour epec i escr i bed in detai l 

ar a.r d it .. a ter1 k . ) 
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t,he oolour- 1 s l ar "e ly "hidd ... n OJ ,",1 u thi ck Qua tIn 

l ine r fa In-colour d 80 lea hich r o n out o f the 

b eka 0 the p1nnule. The upper uurface of th 

plnnul s 1s :lthout eeal 5, but h 0 fe h irs , 

nd Is not "108sy _ 

( Fi . ) Th sort re m r r in 1, termln tin -

t h vein nd r at first rounded or ov 1, but 

fInally become conf1u'nt, cov rin the backs of · 

'the plnnules Ith tbro .. n 68 of sporanLia. Th 

r in i" r "I xed to cov r the Gori nd thus aots 

as the i nduslu • 

Sporan 1& ; ( F1 . ) he are exactly similar to those 

. .=..-:.:........,...;;::-=-=-=--=-r..::.i, b"lnL ty i cally ~ 

Polypodlac OUB, f1ash-shaped- st~lked, nnd ith an 

i ncow.ll0 C v r'tioal annulus, ( ~old n . i th dark 

b rs .) Dehluconce 1- tren8verse . 

. Spores (F1 ) The "par 8 ara bl1 tar 1 , dark-coloured 

Ith protuborances and ill rklnLc on the pcrlnlum. 

It 111 be Been from Lhe fore 01n desor1ptions 

t hat Lh typical ormG of Ch. sieber and 

N. disLens 'r axe edinvly simil r. In 

Fnt:,ler's classif ioati on theJ ar pI cod £: very 

nc'r rel tlv8s (~ee i ble 1n !.) From the 

d'scrlptlons 01 the sh de f or 6 of N. distans 

h1ch follow , it ill be s en th t the shade forms 

of ChI' glob ri nd N. dlstans a.re ven ore 

al1ke ) and indeod very usy to eonfuse ~ 



) 

V riou.;; forws oonn ctinu up il tpplcal N.dlstana 

to th 'ully vh dcd 10rm h v b en . und 1n 

s itUD ions of varylnw d "reef, 01 c;1l d. T' o 

"uch " lnt rm.)dl· t, r, for hay 'b en kctciled 

i n 'hie: sho i , b, c. nd d, 

s oriOUI row he ~ypicul to thu tully h d d form . 

.L- Th fir t tr inter dl e H, ( as ho n in F1L - ) 

ii. 

1~ f 1 f 01 a 'liGh~lJ d plant. Th 

plnnulEF' ere' (L01.. curled up, tl e pinn e otand out 

r~ fro t c idrl? n tho m rgins re not 80 

m ch t)'lex d. ~lso tilO cuI 8 (' re f l er in 

' nUlll 0 _ 

The L cand in tormed i t ( I"lL. ) ie leaf of a 

morc sh deJ pj~nt Such l env 8 re frG,~ ntly 

fund hld:1en ~.'mon' t Lhc. tlo1es of 0 typical 

Bun-ex Of: d ,1 nt I '1'1 re th - r cet vo a (..load deal 

of [jh~de. ( Fi " ) 

ifhc leaf cru 1:..; tlider lid (j'e d Itold ith less 

r curved m r~in8, reGul inL 1n he bro de r 

appe roncu 0 1' i..hc )innulea . 

quite 1'0 1n number. 

Tl1e oC 1 ' 8 re 



0 , 

Petiole 

L~.I~ves 

Fully shaded form , Here the leaf 1s deltoid 
t 

t.he plnn e b0inL d ivided int.,o bro d rounded 

plnnules, ho's mar~lns are not at all reflexed ~ 

rotthe petiole is ~J..cnder nd pract ically ithau t 

any scales, hi le there are onlj a few pale silky 

scales on tile back£; ai t.he t7)innae. 

The 1 af I a delic6Le Lreen cq~our, ~mootb 

Eurf'aced not Glossy) and dc~lc te in texture . 

The foll owinG table shows Lhe diff ranoes 

be teen the fully ah dad and typi d\al farms of"' 

N. distans . 

Typical f orm 

\"J ir ' . ~ bou t . 1 rum. ttli uk 

lth numerous broad 

fa 'n-coloured 8c81es ~ 

Coriaceous in texture 

thi ckly c ~ated with 

broau DC les on the bS8k 

at t he pinnul S Dnd 

midrl b. 

, "',' 
~lender, 1e s s t iff 

about 5 mm . thick 

with one Qr t wo fine 

silky ~caleB & 

:f,.i ne and del iea t e 

On~y a very fe pa,lGi_­

cor~Mred silky 8cales. 

P ifinUl:es: arwins much r .el:lexed r " lV G not reflexed ; 

broad ~nd rounded . narro in hape Ith 

blun ted pain ts . 

------------------~---------------------v~· -------------



It is most interesting to compar e the shade forms 

of Ch. sieberi andN.di stans. ( cfq FiGs. & ) 

As will be seen from the flLures and descriptions , 

the s imilari ty is s trikih~. I n fa ct it is only 

the presence of a f ew silky scale8 that distinguish. 

N. distans . 

In his tl tJonua l of the Hew Zealand Flora "(1906 

Cheesman remarks tha t Ch. sieber1 and N. dis tana 

are of tern confused. Indeed the presence of such 

v ri bility in bmth f erns and the remarkable 

similarity in their shade form8 leads to a puzzlin . 

problem. Be inning with the typical fo rm of ei theI 

f ern , a seri es passlnb through the shade forms of 

both to the typioal form of t he other , can be traoed 

wit,h quite easy gradations a.ll tho 8. • • 

For ex mple ( see Fige ) a series can be traced 

from t he typlcal N. dlstans, through the 

" intermediate s n to the shade form ) thence, 

eas1ly to the shade form of Ch. sieberi, ( ) 

and thus through the It del told tt to the typical 

011. s!arber! 0 

The probl em is what sihnlficance to attaoh 

to the presen oe of such connect iDb links between 

the two f e rns , As far a s the author is able to 

judge from field observations , the non-typica l 

forms of both Ch. si eberi and N. dis tans owe 



the1r lev atlons from tho normal to environm8ntal 

influenc s. This brlnLs the problem; 1th the 

re 1 of colo Y ; it 111 the r efore be d alt 

1th in t.he ecolo ieal part of thi th ls . 



3 , Pl urosor u s r ut efol lus . 

_~~~~~f~o~r~m ( Lro ln~ in ull sunshine .) 

Habl t & ( Fl. ) Thl f rn Lrow in 1 0 clumps of 

v rlou Biz s. Some of the I e v s m y bE) faIrl y 

erect but mo~t h va their p tlo1eo curlln l out over 

( 
0 

e ) th . round t an nnLle from b out 20 up ards 

Thus th ppearanc of th clum 1..- 1 0 and spre d 

out ov r fair r It 1 ho v r' cvmp a t a 

rul nd not, r lin , her ncl nere ( Fib-

'lh c l wnp v rl i n size from 5 to 14 em. a c rOSD 

nd lrom v to 8 em. in he10 ht . 

In ner 1 pe rone th~ pI nt se roely looke 

lik I f rn ~ f or its inn r undivided and a an 

unu u 1 'lh j th Y r al~o very 0011y- loa in' 

0 
';..1 

'Lo thoir thiok ceverln~ 0 11 ht llvery_-

bro n ir 

utem Tho '0 1a very chort rhlzom f so r ealy notioeable 

in youn pI nts. It i f.:. ma r ... 80 nd1n~ th n 

e ra pln0 , pnd 1/: covered 1 tl d rk, pain ted so ale~L 

Fr~i t ar1 c numor us ero ded pot 01 (, j,nd num(:;rous 

f 1n~ reote completely 1 idin the rhizo 1 • 

Roots ( Fig . ) rl'h r oo ts e.r n rro , 'lbout .wm" 

id nd u!) to 4 or 5 em. ion . The are d rk 

b ro n, b nt. anu I:ry, anu 1 t.h cond .r:; rooto (t 
, 

Po tlo1e ': he t:;1"iol 1(. of i nLer'st, b ' lnG r t!1 r so f"t 



La f 

and pllablE:i, ILl! ut,..h 01' fair ihioknes~ in 

proportion to 1 t.~ 1 n \fl . 'Dh r navors 

sect..lon 1..., circul r d ma~ be up to 1 . 5 mID , 

across, 1111e the lenLth 01' th<.; petiol rom ita 

b o Lhb 10 eDL finnae varl 1 rom 1 , 5 to 

4 C '. Th p tiol may be fa1rly rect, but 

mo t 01 thel(J curVG out'srd OV - r th b round and 

t..' n up rds ( F ) 

The pot1oles Dr Lraon for their hol 1 ngth 

and rc thlc!-ly coverod . 1 th liGht 811 very- bro n 

h irs. 

The Ie h"8 a Lre n ldrlb similar to the petiole , 

I n chflpe the 'hole Ie f 1e n rro J:.y obIon ' , from 

2 to 4 em. lon~ d up to 1 am. bra d. It 1s 

plnn ta, t he pinn belnL in Imo t ex ctly 

0ppOolL pairu, GC nd1nL, and carylng in number 

r ow 8 Lo 5 p irs . sho only slight 

indIo ion 01 furthor divi ion into o lobes..£,. 

boln~ Ul) to G mm. lonL (' nd up to mm. Id . 

The marL in Lj 

r exed " 

v0ry f1nely crenate, Dnd no t 



In culour Lhe oreon of th leaves i e r ndcrod 

ratil r dull bi t h e thick Cu' tlnu of fine, oolly , 

liLnl. EilvtJry bro" n h iru hich co rs both uppur 

Dnd unJer surf c - ' . In xturo the 1 vo are 

tl1ck and ;of t. 

or! ( 1-'1 ) On tho veins t, th b ok 0 1 th 

pinn e re to be... Qund th sori , hich re .imply 

naked t.roupc of spor nt=,la. iLhout -n indusium 

of any kind. Th 'or1 arc rounded, or oval , 

and m"y b aome more or 10 .... S conflu nt. Th 

number O.L sor lIO \:,'"'ch plnn ie f'rulll 2 l.o 5 or 6 ~ 

Sporan~la ; (Fie e ) The~ e r ' typlc'llt PoliPodl eeous , 

Spore 

c. 

b<.; lnt.,. f.L. C" k- .... hG pod, G 1..' lk _d, .1 th fin incumple t.e 

verticc 1 nnulus ( ~olct0n ,.1 th d rl< barb ), tind 

tr nsvcrse d hisce co. 

l1h oJ nre to trahed ro 1 d . .,k in colour \ _ ~n 1'1 e 

wi th nll.Illeroud markinu and protbber nces on th 

perinium ~ 

Int La form Bot· een th..! t.)lpic 1 

P. rou taefol t lJ _ flnd tho fot'M found in very Lhady 

sl tu~tionJ, ar8 c rlou~ 1nt .rmodl<te for s 1 ich 
I 

g,ro" in more 0 1e ..... 8 ~;I ded pl ncee. Fl. ho s 

Ie f 01 a so h ... . ded pll.n t. I C:'uch 

plants the petol1c 1~ ~llLhtlj thinnor ~nd 1 88 

l ess hairy <'nd 

f orm. 



c. Shado form. In th fUlly sh d d fDr 

he more o~rl in dlff reno 8 

fro the typical ( Fl~. ) Such forms r 

to be found in ulte do, ah d~d crevio s of 

rock. Th '1101 plan L Is 1 ri.... r bu much or 

delie te th n th yp1 c 1, nd LO 0 comp at 

in ro tn 1 (Jrm & 

Th' p0tiolo ~ r m r 01 nd r v ry 11 bl , 

th 1 1 v ly in r tlJ. r 11m1-'1 inu L the rock ~ 

Botl t1 1 s rna lo:.,v s r ric rk r-' n. 

nd onl ~ llLh~ly cov r~d Ith p le-coloured 1r ' , 

'Ih inn , eOUlp"red iLl! th\.J t:; of tL1 ypic 1 

orm, re verj 1 rL , the 1 r~ ~t bin · ully 

l. ~ em. lon~ nd 1.5 om. bra d. They re thin 

d delie te and r Lhcrllmp. 

sh d 

belo 

Tho d1fferenc s bet 6 Jn the typic 1 nd fully 

orm,; of P. r t o. bul t 



yplc 1 Form. S'td Fora. 

hole 1 nt Lo and co a t lon 1 v d and 
.' r dinL 

p tiol IlL 1ck ( bout 1. JlUlJ. • Tl'llnn r ( bout 1 mIn . 

t hrouLh ) ; omewh t pl1 bl t.l.J.rou 11 v ry pli le ; 

v ry ha.iry ; dull Lre n. unl liLh 1y h i 

d rk r r n. 

P1nna S 11, u t r.:: lone..; by L r ' U· ' to 1.2 c . 
0 mm. bro d ; ry h 1ry • l onl, by 1.5 c bro d fi 

dull Lre n thiok nd soft only G11Lhtly h 1ry 

in exture v in no t rich r re n 

ea 11y en " t hin n r t!1 r 11 P 9 

voinn dlstlnct e 



4. 

H bit 

An 0,;:;) 

A sp 01 1 int. r t .tt oha u 0 thIs fern, or 

her the uau 1 a der 0 dur tlon 01 1ii" of the 

t- o L nor tl nt:.: 1 : r versed . In th gr · t 

BJorlty 01 ferne; til g meLophyt 11vt:b but a. 

short time, hile t.h .... porophyt.. iL nnl 1 . 

In f rns 01 the enu AnoJ:.ramme ho BV r, th 

pora hyte die do n ftoI' one y r I h no tho ~ 

Leneric n e ) , hile th '· a eta yt;:. 1s 

c p bIe, if noL l' rtlli 'ed, 0 conLi uln~ It 

~ro t) f r ~ numb r 1 y or . 

Inst d of he u ual annual Lam to{h.yt nd 

p rnni 11 ..... porophit.e, tllio u nUl; h' c' , n ual 

s poro 11Y l.e n<.l p rann i 1 L meta hyt This 

i nterea inL r cr' 1 OL Lh USU lord r lnv1t 8 

ptophyll (Fl· o ) 

'rh i ' it' n exeC} d1nu1j 8 1 11 nnw de11 c :1L) {-.II n t. 

'1.1. eh Lro ,. ill. I1ttl tufts o f fine Ie vas ith u 

slender pe ·ol~C!. tl e t 11 s r chinG to " 

he 6 ilt o· '- bouv G am. Th lit e 1 nt i",h Its 

f i ne :f'ol 1 f.1£ End d lie ta colour pre t· mos t 

Lr c ful pp _ ranc , 

("'Item nd Roo ( FiL· ) 'I'h e rhlzom l L xoe din ly 

reduced. P t i ol u i til th~lr amnII 1 ves 

Lro ' UI In~o 'h~ ulr , while 8LU 11 numb of 

f ibrous root~ lenotr~~ the oil. 



p tio1 . . 

Le l' 

This is ell there 1 o f t.h hOlt:: pI nt. 

( Fig. ) Th P tlo1o 1 rect nd very 

thin boln bout .5 mID. in t.hlckneo . It 1 

h o ev r f irly fir , £Ind 1 c. Gh nnln 11 h t 

bra n oolour, nd qui t.J smoot.h. Thr 1 n th up 

t o th ,· 10 ef;;t pinn e l' from 1 to Of • 

'I' c midrIb 1 :... bra n 11k h petiol t r hart. 

di' 1.. nee nu t.hen mcr Je' int.o h delie te 1e 

Lre ~n a the Ie f. The 1 f i ' from to d em. 

d is pi e, t.he fan_- sh pad plnn e b In 

cut, somctiIu Imo to th b se, into 2,4,8 t oo 

obIon lob 6 ~. 

The pl.nn re ir lmosi ex o~ly op 0 it P ir ~ 

th PtJ b ' n~ 1 LO ;j P 1 r G to th hole 1e f. fh Y 

1 or d 

sh[l ped nd bror:uer til n lonL, b 1nu fz:'om • 5 to 

1 ~ 2 om. 41de nnd rom.J to 10m. Ion ·. The 

m r61n~ re ontlr, xcept for th d vicion into 

l ob t. 111 e. ve" r p. 1 r'e n in colour . 

shin nb, and 0 n axe adin" y delic te, Imoot 

t r s~ rent t 'xturo . The surf 0(,) 1 ult oth . 

fl'h - cen 1, iu i..; r'~ IoItidlj dlell t.umou , t..h 1. C InL 

one veinl t runnln~ into veIl lob • 



Sori ) lhe eori are on the b ckn of the 

plnn situated on the voins. ' anal' lly up 

t o rds the lobes. 'Iney ra rounde to oval 

t first, but gener~lly becom mol" or 1 68 

confluent. . 

Spar ng1a : TheGe r t~plcally Polypodiaceou8-, flask-

Spores 

b . 

Ith stalk, n Incompl te vebtlcal nnulus , 

old n Ith dark rs), and ransv -rsa d hlccena • 

rhc L re tetrahedral, dark-coloured -hen r1pe~ 

lth warkln0~ and protuber nee on the p rlnluru. 

~~h~~~~~~~~~A. leptophylla ( Fi • ) 

Tho proth llu~ of A. leptophylla if:.; exc edln 1y 

ln tere.t1nL, s 1 dlff rG 'rom he normal fern 
\ 

PI" thalluu in ~omc rem rkable respectc, 

At first the protil llus consists of ap thulata; 

oxp nded cell- urf ee, bri hL reen in colour, and 

s om0.t ill 8 lrre ul r nd Ibed in outline. This 

oe11- surf8ce does not become heart-8h ped s in 

the norm 1 fern rothallus. It L:;I pos Lessdd ot: 

b 8 1 mcristc (Goe 1 1 05 1 'h t 

at its b se there rise numb~rs of dventltlous 



off shoot, ,rean an xpanded, ond slmi1 r 

to th primarj. cell - surface, Thus the 

prothallus b c s ~u1te extensiv , the nu rous 

cell-£ur aces beln of various ahap s- Lomoti e 

round d , "-0 etiJ:l..,B lrr ul'rly lob d, nd 

usu 11 ' .11Lhtl ~pathula.te or funnel-sile ed, ( Fl · * 

The youn est of tl se adventitious of shoots 

for~s nits und r side tub rous body, th 

" orc 6Loni ph re A h1ch foroes it into 

t.h · . round. As 00 bel ( 1 05 ) ex r 8 1 t : 

rom on pore there proc ad th refore 

number of surf c - prothalll hleh are connected 

t their base, nd t h yount.:.e t of tleso produces 

the"arehebonlophor : ( Fi . ) 

It 111 bEen then thaL the protl llu of 

~.leptophvll Is unusually extensive. It is 

in fact one or the larb6st fenl prothe.lll and 

possess accordlnLly proportlonatelj lar ' 6 

assimilatory sur ace. rhus it 10 nabl d , 

6 En ler (1 12 ) poInts out, to conve quIckl 

nd 1n abundance reserve food to the rche~onlophor6 

Thus the arohe ~ oniophore develops i nto r lr-

sized tuber, plainly visible to he naked eye.(F1 ' 8 



Detai l s of the Archegonlophore. (F1g . ) The 

arche oniophore upon investigation is Been to 

be bra nish, tuber like body, roughly 

eggTshaped with irregular outline and uP. to 

3 mm. in length. I works down below the 

surface of the ground, here it los~s nearly 

a11 its chlorophyll and becomes provided with 

numerous fine rhlzoids, ro~in ' form the 10 er 

surface (Fig. ) 

When c rushed and t reated with i odine and 

Sadan 111 , the cell contents show the 

presence of an abundance of staroh and al l 

( Fig .. ) a trace of chlorophyll may a lso 
be seen i n the inner cells. 

Archegonia : (Fig. ) On the upper side of the 
tuber, near the base s of the green oe11_ -

sur f aces, uppear the arohe ~ oni ., just visibl e 

to the n aked eye as little dark spot s~ 

'rho arche~oni a. .r e of the u sual ty pe, fla.sk_-

sha ped in side view and with a neck of about 

four rowa of cells. 

Antheridia : ( Fi · ~ ) The autheri~l & do not 

occur on the archegoniophoro, bu t are found 

on the green expanded portions do~ near 

thei~ place of attachmen t to the tuber. 

and In side view the 

al.lthe ridia are the usual rounded shape , 



~~ i tIl 5 short broad stalk 01 abou tone oe11-

hiu 1 , on '- hone 1 yer of cells 

6urroundlnL the conten ts ,. The spermatazolde 

... ppear a 8 mass 01' rounded bodies ( Fl ·' . ) 

I f an arche onulm 1 ' fertl1 teed 

s~0rpn ta develo .s, rem Inin attached to the 

tuber, fro jhclh it i s ablL to dr consider bi 

nour 1811 ·n 1... ) . Th~ prothollUB, 

both tuber and cell-curface , 1s braduelly 

used up by tho youn sporophyte and ~ nl 

disappoers . 

If wever none of the ar~he0Qni are 

ertl11scd, tho prvthallu8 cont.inues it£:) life 

bj the 10110 ' lnL process. 

M. 'Ihore 1 first a certain restin eriod , 

af or hicil the l1rcheuonlophore tuber pr oduces 

numerous n expanded cell- urfaces. From 

t.he younLes t of t,hese a a in in t ime a ne . 

orcheLonlophore arises end develops arche,onia 

E before 6 Q If In turn none of thoso are 

l' r t ilised, another ciroLp of ne coll-aurfaves 

is p ro uced and so on for a number 01 tim!3s . 

fI'he ecolobicql slG'~lflc nee 0 " t.111s rem rkable 

ab ill t~ 01 the prothallus La oxtend its duration 

of' li1 e ' 111 be d1scu bed in 'aIlv Lllc r port of th is 

th sis .. 



I ' . 

c. ANATO • 

1. Cheil nthes sieber1 • 

• .. 
------~--

t. ' ~~lzo : ( 'i ' . The general int I'nal 

struoture 'of the rhizo e aa Been ill tran vera 

S otion is a folio 3 : 

To l'ds th gro in point of the r izome 

(Fi it' ) a transverse sect i on S· 0 e the irregular 

outlin • roughly pent gonal in shape. It is bound-

d by a dark-001oured somewhat thickened epidermi s . 

Ithln thi there i s parenohymatou ground tissue 

with aevera.l morJ or lese oval ascular bundles . 

At t e outer pOinte and in the centre of the ection 

may be noted alight indi oations of ilereno~atous 
0/ 

evelopment . 

In transverse eevtion the older portions of the 

rhizome (Fig .-. ) sho uoh the am strUQture as 

the younger parts. the di ffereno !yin in the uoh 

mor extensive develo ent of mechanical t i s ue . 

The epidermis is greatly thioken d d dark brown im 

colour, hil the outer cortica.l cells have beoome 

o ed into ~lel'" 1 ~ , hlch forme several. 

hypoderm 1 l ayers d1at inotly separated from the 



cortioal parenchyma . The centra l alereno~a 

( Fig .- ) a lso extends oonsiderably and J oine 

up with t he hypodermal Bclereno~a by' means of 

- 9 ~unn1nB bet ween the vascular ~ndl:eB. 

The rhi zome thu beoomes l a r gely made up e:f meohanioa.l, 

clerencb;yIi1 tou t1 - au , the cortioal perenc~a be1nb 

r eduoed to a n ro zone of cells Burro . ding ach 

Vc oular bundle. 

In str cture , t he olereno a. i J .de up 0'1 ome-

bat elon ted oel1 , , 1 thout 1nt~rcellul.ar ap ces 

and .1 th v ery thiok J.8 ,( 1 th 41 ot centra l 

lamel e) br i ght yello 1a - r i n 1 t • (li'i . ) 

T e aortic,l ~ nchym s urroundi n' eaoh. vascular-

bun l e 1e de ~p of e ome 1 t l argi:r., thi n - a 11e-4 

oell . (Fig . 1 
Eaoh vasoular bundle 1 13 eno106 d .,1thin an endodermie 

o ~all t elongate • a ~rro cells placed end to end 

d very r e ular in ~ llape ::lnc . 'l7r~gemcmt. The a.lla 

are not truok ned . T e aurrowlding oortioal cella 

(Fig . ) are muoh 1 roger tha the endoderlllal oells . 

V Bcular bundtes i There are S OlIle half -dozen rounded 

or ovaJ.. v soul buna.lee arran Gd in a ring surround. 

i ng the c entl"a.l m sa 0 ... solereno~t d Bep ted 

from eaoh other 1 , tere.lly by 2 strande :0-1 cortioa l 



parenc~a and. Ci)lle strand o:f eoleP.ench\vma. (Fig . . ) 

I n oon3truction the bundles al;e ooncentric, ith 

tho xyl he c~tre . · The xyl e1 ent 

for.m e rougbJ3 or oent - shaped m 8. In th 

m1 dIe 0 thi.B are -n he 1 rger traohe1des t h ila a t 

~he points re emaJ.ler easels indioating the poa1tlon i ' " 

of the protox;ylem e1 ents . Th tra.cheides are 

4 er 5' sided in transverse B~e1t~J>l.1 . - d have fairly 

t-lck 11 
, 
urround the lem 19 tJ phlo • • 

hich i s de u 0 1.
" 

thin- 311ed , ant .-
Out i de the p ~ - a la er or two of larger 

'h n- .lle tous oe11 , h ioh, ,hen tr a.ted 

i c:. n6 , '"10 tll pr senoe of at ch rains . 

T . ::!e 1 .. Y£J,r- . oOJ.Atltute ~n i nd fln1t pericyc1e. or 

08.l1 d th " o ·Bhe~th ( Haber1andt,1914 , 

!.. e _r~ . 0 ti e out rrn t 1 ~er of the eolerenchymatou . 

(,ort r 011 I.e .0" a ed into folld 11 hioh 

tn exodp. i • Y th outer oel1e 

out .. t f · i-~, )'0 • t ir-like or an • 

~he _ e ,.. a.p _ end gee °e precent in ~ 

1 I'.·'e 11 and ) 

11. .Root: is. i In t a.n section the 

OO'C 1 hl . Gi ... l~ v1t 4- ir.!' in out·, 



,. 

l i ne . The hole of the cort fro e oderm.!s 

t endoder.mi e ecome~ ohang into 1 ~encbyma. 

There a.re about 6 even layers made up 0 ry 

regular, elong ted cell placed end 

t he root . (Fi ., ) 'l'heae cell 

thickened a118 , ~edd1 h-bro 

ithout intercellular spaces . 

C010Ul~ • . 

. hue t 

r t x 1 ohan1oal t 1 su . 

ound 

ar 

101e. 

t t 

'Til d i t· ~ -od rm1 bien Bur . 

ro de tn one c n r~l 1 er e The 

n d ce 1 ry onJ :"', 'larro , being 

th 01 oell • 
ut h f .:. -e -r i dt • They 0 81 0 

01 ~I rly CJ i 't! rui ed ny .tl C! i ~ tl i n a 1 . 

v 

r t. 

el 

T e r 

f t 

"V ~ eu c r 

e 18 ne 

t.ILe 1 n,.t of' th 

n 1 i ~ con cntri e 

..<11 i .:. t 1 .. .1 l ilf '1 0 .,' Y in t· I ntr • 

J • • • '11' e ide in the 

113r of the 

I ,. k in ;I t l o oi t 1 0 .. t " r toxyl • 
t i s th.u . di .rch. Pl ad alon th aides 

xyle-' .,' £1:1 .. r t Oeln n. S . .! A ( hoy 

e 

... d 1) () xylEr in Fie . } h puo con-



, I 

t 0 small. thi.. lled el ents . 

Th ~lem - d pool ente are surrounded by 

s ever oe 16 t 1 ~er than tho Be of th 

phlo • thin~ al.led d !J:u-eno mat.ou i n n tur . 

Tn ae constitut the perioycle and shu tb pr sence 

,G r at 0 gr e. They rr thin er- alled t 

th~ ~trround1ng endodermi s t d leas egulc~ in 

pe E.nd r _~j') - rtel'1t . 

111. ~etiol : ( ig. In tr:naver s et lan 

,.,. ner t he p tlo1 

1 a.r to t of tL. rhizQ ~ . e eo i 113' ere-

dB t e !).(lcul unl • 
T: ~t io i ro rou' _y ciroular In outline ith 

deo . eaion ,t t h e h th position 

of tIle roove d~ the v ntr 3.l. '1 i de of tl p tiol • 
The ~ll :"\ c tl icken d d k-colour d .. 

The onto ~~ 18 Give , very fiYl8 e outline -

t o be aotion. Two or t 1 ,-, "/1 .lode ,1 1.yare 

of the corte 1l€C O t Lick- q.l le ; 

d · . -colo \ claret 01 the , b in 0; small 

. 111. ronnds mila.r to t_~o .It} c· th epid 1 

l.~ .. y r . 

SO? .If-a. z lwy:r. 0 C .L,tlcc c ells. Th a 

( C r ul 11th int\..ir~ellul.cr ~p e , ave 

oder :be t link ' .. 1 • They .. i ze bei ng 



smaller just belo the ~poder.mle, 1 er to rd. 

the oentre, and th n emaller agai n be ore reaohing 

th endoderm! s. 

The endoder.m1s i s a very di s tinct c i role of regul ar , 

barret-amp oells. pl ed end to end. 11 

are mark dly thi oker than those of th cortex , 

h i le the tran verse alIa show 1nd1oa,*ione of'ext r 

t ihicken i ng . 

Vascul ar BuQdle : There 1s a oentr 1 ecular 

cyli nder ab ut 1/3 t he di ameter of the bole pet i ol • 

I t 1 ooncentric 1n 8truoture ith t~ in tb 

oentr-e . It i s very simi lar in all aent i a.ls to 

one of the y ...... ~-...Io~ bWldl s ot the rhlzom • ( of ,. i 1 I • 

and ) 

In the centre is the creaeent-sl1..aped mass of :x;ylem 

with larger tracheides i n the middle an smaller 

elements at the points of the or oent. S all r 

elements are aleo to be seen lon oonoave s i de 

of the creaoent. ( i.s i s the Bi de hioh ~s t e.rds 

the depr as 81 on . ) 

The xylem i s surrounded (;/ s all, thi n -

11 d o oells -t hiah i n turn are surrounded 

b fe i ndefini t 1 yere f eli htl larger cells. 

oonst l tutin t e per1ey-ole. The per l cyole is 



much 1e s definit and regular than the dist i nct 

endod rmi hiah surround the hol. v cular 

bundl • 

iv. L at : (F1g ) All the bundl of the lea 

of Chei lanthe ~1eb r1 are ooncentric, except th 

very 1e tone , 10h e 0 llateral in structure 

1th the xyl towards th upper or adax1a1 8urfa.ce . 

(Fig . ) 

section of 

Th en ral appearana 0 the transvere 

pinna. cut throu h t ~ poi nt about 

It ay alon its length,. e es~n i n r~gure . 

The pinna. l .s t hick ,~ proportion to its 

ldth nd the gins e much reourTed. No hair 

or Beales re to be B n' on eithe ur ca . 

The upper epider.mi (Fig. ) i s composed! 

0f fa.irly regular, . oubica.l oella, 1thout olorophyll 

or s tomata, and ith a fairly thick cuticle . 

Belo this, comes ell dey .loped 

Pa.lia d t1 eue, ooneistin of t 10 1 yare of reot ." 
-

angul celle , 1thout i teroellular spaces, and ith 

denae chlorophyll content . 

The meaophyll con lete of irre lar cellsf; 

maller than those 0 the p lsade 1: ith intercellular 

ap ce and less dense ohlorop~ll content . 



Surrounding th soular bundles the mesopbyl l. ' 

cells are placed r adi ally a i de by side, ith 

their end abutt ing on t he endodermis (Fig . ) 

t forming a kind e·f parenol:tVma. bundle- heath. 

( Haberlandt ,1914, p.284.) 

The 10 er epider:mis 1e made up of roeul r 

cells, ore r ct ngular tp,n thoee otlh upp r 

epiderm! • stomata ith thiok- alled guard-oell 

ppear in the 10 er ep,1de 1e to h 10h they are 

confined ., I n surface vie (Fig. ) t he epi der-

mal cells are seen to e of the nsue]. di cotyledonous 

type r 1 th avy outline and 11th numerous tomata. 

The latter re arioualy orientated their 

saues. e-shaped guard-oella packed with hlorop~ll . 

The vas cuI 

haLf ay bet een t he pal isade and epidermi s 

are olearly m ked 0 by the dist i nct endodermis 
~ " "~. '':' . . 

su:r.rounding e ch one.- The endodermie 1 oomposed 

t oell very uch amaller t han those of the eBop~ll, 

1 t barrel ... s pad, and ith their 11. e -

pecially the transverse onss. consi der ly thlokened o 

Tea cular bundles of the mid.-

rib d 1 rger veins are concentric and very 8~11 

to thoa of t petiole. The vascular bundles of 



the aller v inlets t ral.. Th va.scul ar 

bundl of the i drib of the p is fi u.red in 

:figur here i t 1 :bout t ""·th 

thickness of th pinna. , nnd conoentrio" 1th an 

elliptical ma. of syl in the c The 

iar er tracheidee are in the middle of this SB ., , 

d the smaller on B are 

Surroundln the zyl 1 the phlo • hich 

is co poe d of f l r!y all , thin- lled e1 ents . " 

aitio of the p 10ycle. Larger cell 

b. Shade to • 

. 1. Pet101 : ,( :rig. ; of. fig,. 

From t t ' . . ev ree s6litlon of the petiole 

of the shad. f it 1111 be see that it differs 

only in minor det 11 fro th t 0 th typical form . 

The 11 

nen t of hypoderm 

f orm aho s; slightly les8 develop ­

olerenc~ , an h rather 1 gelP 

o rti al oella 1th thinner all:. 

aleo is 1e B not ioe bly thiokene • 

The endodermis 

"In 1 other 

re p ata t 1s petiole aho entirely simIlar structure 

to that 0_ the typioal form . 

lil .• -.;L:;;;;;;;;;o.;..: (l'1g. ; of . ii • ) The transverse 



seot i on of a. pinna of the shade form shows s lightly 

re definite differenoes from th typ i oal. 

I n the shade form, the pi nna 1 only about 

halt as thiok i n proportion to i ts Idth d the 

rgin ar not r flex d . 'I'h cuticle ot th 

pider.mal ella 1s less thicken d. There 1s much 

less oonspicuous development 0f palisa.de t i ssue •. 

th1~ being reduoed to one ro of rather short 

rectan lar oells. (Fig. cf .fi g . ) 

The oells of the dodermi are markedly thinner-. 

lled, bein no thicker than the thin- aJ.led 

mea phyll.-

In other r espeots the leaf-ana.tomy (i)f 

the shade nd typioal forms is essentially th 

B e . 



2. Bothocla. dista.ne . 

• 

Sections f the rhi ome and root ere 

cut and examln d. but not figured, they ere-

o llar to th of Ch. 81 Ith 

the 

the 

ext neiv develo ent of solerenoby,ma and 

e oonstruction otvascul tl au s eta . 

i. • Fe 10le: (Fig. ) 

thle eo aha 8 gr t s 11 

of Ch. Bleb i. This 

tran er seot ion 

iti ith th petiol 

Y' the 

n rOUB multicellul scales gro ing out fro the 

epidermis •. 

I n outl.ine the pet iole 0 

rougbl.y circular. Ider at the be . h re there 

Ie a. ~h 10 depression marking th poelt1or:. of 

the groove th t run do the ventral side . 

As in Qh.,ieberi t there 1s mark d thicken. 

i n of th ~ epidermis, and development of l~odennal 

8clerenc~a., hila the cortical oelle I.r e a.le 

slightly thickened . 

Th thick ad endode i I d the vascular 

bundle ar both in 11 respects a 1l t t o 



_C~~~~l . the stele being bout 1/3 the di t r 

f the petiole. The bundle ie ooncentric, Ith 

8. 0 ntra1 or soent-shaped"m se of ~l • urround d 

by phloem, 10h in turn 1e c10 d i thin a n in .. 

definite pericyol . 

1':t. Leaf : (Fig . ) In eneral ppe ranc • the 

tr STer ct10D t th pinna 0 ns 1s a.1 

very a ila.r to that of Ch.si bert. It ie ot th 

e e thiokness in proportion to it idth and has 

r f'lexed mar ins. 

n rOUB 

It is d1 tingu1 hed y its 

' ., hair on the upper uri' e 

d ltic llular scales on the 10 er e 

The outiole of both ep1de 

pec! lly the upper , 1e thiokened. 

pidermls is oompoeed of fairlY r 

1thout ohl.orophyl l or to ta . 

1 1 er 

The upper 

lar cell I 

es -

Belo t h i s 1s ell-deve op d palisade 

t! sue 00 posed 0 about t 0 ro S 0 reotangul 

cell . ithoutlBtElreell.\ilar s pa.oe • and Ith dene 

ohlorophyll oontent . 

T e eaophyll is 0 posed 0 more rounded 

cells • 71th illtercellular ap c B . tXld 1 s dens 

chlorophyll oontent. A cirel of e opnyll . oelle 

0 



mrround th ula.r bundl , forming a parench3matou8 

;"undle-sheat h , within 1ch 1s t h olearly def i n <i 

endode 1s o f much a ller ,- b rrel -ahaped 0 11s, with 

t heir w 11 , sp 01 lJ.sr t .. 

ab~ t h i ok n . d . · 

r onea, 0 

The lo.er ep1der.mi is 1thout ohloro' ~ll 

and 1s poss Bed 0 n eroue tomata d so lea . 

The ept enna1 a 11s aurf: c v i e ar 1 e those ot 

Ch. si ber1 . ;., .svy in utline with va.r1ou ly orientated -
eto ta.. The guard oell are thiok- a11ed , and ar 

packed wi th chl.oroplty'l.l. 

V oula r bundl : Exoept the Ie t bundle, hich 

are coll e-r i . the vascuJ. bundle ar conoentri o . 

The va oular bundle of the idr1b of tl1e p i nn 18 

she It is . bout t the -.1dth r the 

hole seat ion. Int centre 1a th oreBoent ~ 

shaped 

f a irly 1 

the xyl '. 

of xyl • tl e middle tr- 01 eide being 

d th e .,t the point lIar .. 

Small thin- all ed- hlo elam nt urround 

d e in turn surrounde by the thin "" 

lled p rioyole 0 one 01' t 0 indefinite 8 . 

b. Shade fo • 

i • :Pet 10le : ( F1 • , t of .f1 • ) The petiole 

o the shade for 1 lory 8 i1 1 tranevers seotion 



/ ) 

to t hat of the typical a.&.""'O;;:;':~~O;;'~ but 18 dietingu1ehe 

b7 being d 'Y • f 80ales . 

In the bade fo the 1 ent ot 

~podermal sol reno~ 1 s lightly 1 e • hile th 

oortioa~ oells are f er d l arger . The endoderm18 

BO 1e thinner -walled. 

Otherwise, i n the s ize d r. tructure of 

the bundles etc. the t a petioles re entlre1y s 11.ar. 

i1. Leaf: (Fig . - : of .:tig. ) I n transverse 

etlon the pinna of the hade form is ch broader 

and .thinner than in the typioal form. 

The mo at not 10 eahle differenc e l)et een 

the form lies in t he number of' soales, and the ex-

t 0 the pall ada . In the shade torms th r are 

pparently no scales on the upper surfa.ce. and only 

one or' t 0 on the lower surfaoe . ' The pall ada 1 

poorly developed. and the endoderm! 1a th1nn~ ­

alled . 

Gtherwis the pinna are quite similar in 

characters for both shade nd typioal 

forma . 



3. Pl urosorus rut fol i us . 

• Typioa l form . 

and ) The petiole of 

d i ffere mark dly from those of 

d .d1eta?8. and ho s many very 1 -

of th cell being quite small •. The 8118 bave 

not the dark appearance of typic eclerencl\Vma . 

but are very light ooloured t indeed lmos t colour­

' lese and transparent . 

At tTl(\) diametrioally opposite point e 

on the s i des Qf peti.ole these thiokened celIe 

narrow down t o one 1 yer , two or three 0 118 in 

1 gt • Here are t o be notioed one or two 

atomats e The presenoe of stomata down th aides 

of th pet.1ol.e is one of i ts unusual oharacteristiee. 



/\1 

Within the ~podermls co s the cortex, 

w ah 1 oompoed o~ about 6 l a7r . of muoh 1 gar 

cella, ciroular in tr v rae section and r at lar 

i n lon t1tudival 8 etlan. (~1g. ) Thee oells 

1th ohl .rophyl • and poss inter - -

.. l1ular p 

conn at. 

1th hioh the tomatal openings 

Tht Photosyfthetia natyr of th 

aortio ~ oe~l 1 another point of inter t abouJ7" 

this et101 Ii 

hon th end d pre nte 

f a tux- f con id r 1)1 re t . 

round its ciroumf r noe th re 

At 3 poi nt 

k-ool u 

s e of olid.lookin attar. This, h t d 

with v loue rea. nts. ge..ve only n ea.t! rel\lttJ .-

I t appe ho ever to be kin ot tie u 

running th h th pettol • and iving 

i t c rt ount 0 etren th nm n r1 ld1t _ ~ 

With a '9'1 finding out th natur ot 

this da rk bro n au.stano the uthor oon ulted the 

available litera.ture on the subjeot . 

In hie pa per on "The Prothallu and Young 

Plant of Tmeelpterie I (Trane.N.Z.lnst.Vol -.L l, J.E . 

Hollo B3' (1917) m ntione (p. 32) the presence o.r 
-bro deposi t in t innermost cortioal l ayers of 

I 



t he aerial. stem of Tmesipterl lanoeolata. . 

F igures (Nos.91,9 2 • p.35'.) are ivan aho ~g 

t his depos i t as seen in the tran verse and longt i t u­

dival seotions of the stem of a mature pl it:. In. 

l ongt1tud1tal ect·ion it appe rs very muoh the s e 

as in longt1tud1val section of the petiole of' 

l?leuro folius. ( i g . ltn tranev ree 

s eotion however . th deposit is- s een inT.,l ane olata 

to b' unev n ·8pread. along the walls and crOBS-

t he oomers of the cells. while i n P .x-utaefol_ills> , 

l 't f i lls numbers o:f celIe oompletely I beooming a 

solid mass 1thout any remaining signs of cell. 

s tructure. (Fig. J 

Holloway refers in hiB paper to the 

paper by S. Ford on "The Anat~ of Psilotum triquetrum! 

(Annale of Botany .• Vel.1B.) Here (p.597) the 

a.uthor says "In the aerial shoot,; t he t 0 or three 

layers lyin next te t he endodermie have their a.lls 

c loured a da.rk brown ••• 0 ..... this bro n deposit i s 

,proba.bly of the sane n ature as that described by 

other ritere as ocourring in Ferns. This has 

been termed 'phlobaphene t tI. A teat gi van for 

thi Bubstanoe is tha.t it diRsolves in potash. 

The dark matter 1n the petiole of 



.... &.:ii~-==-........ -=-... s does no t app ear t o b~ 'phlo baphene i ' 

f or i t does not answer thi s test., I t seems 

probable however t hat i t i e: e me Bub tance of a. 

8 l iar na.ture t pre ent i.ll ,unusually l arg quantit i es ,: 

and having a meohanio 1 value in gi ving extra. tough­

ness and. :t' ~gid1 ty t '. t he p t lole , 

This dark tter replac e moet of th~ 

ndodermal oell~ and projects in i rregular ridge 

into the cortex . (Figs . nd ) Figure 

i F) a longtitudlval section out ta.ngentially arose 

the endodermal ring •. and thus passing through t 0 

of 'th see of meoh 1· 1 tis • he endodermal 

e ella hioh are no t replaa d by thi B d k tter are 

barrel-sha_ ad in tr flsverse ect ion, r:l.nd lave BOliLO .., 

I at thickened alla . 

Yascular bundle: T'.r..lere 1 a a 0 ntr Qol Acu-l a r hundle . 

bout the same lidth & 8 the oortioal layer, oon ~ 

centrio in struoture. The central xyle~ ia 

the shape of an quilateral triang~e 1th concave 

idea . (Not J the :ulassea 01" meohanica l tl~Bue ar e 
. ' . " -

pl:).ce<.l t 3 po1n~8 oppo s ite the tlu"l~e sldes . of this 

triangle. .. Fig . ) ~he t r smaller 

at the ap1cee of the tr i angle,. 

Surrounding the xylem iathe very· thi~-



walled phloem, the vessels spindle-shaped in 

11 longtitud"al seotion fairly distinot pericyc le 

enoloses the vascular element8 t 

i1 • . ~: (lr!g. ) A t ransverse ection of 

t he pinna. sho B it to be thiok 1n proport ion to 

i ts width. The structure of the leaf 1s muoh 

reO 11k that of Ch.sie eri or N. d i stana than i 

t he structure of the petiele. 

There are very rrumerous hairs gl"o fng 

out of both upper and 10 er epidermal layers . 

The outiole of the upper epider.mis is fairly thiok, 

and the cella ~ e oubioal, and ithout o~orophyll 

or stoma.ta . 

Next comes a very oonspicuous palisade 

composed of about three layers of reotangular oall 

ithout interoellul spaces, an~ ith dense ohlaro-

phyll "content. The palisade takes up hal£ the 

thiolmes9 of the pinna . 

The meeophyll is made up of irregular j 

moetly rounded oella, ith not iceable intercellular 

S lJ8.0ea and lese dense chlorophyll content . A . 

parenohfjlmatous bundle-sheath surrounds the stele. 

The 10 er epidermis is similar to the 



--t 

upper, but 1s provided 1th stomata. 71th thick-

all d gua.rd oell , poked ith ohlorophyll. I n 

8ur a.ce v i ew the pidermia i 8 exaotly simil to 

t hat of Ch.si bert or N.dieta.n .•. (Fl • ot.fi • 
and ), 

The ndoderm.1 is very olearly marked oft 

as a oirole of celle oh smaller than those of the 

meBop~ll and v ry regular. 

d have thick ned . le . 

They are arrel-shaped 

Vaseu ar bundle; !he smallest vascul bundles a.r 

oOlla.tera.l. but the others re conoentrio . The 

drib 18 about 1/5' t he thiokness of the whol pinna . 

I n the oentre is an elliptioal sa of l a rge xyl 

t raohe1dea, aUlTounded by the small thin- alled phlo 

elements. A layer or t 0 of l ar ar, thin- alled 

cells just ithin the endoder 1a .. oonstitute the 

pericycle . 

b. Shade form . 

1. Petiole: (Fig . of .fig. . )In transverse 

. ect ion the pet iole of the sl'lade form abo B So fe .. 

firly definite d1ffere ce:'3 fro tIt typical . In 

the shade fo the hai r are m oh fewer. and there 

i s 1 as depth of hypodermal. thiok- a lled tis sue . 



The stomata at the sides projeot just ell htly. 

Then in the endoderm1a the shade form 

abo very much less dev lopment. ot t he'\dark-coloured 

masses . This fact lends support to the 1d that 

this da.rk matter is a kind of mechanica.l tissue . , 

There are three muoh emaller mae es of it arr d 

exaotly aa i n the typio 1 petiole. The Btruotur 

of the va.scular bundles 18 the in both shad 

and typioal to s . 

11. L ff ' ( ig. of.!1 • In t r e 

otio • the pinna 0 the 81 ad for 11 i notio ly 

~ery 011 1der 

on half the thio 

ef t he typio 1 fo 

- th It 1 i n f at only 

e~ . in proportion to its l1dth, 

'. 
I n the hade form, the cutiol 0 the 

epidermal 1 ere 1 ~lte thin. hile there ar only 

fe hairs present . 

I t i e t D be noted that p ie de development 

i s practioally' abeent, all the oella 'ein B 11ar 

in Ilhap nd arr g~ent, eo e hat round d d !th 

interoellular spaces. Ao ircle of t hesG oella for.m 

.. parano tous bundle-she t he 

The endoder-mia also i s thinner- alled, this 



h in th only ther po t of differeno b teen 

the hade and typioal 0 8. 



a • e leptopnyl1 • 

1 ... Petiol i ,( 1S. ) In t r ne r e ot t on , th 

p tlo1e appear rougbll' i-oiroular , but ro car-, 

w th l.l depr saion n th b • It 

di fr t pet iol ot th r .. 
din fe • 

The p i d rmalo 11 M V th lr ut r 11e 

11 tl t 10k ned d bro in oolour . Till 11 t 

th1c ening 1 in v ry ea.t oontr at t the dev lop-

ent of ep1de and by odermal 8c1 r c in 

...-....-... ................ e ... r .... 1 and . d l etans. or of thiok- lIed tissu 

i n The epi derm leo 

ens ey 1 er in proport i on to th eiz of th 

hole a etlon 4.1 ptoplwlla.. T ey a.r 1 

and cubi o " d roughly n er bout 30 around the 

eire fer ce~ l ile t oee 0 C beri rough1Y -----
o t 240. C pare e it leur 

l thin t t h ort • h lah 

1 de up of on o:f 1 r 8 ._ rounded 

c 11 1 t t n a ll. <- d 1ntercellul r- ep "ce . 

bar'" 1-9 ]; 

th cortex, 

T dodermia i s· de u· 0 e ul 

e t _ very J1U h s ller tht 08 of 

d quite tlin- a lled . 

V eoular bundle: There is centra.l a cul bundle 



about 1/3 the, breadth o~ the p ti 1 • T s is 

typioal. oonoentrio 1th ellipt i oal m e ot 

~l in the centre. Th larger traohei e 

in the j.ddl d the maller one th :tnt 

of th llips •. 

Smal1 i ti~n- all d phl em 1 ent urround 

the ~l , h l 1 outside th phlo i s y r r t . 

, 11. L (Fi • ) T 1 ho the t i n etruct-

ur t t one ould pect fr it del i oate ap earanoe . 

t n- lIe 

of th le-

th t:: oun ~ 

1 1 

sp a '" d , 

',9 oid 0 

Til u per e 1 e is 1 00 posed of oub1cal jt 

c 11 , l- in proportion to th th10kn e 

t and rit out obloroPlWl1 or eto ta •. 

There is no ppe ~e.. tev r of pal! ade., 

up of bout ,. :irregular 

cella, ith lnterc llular 

t 1 u e1n 

olll.orophyll . 

mhe i d.rm1 • like the upp r, 1s 

.. y e < '. Id i A 0 P B 0 r 1 

cuhical oelle ith ut The at a.t , 

t alight e 100 11 ad he., In 

urf ce vi (Fi ~ . ) th ep1de. i eimil to 



CJ 
C 

tl -t of rr:I 0 t h three pre di 

' T le endod rmle 1s 

fe 

1-oe11 d d 

re 11 r , in th ~JYld the oell the 

u ual b rel-shap . 

V9.goyl BJmdl~i The 11 , t bu dl only ar 

olla.ter 1- the other being ooncentric. The 

midr i b ie about 1/3 t thiclcnese of the pi n . 

Th r e only e 1 r ~l e t in the 

centre f t hundle . Around th e i the f i n 

thin-w lied phloem, surrounded in turn by an in .. 

definite perioyole of Ell i g tl:Y 1 er oelle . 

" 

The . ore 'o1n description of th main 

atQmi o 1 feature 0 t 

. nd ., de f 0 a . r 

po int ~ re of e gn1f l 0 

four t ern I both typioal. 

1.1 t :r. c - t in,' qu t ion 8 • 

r the eoologioal 

0111 t of v i ,for eJQU p e. t h v r i ations 

l!.d .evelo t ,in th de 810 ent 'Of 8 0-1 r no 

t o ; i. 190 t e photol1ynth tia n ture ot t h petio! r 

oor' t s truoture o-t 

_ ~t c .. 111 d a lt --------....... _-
1 t 1 · tIt eoo1 gin ", ella . t.er .11 io11 rolla • 



D. Ecology. 

This chapter deals i th the eeoloLY 01 the 

four ferns under di scu ssi on. The method 

adopted may be outlined as follows . Bo t h 

individual and com~arative aeC 01mts from the 

ecological point of v i ew are given. - In e ach 

case there is a prelimina ry note on the eeneral 

localities for the fern t hrou6hout. lI e Zea land 

6Bpecially on the Port Hill, follo 'led by a 

detailed a.ccount of its particular habitat . 

Tlhe morphological and ana tomical adaptations 

of the plan t to this h abitat are then poin ted 

ou t, V~ i th a compara ti v a aeCQun t of the 

differences in the shade f orms corr esponding to 

their differences of habitat_ 

Th e more genera l climatic and edaphic condition s 

of the Por t Hills for plan t life have already 

been des cribed in Part ~ c ( 2 ) . ore 

p a rticular details of these conditions will h ere 

be given as they apply to the special h abita t of 

e a ch fern. 



1. Cheilanthes siebor i 

General localities: 

common in New Ze land. 

rochy and stony ground, 

This fe rn 1s f,~: irly 

It usu a l 'ly gDo s in 

and very frequen tly 

clos e to the Rea . In th~ No r ~'Is1 n d it is 

characte ristic o f the volcaJl ic ,dis tr icts about 

Acukland II where it bra ~s pl,nt:i'ful ly on t he dry 

scoria r ocks; it extends tiel /t.hp. No rth Cape but 

is r are at the Thames. I~ the South Isl and , 

it i s al so fe,i rly common thrott,bhou t O ta~o and 

Can terbury (Thomson 1882 , ) ~ 

On the Port Hill~ vh.~ieberi is very 

common , al though not a. cOrl;spl\((u~us plan t is a 

rule. It i s a bundan t i~, . ' rocl~,.yclefts or dry 

situations, in a l l parts . of the~ hill s wher e t h e 
/ 1\ 

locality suits it ( VJa1r-1 1918 )-'f It wa s 

found by the author gDO~.1J;lg /pl eti ti.~ul lY in 

Bowen 's Gully and the hea th/cote Vall ~~ .. 
. ' \. I, , ' 

Bowen 9 s Gully, marked:.' ,may be se'e rtl(to the 

left of the Victori a Park If'i:dg e ( 14 )1; of··tl;l,e 
I:' ', - ..... 

Cashmere Hills " /;fhe He&t l1cote Vallej i,t mcirlred i Br ~) 

is situa ted behind the sub~tb of . He a t~cote. 



At the head of Bowen ' s Gully there is a 

I'u bed mas s of rock, rou~hly in the form of an 

inverted U (Fib- ) .All round this mass fo r 

a considerable area, boulders and sillsll rocks 

form the conspicuous feature of the landscape 

(Fig . ) 0 On th e r ortherly faces of the l ar~e 

rock mass and on the smeller rocks a round, Ch.siebel 

grows quite plen tifully . On the key to fiQures 

and the fa ces here the fe rn m y be found 

a re m'rked e .. On the surroundi t rock-s tre".n 

g round, a po rt ion of which is sho "n in fi~ure ' 

the fern Lrows on practically all the rocks tha t 

h ave a sunny aspect. 

In the Heathcote Valley, portion of 

the SUInluit track dlps do ' n and rounds the Valley 

n ear the top (F1' e ) SlopinL steeply do n 

,to this Lrack arc maS " 6 S of rock a lmost formin a 

,all in placeti (Hig. ) On c ertain of these 

r OC KS ith a Northerly a spect Ch. sieberi is 

found in fair abundance. Th :.> l.;,eneral sl tua tiona 

of the fern are marked C in Fig. 

b o Parti culars of habita t: 'rhe typi cal Ch. sieber i 1s 

found in rocky situations the ' receive D , rea t 

d eal of sunshine. The Ij l nL associa tion of t he8 e 

si tua tions is made up of a variety of s pecies . 



Some sommonly fo und gro ing in Lhe 

vicinity of Ch. sieber! are species of 

Acaena, aehlenbeckl a Complexa Chenopodium 
t • 

tri andrum, Ep ilobulm, sQ , LinUID , ono gynum , 

and several ferns eg species of Pellaea
1 

Asplenium Aspiduim Pteriduim esculentum 
, , t , 

and Nothoclaena oistans . 

An idea of the typi ral habi tat may be 

obtained from the photo gr ap hs and descrip tions 

of certain examples chosen . Fi gure aho 8 

a characteristic situation at t he head of 

Bo en's Gully .. Thi 8 i s t he ro ok mal'ked:,;LC. 

in fi gure Fi gure is a close 

up view of part of this houl d er sho wing a clump 

of vegetation 1n the centre o The relative size 

may be judged by the pocket knife in the 

photograph" Thi s boulder 1s a large roughly , 

cubi cal mas s 0 l' ro ok roughl y 1. 4 ill" in 1 ength , , 

breath and hei gh t . wi th its upper surf'ac e sloping 
o 

to t he No r th at an angl e of 45 0 In a sli gh t 

depres sion on thi s surface m~y be seen the smal l 

cl ump of gegetation o 



The clump comp rlaes mostly grass a small pl' nt of , 
Wahlen bergia gracills~_and impoverished vl~n t 

of Cerastuim ['"lamer tum and a tuft of Silane , 
t;al lica l1il e lichens form the onl y othe r • 

vegeta tion on this upper surface. On tne nearer 

ad 'e or the clump on the s ioe ost eXtJosed to tne 

aun m' y b8 seen a smal l plan t of Ch. sieberi 

( marked C J., This plant as z ro i n~ in a very 

shall o w pOcRet of perfectly dry soil. At the 

time of observa tion there ha.d beAn n o rain f or 

about a 1'0 rtni h t . The fero had a rather 

p arched aJ..;p earance , t 1e ol de r leaves b€irllJ 

shrivelled and dried. The youn er leaves 

h o lJever ere green ann fresh and t h e whol e plan t 

looked quite heal tny . Tne rOClr as exceedingly 

hot to ttJ.e touch expecially about midday while , , 

t he sun ' s rays s hone dire ctly on the ~lant. In 

s ita of thes0 very x e r oph tic co nditions of hea t 

a nn drou h t, the pl ant ap;)eared to be flouri shin e : ; 

The only othev plants on the North sid e 

of ttH3 ro cx 'ere numerous lichen s while round the 

foot there gre but sparsely a few spe c ies of 

By way of contrast the 

shaded side of the ro ck and it v ogetaiion may be 

briefly described. 



The South side the rock is in ~lmost cam~tete 
: 

shade fa r a great p art a t the day • At the base 

ere observed various damp crevices ith an 

abundan t herbaceous vegetu.ion e Oxall s 

corniculata DichoC1cira repens species of Acena 
f .~. - , 

grasses of many kinds and live o cts and 
t 

Chick e erls. As ()ne 0 rk ad round f rom this face 

to the sunny sid ' a t the rock the vegetdtion ~s 

observed to become mOl' a and more 8pa~se and 

drien lookln 0 

Another good e ampl .f of the kind of habitat adopted 

by Cha sieber! was observed t Bo en's Gul ly 

and may be described as follo s A bare e posed 

rock surface as observed about 2 .5 m. long and -. , 

1 .5 m. across T ith a gentle slope to urds the 

North East a nd ali htly raised abo e the 

surroundIng g round level. This su~face a s 

entirely exposed t o the sun ann at first si ~ h t , 

9tJpeared quite devoid of ve station except here 
t 

invaded at th e margi ns were soll encroached by , 

species o f grass and Acaena. 
. t 

A close r 

examination ho ever sho eG very small pockets , 

in the rock due to the crumulin a'ay of so fte r 

portions" 



any of the se pockets contained minute plants of 

Ch. si eberi . One small pocket abou t 4 em. 

across and 2 ClD. deep contained- a tiny plant about 

1.5 em. in height i t tl minu te leaves brownish 
~ , 

and shrivelled. I n other pocket s and in minute 

f issures in the rock similar little pl ants appeared 

These ferns were thlEl onl y plan ts growinK on th 

whole surface of the rock. The amount of so il 

was exceedingly scanty an~ dry ann the rock wa s • 
very hot to the touch. On excavatin~ the plants 

and soil particl es l ith a Knife it was found _tha t 

there were fur t her sligh t crevices at the bottoms 

o f' th po ek e t s • 'I'he roots pe etra ted into these 

fo r a di sta n ce of about 3 em .. Even these Doots 

and the scan ty soi l within-the crevices s eemed 

a bSoLutely d-ry . 

Figure shows another surface o f r ock f acing 

North and. fo rmin 7 part of the l a rg e ma s s o r r o ck 

seen i n fi gure. A smal l plant of Che s ieb e r! 

is to be s een g ro wing i wt h its p e tioles and , 

pinnae ful ly exposed to the sun but sending i ts 
t 

root s do 1m -in to D. na rro w crack 0 The height 

of this pl ant , a D may be seen by com~aring it wi th 

the size o f the hand _lens in the photogr~h ~as , 

about 5 em . Lichens f ormed the only other 

vegetation on ttli s piece of work . 
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Tho s o11 1n t ese very narro crrcks is dustliKe 

and ap ently quite dry. ihe durface 01 the 

ro CK i s iH~rfec tly bCA.re dry and exceedin Ly h o t. . . 
hen the sum 1s shinnin on it_ especial l y a t , 

noon .. 

l:.!.... At. 0 spheri c con i tl 0 11S : Th tlo1es ann leaves 

of Ch. ri are fully exposed t.o ne direc t 

rays of i e sun all day. Thus 1 t nas to 

enriure consider ble h at both from tile dir ct 

r ys 01 ttL: sun ann tor' diatlon from the 

surf'uae 01' the r oc " I t receivec ~80 the 

tn' imum i~tensity of li t~tlt. At night tne 

contract ith a sunny day is can Iderabl uotn 

t ho rock' nc:i the tmosphere beln mue!! cooler. 

ro ts occur in 1nt but &l'e not seve e . 

infl s re frequen t t he f=; beinG some times co ol • 
ones from th.. forth _East. ~nd 1 0 .81:) fJ.·squeLl tly , 

hot dry on s fro the NorUl_West ~t certain times 

On the hole it 15 obvious 

thut t c habi tut o f Ch. sieberi i s m~rkedly 

a~ ec r ce 

I t has a gene ' ·al ho t i t) arched 

th soil is 8cunty !lot unci dry . 
II , 

tbe 1 r' 1 <:) he ~ ted by much sunshine nl the e is 

a ·oon deal o ~ ind ; it must also be observed 

t hat the 11 ht is i ntense nd li:1sts al l day in. 

sunny 

1 rge .. 

eather , tll 1 ~ the number of sunny days is 



Co Adaptations to Habitat; Ch .. sieberi sho s many well 

marked adap tiations or characters sui ting i t to 

such situations as describ ed above . It must be 

noted that many of the characters o f value to a 

pl ant for reducing transp i ra tion under xerophy t ic 

conditions are exactly the same as those of value , 

in l essening illumination under conditions of 

intense lighting . This f ac t is pointed out 

by Warming 19 19 p. 21. Thus certain morphologic~ 

and auatomical f eatures exhibited by Ch. -. si eberi 

may be r egarded as adap t a tions fo r xerophyti c\ 

condition or f o r heliop hy tic condition or for 
- , 

both o The t 0 sets of factors supply of moisture , 

and supply of li ght work on simil ar lines to a grea t 

extend in their effect on the structural features of 

the p l an te ( Warming .L909 p 24)" Thus these 

f ' tures cannot be separated and set apart as due 

either t o one factor or the o the r Q Taking 

Ch. s ieb eri as a hole therefore in its adaptation s 

to its environment the follo win features are to be , 

noted. These have already been pointed out in the 

earlier chapters on morphology and anatony. Here 

they are given their significance from the ecoID nl~ 

point of vie 



The ero th form t fted and compact; 
9 

the tough wiry petioles ; the much divided leaves 
t 

with their greatly reflexed m' rglns, leaving very 

little sur1'&.ce exposed to the sun» the fi rm 

cori aceous texture of the leaves ~ 

II Anatomical features : 

Petiole 

Leaf 

The strong development of hypodermal 

ticl e renchyma in the p e tiol e s- ( an(l al so in the , 

rhizome and rO'o ts ) ; the slight thickening of the 

corti cal cells and the 111 rked thickenin of the 

endodermi s .. 

The compara tive thieknaas of the leaf; its well 

d evel oped palisade ti ssu e ; th e t hick cuticle 

e xp ecially on the upp er su.rface ; the local isation 

of the stoma ta on the lo wer ep idermis where t hey 

are protected by the much recurved . rgins i the 

thl Dkenlng of the endodermal cell s . 

It may be noted tha t the foregoing 

xerophy ti c chara c t el's in 1 arge p art co rrespond to 

t hose noted by arch ( lm4 ) in his p &p er on 

i'i Some Xerophilous Sp ecies of Chell anthee and 

Pellaea. He makes men tion of the following p oints 

~ Ch. lanuginosa. C~ racill1ma . C~ persica : 

tomentos8 rachis; subsoriaceous texture; upper 

surface slightly t omentose ; 10 er surface densely 

mat ted i th a coat of p al e brown woolly hairs ; 



margins much r eflexed . 

Ch. fandle ri rachis clothed with acuminate enti re 

seal 5s ; under surface scaly not matted 
t 

tex t u re subco rlaceollS margins refl exed. 
t 

n The l eaf anatomy sho s in eaoh case 

a r educed l a cunar system ; greater or leas 

d evelopment of' p alisade ; localisa tion of t he 

stomata on the 10 s r surface here they are 

protected uy the inroll ed margins alone or by 
, , 

tile inroll ed margins and a covering of Bcal es 

( as in Ch. fendieri ) or hairs ( as i n the other 

species given auove ) ; the cuticle 1 s ttli ck. . 

" The single vascular strand in the 

petiole is surrounded by a sclerenchymatous 

cortex. n 

Thus it will be seen that Ch. sieberl has 

many features corresponcling to the above excep t , 

for the woolly or scaly tom entum. 

de Comparison with" Shade " form. 

Differences in habitat The shade,: forms 

of Ch. sieberi ere a l ways found in placea 

rec e iv i n g a large amount of s hade . One such 

si tua tion may b e d escribed. In a de ep crac~ on 

the North West f ac e of a ro ck mass , ~ slender 

pl ant of Ch. si eber1 was noted carrying its , 

leaves to ards the light. 



The foinds ere of' the fully shaded form. (Fig . ). 

and of a green_ soft a.nd delicate appearance. 

Antoh®r f'ully shaded form was f ound ell hidden in 

a nark crack bAt een two neighbouring rocks. 

There as a little soil b e t ween the rocks and on 

this gre a few blad , 8 of grass and a small plan t 

of Ace-ena SQ. . Further back almost completely 

hidden fro, . the li.'1ht by this vegeta.tion were , 

~ome pl ants of Ch. sieberi of the fully shaded 

form . 

Thus these shade forms live 1n sheltered S~Ot8 

wher they race! va' much 1 e BS l ight , much less 

h eat from the sun and heated rocks and less wi nd 

but consitierably mor'e moisture than the typical . 

The latter fact depends on the forme r for t he shade 

helps to prevent evap oration . the drying effects of , 

the oun and wind are almo st absen t while moistur e 

is constantly seeKing do wn from the fiamp rock faces 

surrounding the felns . 

These differences between the habitats 

of typical ancl shade forma resul t in difference 

in c art in of the most importan t environmenttil 

factors the effect pf which is considerable 

diffe 'ences in t he configuration of the pl ants . 

The shade fOHns accor'dingl y show mo sphol oglcal 

and anatomical points of difference from the 



t ypical which h ave been outline~id e a rlier 

chapters .. Their importance 11~ 8 ' in the 

r eduction of characters tendin to reduce both 

excess! ve tranapi r a tion, and ill~'Wllina tion in 

accordance wi th the more mesophytic demand s o f 

t he habitat ' of the shade form. The shade 

fo rm therefo re i distinctly moI4e mesophytic 

in character thua: , 

1 Moaphologlcally : In the shade form the gro th , 
form is no t tufted but is atrag l ing and les8 

comp act- the petioles a re thinner and lesa 

wi ry ~ the leave s are much le s s divided and are 

without reflexed margins; they are fi ner in 

te tur6 and darker in _ colour than in the typ i cal 

form. 

.ll Ana tom! cally In the petiole t here is less 
~- - , 

hypoderm.al sclerenohyma~'c whil e ne i ther the , 

cortex nor the endodermi s are thi ck aned ; the 

pinnae are th1nner_ wi-th thinne r cutlcl~ and 

endodermis and only slight development of 

pali s ad e tissue .. 

All these differences bet~e en the 

ty~ ical and shade form s of Ch. sieberi are in 

connection with thole charact~rs that protect 

t he pl ant both from excessive transpiration and 

from excessive illuminatione 



I n ointin out ho these char eter' overlap nd 

re 1 rely Identl al annlng ( .1. 0 • 2l ) 
9 

B S 1n effect .. Exactly ho 11 It acts 1s not 

cle rly no n. Some orkera sa they 11 h t 

alone c uses the above structural dl fereuce • 

Others s y th&t lncr as d l1Lnt ~uu es increased 

t r aplration th latter bin· t , direct cause 

of thea diff rene 8. Other ag in Y til t th 

tron u s1mil tlon resul tin fro a tron 

illumln tlon 1s to b~ reg' rded the c&uae " 

In the esent case o f Ch. sieber1 

ho ever botH f ctors t.,r' at dry os "'nd atran • 
i llumin tlon re tria bott! pL"OS nt or both , 

baen t" Thus th Y ark to ether in their effect 

or;. the p l unt. The com let r tilt h re m be 

noted a.s Cl. hole ~ r gard d as the effects of tho 

en v1 0 e(l tal con i tlons 1n eneral and n to' a y , 

on fuctor " 



2. Nothoolaena dlstans 

a .. General localities This fern 1s local in Ne 

Zealand. In the North Island it is found chief~y 

in t h e ~olcanlc distri cts on b asaltic rock s for 

h ich it. seems to have a preference ,. It, i s 

abundant at Raagitoto Tltirangl - and North ards , , 

to Whangarei. In the Sottth I alancl i t 1s recorded 

in s everal localities in Canterbury up to a heigh t 

of 1000 m. I t does not appear to b e at all 

common ho ever ( Thomson 168 2 ). The fet'n i 8 a1 s o 

recorded by Field ( 1890 ) on t . Ruapehu 
t 

t. Egmont , 

Kapi ti Isl and in Cook Stral t and th Port Hills .. 
_9 , 

On the Po r~ Hill a N. distans 1$ like 

Ch, si eberi quite common a.nd abounds i n moat rocky 
9 

locali ties _ I t as found by the author growing near 

Ch. si eberi in BOJen's Gully ( Bi g. and 

and up the Heathcote Valley ( Fig. b . ).. It as 

plentiful on the large rock mass ( Fi. ) on the 

s ame sunny face s as Ch, sieberi. I t as not ho eve r 

. noted w~ th any frequen cy about tile smaller rocks 

scattered over the 'hill (Fig . )" 

b. Particulars of habitat: It is not necessary to give nearl; 

such full accounts of the habitats of N. distana as 

h ave been given in the case of Ch. sieberi for these 

t 0 species are commonl y associated togetner and g ro1l! , 

in almost exactl y simmilar situation. 



Both are . typical ly sun_seekers but are able to 

gro w in the shade the for.m here taking on 

certain differences. 

The only pOint of difference in regard 

to habitat observed bet een Ch. sieberi and 

N. d.istans is t hat ell . sieberi seems to be slightly 

t he hardier of the t 0 ann abl e to gro where the 

amount of soil appear's almost ne lig1ble ; 

N. dlstans appears as· a rule to frequent slightly 

better fill ed cracks of rock ann rock surf~ces 

11 th a slleht1y deeper covering of 80 il. 

Figures and sho Good examples of the 

typical habit t of N. distans o As t hese figures 

sho the f ern sometimes gro ws i n cra cks and 

sometimes on a littl e earth spread out o ve r the 

surface of the rock. Fi urea and are 

close up photogra _ :3 of part of the rock sk irting 

the track ( ·Fi g ., ) The first figure 

shCHva u long" a oute_angled crack in the rock & , 

as o f a fair dept , with a Bood weal of 

so il in it f or the roots to penetrate. The 

l eaves bo lever ere el l out to ard s the surfa ce 

and as the r o clt fac3d almost due North they 

r eceived full sunshine practically all day. 



Fi gure is another photograph of a simil ar 

position sho Jlng some 1 rger plants of N. dlstBns 

gro~ing in a orack but fully exposed . 

In both cases as may be seen . the only 

other vegeta t ion of th rocks was some bushes of 

uchlenbeckla conlplexa'· lichens and a fe grasses . , 

F1 6 re sho rs a patch of young plants of 

N. distans gro 1ng on the slight covering of soil 

on a !:orth,ard facine rock surface in Bo en 's 

Sully Fig. marked ~J.) 
t 

It must be that 

here N. dista 6 sho 8 a oin t of differen ce from 

Ch. si eberi, for the l atter never gro 8 in patrihes . 

spreadinb out over. the ~round like this but 
- ' 

al aye in U t) r i hi., tufts often sol i tary. These 
• 

young leaves o f • dlatana are some h at deltoid 

in shape but othwr iee do no resemble the • 
Of shade tf forms at all. They soon lose this 

shape au<i row' lonG (J narro • 

The edaphic and clima tic conditions of 

t hese habitats of N. dlstuna are exac tly similar 

to those of Oh. Bi eDeri except that the soil is 
t 

not qlite as scanty fo the former. It is ho ever 

qui~e dry nct the vhole hab itat presents the s ame 

xerophytic fe~tures lth strong illumination . 



c. Adapt,tiona to h bltat : The ~du~t' tiona of y. diet n: 

-.il 

"to its h'b t t are very 81 11a t eret'or to tho e 

of Ch . sieber1 .. They I Y be re ar·ded as the 

combined effect of' the dryness. he 1. and strong 

illumination of t he envlro ant. 

As uy b. a tue ect from tne mo holo i cttl ct 

anatomlcul accounts 01 N t di t'ns its feutures 

of' vb.lue to ii in Itli habitat ar e b.etly those" 

of 1 ttl the add1 tlon of scaly cover-ing e 

orpclolo 1 ca.lly Distaos is ;.,0 sessed ot' wi ry 

p tiol es ; a protcc ~.1. va ocf.j.j,y cOverln on the 

under srufaces of the ~innules ; refl xed l eaf 

m, gins; corl~ceou tex ure ~ 

Anatomically it sha s strong ~ev 10 ent ot 
I' 

h pod ermal 801 erench l:;l. and thl ckeninl 0 ' the 

ndoder 15 in the etiols; thic n cuticle 'nd 

endod Is i n the le<., ; a ell_dev loped palis 6: 

and localisation 01' the ~to atu on the 10 r 

surfac 8. 

d . Comp o~. Here a ain t11e 

deser1 tlon anr '0 Ip"·rlson 1 ven in me case of 

Ch . 81 ber! an 1 ts n all de f form fully cove r , 

the c ~e of ~N~.~~~==~ Shade orms of the 1 . tt 

j re o~nd in stu' tions exactly 8 mil' r to t hose 

~ her e p 1 n i S 0 til e ah d e Ch . ale be ri Jere obaerv 

The poi ts he -ein the s Jot d nub! tats dl1:'f'e ad froc 

the typic~ ere exactly simi1 in lJoth cases ; 



hence th differences bet e n shade and typical 

fa nIlS are corresljondln ly similar .. ( see p . ) 

The morphologiCal ann anatomical differences 

bet sen th. sh de ann typical forms of N. n l st~n8 

are therefore not set out here. . 1 in reg rd t o 

the scaly covering: it must be pointed out tha t 

this is ~lmost entirely ab ent 1n the fully shaded 

to lS 01 N. ( '18t&a8 . 

Both Ch . sieber! an~ N. distans s 

ma be seen from the f'oreeoing deacrlp t10na. gro 

under exactly tho s<...me envlronmen tal condi t10(18 Q 

The tYiJicul arms are Bxceedin l y simi l ar bo th 

morpholo 'lcally an n~tomicu~ly the m&in ,. 

d lfl 'erence belnL) th 

of a distinctly xerophytic fe<:tture the scaly 
9 

coatin . !h se t 0 plalt h va both r spolde 

to their environmental lnfluenc s 1(1. the same 

directio 1 a I t i s no t.. 8urprialnL. therefore . 

that the shade forms sho conven ~ ence to ards 

a siml1' ri ty still mOl'e p onounced tn~n that 

exlstin2. bet Jeen the ty )icul ·orms . .lna scaly 

CQverin ' tnGtt forms tile m' in ci ' stiuctlon bet e n 

ttl.., ty)ical 1:0 St belnL a xerophytic ch&rb.cter 

klmost ct~s~ )~ear6 und er conditions o f ~reater 

shad e a.nd g lel tar ~ 



As for other structural. ch n · es these are 

exactly the same in both specie. The r sul t 

therefore is that the ful l y shaded fonne sho 

the rem~rKable 6i 11ari ty already commented 

upon 1n B ( Part 11 ) on orpnology . 



3. rleuroaorus rutaefolu1s 

a. Gener~ lac 11tie~ The r n . of th~B 

fer-n 1n ~ G Zc land is v ry restin ted . It 

occurs ne 1 CoOl'" ..;Jtrai t ann on th Southeln 

Alps (Thomson 1 ... -62); also on the Port Hills. 

and in the R (itu.ta Coultry at th tack of 

the Cantcr~ury Plains ( Field l' 90 ) Lain (191S , -

gi ves the 10110 lnb lac 11 t~es 1'0 .. ' Banks penlnsul 

The North side of t. Plcnoant Fig ., ) 

Sumn r V lley and Pigeon Bay ( F1 ~ . , ) all (l J. ' 

pl a ces this ferl l in hi . cIa S 01 rare or vel' local 

nd limited fe n~ of the Port Hills G ~e says 

it r t I'D i n the Heathcote Valley . 

Shortly iter crossl 

Lyt tel ton ( . F-'. .. 

th road from -Heathcote to 

) t.he Summi t 1'raci\.. roundint; 

the He ~ t co to Vall y, . ~ sseo il1uned ia tely €lo 80 e 

steep rock (Fi . ) hich fac -e North and North · 

est ; ann amon theti€ ro c~s in com ny ltn , 

Ch. s ieLer1 -nd N. di8~Cins t.he t'er-n s plentiful i
; 

lhe fern . S her'e 'ounl by the l:lU ther. The 

l ocality 1s ma ked P. in 11Gure 



A &.11 Bays 
~ 

f. rutC;leiol1us is w, an extr'aordinar-y feru. einL • 
typical sun_se~ker ; it bro s I tl i~ ' only , 

i n pI cas 'hll...r r ecei ve the full bl ze 0 . t sun 

all :.J.y .. L ib.. . uy athoL' pluuts :lich [>0 in 

such .... l l uation it i ::; t.Ji(.;A.ly cOat ... d e e1:::/ here , 

i th ft ler· i noua I I OJ. 11 8r oro·n h ir " It 

i s a Lyplc~l x~ro ny 

tn, typl cal 1'0 of th plan as 

found by t.t" ~\ C1Ut.tLO . i(i j us t SU il e~po8ed 

5i tUa tlons s tClis iLldi cates. A iQel differing 

t1 :..'~1 de II ·Ortil. ho eV6r· L-t:"i fOUlld in . deep crevl ce 

vhile 1" illtenued.i.l:tto H f o 1uS ore .i~ound in mOr'e or 

l ess sn de 81 uu~lon8 . Tn shade forms ill b e 

deGll t i tl1 iu!'ih~ on" 

All th ~ typi cal form observed re in 

absol u tely e posed poai tIOCl8 ri h t on the bare . 
surf ce 0 f the ro Cit. til. . uy s on No r'th 0 r No rth_ as t 

1ttces so thut they receired tu.J.. l sunshine all day a • 
he ern ao enerally a 801i tary plant, 1 th no 

other vegetation very close to it~ exce t for 

11 chens un the f'ac o' toe rock ~ 



So~etim 8 a clump ~ uehlenbec ia comple or 80 e 

o be seen near by as • n 1 r 

1111 e Ch. 81 sbel,1 and __ N ...... __ ----.,;; _____ _ e 

,plent1fully in n 16hbourln craCKS. At f irst 

sight the pl nt o' P. ruta oluls 110 n in 

f i ure app .. red to be Lro in on not lin' 

but the bare sur1' ce I tn r ock ., I nvest! a lon 

ho vel' sho cd u hallo pocKet 1 th tlny 
" " 

c ach 0 t 0 i n· nicn there 'Q a 1 i ttle dry soll 

nd into letL the short roots pel~ etr'- t d Q 

As y e there the habl tat of thi3 

fern i. exceedin'ly ro hytic 1n n t re ana much 

e osed to the light . The roCk becomes ho t 

i t tl'1e Bun nct the solI 1 c eediu\Jly 8e 1 t 

dry and dustlik . 'I:he nirect rays of the sun 

cause th m xi lium a ree of tr nBpiration ~ 

Cfi Adaptations to habitat. 

m' rked ~daf tlve chaI" cte r'is ic bho Cl b thb lant 

renderin ' it Sl.· table 1'0 li fe un r' he 6 

conditions. The features help both ~) redu e 

tr nspiratlon auri 'Lo checK 00 troll · 111umin&ti on .. 

~'h.,y mo.y b outl ned tt 8 : 

The l'- ro th f o :rot a COIJlI) C t. 
.... "j; 

10 .1umJ:l 8 0· e , t in th e nature of r osette ~ 

the tn.1 c pale_ colourec1 leaves 1 th colour In 8 ed 



b- a t hi ck coatlne, 0 1 (Jo.!..ly h i r. 0 both 

sur OC ·u . 

~ An to leal 

P t..iule 'l h ! C dev lopm t o f th ok - lIed 

La l' 

el ,lder 81 and hypodermsl la.yers ; the 

photocynthetlc n ture of the petiol r cortes 

and the stom t te ch side ; th thickenin 

of some 0 the endoder al . lIs , and the 

repl cin ' of me t 0 th endode Is and 80 

of the immer cortio 1 cells by ss s of dgr 

coloured m tter . h ich ppear to be of a 

strcn ' ih nin~ or m ohan ic 1 v lu 

h~ tn ickno s 0 1 tho l inn 0 ; th very ark d 

p 11 ad' de elo nt9 the thlckcn1nu of the 

cutiole and of the endodermal all ; the 

l ac l1 sat ion 0 1 Lle sto t 0 th 10 r 

..... urfa c " 

d C~rl lih the Cf sh d It form . 

n Inter edl at 

f o und i n sl iGhtl y uh aed po ..... i ion . 

er 

Th e 

sho d slicht dlfferenc s rom tho yplc 1, 

differences hich or o ~t pronnunoed in th 

fully ~h ded fo P very Load full' shaded 

f orm . G fo nd by ~hc Buthor rmone the rockc 

in the Hea.t ' cot V lleYt- at n o ~rcat distanc 

lrom. he tipic 1 l rnt aha n in flL,.ur 



--1_ 

rf his sh e for larL , full- Lro n plant 

Ith sori on he b - c c 01 the p1nnul The 

sit.u tion s d rk, horlzont 1 cr ok in the 

rock, of 0 depth, and leo n .rr:o ., 00 that 

very lit tle caul p netre.te into 1 t. _h 

rook Ithln w s cold and d mp to the touch 

althouLh th Gun shin! r h f I'n 

gre i n a l itt. l e de. p t:..ath and sent It.~ roots 

dee~ int furth r cr c ~S, 1111 1 LL. leav G 

, 

'-ItraL l ed on 'i, l onL, limp pet.ioles a lant; the 

horizontal i~d~e . 

On co p rlnL, thic SH de form ith 

the typic 1, ·· ccrt in morpholoLical nd 

anatomic 1 ~~f 'erences are pl~lnli to b Leen . 

'Ll e ... - lav 

B de) • 

fr d been polnted out ( Part-11-

~he6e dif raneos re obviouely 

Intim ~ 1y conncct ud lth the d r r , 

d 8I!l1)e h b i ts , @ d m,- J be brl efly re eD t ed 

The sh de' or S 0 S orG oph,Ytic 

cha.ra oters .. 

orpholo Ie 1· : . The sh d form 1 lender 

nnd t.r,' Lglln in ro Lh 1oru, n t for In . 

co pact clump the p t.lo1eB re more 81 nder, 
) 

darker rec'n, d only cillt,ht1y hairy ; the 

I)innae are co parat1vely vtJry 1 r'e and t111n ; 



..lL 

d rk ~reen and Ith oni a sll~ht co Lin of 

h irs. 

Ana.t.omica.l The petiole sho 8 l ess 

dev lopm nt of thick aIled epld rm s nd 

llypoder is ; and much l ese d velopment of the 

d rk-ou_oured 111 tt..er round the v cui r bundle 

the pinna in transverse sectbn 1s CJ.uch thinner , 

nd ho s pr otic l ly no developm nt 0 

P li ~ de tl s .... ue, no thick n1n of the ndodermis , 
i " "" - " ,, , 
f 

and a thinner outicl 



4. Ano, .ramme leptoph tlla 

General lQC lItias . This fern occurE r t er 

l ocally in car1ouE; dl tinct 0 N Ze 1 nd , 

ohicfl in hilly r rocky pI c ec t no (".,re t 

distance from the ... ·e , In the::. orth Is1 nd 

i t 1s found cOm.J::non1'y t. th h d of h 

anah u Hurbour . s luo or : r reI n ear A c 1 

d nea.r sp ier nn Cape Kl" t · j p rs on th 

E at Coast- I t 1wo occur bout the Th eo 

and ne r . J I11n..., on . Ie the South Island , it 

1s found ne r Lyttelton and in so otn r part 

of Canterbur . It I s Ira ound in Ota 0 , 

nu parln~ly ne r 

DunedIn. ( Thomson L 82· ). 

On h Port Hill ·all ( l~ 18 ) 

s ya it used to be lenti ul ne r e Port of 

LyttelLon but its f v~rite b it-aLs in th 

vic l nit. have bean de troy d. He found it 

f lrly abundant mono the rocks bet n Godley 

He d and t h ... Lyttclton Sumner ddle ( i ~ 

d in the Cashmer Gully, do n the lope to 

the r1eht of Victor1 P rk ( 1 ) on tho m p 

in fl ura The author f ound it only 

t 80 en's Sully ( Fig. and ) amonL the 

small r rocks se ttered over h ton~u of 

) 



rocky round that runs up bet een the rid888 of 

the large U- shaped mass of rOCK ( FiS"' ) It 

The siu tlen ere thi ss f ern ro 8 more m r ed 

with a A in f1 urea and 

b. Par-tl Cui I'B 01' hab! ttl t : The habl tat clop ted by thi B 

delicate little fern differs - re~tly from those 

of f re oing three species. I t is a1 aye 

found in rather d ark shady S1-lots rl nt under the 
t 

over_han lng ledges of the am ler ro ' s tha t are 

scatl red · eng the r ss and tUBSOC{. In traase 

pl- cas th l ' e 1s exce~ t durin ; tne IfImest summ r 
t _ 

months Ie iy 0 1 soft damp eath utereo by th e . , 

seepage from the surroundin roc ' f~ces a ld 

ahel tered 1 rom th un's ruy s by the ov r_h uein 

1 ctge anrt by surreun in veget- t1on, gra 8 ~ 

tussock etc. He gro n lsroU8 liverlverts 

' no moaues ad el iCOtte 6 

flabel~l forlum , as 11 as bott:l pro thall i u. and -

8poro~hytes of Anogr~e leptQQhylla . 

The 81 ua t10ns ado tali by thl ~ fern ar'e ~ound 

then to possess lenty of eut~h hich 1s quite 

moist, th~ surrotmnint ann over_hangln rock 

9ur '~ce alao bein~ quite damp. Tn ... l-llant i 

an-. ir bly 81 eltered and d.oe not 1 ave to st - d 

the dryin influences o f' ind o r -l on continued 

nli -bt o r ileat radlatln r om tne rock o 



c. 

l: 

II 

T us it is obvious ,at i d p . sh ded h bltut 

dilfe s a 

h b t i 0 

i ly 

P. rut ·oiuis. 

~o lbl from the ct ry o ad 

rl • (i i ld 

A, 1 ep to flyll co r-L 8 oudlu 

sho s t 0 h r' ct r of ophyt 1n coot at 

th t x 

tnis : 

t rs 0 t.u ath r 

L1 1 t)ortant olot to lotice no 

rn 

r 1s 

,11 ttL oro yt f A. le.)tophyl1 

1 )*rely eso hytlc in eh r cter t ie e ' ~e in 

tn nol" I1t" 111 to Y 01 ttl 1 t lncl dln( 

lIO t s oro tiyte ~n-' eto nyt ~tav 6 cart in 

S oln tin to ,,' rrl s n ~ t t10n to 

erc lyt1 C cU(l(ll tioLia. 

Sporophyt~ With regurd to the poropnyt its , 

esophy t.i c fe' tures 0 1 c f x rophytlc 

t r a ay be oint out br1 .1y : 

o holo . i cally. tne hoi J lant 1 fine ' nc1 ( lie te 

1 tn v r 81 n r etiol a an tit .ooth 1 -
n Imoot t leo S e-

n tomJ. ally th l ' t B !> t~ol It 
• 

_0 11 <1 1o ~ Tue .cella hLLV v r-y 

thin Beler neu taus layer OL trle o tt.;;Jide only ; 

the co -tic 1 c lIs are v ry 1 r nfi thin- bill d 

tne nrh.del'L 1 cell...; aI' uot t.u! in tue 

I e tL r' .i. no t 1 lluL 0 uticl , o r 0 

t 



endociennal Is ; no neveiopment 0 ~alisade ; 

nd only a r~l t!vely fe layers of 1 r e thln_ 

led meso nyll cel18~ 

I t 1s v ry 1 port t to not c rt in 

f ct bo t this 1 sop ytlc spo 0 hyte. It 1s an 

annu 1 pl t 11 vlng for onl abo ·t - or mon~8 

of th year. It 11 e it 01 11f throu " 

durln& tie n 11> inter sa 80n c n th 1s 
9 

ye l enty 0 01 ture sa k1n do n from ttl 

roc The uuthor ob erved tne pl nt t v rioue 

'g ctur1n · lat A t n n ter anri e ' rly 

Sp rin • I n Aut n ( rch) tHe 1e v 8 wa r , 

very sm' 1 ~n young n 1 t lout 9 o res. Lat 

on the pl t " soen to be fUL't leC' advanced d 

i e ly spring (S teI!iber ) t 1 t, B 'ully 

gro a 1 th 80 rl aLL thp. L of th linn S $ 

·0 t o f the spar 1 e e unrlp ~nct 1, ' en but 

fe. r tu ninL b 0 Th ecessl ty tor 

completing ti is thesis in October p evented the 

ext .. naion 0 ttl e observatlontJ in t the S er 

month .. Field ( 10 U ) BuyS thCit t J. ern dies 

s soon ate dry Summ r eathel' be i11ne. . , 



all 41 16 ) also rem rl 8 on 1 t s curious babl t 

of a lJe inG i n the Autumn ni 1nt r fru.lt1n 

i n Sprin d ~yinG' ay (JuI'in· Summer A 

Thus t 1 plant it its meaopnytl e 

ohar ct r dies do unn e a c ai-1 e th hot dry , 

months of tne y t.r , en co dltlons r much 

mol' erophytlc. Duri nG t'li ' time it C" rr'ie 

on it existance in restinG at spa as . 

'I'tLUS it 1 s very ell sui t ct to th condi tion 

u riel' hlcn it Era s. The a aaonal varl tiona 

i n thes eondi tian m hOlve induced this annual 

haLJit in t ~ p l ant .. 

d . Gametop yte th grd to th am tOt>hyte' , 

it 1.11 b faun th t 1 t 1 0 1 g t in ter'e t 

an 1m! ort nee 1 om ttl eoo10g1 c vi oint " 

hil th aporophyt nHual the topnyt 
~ 

a point d out in . n r l er ch te 'B . rt :li> 
1s If pel'e nlal II or <Oll:l th o er 11 the 

archegonl re not ferti lised of cont1nui n it 

existence for sever Y , rs by me ns of a ub e . 



The green outgrowths die down but the tube r , 
p erennates and later under suitable conditions , 

eneds forth ne green expanded portions. 

Referring to the duration 0f life of 

t he prothailla of the Ptesidophyta Goebel (p.189 ) 

says U In the gametophyte of' the Pt rldophyta~, 

the general feature 1s that 1s dies a fter 

prorlucing an embryo. and on page 214 
t 

it i s as a rule absorbed by the developin embryo 
9 

and this i s why it is not given time ( so to speak ) 

to grown into anything 1n the ay o f configura tione 

But adaptations o f the p rothallus are to be fOWld . 

For example in its r elationship to water there , ~ 

are to be found one or t 0 rare aoaptations. 

There a re no special contrivances for holding 

a ter"~ and up till no special arraneemen ts for 

the tiding over of a period of drought have been 

found, only in t wo species of' the genus Anogramme 
. ' 

these takln " the form of the p r oduction of tubers. 

The prothallu8 in A. lep tophyll a i s pre_eminently 

fitt ed to lthstand a period of d raugh t. " 



ThlJ quotation ekes clear the 

signlflc nee then 0 the g ~ etophyte 0 

, IL ep t ophyll a . The au tno r ha al r·e dy 

( Ll B ) deBe ib d the tuber Inull po1ntin 

out i ts OID1 urCl tl v ly 1 s1 (up to 

3 • 1n len th ) ; it . num rous 11 e h lr. 

roots; also the large qu ntiLie~ 01 reserve 

foods in the ay .o f st r h unc o· 1 to I.;e 

found in ita cells. Th S6 C P cities as 

an sa1mi1 tin " or-· an nrl 8 atora e or n 

to taer it its po er 01 lon 11 t~ constitute 

the ro thallus ·0 f A. 1 ep tophyll very 

tmpo tan t nri valuabl e asset to th 1 L t in 

its el~tlon to its e vironm nt . 
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Fig. 1. 

Fig. 2. 

Fig. 3. 

Fig. 4. 

Fig. ,-o. 

Fi s. . 6. 

Fig. 7. 

Fig. 8. 

Fig. 9. 

OF FIGURES. 
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I Lap of ~ew Zea.land showing Cockayne's Botanical 

Districts and position of Banks Peninsula. 

Sketch Map of Banks Peninsula. 

P~an of ~anks Peninsula - showing the Port Hills (in 

relief) 

B i r d's J-tye View 0 f Fort Hi 11 s • 

Vi ew of Western Slopes of the Port Hills. 

Vi ew of Eastern Slopes of the Port Hills. 

Hock strewn ground at Bowents Gully. 

Cheilanthes sieberi 

(8.) Leaf of typical form (actual size). 

i. Back of Finnule (enlarged ) 

b. Leaf of "deltoid" form (actua.l size) 

ii. Back of Pinnule (enlarged) 

c. Leaf of U shade l1 form (a.ctual si ze) 

iii. Back of Pinnule (enlarged) 

eEl sieber i . 

a. Habit of plant ( a ctual size) 

b. Hhizome (actual size) 

Fig. 10. c. sieber i. 

Small plant at Bowen'S Gully-

Fig? 11. c. siebe l"'i Root. 

a. Diagranlluatic sketch (enlarged) 

b. Portion showing urhizoids u (enlarged) 

o. Transverse seotion. 



Fig. 12. C. si eberi. 

a. Leaf ( a ctual size) 

b. Dac k of Finnule (enlarged) 

c. Baek of Pinnul,e (larger) with Seri. 

Fig. 13. C. sieberi. Sporangia and Spores. 

a. Surfa ce vielf1 of lower epidermis. 

b • Po sit ion 0 f eo ru s ( d i ag I' a.I1J.lUa. tic) 

Fig. 15. Noth ocla na diatans. 

a. Leo f of tyjd c9Jl form ( a ctual 8i ze) 

i. Back of Pinnule (enlarged) 

b & c. Leav~ s of Ii intermedia,te ft fon-ns (actual 
size) 

i1 & iii. Backs of Pinnules (enlarged) 

d. Leaf of "Shade" form (actual size) 

Fig. 16. N'. di s tan";"3,, 

a. h ab it of Plant (actua~ size) 

b. ,('{,hi zome. (actual si ze) 

c. Hahit of young plant. 

Fig. 17. N'. d,i stans. - I'atch of young plants a t Bowen's Gully. 

a. Ba ck of Pinnule, showing scales~ 

sari 0 

c. Spo rangiu.J u. 

d. Spot'ea. 

Fig. 19. N. distans * 

a. Surface view of ~ower epidermis. 

b. Position of sorUB (diagrs.rn:matic) 



_ Fig. :20. PleurosQrus I'u ta,efolj. us 

a. typica l plant (actua l size) 

i. Back of Pinna (enlarge d.) 

b.. fllnt e .!'medi at e H leav ,. s (a.ctual size) 

ii. Back of pinna (enlarged) 

c. " Sha de " p l a nt (actual size) 

iii. Back of p inna (enla rged) 

Fig. 21. P. rutaefolius 

Plant on rock at He thcote Vall~y. 

Fig. 22. P. rutae folius 

a. Back of typical pi nna., sho wl n@; so :ri. 

b. Back of "shade" pinna. showing sori. 

c. S~po rangi um. 

d'l SporeB~ 

Fig. 23 . L-rutae(Qliti,A 

a· Surface view of lower epidermis. 

bo Portion of sorUB (diagran@atic) 

Fig. 240 I). r-u taefoliTiB 

a. Longtltudinal section of petiol~ . 

b. Fig~a" shown larger. 

c· Sc a les (1)rist1J:~s) of rhizmme,s'. 

d., Lilli ZOIHe wi th sc a.les .. 

l~i&.!. 25. hll.P£.IaI'{jm 4 l e·n top'fryl .. 1a. 

a. Young plant (actual size) - showing tuber 6 

b. Young plant (enlarged) - showing tuber eta 

c. Older plant (actual size) 

d. Older pinnae (larger) showing venation. 



a. Ba~k of pinna showing soria 

( largie r ng soria 

d. Sporangium dehiscing. 

e. Sporea. 

Fig. 27. A~ leptonhylla 

a. Surface vie of lower epidermis. 

b. Po sit i on 0 f fa 0 ru s ( d i ag r al(l!lf'. t j, c ) 

Pro thRllus. 

a. • Act U 8 , 1 s i z e .. 

showing "arcbegoniop~Qre" etc. 
view) 

c. Side view of another prothallus. 

d. Top view of it. 

e. Archegonia. 

f.. Portions of tuber crushed. showing -

i starch, ii oil. 

]'ig .. 29. A leptqphyl l a Prothallus 

a o Cell surface with antheridia. 

b. Antheridium(larger) 

Fig. 30. C. sieberi Rhizome. 

( sire 

a. Di 8grall'J1natic sketch of transverse section 

near growing pOint. 

b. Diagrammat.ic sketch of 1' .. S. of older portioi'll 

c.. Sclerenchyraa . 

d. Vascular bundle. 



Transverse section of petiole -

Di agraiuiII ..... tic eket eh. 

b . Larger drawing . 

]'ig. 32. C. sieberL (typical) 

T.;:;. of pinna. -
a. . Diag r anunatic sketch of whole 'r.s. 

b. Portion of T.So (la,rger) 

Fig. 33. C .. sieberi ( n shade ~ ) 

T.S..o f p.e t i ole ... 

a. Di agra.mrae,t i c sket eh. 

Fig. 34. c. sieberi 

b· Larger drawing. 

(lishada") 

T.S. of pinna -

a. Diagrwlimatic sketch of wl101e 'r.S. 

b. Portion of T.S. (larger) 

Fig. :.35. 

T.S. of petiole -

a.. Di agr8TUliw.ti c sketch 

b. Larger drawing-

N. distans (typica l 

T.B. of 'pinna -

R. DiAgrammatic sketch of whole T.B. 

b. Portion of T.B. (larger) 

Fig. 37. 1\1. di stans ( li shade 1i l 

T.B. of ~etiole -

a. Diagrammatic sketch. 

b. Larger drawing. 



T . s. ofpinna~ -

a. DiagrarU[[iati c sketch of whole T. s. 

b. Portion of T.S. (larger) 

]'ig. 39. P. rut ao f olius ~ (typical) 

T.S. of petiole -

8,. D1 A.grammat i c ake tah. 

b· Larger drawing. 

Fig. 40. FL.ruta efollus (typica l) 

T' . s. of pinna -

a. Diagrfl -mn8,tic sketch of whole T.S. 

b. Portion of T.S. (larger) 

F'ig. 4m. P. rutaefolius (l1shade H
) 

b. 

T.S. of pinna -
a.a Di agrarllmati c sketch of 'whole 

b· Portion of T.B. (l a rger). 

Fig. 43. AnogrflIIUTl e 1,SlptoTlhYl1 Sl.._ 

T.S. of p etiole -

a. Di agrammatic sketch. 

b. Larger drawing. 

Fig. 44. A. leptophylls 

T.G. of pinna. -

8.. Dia,grem.ll1s,tic sket.ch of wh.ole T.S. 

b. PortiorI! of T.B. (la rger) 



Fig_ 45. 

Fig. 46. 

Fig. 47 . 
Fig. 48. 

]'ig. 49. 

Fig. 50. 

Fig. 51. 

Large cioek Mass at Bowen'i Gully-

Nearer view of part of rock mass in Fig. 45. 

Rocks skirting track at He athccite Va lley. 

Clump of Vegetation on rock at Bowenls GUlly. 

b . s i eb gr i $,t Heathcote Valley-

N. distal)s at Heathcote Va lley. 

N distans (la rg er) at Heath c ote Valley . 



ann. 

anth, 

arch, 
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o .s •• 

ox, 

d, 

en , 

ap. 

ex, 

g.o .. , 

g.l ., 

gr. 

h, 

h.r . f 

110'p , 

, 
pal , 

per . 

ph. 

])X, 

rhd , 

rhm . 

rt , 

Abbreviat i ons used in the Figures. 
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a.nnulus 

anther i di um 

arohegonium 

outiole 

c ll-eurtaoe 

oortex 

deposit 

endoderm1s 

epiderm1 

exoderm1e 

guard-oell 

groWld- le el 

groo e 

hair 

h ir-roots 

hypodermis 

meaopl'Wll 

palisade 

per1cycle 

phlo 

pr ot o-xylem 

r hizoid 

r hizome 

r oot 



ee, ........ a 1 

1 . •••• III •• eo~ereno~a. 

pm , ••••••• epora.ngu 

sPP. ••••••• spores 

sr. ••••••• sOruB 

at. • •••••••• 

tk, • •••••• talk 

atm, ••••••• stomium. 

t~ • ••• III ... t uber 

v.b •• ••••••• aeoular bundle 

v.t •• ••••••• vasoular t 1ssu·e 

• 1 0 , e -•••••• 1thered 1 1'. 

XY . • ••••••• xylem 

y. lo ••••••• y oung le f . 



Hot : After the aut oonclud d the 

forego,ing th 1 , . Prof seor lr.O. Bo er' B book . 

"Th Ferns(Fi11a~1 Vol I (1923), cam to 

hand . As a.r as 't e permitted, this a e used to 

verity certain of the f aots set forth in the 
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