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GRNERAL  PRUFACE,

QProJooting'tra- the East Coast of the
South Island of New Zealand is a peninsuls knowmn
as Banks leninsula. (Fig.l.) Cutting deep into
the land on the northern eide, is the Lyttelton
Harbour, (Fig.2 and 3.) surrounded on three sides,
by = horseeshoe shaped range of hilla.(Fig.S.)“
The portion of this range that soﬁarates Port
Lyttelton from the city and suburbs of Christchurech,
is lmown as the lort 1ills, (Fig.4.) Banks Penine
sula has a eharacterietic veget tion, not the least
interestin, part of which is its fern flora On
the Port !ills in particular, are to be found many
interesting forms., Certain of these f&rnu, grows
ing on spurs and valleys of thé hills in the vieine
ity of Christehurech, hav: heen investigated hy the
author. It is the main objeat of this paper to
glve a general sccount, morphologie-l, =2natomical,
and edological. of these ferns, together with a brief
summary of the general fern végctqtion of Ianks Yene
insula and the Port liills,

The species under apecial consideration



‘As named in Ingler and Prantl's Synonynis-.
"Die Naturlichen Pflanzenfamilien,.,®

Hook and Grev:

Anogrampe leptophylla, Link Gymnogramme leptophylla

Desv,
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PART 1.

THE FERN VEGETATION OF BANKS PENINSULA,

* with =

| SPECIAL REFERENC! TO THE PORT HILLS,

 ITRODUCTORY RISIARKS ON Ni¥ Z .

(1) General, from the botanieal viewpoint. '

(a) Ihe Botsmnisal interest of lew Zealnd.

' The botany of liew Zealand holds, for several
reasons, =2 special interesat for all lovers of the |
sciénce. There 19 = distinetiveneas about the vegetw
ation to bhe found in the three islands comprising this
group. It diffTers in many ocases, very markedly from
the ve(;ﬁté.tion of older and better lmown land masses.

This speelal ocharacter of the 'ew Zealand
plant 6over1ng is due te several fasctors. For one
thing the three Islands, North Island, South isl.'uld,
and Stewart Isl 'md, ocoupy a very isolated position
in the Faecific Oanean, Tar from nelghbouring lmd-
mnasses. Yor this reason the country has developed
a particular vegetation of its own, in some cases
quite unique. The plants have developed without the
effeats of competition with new arrivals in the plant

world, Also grazing mammals were not formerly pres.



hc' dealqnd plant-oovering. whioh.must be utudied

where it remains in ite original virgin form.; |
There is another vie'point from which tho

| study of Hcv Zenland vebetntion offerl a apeoial inte
erenst, llew Zonland is o country of remarkable phyai&
graphicml features; "the coast line 1u grently 1ndent.
ed and witidn comparatively short dintandes, ahows great
vaiiety of roeky ciiffs; sandy beaches, wooded ashores,
tidal ﬁuys and mudeflats. The land surface extends
from'sea-levei to nountaiﬁa reaching to avﬁeight 6f
12,000 feet, and includes exten=ive plaine, nome pro=-
senting features of deserts, other rich, well-watered
lands, swamps, rivers and large fresh-water lakes.
Consequently the #egetntion varies exceedingly, -nd
showas greater diversity than ¢an De met with in oy
other portion of the globe, of similar area." (Chilton
‘ 1921.) ' ‘Thugvthe country obviously provides 2 splende
id field for botanieal inveatigation, Further there
are many o types of loeal natitot to. be met with,
such as'the}nhingle slips and fans, and the voléanie
areas, All these regions have a vegetation that 1s
typieally their oﬁn. and that differs from that of any
other j.mrt of the world. Prua the belaninh Finds
lew Zenland a most sultable place tor inventigation ine
to aueh problens as the relation of the‘pland covering
to its envirqnlant, md Tor eQOIOgiéal wﬁrk in general.



(b) Ehx:15n1_Esnztnuhx_sz_ﬂsl_ésaianQ;'

Generaly

The New Zealand botanioal region, acaording
to Oooknyno (1921), comprises those ialands lying in
the South West Paoifie hetween the parallols of 5o°
and 55° auth latitudo, and 158°56' Last and 176°

weont lonbitudo. The arohinelngo 1t 4t may be "0

ecnlled, oonsista of the tollowinb groups of islands
Eormadocs, liew acqlwnd nroper, quhantartio Illands,
and Chathom Islanda,‘ |

Ncw A 2land proper oonsiﬂtu of 10 large
Ielands, the %outh and North, -nd a third much smaller
nisland, %tswaft island. {Figsds) ‘Thesa with some
sm§11 islets, inclﬁding the 'Three‘xdngm'! lie.hetwﬁen
parallels 54°6' and 47920' 9outh latitude =nd meridiam
166° and 179" tant lonLi+ude‘ -
| "ho lonb isolation of Iew zomlznd for from
othef land mnsnen, in » metier of profound sibnificnnco
with regard to thé flora. Tasmania, ihe péarast Land
ﬁasa, is 1500 hm., distant; Australia is 1650 Hm.,
distant; South ‘merden is 77G0 Km., distant, and the

Antarotic oontineni iﬂ 57”” ket di'tantf

Horth Islond: | | |
(1) Mountaing. The land surface 1s mueh hroken and



mountainous in parts. The o‘ent’x.'al part is & vole
canic plateau, where there is still much thermal acte
ivity in the way of hot springs, geysers, ete.

There are numerous large mountzinm, some active vole
canoes, others new extinat., |
The'utreme_ north of the island eonsists of a 1 arrow
table-land, o

(11) _I,’_;glx_t_l.“ There 48 aun extensive plain, the
Wanganul, in the South VWest of the Isla.nd, cut inte
by @ network of deep gorgen, The Walkato plainv, wet
and swampy, is in the Z%outh of the Auekland province,
"I‘hare are o,laq river plains iast and Yest of the lain
range. | |

(111) Bivers. The island is well watered, many of
| the rivers hé.vinu deep gorges, There zre ~laso extene
sive ewamp lsnds, eg. Manawatu, Waikato, Thamee, ete,
(1v) lakes. The largest is Lake Taupo, on the vele
canic plateau. _

(V) [ea Coast. | There are extensiva dune aress nlong
the West nnd Tar Horth and ieorth-}':aét coasts, Then
oliffs and chale ‘oharmt@rine the South ond ’f?outh-J.;‘a.at
coaats. R |
South Ioland.

(1) X ngs, The surface in very mOant:!iriouﬁu

There are two main chains, the long chaln of Southern



Alps on the Vest, and the range running from Dunedin
across to the Alps, joining the latter hetween Lakes
Wanaka and ‘akatipu.
There are manu outafnndingly, lof'ty peaks, (eg..hount
Cook, 3766 m.). liany lofty ranges nnélspurl extend
eantward., There are also the naikouras in the lorthe
Last,
Sgnks leninsule on the ilast of the Cnnforbury province
conasists of much denuded voleaniec rocks of Tertiary
age, reaching = height of 900m. (Fig.l.)
(11) JPlains. An inportant and striking feature ia
presented by the gravel plains formed by glacial or
anow rivers, |
4gt The extensive Canterbury plain (e, 161 x 48 im.)
The Westland Costal plain (e.200 lm. x 10 lm.)
“and the Jouthland Flain, from the lakes to Foveaux
Strait.
(111) Rivers. The rivers are numercus, issuing from
glacieré.or fod by melting anow.or'hy fraquent downe
pours. These rivers are at firﬂﬁ torrential ,Jeaping
and fosming. By degreea, the valleyﬁ widen to, perhaps,
flat stony bed over which the river wanders, The river
may fluw between high terraces which 1t has buitl. At
‘the mouth of almost every gully, shingle {-nm are present,
(1v) Lakes. There are several large and important

lakes in the South of the island.



(V) Coast line,  The only places where this

is much broken, are in the region of the larlbore |
oﬁgh Soundq, (dj.-ovnod river valleys), and the Southe
Went Otago fiords (glacial origin), |

Banks Peninsula i§ o ﬂpecially‘ interensting
pé.rt; it aontains numerous inlets, many of which
were 6r1¢;:l.nally voleanie ceraters; =also a few shall=-
o estumries, (Fig.2.)

The eoast 1s often low with stretches of
sandedunes. Shingly shores with great river mouths
‘:'u'e f‘:e«mmt. Often the mountains come right down
to the %J?xoz"a, fomming a roeky coant line,as in South-

East Otago and Banks Panineula,



(e) Glimate of liey Zesland, OCookayne (1921)

A mout'important point from‘fho botanical
standpoint, is the olimate of the ovourntry under aone-
uidorationq‘

New Zealand pomsesses for the monﬁ part,

a maritime climate, owing to its aifuation far“from'
other lands, in = wide ocean, and also to its extreme
NATTOWREsSs o In no part of liew Zealand is the land
further than 12C Jm,, from the ses, .

It is to be hoted, however, that the climate
is by‘no means uniform; there are marked differences
throughout the eowntry.  This faot ia due, Tirstly,
t¢ the extreme length of the whole countiry from Herth
to South; many degrees of latitude are passed thre
oughs and saoondly; to fhe lofty mountain ehaine
in both islands, lying athwart the prevailing winds.
3&&3{&&_. The rainfall ia sorrelated with the
wmountadn ranges, In the South Island, the mountains
somprising the Southern Alps, and lNerth West ranges,
lie broadside to the preﬁailihg ‘esterly wind, (Fig.l.)
on their windward alopes, are condensad Lhe vapaurs
collected over the ocean, The elimate is thus very
wet on the Wemt, where the rainfall is from 250 to 500
em, , per annum, and hy eomparison vé:y dry on the

iaat, where, in places, the rainfall is only about



one tenth of that of the Vest,

In the Nortﬂ Illéﬂ@,lthe rainfall is more
even over the whole ‘isim}c'la,. but i3 heavier noe.r -
Mount Egmont, the Dividing Range =and high aunmits
in general, | v'}

The mean annual rainfall of New Zoalahﬂ..
1s about 121 em,  This fall is far from uniform
through the seasons, |
Iemperature. In the matter of temperature, extremes
are absent throught New Zealand, the climate being
oceanic, Certain parts of the last of the South
" Island posses a slightly more 6ont1ben£al climate
with & big range of temperature,

Frosts are common in the Soutlwrn paris of liew Zeal-
and, and inland, -
Wind is of importance in many distriaets, Strong

Westerly winda of the Jouth Island, sweep =oross the

kastern plainas as hot winds, ecaousing the maximum de-
gree of trangpiration.

All theme olimatic factors, temper=ture, wind,
rain-Tall are most important ecolavgical factors,
There are frequcnt audden changes of temperature, when
conditions approaching mirewinter o0ecur ir the middle
of euwmer, Sueh changes are, of cecourme, of gre:.it

physiological importance. Then, as has been mention-



ed, the hot dry westerly winds that sweep across
the plains have = marked effect, esusing the maxi-

mm of transpiration.

(d)  Soil of New Zealand,

| A note on the soil of Nlew Zealand is of
interest from the bhotanical view po:lﬁt.

' . Widely spread soild are: léua, pumice,
‘elays, marls, sand, and stony d&bris,

Common soils are: aaluvial loams, lumus
peaty soils, volecanie rock ioila,' salt soils, and
rock, ) | ,
| Quite loeal soils : sulphur (near hot
springs ) ,80il mamired by sea birds,

Loess soil is espread over a wide area |
in the Seouth IuLmdé pumice is important in the
centre of the North Island , while elay of various
kinds is eommon throughout both islands.

Alluvial loams form the hulk of lowland walleys in
the North and South Islands, while lmummue is widee-
sprca.d; An important point to he noted is that
voleanie soils are speeially fTertile;  these are of
frequent occurrence, but loeal and limited.



(2)

(a)

THE BOTANICAL DISTRICTS OF NEW ZBALAND,

List of districts, with notes on their celimate.

Cockayne (1921) divides New Zealand into

the following botanieal districts. (Fig.l.)

1.

2e
Fe

4o

9.

The Kermadec distriocts -- Climate mild with
much rain,

The Three Kings district.

North Auckland district.

(a) Northern portion =- Climate warm
and equable, sub-tropleal breezes in
Sunmer o N

| (b) Southern portion e- Climate mild ~nd
humid,

South Auckland distriot.

(a) Waikato sub-district - Range of temp-
erature greater than in distriet lo.3.
(b) Thames subedistrict - Mountainous dis-
triet, with loeal elimatic dif'Terences.

Voleanie Ilatasu district - (limate far from uniform,
frosts frequent, snow
on high summits.

Bast Cape district -- much modifie~tion of elimate
owing to hiily nature of area,

LgmonteVan anui distriet = 1ain from esterly dire
ection, hevier round
hi!ly parts,

Ruahine=Cook distriet (exeluding lariborough “ounds)
Weather preduminantly Westerly,
sometimes subetropiecnl , Characte
eristic high winds,

lNorth=tastem district = Ixtresely mountainous and
sheltered, dry =nd semi-
continentn2l climate,



10,

11,

12,
13,

14,

15.

16,

17 «
18.

Bastern district o= Jemiecontinental elimate,
The hot wind is an important
feature, Constant extremes
of climate,

Northewestern district -- Mumid climate, heavy
rainfall,. Open teo
Westerly winds,

Western district =- Climate similar to Hoe4l.,hut
rainfall still heavier.

Fiord distriot e« Maximum rainfall of New Zealand,
North Otago Adistrict - The dryest district of lew
Zenland ;temperatures some=-
what extreme,
South Otago distriet - Cold rainy winds frequent.
- CGlimate of somewhat sube
antarctio type.

Stewart distriect =- Subeantarctic climate, excessaive
. number of rainy days.

Chatham distriecte.

Subeantaretic previncs, including Compbell distriet
and Yasquarie Island.

Diotricts 1 - 4 hblong to the liorthern liainland I'rovince.

Districts 5 - U belong to the Central i‘ainland rrovinae,

vistriets 9 16 belong to the. Seuthern iminland FProvince,



(v)  The Esstern District of the South Island.

Ths botanical distriet of -pociai interest
in commection with this paper is number 11, the Easte
ern distriot (South Island),  This includes the
extensive Canterbury llains and a small peninsula
projecting into the Ocean on the Emst. (Wig.l.)

This is Binks Rjn&nﬁﬁla. % welledefined sube-distriot
of this botenical regiens  The Port Hills, with
which this paper aspodially deuln, form a portion

of this peninsuls, On Banks Peninsula in general,
and on the Port Iille in particular are to be found
various interebtinglplant assoaiationm, in which
ferns play an important part. Y“hese assoaintions
have n eharaster of thelr owm and differ in many
respects {row Ll ceascciations of other lowland hille
of Naw Zealand, A note frow C(oesksyne (1921) upon
the ferns of lowlands and lowland hills throughout

Yew Lealand genernlly may be instructive.



(3) THE FERNS OF THE LOWLANDS AND LOWER HILLS |
OF NEW ZEALAND, '

In the Horthern botanic—al provinoe,
all tho hills, with the exeeption of one or two .
sunmits of the Thames mountains, bear vegetation
of = lowland stamp, In the eentral province,
charecteristic lowland vegetation ascents to about
800 m, In the Southern provinee ahout 600 m. is
the upper limit for this type of vegetation, but
the foothills, the basis of the high mountains and
the valleys often posses a vegetation rather sube
alpine than '1owland at a height considerably less
than 600 m. . '_

In these lowland formations, the
smaller ferna are often exeeedingly conspicious,
although the foreat ia th_a principlzl home of many
of them, loist gullies; dry slopes, rocks w;t_ or
dry, exposed épots or swampy places 211 hwe‘. their
ea;‘\ecial‘ speecien, ¥erneheath is a very coﬁm-mn ;
plant formation on these lowland areas and lower
hills, lxoept in apecially exposed localities,
the ferns are ever-green. In many cazes the fern- |
heath is qite pure, for the leaves grow no closely |

an to inhibit 21l undergrowth .



Examples of ferns confined to low-

~lands =nd lower hills are : - Adiantum,

Cheilanthes, Pellaea, liothoolaena, Todaea,
Lygodium, etes |
"In general the lowland ferns show
distinct response to seasons, more from 'habit!
than from differences in temperature, ete.
Some even gx:éw best in Winter.® (Cockayne,1921)
In referring to the rock vegetation
of lowland and lower hills throughout New Zealand,
COciayne (1921) says : "Rock offers moist diverse
ecologieal conditions for plants, Roughly the
émsooiations nay he divided iato dryerock and
wet rock assoeiations."  The drye-rock ferns differ
greatly from the weterock types,  There are al-
together tﬁonty eight ferne eeccurring on lower
rocks throughout the country. Some of the more

 important examples nre i -

Asglonium.rlabellifolium, | Aﬁgg;amme leptophylla, |

Oheilanthes sieberi, INothoclaena diﬁténs, Blechnum
' eapense, i Pp;xgggium diversifolium, Polystrichum

Rishardii, Pleurosorus rﬁtaefolius. Hymenophyllum

multifidum, 'Asplonium lucidum, eto,




B, BAYEB'  PEAINSULA.

(1) Physiogrephy of Benks' Yeninsula.
(Pigures 2 =nd 3).

banks' Peninsuls, on the East coast of the Eastern |
botanical district is a welledefined and isolated
ares, =nd as suoh of special interest to botanists.
Its chief plvsiographie features are as follows:
"The Feninsuls stretches out to the South East from
the n'cu't‘r'c‘ of t‘ha ’oastem sriie of the Ci.nterbury
i'].a.:l.na. It is oval in slﬁpe and shout 35 miles
long snd 2C wide, It consists of a congeries of
“hills r‘ising' at the c'e‘ntrle‘ in Mount Herbert to a
height of about 1000 miles, and in Vounte Sinelair
and Fitsgerald to a slightly less height, From
these =and other peaks long ridges with steep sides
run out in =11 directions , enclosing occasionally ,
narrow flats, Beyond the flaf.e and between the
 outer ridges are the smaller bays . On the zeaward
side the ridges terminate in eliffs 100 to 170 m,,
high; &and on the landward =ide clope down to tho‘
plaing, oliffs bheing absent, Two large harbours,

on the eitea of old voleanic claderas, break inte



- the hills, and are surrbundod by ateep walls -
which rise in rocky cliffs and ucaxnenﬁs to the
height of 670 m., in Akaroa Harbour, and somewhat
lesa in Lyttelton harbour, * (Laing, 1919)

It will be seen then that the area
under consideration consists mainly of mountains
and iower hills, steep nlopes, and rocky cliffs.
On three sides, North,South, and East, the Fenine
sula is surrounded by the ocean; on tho'Weatern

side, it meets the Canterbury Flains. (Fig. 5)‘



(2) Climate of Banks' Peninsula., (from Laing,1919)

Temperature:- : The climate is typleally insular

and warmetemperate, differing from the more contin=-
ental type of the canfezrbln-y Plaina, On winter
nights the hills -re rmch warmer than the adjscent
plains, In mome places on the hills round Christe
church, frost is rarely scen, on the' hill tops, “
of ooui-u. the tefnperature is lower .than on tha
plains, both in summer snd win ter . In the warm
sheltered valleys of the North side of the Penine

sula the conditions approach the warm temperate.

Rajnfall: | The ra.;_lhfall varies in different
localitien, sveraging from 60 em. to 125 or 150 cm.
(on the top of ut, Herbert.) The Akaroa hills
out off mugh of the .}:aaterly rain, This dintriof
and the hills ,ro.undythek lytteltion harbour have much’
the same conditions, although the 1:»1"11:‘}‘1'.‘91' hills are
hotter and dlfyor, the aspeact heing hurthem.

‘Snow falls every yesr on the hill-tops, but not often
at the baseas of the hills, | ‘ o
¥ind: - This iz an importent elimatic faetor
here. Tha prev:a.iling win‘d is from the Z~.Tqrth Bast, |

This, in summer time, 19 usually = sea-breeze, withe



out rain, but when this wind is part of a cyelone;

it frequently brings continuous, though often light,
rains, | '

The North East wind may pass into the less frequémt
North Vest, which is hot and dry. This wind has a
most important effest on the distribution of the
plants, The colc_l South ’/ester brings mueh rain.
The rainfall is irregulat in its distinetion throughe
out the year, The months of Dooembe_;r to Marech are
usually fairly dry, droughts being not uncommon, part-
ioularly on the Horth West faces of the FPeninsula,
This has tended to produce = distinetly xeroplytic
type of vegetation on the Port Hillae, (or Lyttelton
Hills), though elsewhere it tends to the ﬁeuop}wtio.



.(_2) Ferns of Banks Peninsula. (Laing, 1919.)

Numerous ferns are found grwing in 211

sorts of situations on the Peninsula, These are

cheifly : Hymenophyllum (13 épecies)g
Trichomanes (1 sp;); | Cyathea (sppe); Hemitelia(lsp.);

Dickesonia (3 epp.); Davellia (1 sp.); Adiantum (3spp);
Hypolepis (2); Cheilenthes (2); Pellaea (1);

Pteridium (1); FPteris (1); Rlechnum (7);

Asplehium (8); Polystichum (4); Dryopteris (3);

Nephrodium (1); ©Polypodium (6); Nothoclaenz (1);

Fleurosorus (1); Anogramme (1); Gleichenia (1);

and a few others,

The situstions of the more fimportant of
these ferns may be classified after Laing's system {1919).

1e On salt meadowb and sand dunes, ferns are

for the most part absent,

fa n the coastal rooks, there nre two classes

. of nituation, the wet rocks, and the dry, On

the wetter rocks, only Asplenium obatusatum grows,

The drier eoastal roeks re the home of aertain
species of zomewhat rare farna, In addition to

Asplenium obtusatun and A, lucldum, the following

ferna, though Tound elsewhere, particularly haunt



such situations : Cheilanthes sieWeri;

Nothoolaens distans;  Polystichum Richardij

Polypodium serpens and Adiantum affine,

Za In tugsook grasslands, fems are very rare,
Pleurosorus rutaefolius and Ano@ume leptophylla

being two of the few ferne found in such situations,
These t70 are found exceedingly rarely in such

Places,

4. Inland eliff and rook is a characteristic
situstion for ~ mumber of ferns, as follows:

Plourosorus rutaefoliusm; Polysticlmm Richardd;

Cheilanthos sisberi;  Polypodium pgreumitidis;

Hymenophyllum nultifidum,

2._ In the forest areas, llechnum discolor and

Polystichum vestitum are found in large quantities

on the floor, vhile beside the stremums grow

By fluviatile; B ‘l,zmeclatum; D+ capense

and Asplenium bulbiferum,

Spiphytic fTerns are numerous, B.g. Asplenium

faleatum } A, flaceidum; ete.

6, In lowland serub snd heath, re to be found

Bleolmun capense; Pteridium esculentum; ~ and

Pteris seaberula (® Paesia scaberula, A, Rich,)




Ce THE PORT HILLS,

' Particulars of the Hills surrounding the Lyttelton

. Harbour, including the part lmown as the Port Hilla,

(1) Physiography. . (laast 1679, and Speight 1917.)

Un banks' Peninsula, there are two
large harbours on the sites of old veloanic calderas.
(fig. 2.) One of these, the Iyttelton larbour
ealdera, is the oldest oratéf‘of vhieh the prineipal
boundaries nan be traced at the present time,
The genorai diameter‘of this o0ld erater is about
3 ¥m., and the centre i= situated 2 little to the
South of tmail Island, (Figures 2 and 3).

Around thiﬂ‘harbour, rising steeply
from the water, ﬁhare in m.horso;uhoo shaped range
of hills, known as the mtel_toix Hills.(Fig. 4.)
They have been pieturesquelj desoribed as follows : -
“Rising nuddonlj ﬁp froﬁ o ecorner ofjéﬁe Canterbury
plains, the Port Hiilu rndr.rof milé#.alonu the slky
their tawny, seni-gireul ar rwmport of'rooky and
Jagged arests, and send down into the flat, a Juccenns
ion of long tawny gpura; encloaing long tawnye-green
valleys, Thelr fantastle akyline suggeste at onae

a voleanie origing and they are in fact, the out-



lying spurs of Banks Peninsula, that olld voloanie
excresence upon the iast Coast of the South Island
of New Zoalar#d. The height of them Peashos Sense
times an sltitude of nearly iwo thousand feet; 1t
is never less tha: one thouarmd.'( Baughan 1914)

| Frvom. deiey Head at thé Ho:l"th of the
entrance to the ha.rbdt;zr,. n road called the Sumnit
Road extends along the hills, right round to Goopor'ﬁ
dnob, a dista.nce of nsarly 40 Km., and about half
way round the whole range. (Pig. ) This road
runs close to the summits all the way, truncating only
some of the higlwr perks, overlooking now the liare
bour, now ‘the Flains. From various parts of
Christechmreh and its 'subui"bs, the swadt road may
| be reached by other roads and tracke leading up to
it, partioularly Irum Swmier, Redeliffs, Clifton,
Opaﬁa, Casimere and other places, '

With regard tov these roads, one writer

has vwisel'y remarked, "Admirable as the tracks are
foi' taldng the trthreller from point to point, nothe
ing ean be done by stieking to them. Both the
rocks and thé bush mist be taok’lead_ at close gquarters;
the mont difTicult and steep and mowt thickly obe

structed routes must often bhe followed;  netlles

(Urtica ferox) five feet high, braclken over one's



head, biddy biddies (Acacna sp.) and lawyers

(Rubus sp. ) 'hqyond belief, muét_ be fearlessly
Tacedg j:recipitous rocks must be skirted, craned
ovei.'. scanned from shove and below, and climbed

if the work is to be thoroughly dene; cld clcthes
are desirable and not too many of them for'the
slopes are often terribly steep.  All these little
d:lfficultieé and drawﬁzick;s only add to the fascin=
ation of the work, if done in the proper spirit,

and the person who will not f=ee them does not
deserve to find the first and nbmmoneat. fernl®

$4al1l,1918.,)



(2) Conditions for Flant Life.

(a) Gllﬁtio .

The clbnato of tho Port IIilll aorrece
ponde 1.n geneml uth thnt ghen for the vhole of
Banke' Peninsula, that ia, it is typioally insul ar
and warm temperate, On f‘rnty nishts the tempe
erature of the Cashmere Hills is from 3 © to 5°
higher than that of Christchurch, while on the hills
at Redeliffs and Summer it is still warmer.  The
lovwest temperature that may be observed én the
Cashmers Hills ia about 89 @. Thus for plant -
life the temperature is fairly favourable. | lest
of the forus are in fairly summy situations, so that
the ground is oftan falrly warm, =nd the atmosphere
warm during the day. There may be somswhat sharp
eontraats at night in Vinter,

The rainT2ll is not very extensive and
the ILyttelton ‘.[ii].s therefore are, comparatively
speaking, fairly warm and dry. i Roaky situstionsa
with = sumy aspect are very dry; the crevices and
bases of the roslks are not mits no dry; while in
shady plases there are mite moist eituations, for

instanecs ip eaves whieh eateh the dripe from over-



hanging edgea of rock, »
Besides tcxﬁperaturo and rainfall, a
most important factor influenecing the plant life
is the wind, In general, wind always has the
following érfeotn; it influences 3
i. The Ercctneualor otherwise of the plants,
11.. The transpiration ratey
i1ii. The spreading of spores and neecds,
iv. The temperature of the air and ucila'
(Schimper, 1903.)

In addition to these jeneral eff/eate |
of ‘wi_nd,,‘ 1'1: is nesess: v to aonsider the great ime
portanﬁe of the particular winds /hieh blow éver
the Pdrt']fills, for they affect the vegetation in
this case to an extent that is remarkable, The
aspeét of a slope may he sald to determine ita
vegetation to a far greater extent than any other -
factor, On the wpure‘ which run dowm into the
cmterbury 11ains and thus face towards the West ,
the vegeﬁra;tion ia comparatively scanty and dry looke
ing, The alopes are covered with a gras-land
association, with few treea and only a sugrestion
-~ of busﬁ. Lerophytic ferns and herbs grow among

the grasses =nd rocks, but there is an ahsence of



mny luxuriasnce in the whole appearance of the
vegetation. (Fig. )

How if one climbs one of these ridges and passes
‘over a saddle to the spurs that =slope steeply
down to the harbour, one feeln that one is in a -
totally new country. A luxuriant vegetation
covers the hillsides, Green masnes of bush,

full of trees, shrubs, lianes =nd ferns fill the

gullies, In damp caves under overhangihg rocks
grow numerous liverworts and ferns, The grasss
land is more mesophytic in character, The whole

appearance of the vegetation is in the sharpest
opntraﬁt to that of the Western slopes.(Fig. )
And thie pronounced difference is due to the
winds, Th§ slopes that force the plains are
exponsed to the aweep of the ntfong, hot =nd dry
Nor' Wester, the welleknown wind that sweeps
across the whole of the Cantertury Plains after
Aleaving its moisture on the Jestern side of the
Southem Alps. The alopes thnt Tace the hare
bour, escape this drying wind with the result
that thelr vegetation exhibits considerably more-

luwmariance,



(b)  Edaphic; (Marshall 1912, and “peight (1917.)

i+ The soil varies conaiderahly 1nvphysic—

al 2nd chemical characters in different parts,
Where there are no rocks near the surface, the soil
is a light loam for 1b?ut half a metre or eo,‘and
below this there is clay. In crevices of rocks
and such spots, the soll is fairly rich and is com-
posed of humua and decaying remains of pl;ntSa
Such is,to some extent,also the case under overs
henging rocks,  On the dry, sunny rocks, the
'soil is very ary, ﬂoénty, and éortypy.w,z On the
whole, the ~o0il belng voleanie in nature, ié of a
good fertility.

ii. The rocks (Fige ) of the Fort Hills
are o moat important feature and may be briefly des=-
eribed, “The Lyttelton caldera has all the feét-
ures of 2 composite aone built up of layers of lava
and fragmentary material., «ccec.e The lava flows
and ashebeds of which the cone is construated are
exclusively basic in character; they vary from
fine-graihed basalts to those in which feldspar
phenoerysts form = considrable bulk of the rock,

On account of this feature and their cwsequent

high percentage of nillea (up to 55 per ecent), they



have been classified as andesites, but they contain
normally, a considerable amount of olivine., so they
should more properly ‘pe called basalts of andesitic
habit.® (Speight 1917.)  Olivine andesite is then
the tyvpleal rock of the Port Ilille, ﬁolerite also

is abund=nt, while white rhyolites occur at the head
of the thfelton Harbour,



(3) The Ferns of the rort Hills,

A -recmt worker (Wall 191&) cn the ferns
of the Port }iills has conveniently placed them into
three categories, as follows : =
X . The very common ferns {rowing wherever “he

locality suits them, e.g. Cyathea dealbata;

Pellaea rotundifelia; ‘' Pteridium esculentum;

Dleclnui lenceolatum; I, discolor; B. capense;

Be fluviatile; Asplenium flabellifolium; A, Hook=

erianum; A, bulbiferum; A, flaccicdum; Pelystichum

vestitum; P. Richardi; Polypodium serpens;

P, grammitidis; liothoclaena distangi Cheilanthes

sleberi; etc.

~3i. The comparatively uncommon ferns; e.g.

Dicksonia squarrosa; EHleochnum membranaceun

Asplenium obtusatum; Adiantum affine; Cyathea

Cunninghamii; ete,

1ii. Ferns that’ u rare or very uncommon, or local
| ‘in thia district, e.g. Chellanthes tenufolia;
.Eleurosrus rutaefolius; Anopgranme leptop_}ug_i_a_;
tymenophyl lun a:m;;uinolcnt.ﬁ: mnd Leptopterie
Iymenophylloides.




From the foregoing, it will be seen
that the;two ferns Cheilanthes sieberi and

Nothoeclaena distnas are quite common, while

Pleurosorus rutaefolius and Anogramme leptopiylla

are nore diffieult to Tind, H;ny intereating

questions aie sugegested by a review of the ferns

of the Pert Hills, This paper it ls hoped, will
add a little to the present knowledge of Tour of

the mo=st intere~ting -mong the number.,

G Em W W W W W o



FPART 1l.

GINERAL RIMARKS .

As previously stated, it is prop;aed in this
part of the present thesis to deal with a small group
of the Port Hills ferns, viz:e

Cheilant_hu sieberi.

Nothoclaena distans.

Pleurcserus rataefolius,

Anogramne leptois_fglla .

All four of thése ferns show eertain xerophytie
characteriatics wherein lies their particular interest.
It is the main purpose of this paper to point out these
charasteristics and to discusa them in relation to the
habitat of eaoh.plant. The method adopted is ﬁo
¢give morphologleal, anatomical and ecologieal deseripte-
iona of the ferns, viewed both individually and com-
paratively,’ The eonclusion points out the signiuio;
ance of the features deseribed, with regard to the
important ercologleal gquestion of the relation of a\‘

plant to its environment,

As TAXONOMY AND DISTRIBUTION,
L. Toxonony.

The taconomic position of the ferns accorde




ing to the classification given in Ingler and Prantl'a
"Pflanzen-familien" (1912) may be éeen from the table.
given below, whiéh sets out the subdivisions of the
group Filicales Leptosporangiatal. Of the 8 families
comprising the Bufilicineae the Polypodiaceae con-
stitutes by far the largest and most important. Tt
includes among an immense number and variety of ferné,
thé‘four under discussion here. The further sub-
divisions of this family have therefore been set out

in full,in order to make clear the exact taxonomic

[

position of the four genera: Cheilanthes,

Nothoeclaena, Pleurosorus, and Anogramme,




EILICALES LEPTOSPORANGIATAR «

(a) EBufilicineze
Family 1. Hymenophyl1aceae
. 2., Ctathaceae
" 3. Polypodiaceae

Sub=family i. Woodsieae

® 11, Aspidieae
w#  i1ii. Oleandreae
" iv. Davallieae

" v. Asplenieae

Class a, Blechninae
Genus :Blechnum
"  b.Aspleniinae
Genus :Pleurosorus
‘ Subefamily vi.Pterideae
Class a. Gymnoesramminae -
Genera :Anogramme
Gymnogramme et
# b.Cheilanthinae
Genera:Cheilanthe
Nothoclaen

Pellaesg.

‘ Cryptopgramme et
¥ a. Adiantinae

Genus ;: Adiantum
" d, Pteridinae

Genera:Pteris
Pteridium
et
Subefamily vii.Vittarieae
» viil.Polypodieae
® ix.Acrostichese

Family 4., Parkeriaceae
* 5, Matoniacesze
" 6. Gleicheniacene
" g. Schizaeaceae
" « Osmundacese

(b) Hydropteridinesze.



A brief description of the characters
upon which the foregoing classification is based
will account for the position accorded to the four . .
genera under consideration,

The eight large families ére distinguishe
ed according to the nature of the sporangium, particulare
ly with regard to the type of annulus,

Feamily 3, ©Polypodiaceae, Here the sporangium has
an incomplete vertical annulus, extending not quite
down to the base on one side. This’énnulus is sel-
dom absenc; A few ferms are arboreccent, but most
giow in a shrub-like fashion,

Sub-family v. Asplenieae, The sori arise laterally

on the veins, the sporangia being flask-shaped. An
indusium is usually.present. The petioie is unjointe=
ed and there is congidefable leaf-division,

Class b. Aspleﬁiinae. The sori are placed along the
lateral véins,

Genug: Pleurosorus. There is no indusium and the
leaves are much divided. |
‘General characters of the genus(from Ehgler 1912):
The soriare oblong and situated on the lateral veins,
without any indusium. The unjointed petioles arise
from a rhizome. The leaf is much divided, and is
furnished with fsw or many hairs, while membranous

scales may be present,



Sub-family vi. Pteridene. The sori are oblong
linear, at the ends of the veins. There is
-usually no special indusium, but the leaf margin
is often modified and much reflexed to cover the
sorus. The unjointed petioles arise from a
rhizome, The leaves are very rarely undivided,
and may have a cdvering of membranous scales or
hairs, the latter sometimes secreting wax,

Clasgs a, Gymnogramminae, The sorl extend almost
the whole length of the veins,

Genus: Anogramme. The leaf is quite smoeth and
bare, General characters of the genus (from
Engler 1912):. the sori ére sltuated on the veins
extend;ng almost their whole length. The spores
are tetrahedral, The prothallus may persist for
a number of years, and consists of a much-lobed
expanded portion, and tuberous shouts which bear
archegonia, The sporophyte‘generation is usually
annual,(Note. This matter of the persisting
gametophyte and the short-lifed aporophyte is to
be gone into fully in the chapter on morphology,
Part 11 B.) The rhizome is shortened, very
delicate and bears long bristles. The petioles

are ﬁnjointed. . The leaves are almost wholly



bear, and are'many-timea perinate,the_veins‘being

repeatedly dichotomouss

Class b. ’Cheilanthinae. Thg'sori are placed on
the distal ends of the veins, whefé they sometimes
spread out till they become confluent,
Genus i. Cgeilénthes: The leaf-margin is always
reflexed,
General characters of the genus (from'Engler 1912):
The sori are on the thickenmed ends of the veins and
are roﬁnded to.qblong, finally becoming confluent,
They are always cove:ed 6#er by the reflsked margin
of the leaf, The rhizome is usually short, elther
.agecending or creeping, =nd with membranous scales.
The petiole is unjdinted, and>1eaVes may be simple,
bt are usually many times They may be

" or less hairy,
Genug 2. Eoghoclaena: The‘leaveé have membranous
scales,
General characters of the genus: The sori are
terminal on the tldckened ends of {the veins, and
are rounded to oblong, Tinally becoming confluent.
They may he unwovered, or may be covered by the
refléxed leaf-margin., The leaves are more or less

divided, =2nd are more or less nairy or scaly.



As Bngler (1912) points out it is very
difficult to separate Nothoclaena sharply from
gseveral related genersa - '
1t is.especialiyrdiffioult with regard to Cheilanthes,
which, as will be seén from the foregoing desecript-
;ons, resembles Nothoclaena very strongly. The
genus Cheilanthes comprises an abundance of forms,
certain of which résémble species of Noth&elaena
20 closely that it is almost impossible to keep

the two genera sharply separate,



2 Dittribution.

0f the four genera, 2;93;_;3;35 is tho
least in number of speoiea, there being only 5, w

Anogramme has 5 species, In the genus Cheilanthes

however there are 40 speoies, and in Nothoclaena 30

species, .
(Willis (1919) gives later figures t

Pleurosorus 3 apj; Anogramme 1lOsp; Cheilanthes 120 sp;
Nothoelaena 50 sp.)

The distribution of the prineipal species of all four
genera (as given in Zngler and Prantl 1912) is as

follows

i. Pleurosorus.

The three species are feeﬁly distinguished
from each other, They are mostly 6f iimited diss
tribution, The distribution therefoie of the
whole genus'ia very diséonnectéd, thus: Australia,
New Zealand, Southern Chili, South of Spain,

P. pozoi: Found in erevices in the mountdins of
Southern Spain,

P,rutaefolius: Common in Australia and New Zealand,

P.papaverifolium: Southern Chili,

ii.Anogramme,
A, leptophyllz: Wb tern Kurope, through the

Mediterranean region, on moist clayey

soil or on rocks; on the snow mountains
in Apyssinia, aad in South Africa, in

Capetown, and lMadagascar, West Asia, India,



East Australia, New Zealand, America

from liexico to the Argentine.
A, ascensiouis: 0On the Green Mouhtains of the

Agcension,

A, cheerophylla: In warmer America from the Antilleé
to Northern Argentine,
A, Schizophylla: Jamaica, Cuba, on the mountains and

in cultivation,

A. microphylla: On trees in Eastern Himalayas, and

Khasia Mountzins,

iii.iothoclaena,

Wesinuata: From Arizona Southwards over the Andes
to Chili =2nd Worthern Argentine, on the

bdry 230il of the mountains,

W ferruginea; Distribution as in N.,sinuata, also

some islands surrounding the West Indies,

Wetrichomanoldes: Ceantral Americs, Both on the continent

and the outlying islands,

Ji Rawmbni: South West Africa.

Nelanguinosa: The whole Southern Mediterranean region

to the Worth West Himalayas;
Ne.Vellea: Secattered through almost the whole of
Australia, |
N.iollis: On the volcanoes of Gnatelmala and in
Chili.



N.hypoleuca: Also native in Chili,

el

N.Aschenborniana; Central America in Texas and Mexico.

N.Parrylt  To Worth America.

N. squamosa:‘ Central America, from the Andes to the
3 | ' 'Argehtines
N.hirsuta: Bast coast of Malaysia from Hong Kong to

 Polynesia.

- N, distans: Rockeplants on the Phillipines, New
- ‘Wééiedpnia, Australia, New Zealand,

N,'eckldniai Africa from Angola southwards.

N;vinequalié: Africa from Angola southwards to the

South West Coast on dry rocks,

N4Buchanani; Natal: .

Ne.chinensis: Central China,

N.erophora: Gentral Brazil,

N.Sulphurea; Dry mountains of California and Texas

"tnrouéh Mexico along the Andes to Chili;
Galapagos Island, A geries of related
forms is found in North Mexico and South
‘West United States,

Cheilanthesy

Ch.primuta: On the Andes from Peru to the Argentine

on the higher rocks.

Ch;miéroptéris; On the Andes from the ﬁquatbr to the



Argentine, not at so high an altitude as

Ch.pruinata,

Ch,zlabamensis: Southern America, and Arizona.

Ch;fiagréna: On rocks of the Mediterranean region to
- the Kaahmif-Himalaya-
Ch.l&nosa;l North America from New York to Texas.
Ch,hirta; In Africa from Angola Southwards, very.
common ;n Cape Coldny; and also penetrating
into the:KBrroo neighbourhood. Also in
cultivetion, |

Ch, welwitschii: West Africe in the hilly country of
| Huilla, at altitude 1000 - 2000 metres.

Ch, mysurensis: Common in dry placas throughout

‘Southern India, in Ceylon, Chin=z and Japan,

Ch. pulchella: Canaries, fairly common on rocks,

Ch, arabica: Abyceinia, South West Arabia, and Somali

highlands .

Cheverians: From further India and Southerm China

through Malaysia to the FPhillipines,

Ch, microphylla: Americs ffon Southeim United States

to Columbiz and Peru. Also in cultivation.,

Ch.teniufoliat From Festern Himalayas, Southern India,

Southern Chin=, throush lMalaysia to Australia

and New Zealand,




Ch,Delevayi: South West China,

Chemultifida: Rocky places in the South and on the

highlands of tropical Africa; St.Helena,

Java,

Ch,trichophylla: South West China,

Ch, hespanica: Portygal, Southern Spain,

Ch, farinosa: Very widely distributed in all tropical

lands and very richly represented in the
mountrins of Morthern India, and Southern
China, (here being at an altitude of 3000
letrea)g

Ch,rufa: . In the Himalayas.

Ch, arcenteas Peculiar distribution in the Hast part

of Asia, DIhillipines on hilly country;
- Worthern Indis through China and Japan ;
also Alaskae

Ch, viscosa; In dry regionz, Central America, from

New Mexico to Venezuela,

Ch. Regneltlana: Dry rocks in Brazil,

Cherecurvata; Paragusy.

Ch, indutai Shady rocks in hilly ports of Cape

Coleny.

Ch, Bolusiit West of Cape Colony.



Ch.gracillima: West of North America, at an altitude

of 1800 = 2500 metres. Central America.

Ch,fendleri: In Colombo, California and Texas,

Ch, Clevelandii: Southern California.

Ch, lanuginosa: In North America from Illinois

Minnesota and British Columbia South West
to Texas and Arizona,

Ch, persica: Mediterranean, Algeria, REast Italy,

Dalmatia, Crete, through South West Asia
to the Kashmir-Himalaya district (up to
2000 metres).,

Ch, microphylla: In the Andes from California to
Chili and South Argentine.

Ch. tomentosa: North America from Missouri and

Virginia to Texas and‘Mexico.

Ch, Catoni: Southern United States from Arizona

~almost to Arkansas,

Ch, scariosa: On the Andes from Mexico to Peru,

Ch, Sieberi: Australia, New Zealand, New Caledonia

and the Isle of Fines,
A general glance at the distribution of
the four genera shows that they are very widely spread

over the o0ld and new worlds, Also they occupy the



most varied hebitats; many spesies, especially of

the genera Cheilanthes and Nothoclaena, grow in dry

places, or on rocks, or in drevioes; and some on -
mountains of considerable aititﬁde, while forms of
Anogramme, for example grow on wet soil.

(Wote: The four species to be described in detail

are marked with an asterisk,)



B, MNORPHOLOGY.

1, ‘Cheilanthes mieberi. |

a., Typical form (Fig. ) (This form grows in sumny
' asituations.)

Habit: (Figs ) This fern grows in a tufted form,
the petioles springing close together fi-om the
underground stem, The tufts a.;'é of varying
sizes, ranging frem exceedingly small, sorappj_
plants no more than 3 or 4 cil. in height (Fig. )
up to tall thick eclusters fully as high as 24 cm,
In general appearance 'the fern has a somewhat
‘untidy lock, due to the persistence of brown
j vifhez?ed ieavea anioﬁg :bhe fresh éreen ones,
 Stem: {Flg. ) The stem is a short thiock rhizome
up to 3 em, long and eovered thickly over with
a coating of short dark brown seales., It is
completely hidden by the bases of the petioles
which aria§ very closa together on the uppér
surface, From the lower surface springs a
dense masa of roots, _
Roots: (Pig. ) The rootm are narrow, about 1 mm, wide,
and up to 8 or 10 em. in langth, They are
dark browm, 1rragula.r1y bent and with numerous

fine necondary rootlets,



Petiole:(Fig. ) The petiole is slender, being
only about 1 to 1°5 mm, through. It is
however stiff and wiry, ami-is of a polished

* chestnut brown colour, Auong the petiole
there may be one or iwo very fine secales,
these being scarcely noticeable. Some of
the petioles grow straight up while others
may be bent and twisted (fig. ). The
.pctiolc'is slightly down the ventral
side. The distance from the base of the
petiole to the lowest pair of pimae varies
greatly and may be from 1l or 2 cm, to a®
much as 1lOem, ‘

Leaf: (Fig. ) The petiole is eontinued up as
the mid-rib which is therefore exactly similar
to the petiole in colour, shape ete,

Towards t_he tip however, it becomes gradunslly
narrower, while the brown colour merges into
green,

The leaves are lanceolate to vl:l.naa.r, narrowing
evenly fram the wide bane to the pointed tip.
They vary in length from 2 to 14 em., and in
width from 1 to 5 em, They are considerably
divided, being bie-pinnate to triepinnate.



The primary pinnae are in nearly opposite
pairs, varying in number from 3 to 15 pairs
to ths whole leaf, The lcwer pairs are
spaced fairly far apart, while the upper
pairs are more crowded, (FPig. )

The pinnae are 10n¢4deltoid in éhspo. and
ascend =zt an angle with the midrib of about
45°, The lower ones are deeply sub=divided
inte more or less oblong segments, The
margine are slightly notehed into rounded
toaoth, énd are veory mech reflexad over the

. bhack ofvtha pinnﬁi;; |

The colour of the leaves is a fairly deep
green, the surface is smooth and glossy, and
the texturc firm =nd eoriaceous, although the
leaves é.re. not thiclk. |
ATFig. .) On the bhask of the pinnae at the
enda ¢f the veina ore te¢ be found the sori.
These are distinet roumded proups of sporangia
at first, bub aftervards hecome eonfluent
snd extond all rouad the margin where they
gonet imes cover almo=t the whole pinnule with
their bright brownish sperangla. The reflexed

leaf margin eurles over the sorl and thus acts



28 the indusium. A special indusium is
absent,. |
Sporangia; (Fig. ) The Sporangium is of the
usual Pol&pbdia.uouu typo_, being the shape
- of an :I.nvertoq. flask, with = short stalk, and
an incamplete vertisal anmulus (golden with
dark bars), extending fram the base at one
side, over the top, to about half way down the
other side, Ilere below the end of the annulus
is the stomiws, whers the sporangium splits
transversely. |
Spores: (Fige } The ripe spores are bilateral and
dark soloured,with many protuberances and

markings on the perinlum,

be "Deltoid” or "Intermediate" Form. (Fig, )

Ii'oifma of Chiilgthoa a‘;_.ebe;; varying {rom
the typlaeal are to be found 1n ahmdéd piaoos. ~In
very shady aituations there is to be found a‘ form
showing marked 7:@1:11;1@ ‘from the typicalj whila
in moderately shady plases there growm a "deltoid”
form which 1s more or less intermediate between the
typieal and the fully shaded plant, |
On ecamparing this "deltoiad® ft.:m with the typioal
Ch, sieberi, several points of difference may be




oburud, part.l.culnrly in thc shapo of the 1on.f-

In the delitoid form the loaf is of course deltoid, 'be:l.ng
-hortu', ‘r_\roadar and more eompaoct, with pinnae larger
in proportion to thn whole leaf and, toapeéially the
lower pairs) much more oioao]y set together so that
the pinnules overlasp to = certgm extent, (f'ig. )
The pinmne are aub-div:lded a9 1& tho typieal fomn, |
but the mar(rinl are not roﬁ.oxod to 80 great an ex=
tent, The. green colouxr 1: of a br:lghtor, fruhnr
shade, and the texture of the leaf is softer, while
the surface is less glossy, In many eases the
petiqie is less stiff aﬁd wiry.

e, Hhade form. (7 ig. )

on ccmjurims the fully shaded form with
the t:rrj.::rl, it will e Jound that the points of
difference enumerated shove are accentuated, In
the chade form the petiole is thin and fine.  The
leaves are s¢eft and delicate and of a fresh L-;reenA
eolour, the suri‘a?:e Yeing smooth but not glossy.
The marging nre not rufiexed at 2ll, the result being
that the flat pinmnules appear mich wider tium the
surled ones in the typiloal form. (Pig. )
Tha whole p].'mi; has & maoh finer and more dellicalie

appaearance,



The differences between the fully shaded

and the typical forms of Ch, sieberi may be tabulate

ed as follows

Typieal form,

Shade form,

Petiole:
Viry, about 1 mm,thick.

Leaves:
Deep green;
Somewhat coriaceous;
Glossy eurfacef
Pinnules:

Harrow oblong in
appearance;

Much reflexed margins;

veins not easily seen.
Whole plant:

Robust and firm,

Slender, less atiff,

about m.thick,

bright, fresh green;
soft and delicate;

smooth, dull surface}

. Broad and rounded

in appearanceg
margine not reflexed;

veins more dietinet.

Fine and delicate.




2o

Hothocluina distans .

Typical form (Fig. ) (Growing in full sunshine.)

Habit:

This fern is similar to the preceding
(Ch.sieberi) in many ways, It never reaches

to 80 large a2 size as Ch.sieberi, but grows

in the same manner; 4ie. in tufts of crowded
leaves, the petioles springing closely together
from the underground stem, Younger plants
present = diffirent appearance from older ones,
however, as their leaves, 1nstoad‘of being
erect, are spread out at an angle (say from
30%0 60%) with the ground. (Fig. )

These young plants sometimes grow together in
large numbers thus covering a considerable
area like 2 mat.(Pige )

The height of these younger spreading plants

is up to 3 em, while the older plants grow

up to & height of 16‘om.

Like Ch, sieberi,‘thia fern has a rather une

tidy apprearance due to the persistence of
withered leaves with the fresh green ones,

Though resembling Ch.aieberi, it can he dis-

tinguished at a glance, for ite petiocles and



leaves are thickly eovered with fawnescoloured

scales, vhich give the fern a2 shaggy appears

ance, (Pig. - ) |
Stem: (Fige ) As in Ch.sieberi, the stem is a

short, thiek, creeping rhizome covered with
short, brown-coloured scales, From the
:‘;ﬁpper part arise close together, the petoiles,
which are feirly mumerous in the older plants,
(l‘ig. ) while from the lower purface :
‘spr:lng mmerdui roafl.‘ The rhizome is |
eonpletely hidden ﬁnderlt‘ha bases of the
_petioles and roots. -

Roots: (Pi'g:. ) " 'I"ixése are narrow, about 1 mm. thick
or lesé. and up ‘to 7 em, ldng. They are da.rk
brown, “v‘ory' Mt and wavy in form, and with
nuneroqs ﬂno ﬁooond:x.fy rootlets,

Petiole: (Fige ) The petlole is slender, from 1 %o

' 1.'5 mm, thick, but it is stiff and wiry, and
of a dz,xrk-ohbltnﬁt hrm with munerous fawym or
brown scales, fﬁme of the petioles are hent
(fig. ) but most of them in the older plant
grow straight up. (fig. )

There is = slight concave groove dowm the

ventral side, The length of the petiole



Leaf';

from the base to the lowest pinnae varies
in different cases from 1 em, to 6 om,

(Fige. ). The petiole scontinues as the
midrib, the brown colour of which merges

into green near the top, exactly as in

. Ch, sieberi.

The shape of the leaf 1s deltold in young
plunts, but meh longer and narrower, narrowly
lanceolate in older plants, where it narrows
to a pointed tip. The length varies from

2 em. (in young plants)to 10 q; and the
width varies fram 1 'to 3 om,

The leaves are biepinnate,oacasionally trie
pinnate, the primary pinnae being in very
ne~rly vpposite pairs, and varying in number
from 3 to 9 palirs,

The lower pairs are smacwmt far apart whila.
the upper onea are erowded together, In
shape the pinnae are 1on1;-deltoid, and are
ascending, The pinmules are narrow with a
Plunted apex, and when normally dry are usu=lly
curled up to nome extent., (Fig. ) The |
margins are very slightly indented, and are

much reflexed, The leaves are green, but



uhe colour is largely hidden by uhe thick coating
linear fawn-coloured scales which grown out of the
backg of the pinnules, The upper surface of the
pinﬁulea is without scales, but has a few hairs,
and is not glossy.

Sort: ( Fig. ) The sori are marginal, terminating
the veins, and are at first rounded or oval, but
finally become confluent, covefinb the backs of .
the pinnuies with abrown mass of sporangia. The
margin is reflexed to cover the sorli and thus acts
as the indusium.

Sporangia (Fig.r ) These are exactly similar to those
of Ch. sicberi, bein, typically.
Polypodiaceous, flash-shaped- stalked, and with an
inEOmpchC'vertioal annulus, ( golden with dark
bars .) Dehiscence is Lfansverse.

Spores : (Fig. ) The spores are bilateral, dark-coloured

with protuberances and markings on the perinium.
It will be seen from Lhe‘féregoinb descriptions
thet the typlcal forms of Ch., sleberi and
N. ans are exceedingly similer. In
Fngler's classification Lhey are placed as very
near rclatives ( see Lable in A.) From the
dbscriptions of the shade forms of distens
which follow, it will be seen that the shade forms

of Ch., sieberi and N. distans are even more

alike, and indeoed very easy Lo confuse.



b "Intermediate" forms of N. distans ( Fig.' ) .

Various forms connecting up the tgplcal u.disﬂggg
to the fully shaded iorm have been found in
situations of veryin, defrees of shade. Two
such " intermediate " forms have been sketched

in fig. - wnich shows in a, b, ¢. and d, @
serious from Lhe‘Lypical to the fully shaded form.
The first " inte:mediate ", ( as shown in Fig.

ls a leaf of a slightly shaded plant. The
pinnule:z cre not curled up, the pinnae stand out
more from the midrib, and thé margins‘are not so

much reflexed, Alsoitno scales are fewer in

‘number.
The second intermediate ( Fig. ) 1s a leaf of a
more shaded plant. Such leaves are frequently

found hidden esmonget the potioles of a typical
sun-expozed plant, where they receive a oo00od deal
of shade. ( Fig. )

The leef here 1s wider snd more deltoid with less
recurved maraipa, resulting In the broader
eppearance ol the plnnules. The scales are

qulte few in number.



c. Fully shaded form, Here the leaf 1s deltoid,
the pinnae being divided into broad rounded
pinnules, whose maruins‘are not at all reflexed.
The petiole is slender and practically without
any scales, while there are ohlJ a few pale silky
scales on the backs oi Lhe pinnaé.

The leaf ig a dellcate preen cqlour, smooth
gsurfaced ( not ,lossy ) and delicate in texture.
The followin, table shows Lhe differences

between the Ifully shaded and ﬂypid@l forms of

N, dlétang.
Typical form ' Shade form
Petlole : Wiry, sbout 1 mm. tnick 'Slender, less stiff
With numerous broad ebout 5 mm. thick
fewn-coloured scales. . with one or two fine

silky scales.
Leaves : Coriaceous in texture § fjpd and delicate ;

thickly c.ated with Only a very few pale -

cblpured gllky scales.

oy

brqau gcales on the bacﬁ
Qf the pinnules and
midrib.

Pixinules : Mar ins much rellexed|; Margilis not reflexed ;
narrow in shape with broad wnd rounded.

blunted points.

e



It is most interesting to compare the shade forms

of Ch. sieberi and N.distans. ( e¢f. Fijs. & )

As will be seen from the figures and descriptions,
the similarity is striking. In fact it is only
the presence of a few silky sescales that distinguishe

N. distans.

In his "Manual of the Bew Zealand Flora " (1906
Cheesman rcmarks‘that Ch, sieberi and N. distans
are oftern confused. Indeed the presence of such
variability in both ferns and the remarkable
similarity in their shade forms leads to a puzzling
problem, Beginning with the typical form of either
fern, a series passing through the shade forms of
both to the typical form of the other, can be traced

with quite easy gradations all the way..

For exsmple ( see Fig. ) a series can be traced

from the typical N. distans, through the

" yntermediates " to the shade form ( ) thence,
easily to the shade form of Ch. sieberi, ¢« )

and thus through the " deltoid " to the typical

Ch. sierberi.
The problem is what significance to attach

Lo the presence of such connecting links between
the two ferns, As far as the author is able to

judge from field observations, the non-typical

forms of both Ch. sgieberi and N. distans owe




their deviations from the normal to environmental
influences. Thile brings the problem with the
realm of ecclogy ; it will therefore be dealt

with In the ecological part of this thesis.



Roots :

Pleurosorus rutaefolius.
Typical form ( growin. in full sunshine. )

( Fig. ) This fern grows in low clumps of
various sizes. ‘Some of the leaves may be fairly
erect but most have their petioles curving out over
the yround at an angle ( from about 200 upwards . )
Thus the appearance of the clump 1s low and spread
out over a fair area, It 1s however compact as
a rule and not straggling here and tnere { Flg. )
The clump varies in size from 5 to 14 cm. across
end irom o to 8 cm. in height.

In general sppearance the plant scarcely looks
like a fern, for its plnnae are undivided and of an
unusual shape ; they are also very woolly- looking
owing Lo their thick covering of light silvery_-
brown hairs.

There 1s a very short rhizome, scarcely noticeable
in young plants. It ie more ascendin; then
ereeplng, and 1lc covered with dark, pointed socales.
Fromit earise numerous crowded petioles asnd numerous
iine roots completely niding the rhizome.

( Pig. ) The roots ere narrow, sbout 1 wmm,
wide and up to 4 or 5 cm. lon;. They are dark

brown, bent and wiry, and wllh secondary roots.

Petiole 't The petiole ic of interest, being rather soft



Leaf

and pliable, although of a fair thickness in
proportion to its lenbm., The transverse

seclion is circular and may be up to 1 . 5 mm,

‘across, while the length of the petiole from its

base Lo the lowest finnae varles from 1 . 5 to

4 cm. The petioles may be fairly erect, but

- moet of them curve outwards over the ground and

then upwerds ( Fig. )

The petioles are green for theilr whole length

and are thickly covered with light siivery- brown
hairs.

The leaf hes a green midrib similar to the petiole,

In shape the whole leaf is narrowly oblong, from

2 to 4 cm. lon, and up to 1 cm. broad. It is
pinnete, the pinnae being in almost exactly
opposite pairs, ascending, and carying in number
from & to 5 palrs. The pinnae show only slight
indication ofi further'division into two lobes,
They are‘fan or wedge-chaped, broader then long,
being, up to 5 mm., long 2nd up to & mm. «ide.

The mar.ins are very finely crenate, and not

reflexed.



Sori

In colour the green of the leaQes is rendéred
ratiher dull by'thc thick couating, of fine, woolly,
light éilvery brown hairs which cov re both upper
and under surfacec. In Lextﬁré the leaves are
thick and soft..

( Fig. ) On the velns at the back oxvthe
plnnee are Lo beiound the sorl, which are simply

naked groupes of sporangla without an indusium

of any kind. The cori are rounded, or oval,

and msy become more or less confluent. The

<

number ol sori Lo each pinna ie from 2 Lo 5 or 6.

Sporangla i (Fig. ) These are typicsllt Polypodiaceous,

Spores

bein, flask-chaped, stalked, with en incomplete
vertical annulus ( golden w1th dark bars ), and
transverse dehiscence.

These are tetrahedrsl depk in colour when ripe
with numeroud marking s and protiaberances on the

perinium,

Intermediate form Between the typical

P. rutaefolius and the form found in very shady

situations, are carlous intermediate forms which
grow in more or less s aded pleces. Flg.  shows
a leaf of a somewnal shaded plant. In such .
plants the petoile iz c£lightly thinner snd less

hairy, the pinnae are larger but tininner, and are
less hairy and a darker green than ln the typical

form,



Shade form. In the fully shaded form
‘B, rutaefolius shows more siriking diffBrences
from the typical ( Fig. ) Such forme are
to be found in guite deep, shaded crevices of
rock. The whiole planit 1s larger but much more
delicate than the typlcal, and not so compact
In growtn iorm.
Thc petiolee are more slender ana very pliable,
the leaves lylng rather limply againsl the rock.
Botln petioles and léaves are a rich dark green,
and only slightly covered wilth pale-coloured halrs
The plnnae, compured wlti: these of the ﬁypical
form, are very larbe; the largest being fully
1,2 cm. long and 1.5 cm. broad. They are thin
and delicate and ratherlimp.

The differences betwecn the typical and fully
ghaded forms of P, rutaefollug are tabulated

below.



Typical Form. Shade Foriu.

whole plant ¢ Low and compact . long leaved and
spreading
Petiole : Thick ( about 1.5 mm. Thinner ( about 1 mm,

through ); somewhat pliable tiirough very pliable;

I

very halry ; dull green. only elightly hairy,
darker green.

Pinnee : Small, up to 5 mm. long by Large, uo to 1.2 cm.

8 mm. broad ; very halry ; long by 1.5 cm. broad
dull green thick and soft only slightly bhalry ;
in texture ; veins not rich dark green ;

easily seen. thin and rather limp;

velns distinct.




4. Ano; ramme leQLOth;;a;

" A speclal interest attsches to this fern, fof
hgre the usual order of duration oi life of the
two generations is reversed. In the great
ma jority oi ferms thé.gametophyte lives but a
short time, while the sporophyte is perennial.
In ferns of the genus Anogramme nowever, the
sporophyte dies down after one year ( hence the
generic name ), while the gametophyta is
capable, 1f not fertilised, of continuing 1its
growth for a number oif years.

Instead of the usual annual gamelophyte and
perenniél sporophyte, this genus hese an annual
sporopiiyle and a perennial jametophyte. Thie
interesting reversal of lhe usual order invites
investlg ation.

a. The sporophyte of A. leptophylla ( Fig. )

Habit ¢ This 1s an excoedinc;y small aﬁd dellicale plant
winich grows in little tufts of fine leaves with
siender petioles. the.tallest reaéhinb to &
height of aboul G cm. The little plant with its
fine foliage and delicate colour presentis o most
graceful appearancé,.

Stem and Root : ( Fig. ) The rhizome i: exceedingly
reduced. A few petioles with their small leaves

| grow up into the air, while a small number of

fibrous roots penetrate the soil.



This 1s =211l there is of the whole plant.
Petiole : ( Fig. ) The petiole is erect and very

thin being about .5 mm. in thickness, It 18

however fairly firm, and is 2 shinning light

brown colour, and quite smooth. The length up
to the lowest pinnae is from 1 to 3 cm.

Leaf : The midriblib brown like the petiole for a short
distance and then ier&es into the delicate pale
grecn oi the leaf. The leaf is from 1 to 5 em.
long and is pinnate, ithe fan_- shaped'pinnae beling
cut, sometimes élmost to the basse, 1lnto 2,4,8 etec.
oblong lobes.

The pinnae are in almost exacilly opposite pairs,
there bing 1 Lo S pelrs to the whole leaf. They
are, like those of P, rutaefoljus, fan or wedge -
shaped and brosder than long, beln, from .5 to
1,2 em. wide and from .5 to 1 om. long. ‘Thc
margins sre entire, except for the divisions into

lobes. The leaves are psle gre-n in colour,
shining, and of an exceedingly delicate, almost

transparent texture, The surface 1l& quite smootlh.

The cenetion i1s repeavedly dicnotomous, there belng

one veinlet runnin  into eacn lobe.



Sofi 3 ( Fig. ) The sori are on the backs of the
pinnae situated on the welns, generally up
towards the lobes. Tney are rounded to oval
at first, but generslly become more or less

conf'luent.

Sporangla : These are typically Polypodiaceous-, flask-

with a stalk, an incomplete vettical annulus ,

(g,olden with dark bsrs), and tlransverse dehiscence.

Spores : Thesc are tetrahedral, dark-coloured when ripe,

with wmarkings end protuberarices on the perinium,
b. The pametéphyte of A. leptophylla ( Fig. )

The prothallus of A. leptophylla ls exceeding ly

interesting, as it dlffers from the normal fern

\
prothallus in some remarkable respects,

At rirst the prothallus consigts of & spathulate:-

expanded cell-surface, bright green in colour, and

sometimes irregular and lbed in outline. This

cell- surface does not become heart-shaped as 1n

the normal fern prothallus. It is pos:essdd of

-

basal meristem ( Gocbel 1205 p, 217 }, o that

at its base there arise nuambers of adventitious



off shoots, green and expanded, and similar

to the primery cell-surface, Thus the
prothallue becomes guite extensive, the numerous
cell-curiaces béing of various shapes- sometimes
rounded, sometimes irregularly lobed, and

usually slightly spathulate or funnel-snaped, (Fig.
The youngest ol these adventltious off shootis

forme on its under side a Luberous body, the

% "

afcnegoniophore which forces its way into
the (round. As Goebel ( 1905 ) expresses 1it:
¥rom one spore there proceed therefore a large
number of surface-prothalli which are connected
at their base, and the younueet of these produces
the"archegoniophore | ( Fig. )

It will be seen then that the prothallus of
A.leptophylla 1is unusually extensive. It is

in fact one of the largest ferm prothalli and
poséess accordingly a probortionately large

assimilatory surface. Thus il is enabled,

as Engler (1912) points out, to convey quickly

and in abundance reserve food to the archegoniophors

Thus the archegoniophore develops into a fair-

sized tuber, plainly visible to the naked eye.(Fig.

)



Detaile of the Archegoniophore. (Fig. ) The
archegoniophore upon investigation is seen to
be a brownish, tuber like bedy, roughly
eggyshaped with irregular outline and up to
3 mm. in length. I works down below the
surface of the ground, where it loses nearly
all its chlorophyll and becomes provided with

numerous fine rhizoids, growing form the lower

surface ( Fig. )

When crushed and treated with lodine and

Sadan 1 , the cell contents show the

presence of an abundance of starch and oil

( Fig. ) a trace of chlorophyll may also
be seen in the inner cells.

Archegonia : ( Fig. ) On the upper side of the
tuber, near the bases of the green cell_-

surfaces, uppear the archegonls, just visible
to the naked eye as little dark spots.

The archegonie are of the usuai type, flask_-
sheped in side view and with a neck of about
four rows of cells. -

Antheridia : ( Fig. ) The autheridia do not
ocecur on the archegoniophore, but are found
on the green expanded portions down near
their place of attachment to the tuber.

( Fig. and ). In side view the

autheridia are the usual rounded shape,



witn a short broad stalk of about one cell-

surrounding the contents. The spermatazoids

appear as a mass of rounded bodies ( Flg. )

If an archegonuim i:. fertilised a
sporphyte develors, remaining attached to the
tuber, from whcin it is ablc Lo draw considerable

nourishment. £ Fia. ). The prothollus,

both tuber and cell-surfaces, is graduelly
used up by the young sporophyte and Inmlly
disappears.

if however none of the arche.onie are

fertllised, the prothallus continues its life
by the following process. ( Engler 1925 ):
" There 1s first a certain resting period,
after which the archegoniophore tuber produces
numerous new expanded cell-surfaces. From
the youngest of these again in time & new
archegoniophore arises and develops archegonia

# If in turn none of these are

as before.
fertilised, another group of new cell-surfages
is produced and so on for a oumber of times.

Tne ecological significance oi this remarkable
ability of the prothallus Lo extend iis duration
of life wlll be discussed in another pari of this

thesis.



Ce ANATOMY,

1. Cheilanthes sieberi.

a, Typical form.

i. Rhizome: (Fig. ) The general internal
structure of the rhizome as seen In tranaversé

section is as followa: -

Towards the growing point of the rhizome
(Fig. ) a transverse section shows the irregular
ouﬁline, roughly pentagonal in shape. It is bounde
ed by a dark-coloured somewhat thickened epidermis,
Within this there is = parenchymatous ground tissue
with sevéral more or less oval vascular bundles,
At the outer points and in the centre of the section
may be noted slight indications of #lerenohmmatous
development .
In transverse sewtion the older portions of the
rhizome (Pig. ) show much the same structure as
the younger pa:ts, the difference lyilng in the much
more extensive development of mechsnical tissue.
The epildermis is greatly thickened and dark brown in
colour, while the outer cortical cells have become
shanged into #1erenohyma, which forms several

hypodermal layers distinetly separated from the



§
cortical parenchyma., The central Xlerenchyma

(Fig. ' )} also extends considerably and Jjoins

up with the hypodermal sclerenchyma by’meéns of
ptronds running between the vascular bundles,

The rhizome thus bécomes largely made u§ of mechanical.
sclerenchymatous tissue, the cortical parenchyma being
Vreduced to a narrow zone of cells surrouhding each
vaseular bundle,

In structure, the sclerenchyma is made up of some-
what elongated cells, without intercellulai gpaces

and with very thick wells,(with distinct central
lamellae), bright yellowishebrown in colour, (Fig.

The cortiecasl parenchyma surrounding each vascular
hundle. is made up of somewhat larger, tﬁindwalled
cells. (Figs - ) o

Each vascular bundle is enclosed within an endodermis
of small, elongated, narrow cells placed eﬁd to end
and very regular in shape and rrrangement, The walls
are not thickened. The surfounding cortioai cells
(Fig. ) are mueh larger than the endodermal cells,
Vageular bundlesy ‘There are some half-dozen rounded
or oval vascular bundles arranged in a ring surrounde
ing the eentral mass of sclerenchyma, and aepérated

from each other laterally by 2 strands ef cortiecal



parenchyma and one strand of sclerenchyma.(Fig. )
In construction the’bundies are concentriec, with
the xylem in the centre, The Xylem elements

form a2 roughly crescent=-shaped mass, In thﬁ
middle of this are the larger tracheides, whiie’at
the points are smaller vessels indioating the position
of the protoxylem elements. Thé tréoheides are |
4 or 5 sided in transverse sect@ennéﬁd have fairly
thick walls. Surrounding the xylem is the phloem,
which is made up of small, thin-walled elementﬁ, |
Qutside the phloam comes a layer or two of larger
thin-welled parenchymatous oeiis, which, when treated
with iocdine, show the presence of éfarch grains,

" These layera constitute an indefinite perieycle, or
moy be eslled the "phloeme-sheath® (Haberlandt,l1914,

p. 350.) |

Several of the outermost layers of the selerenchymatous
cortex hecome compressed into a solid iall which

forme the exodermis. Many of thé outer cells grow
out into faoirly broad, brown, hairelike organs,

These are rhizoidal aprendages aﬁd are present in

large mumbers all along the root,(Figs. and )

i1, Root: {Fig. ) In transverse section the

root is roughly cireulsr with irregularities in out-



line. The whole of the cortex from exodermis

to endodermis becoges changed into sclerenchyma,
There are about 6 even layers made up of very
regular, elongated cells placed end to end around
the root. (Fig. ) These ecells have much
thickened walls, reddish-brown in colouwr, and are
without intercellular spaces, Thus the whole
of the cortex is mechanical tissue, _
The next‘inward layer is the 2ndodermis which sure
rounds the one central vascular cylinder. The
endodermal cells are very lond!nnd narrowj being
about the ssme length as the sclerenchyma cells,
but enly sbout half the width. They can also he |
clearly distinguished by thelr thin walls,.
Vageular bundle: vithin the endodermis is one
uentrBL‘VQseular hﬁndle running the length of the
| root, In structure the bundle ics con§6ntric'
with an elliptisal wass of xylem in the centre,
Thore are large, thickewalled trnnheides in the
mi&dlé, and smaller elements &t the éoints of the
ellipse ﬁarking the poaition of the protoxylem.
The root ies thus diarch. Placed albng th§ sides
of the Xylememass zre the two phloem masses (ahove

and below the zmylem in Fig. ) The phloer cone



sists of small, thin-walled elemeﬁts.

The xylem'and pholem elements are surrounded bf
several layeréléf cells, larger thsn thﬁéé”of the
ﬁhldem, thin-walled and farenohymatoua in nature.
These cbnsﬁitute the peridyqle end shof the presence
of starch grains, ‘They gre thinnere-walled than
the surrounding endod.erm:lsg and less regular in

shape s=nd arrangement,

111, Petiole: (Pig. ) In transverse section
the petiole shews =2 general strueture somewhat
aimilar to that of the rhizome, eéspecially as re-
gerds the vascular hundles,

The nmection is roughly cireular in outline with a
ahallow depression at the base showing the position
of the groove down the venitral side of the petiole.
»Thevepidermel walls are thickened and dark-coloured,
Thé outer walls glve o very finelf crenate outline
to the section, Two or three h&podermai layers
of the cortex hecome changed into thick-wslled,
dark=coloured sclerenchyma, the cells being small
and rounded -nd similar to those of}tha epldermal
lzyer, Vithin this hypcdermal sclerenclyms are
pome hﬁlf;dozcn layers of coertical cells, These
are elroular with interecellular spaces, and have

moderately thick walls, They vary in size being



smaller>Just below the hypodermis, larger tdwatds
the centre, and then smaller again before reaching
the endodermis,
The endodermis is a very dintinct_ciiole of regular,
barref-shaped cells, placed end to end., The walls
are markedly thiéker than those of the cortex,
while the transverse walls show indicabions of extra
thickening,
- Yascular Bundle: There is a central véscul&r
eylinder about 1/3 the diameter of the whole petiole.
It is concentriec in struecture with the xylem in the
centre, It is very similar iniail esgentialg te
one of the vaseular bundles of the fh;zgme. (ef. figs.
and ) | -
In the centre is the oreaeent-shaﬁ;dmass of xylem
with larger tracheides in the’mi'ddla_ and smaller
‘elements at the points of the crepaei;t. Smaller
elements are also to be seen ﬁioqg_thé coneave side
of the crescent, (This is the si&éiwhich is towards
the depression.) | -

The xylem is surrounded by small, thine
walled phloem cells, which in tu;n'are surrounded
by a few indefinite layers of siightly larger cells,
conatiﬁuting th e pericycle, Tﬁé ﬁericycle is



much less definite and regular than the distinet
endodermia which surrounds the whole vascular |

bundle,

iv. Leaf: (Fig ) Ail the bundles of the leaf
of Cheilanthes sieberi are concentric, except the
very smallest ones, which are collateral in struecture
with the xylem towards the upper or adaxial surface.
(Fig. ) |
 The general appearance of the transverse
section of a pinna, eut through at a point about
,‘half way along its length, may be sesn in figure
' _. The pinn# is thick Ln_pr0portion to its
width and the margins are much recurved. No hairs
or scales are to be seen'on‘either surface.

The upper epidermis (Fig. ) is composed
of fairly regular,_oubicél cells, without clorophyll
or stomata, and with a fatrly thick cuticle.

Below this, eomes a well developed
Palisade tissue, consisting of two lgyers‘of recte«
angular cells, without intercellular spaces, and with
dense chlorophyll content,

The mesophyll conaists of irregular cells,
smaller than those of the palisade with intercellular

spaces and less dense chlorophyll content,



Surrounding the vascular bundles the mesophyll °
cells are placed radially side by side, with
their endé abutting on\thé endodermis (Fig., )
thus forming a kind of parenchyma bundle-sheath,
(Haberlandt,1914, p.284,) |
The lowef epidermis is made up of regular
cells, more recfanéular than those of the upper
epidermis, Stomata with thick-walled guard-cells
appear in the lower ep;defmis to which théy are
confined, In surface view (Fig.u’ ) the epider-
mal cells are seen to be of the usual Aicotyledonoue
type, with wavy outline and with numerous stomata.
The latter are variously oriéntate&%and ha#a their
sausagé-shaped guard-cells packed 'ith ghlqrophyll.
The vascular bundles are piaoed a£puﬁ
half way between the palisade and the lower epidermis
il sie: sianvly marked off by the diat;gicgt endodernis
surrounding each one. The endodermi;fis composed
of cellé fery much smaller than those of theimQGOPhyll,
\regular, barrel-shaped, and with their walls, ef-

pecially the transverse ones, considerably thidkened.

Yascular bundle: The vascular bundles of the mida
rib and larger veins are concentric and very similar

to those of the petiole. The vascular bundles of



the smaller veinlets are eellateral,  The vascular
bundle of the midrib of the pinna_ié figured in
figure where it is seen tofbg abouﬁ'fvtho'
thickness of the pinna, and condeﬁt:io, with an
elliptical mass of Xylem in the cehtfe. The
larger £iacheidés are in the ﬁiddlé.zf this mass,
and the smaller ones are at the ﬁvo ends
Surrounding the zylem is’the phloem, which
is composed of fairly emall, thin-walled elements.,

Larger cells mark ﬁhe position of the pericycle.

Be Shade form.
1. Petiole: (Fig. s ef, fig. -}

From the transvérsg ﬁectioﬂ §f the petiole
of the shade form, it will be seem that it differs
only in minor details from.that of th§ éypical form.

The shad& form shows slighély'iess develope-
ment of hypodermal sclerenbhyma, and has rather larger,v‘
cortical cells with thinner wallsili The endodermis
also 13 less noticeably thickened. = In all other

respects this petiole shows entireiy similar structure

to that of the typieal form,

iii. Leaf: (Fig. 3 ofy Tige ) The transverse



section of a pinna of the shade form showslslighxly
more definite differences from the typical.

In the shﬁde form, the pinna is only about
half as thick in proportion to its width and the
margins are not reflexed. The cuticle of the
epidermal cells is less thickened. There is muech
less conspicuous development of palisade tissue,
this being reduced to one row of rather short
rectangular cells. (Fig. ef.fig, )

The cells of the erddodermis are markedly thinner=
walled, being no thicker than the thin-walled
mesophyll.

In other respects the ieaf-anatomy of
the shade and typical forms is essentially the

samne.



2. Nothoclaena distans,

2. ‘l‘nieal form.

Sections of the rhizome and root were
cut and examined, bhut not figured, as they were
80 exactly similar to those of Ch, sidberi, with

the same extensive development of sclerenchjrma and

the same construetion of vascular tissues ete.

i. DPetiole: (Fig. ) In transverse section
this also shows great similarities with the iaetiole
of Ch., sieberi. This distinguished by the‘

numerous multicellular scales growing out from the
epidermis,

In outline the petiole of Nﬁ.y distans is
roughly circular, wider at the base, where there
is a ghallow depression marking the pésit:l.or: of

the groove that runs down the ventral side,

As in Ch,sieberi, there is marked thi-cken-
ing of the epidermis, and development of hypodermal
sclerenchyma, while the cortical cells are also
slightly thickened,

The thickened endodermis =nd the vascular

bundle are both in all respects gsimilar to those of



Ch,sieberi, the stele being about 1/3 the diameter
of the pétiole. The bundle is concentric, with
a central erescent-shaped mass of xyleﬁ, surrounded
by phloem, which in turn is enclosed within an ine
definite periecycle,

ii. Leaf: (Fig. ) In general appearance, the
transverse section of the pinna of N,distans is also
very similar to that of Ch,sieberi, It is of the
same thickness in proportion to its ﬁidth and has
reflexed margina.' It is distinguished by its
numerous trichomes - halrs on the upper surface
and multicellular scales on the lower. .

vThe'outicle of both epidermal layers, es~
pecilally the upper; is thickened, The upper
epidermis is composed of fairly regular cells,
without chlorophyll or stomata,

' Below this is a welledeveloped palisade
tissue composed of about two rows of rectangular
cells, without intercellular spaces, and with dense
chlorophyll content, | |

Thg meeophyll'is cdmpoaed of more rounded
cells, with intercellular spaces and less dense

ehlorophyll content. A circle of mesophyll. cells



surrounds the vaseular bundle, forming a parenchymatous
bundle;sheath, within uhiﬁh is the olearly defined
endodermis of much amaller,‘barrel-éhaped oelis, with
their walls, eépeaially the tiansverse ones, considere
ably thickened.

The lower epidermis is withouf dhlorophyll
and is possessed“oflnumérous sﬁbmaﬁa and scales,
The epidermal cells in surface vieﬁ‘are like those of
-gfzggfbéri,---wawy in outline with variously orientated

stomata,  The guard cells are thickewalled; and are

packed with chlorophyll.

Vascular bundle: Except the smallest bundles, which
are collaberal, the vascular bundles are concentrie.
The vaseular bundle of the midrib of the rinne is
shown in figure, It is about 4 the width of the
whole séotion. . In the centre is the crescent-
shaped mass of iylem; the ﬁiddle tracheides being’
fairly large, 2nd ﬁhoae at the‘points smaller‘.
Small th1n4walléd'phloeﬁ elements surround
the xylem, and are in turn surrounded by the thin-
walled perieycle of one or two indefinite layers.

b, Bhade form,

i, Petiole: (Fig. 3 of JLig, ) The petiole

of the shade form i3 very similar in transverse section



to that of the fypical E; distans, but is distinguished
by being devoid of scales,

In the shade form the development of
hypodermal sclerenchyma is slightly less, while the
cortical cells are fewer and larger, The endodermis
also is thinner-walled, |

Otherwise, in the size and structure of

the bundles ete. the two petioles are entirely similar.

- I Eéggt (Fig. 3 of Ligs ) In transverse
section the pinna of the shade form is much broader
and thinner than in the typieal form.

The most noticeable difference hetween
the forms lies in the number of scales, and the exs
tent of the palisade., In the shade forms there are
apparently no scales on the upper surface, and only
one or two bn the lower surface, . The palisade is
poorly developed, and the endodermis is thinner-
walled,

Otherwise thé pinnawafe quite similar in
anatemical characters for both shade and typical

forms,



3¢ Pleurosorus rutaefolius.
. Typical form.

i, Petiole: (Pigs. and ) The petiole of
P.putaefolius differs markedly from those of
Ch.sieberi and N,distans, and shows many very ine
tereating points in its anatomy. |

In transverse section, it ia rovghly
circular, a little widened at the base, and pro-‘
vided with numerous hairs of various shapes,
growing out from the epidermis. The epiden@{
and about three hypodermal 1ayers of cells are
small, even and closely packed together.' They
are provided with vefy thick walle, thé openings'
of the cells being quite small. The wails have
not the dark appearance of typical sclerenchyma,
but are very 11ght ooloured 1ndeed almost ecoloure
‘lese and traneparent.

At two diemetrieally opposite points
on the sides of petiole ihewh Ehiskaned cells
narrow down to one iﬁyer, two or three cells in
lcngth.k. Hére are to be noticed one or two
stomata, The présenoe of stoﬁ&ta(down the dides

of thé petidle iérone‘of its unusual characteristics.



Within the hypodérmis comes the cortex,
which is composed o# about 6 layers of much iarger
cells, eireular in transverse section and rectamgular
in longtitudival section. (Fig. ) These cells

_are ali filled with ohlqrophvli, and posses inter=
sallulsr spases with which the stomatal epenings
connect . This photoayﬁthetic‘naxure dfﬁthe
cortical cells 15 another point of interest abbut'
this petiole.
| Then the endodermis presents an unusual
feature of considerable interest. At 3 pointﬁ
round its eircumference there are dark-oolouréd
masses of solid-looking matter, This,when tréated
with various reagents, gave only negativ§ resulté.

It appearé however tb be a kind of mechanieal tiaaue,
running the whole length of the petiole, ahd-giving
it a certain amount of strengthening and rigiditj,

With a view to finding out the nature of
this dark brown substance the author consulted the
availeble literature on the subject, !

7 In his paper on "The Prothallus and Yoﬁﬁg
Plant of Tmesipteris" (Trane.N.Z.Inqt.Voi.L), J.E;
Holloway (1917) mentions (pe32) the presencévpf a

.brown deposit in the innermost cortical 1aye}é of



the ﬁerial stem of Tmesipteris lanceolata.
Figures‘(Nos.91, 92, p.55.) are givenvshow;ng

this depbsiﬁ as seen in the transverse andﬁlongtitu-
dival sections of the stem of a mature piént. In
1ongtitudi#a1 section it aﬁpears very much the same
as in a longtitudival section of the petiole of" .

Pleurosorus rutaefolius,(Fig. ) In transverse
section however, the deposit is seen in T.lanceolata

to be unevenly spread along the walls and across

the corners of the cells, while in P.rutaefolius

it fiils asiiars of Selli completely, becoming a

80lid mass without any remaining signs of cell
structure. (Fig. )

| Holloway refers in his raper to the

paper by S. Ford on "The Anaﬁomy of Psilotum triquetrum'

(Aﬁnals of Botany, Vol.18.) Here (p.597) the
author says "In the aerial shoot, the two or three

'1ayers lying next to the endodermis have their walls

coloured o Aark brown ........ this brown deposit is

_probably of the same nature as that described by

other writers as occurring in Ferns.  This has
been termed 'phiobaphene' Ry A teat given for
this substance is that it dissolves 1n'potash.

The dark matter in the petiole of



Perutaefolius does not appear to be 'phlobaphenet

for it does not answer this test. It seems |

~ probable however that it is some substance of a

_ similar nature, present in unusually lérgevquantities,
‘and having a mechaniecal value in giving extra tough=
ness and rlgidity to the petiole.

This dark matter replaces most of the
endodermal cells and projects in irregular ridges
into the cortex. (Figs. and ) Figure
is a longtitudival section cut tangentially across
the endodermal ring, and thus passing thrduéh twao
of the masses of meohanical tissue. The endodermal
eells whieh are not replaced by this dark ﬁatter are
barrel-shaped in transverse section, and have somo-
what thickened walls,:

Vascular bundle: There is z central vascular bundle,
| about the same width as the oorticalxléyér, and cons
centrie in structure,  The central xylem més: is
the shape of‘an equilateral triangle with 6ohcave
sides. (ﬁotez the méssea of mechanieal tiasue are
placed at 3 points opposite thelthrée.aidéé_of this
triangle. - Fige. ) - The traoxeidea-éie smgller

at the apices of the triangle.

Surrounding the xylem.ia-thb vefy“thin-



T

walled phloem, the vessels spindle-shaped in
longtitudsfal section fairly distinet periecyecle

enolosés the wvascular elements.

ii, Leaf: (Pig. ) A transverse section of
the pinna shows it to be thick in proportion te

"its width. The structure of the leaf is much

moreé like that of Ch.sieberl or N.distans than is
the structure of the petiole, |

There are very mumerous hairs growing
out of both upper and lower epidermal layers,
The ecuticle of the upper epidermis is fairly thick,
and the eells are cubical, and without chlofdphyll
or stomata,

Next comes a very conspicuous palisade
composed of about three layers of rectangular cells
without intercellular spaces, and with dense chloro-

phyll content, The palisade takes up half the

| thickness of the pinna,

The mesophyll is made up of 1rregulaf,
mostly rounded cells, with noticeable intercellular
spaces and less dense chlorophyll content. - k‘
parenchymatous bundle=-sheath surrounds the stele; :

The lower epidermis is similar to the



upper, but is provided with stomata with thick@
walled guard cells, packed with ehlorophyll. In
surface view the epidermis is exactly similar to

that of Ch,sieberi or N.distans. (Fig. of figs.

and )

The endodermis is very clearly marked off
ag a circle of cells much smaller than those of the
mesophyll and very regular, They are barrel-shaped
and have thickened walls.

Vascular bundlej The smﬁllest vascular bundles are
collateral, but the others are concentrie, The

midrib is about 1/5 the thickness of the whole pinna,

In the centre is an elliptical mass of large Xylem

tracheides, surrounded by the small thin-walled phloem
elements. A layer or two of larger, thin-walled
cells just within the endodermis i oonétitufe the

pericycle.

b, Shade form,

i. Petiole: (Fig. ef.figs . ) In transverse
section the petiole of the shade form shows a few
fairly definite differences from the typical. In
fhe shade form the hairs are much fewer, and there

is less depth of hypodermal, thick-walled tiééue.



The stomata at the sides pfoJect just slightly,

Then in the endodermis the shade form
shows very much less development of theﬁdark-ooloured
masses . This fact lends supnort to the 1dea that
this dark matter is a kind of mechanieal tiasue.
There are three much smaller masses of it arranged
exactly as in the typical petiole. ' The structure
of.the vascular hundles is the’aame in both shade

and typical forms,

i1, Leaf: (Fig. eof.fig. ) In t;aneverse
aeotion, the pinna of the shade form is noticeably
very much wider and thinner, It is in fact only
one half the thickness, in proportion to its width,
of the typical form, t
In the shade fofm, the cuticle of'the

epidermal 1eyers is quite thin, while there are only
a few hairs present. :

" it 4# o be noted that palisade development
is practically absent all the celle being aimilar
in lhape and arrangement, eomewhat rounded and with
intercelluler apaces. A circle of these cells form

s parenchymatous bundle=-sheath,

The endodermis also is thinnef-walled, this



being the only other point of difference betieen
the shade and typical forms, |



4, ﬂﬂéézamme leptophylla,

i, Petiole: (Fig. ) In transverse section, the
petiole appeérs roughly semi-eireular, but broader,
with a shallew depression along the hase. It
differs markedly from the petiole of the three pre-
ceding ferms,
| ' The epidermal cells have their outer walls
slightly thickened and brown in colour, This slight
thickening is in very great contrast to tﬁe dévclopa
ment of epidermal and hypodermal seclerenchyma in
Ch.sieberi and N.distanﬁ, or of thickewalled tissue

in P.rutaefolius. The epidermal cells are also
immensley larger in proportioh to the size of the
whole section in A.leptophvlia. They are large

and cublecal, and roughly number about 30 around the

circumference, while those of Ch.,sieberi roughly

number about 240, Compare figure with figure - .
Within the epidermis is the oorfex; which
is made uvp of only about two layers of large, rounded
cells with thin walls and intercellular spades. |
The endodermis is made up of regular
barrele-shaped cells, very much smaller than’those of
the cortex, and quite thin-walled.
Vascular bundle: There is a central vascular bundle



about 1/3 the breadth of the petiole. This is

typically conceﬁtric with an elliptical mass of

Xylem in the ecentre. The larger tracheides are

in the middle and the smaller ones are at the points

of the ellipse, | '
Small, thinewalled phloem elements surround

' the xylem, while outside the phloem is a layer or two

of larger, thinewalled cells, constituting the peri-

‘eyele. o ‘ |

41, Leaf: (Fig.“ } The leaf shows the fine structe
ure that one vould expect from its delicate appearance,

The upper epidermis is composed of cubical,
thin-walled cells, large in proportion.to the thickness
of the leaf, and without chlorophyll or stomata.

There}is no appeaiance whatever of palisade,
the ground tiééué being made up of sbout 5 irregular
layers of large mesophyll cells, with intercellular
spaces, ond #e:y-iittle ehlorophyll,

The loﬁer apidefmie, like the upper, is
cevold of ary triclhomes snd is composed of large
cuhical éells without chiorophyll. The stomata,
which prdjeot glightly, are localised here. In
surface view (Fig. ) the epidermis is similer to



that of amy of the three preceding ferns.

 The endodermis is small-celled and
réguiai. tho wélls being ﬁhin‘und the célls thﬁ
usual barrel-shape. | |
Vagoular Bundle: The smallest bundles only are
aollateral), the others being conoentrio..’ The
midrib is about 1/3 the thickmess of the pinna.,
There are only a few large Xylem elements in the
centre of the bundle, Around these is the fine,

thin-walled phloem, surrounded in turn by an ine

definite pericyecle of slightly bilgger cells,

The foregoing deseriptions of the main
anatomical features of the four ferns, both typileal
and shade forms, réiee ma.ny interesting questions.
KMany points are of significance from the esological
point of view, for exmnple, the variations in pali-

aade development,in the devslopmeht’of sclerenchyma

~ete; also the photosynthetie nature of the petiolar

cortex of P,rutaifolius, the delicate structure of

A,leptophylia etea, These matters will be dealt

with in the ecologinal chapter which follows,



D. Ecology,

Thie chapler dealé with the ecology oi the
four ferns under discussion. Tne method
adopted may be outlined as follows. Both
individual and comparative secc.ounts from the
ecological point of view are given.- In each
case there is & preliminary note on the general
localities for the fern throughout New Zealand
egpecially on the Port Hill, followed by a
detailed account of its pearticuler habitat,

The morphological and anatomical adaptations

of the plant to this habitat are then pointed
out, with a comparative account of the
differences in the shade forms corresponding to
their differences of habitat.

. The more general climatic and edaphiec conditions
of the Port Hills for plant life have already
been described in Part ¥ ¢ (2). More
particular details of these conditions will here
be given as they apply to the speclel habitat of

each fern.



1.

Cheilanthes sieberi

General localities : This ferﬂnis féirly

common in New Zealand. It usually gpows in
rochy and stony ground, and very fréquently
close to the sea. In thefNoan"Island it is
characteristic of the volcanic districts about
Acukland, shere it prows plentifully on the'dry
scoria rocks ; it extends to the North Cape but
is rare at the Thames. In, the South Island,
it is also fairly common throughout Otago and

Canterbury ( Thomson 1882 ).

On the Port Hilly uhﬁéieberi is very

common, although not a consplguous plant is a
rule. It is abundant in{rochy,clefts or dry
situations, in all parts/of theyhills where the
locality suits it ( Wall 1918 ), It was

found by the author gwowingjpleﬁt;fully in
‘Bowen's Gully and the Heathcote Valley. In Fig.
Bowen's Gully, marked§ X; mey be sé%ﬁ@tp'the

left of the Victoria/ﬁark ridge ( 14 }fof"ﬁhg
Cashmere Hills. The Heatlicote Valley | merked B

is situated behind the subupb of Heathcote.



At the head of Bowen's Gully there is a
rugged mass of rock, roughly in the form of an
inverted U ( Fib; ) All round this mass for
a considerable area, boulders and small rocks
form the conspicuous feature of the landscape
( Fig. ). On the Northerly facés of the large
rock mass and on the smsller rocks>around, Ch.siebel
grows quite plentifullyf‘ On the key to figures
and the faces where the fern mesy be found
are marked C. On the surrounding rock-strewn
ground, a portion of which is shown in figure
the fern grows on practically all the rocks that
have a sunny espect.

In the Heathcote Valley, a portion of
the summit track dips down and rounds the Valley
near the top ( Fig. ) Sloping steeply down
to this track arce masses of rock almost forming a
wall in places ( PBig. ) On certain of these

rocks with a Northerly aspect Ch. sieberi is

found in fair abundance. The general situations

of the fern are marked C in Fig.

b. Particulars of habitat: The typlcal Ch., sieberi is

found in rocky situations thal receive a great
~deal of scunshine. The plant assoclation of these

situations is made up of a variety of specles.



Some sommonly found growing in Lhe

vicinity of Ch, sieberi are species of

Acaena Maehlenbeckia Complexa Chenopodium

triandrum Epilobuim sp Linum Monogynum,

and several ferns eg species of Pellaea

Asplenium' Aspiduim' Pteriduim’asculentum’

and Nothoclaena distans., .

An idea of the typical habitat may be
obtained from the photographs and descriptions
of cértain examples chosen, Figure shows
a characteristic situation at the head of
Bowen's Gully. This is the rock marked . C.
in figure " Figure is a close
up view of part of this houlder showing a clump
of vegetation in the centre. The relative size
may be judged by the pocket knife in the
photograph. This boulder 1s a large roughly
cubical mass of rock roughly l.4 m. in lengthj'
breath and height with its upper surface sloping
to the North at an angle of 450. In a slight

depression on this surface may be seen the small

clump of gegetation.



The clump comprises mostly grass; a small plant of

Wahlen bergia gracilis. and impoverished plant

of Ceragtugg glomeratum and a tuft of Silene
gallica while lichens form the only other
vegetation on this upper surface. On tne nearer
edge of the clump on the side most exposed to tne

sun may be seen a small plant of Ch. sieberi

(.marked c ). This plant was growing in a very
shallow pocket of perfectly dry soil. At the
time of obsérvation there had been no rain for
about a fortnight. The fera had a rather
parched appearance the older leaves being
shrivelled and dried. Tﬁe‘younger leaves
however were green and fresh and the whole plant
looked quite hea;tny. Tne rock was excegdingly
hbt to the touch éxpecially gbout midday while
the sun's rays shone directly on the plant. In
spite of these very xerophytic conditions of heat
and drought the plant appeared to Ube flourishingﬁf
The only other plants on the North side
of the roc« were numerous lichens while round the
foot there grew but sparsely a few species of |
grass aand Acaena . By way of contrast the
shaded side ofqthe rock and ite vegelation may be

briéfly described.



The.South side the rock is in almost comﬁ}ete
shade for é great part of the day. At fhe base
were obserwed various damp crevices with an
abundant hepbaceous vegetaion“eg Oxalis
cdrniculatg' Qighondra repens specieswaf Acena
graases of many kinds’ and liverworts  and
Chicxweeds. As une worked round from this face
to the sunny side of the rock the vegetation was
observed to become more and mdre gspaise and

dried looking. |

Another good examply of the kind of habitat adopted
by Ch. sieberi was observed at Bowen's Gully

and may be described as fgilows : A bare exposed
rock surface was obsefved‘ about 2.5 m, long and
1.5 m. across, with a gentle slope towards the

- North East and slightly raised above the
surrounding ground level. . This gsurface was
entirely exposed to the sun énd atAfirst signt
appeared quite devoid of végetation' except wnere
tnvaded at the margins where s0il encroached Dby
species of grass and Acaena. A closer
examination however showed very small pockets

in the rock due to the crumbling away of sotfter

portions.



Many of these pockets contained minute plants of

Ch, sieberi. ‘One small pocket about 4 cm,.

across and 2 cm. deep contalned a tiny plant about
1,56 cm. in height with minute leaves brownish
and shrivelled. In other pockets and in minute
fissures in the rock similar little plants appeared
These ferns were the onhly plants growing on the
whole surface of the rock. The amount of soil
was exceedingly scanty and dfy, and the rock was
very hot to the touch. On exgavatlna the plants
and soil particles wlith a knife ii was found that
there were further siight crevices at the bottoms
of th pockets. The roots penetrated into these
for a distance of about 5 am. Even these boots
and the scanty soll within the crevices seemed
absolutely dry.

Figure .shows another surface ol rock facing
North and forming part of the large massa of rock
seen in figure. A small plant of Ch., sieberi
‘is to be seen growing iwth its petioles and
pinnae fully exposed to the sun but sending its
roots down into a narrow crack. The height

of this plant as may beréeen by comparing it wlth
the size of the hand-lens in the photograph was
about & cm. Lichens formed the only other

vegetation on this piece of work.
THE LIBRARY
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The soil 1n these very narrow cracks is dustlike
and apparently quite dry. The durface oi the
rock 1s perfectly bare dry and exceedingly hot
when thé sum 1s shianing on it. especially at
noon, |
z:: Atmospheric conditlious : The petioles and leaves
of Ch, sieberi are fully exposed Lo tine direct
rays of the sun all day. Thus ;t has to
endure considerable heat both frdﬁ tne direct
’rays of the sun and the radiation from the
surface of the rock. It received also the
maximum intensity of light. At night tne
contract with a sunny day 1s condiderable_ Dbotn
the rock and the atmosphere being much cooler.
Frosts occur in Winter but are not severe.
Winds are frequent these being sometimes cool
ones from the North_-East and less’frequeatly,
hot dry ones from the North-West at certain times

ol the year. On the whole it 1is obvious

that the habitat of Ch. sieberi is markedly

xerophytic. It has a generalwhot. parched
appearance ; the soil is scanty hot and dry,
the air is heated by much sunsnine and there ig
a good deal oi wind ; it must also be observed
that the light is intense and lasts all day in

sunny weather wnile the number of sunny days is
large.



C. Adaptations to Habitat : Ch. sieberi shows many well

mafked adaptiations or characters sulting it to
such situations as described above. It must be
noted that many of the characters of valme to a
plant for peducing transpiration under xerophytic
conditions’ are exactly the same as those of value
in lessening illumination under conditions of
intense lighting. ( This faot ia pointed out

by Warming 1912 p. 21. Thus certain morphological

and auvatomical features exhibited by Ch. sieberi

may be regarded as adaplations for xerophytic:
condition or for heliophytic condition or for

both., The two sets of factors supply of moisture
and supply of light work on similar lines to a great
extend in their effect on the structural features of
the plant. ( Warming 1909 p 24). Thus these
features cannot be separated and set apart as due
elther to one factor or the other. - Taking

Ch, sieberi as a whole therefore in its adgptations

to its environment the followiny features are to be
noted. These have alraady been pointed out in the
earlier chaptersgon morphology and anatony. Here
they are given their significance ffom the ecolognia

point of view .



The growth form tufted and compacts
the'tough’ wiry petioles; the much divided leaves
with their greatly reflexed margins leaving very
little surface exposed to the sun ; the firm

coriaceous texture of the leaves.

Ii Anatomical features:

Petiole

Leaf ¢

: The strong development of hypodermal
aclerenchyma in the petioles. ( and ulso in the
rhizome and roots ); the slight’thickening of the
corticai cells and the marked thickening of the
endodermis.

The comparative thickness of the Yeaf ; its well
developed palisade tissue ; the thick cuticle
expecially on the upper surface ; the localisation
of the stomata on the lower epidermis where they
are protected by the much recurved murgins ; the
thiokening of the endodermal cells. '

‘It may be noted that the foregoing
xerophytic characters in large part correspond to
those noted by March ( 164 ) 1in his papér on

1]

Some Xerophilous Speclies of Chellanthes and

Pellaea. He maokes mention of the following points

" Ch. lanuginosa Ch, gracillima_ Ch. persica :

tomentose rachis ; subsoriaceous texture ; upper
surface slightly tomentose ; lower surface densely

matted with a coat of pale brown woolly hairs ;



margins much reflexed.

Ch. fendleri s rachis clothed with acuminate entire

scales j; under surface scaly not matted ;
texture subcoriaceous, marginé reflexed.

" The leaf anatomy shows in each case
a reduced lacunar system ; greater or less
development of pallsade ; localisation of the
stomata on the lower surface where they are
protectéd Ly the inrolled margins alone or by
the inrolled margins and a co&ering of scales

( as in Ch, fendleri ) or hairs ( &8 in the other

species given above ) ; the cuticle igs tnick.

" The single vascular strand in the
petiole 1s surrounded by a sclerenchymatous
cortex."

Thus it will be seen that Ch, sieberi hasg

many features corresponding to the above except

for the woolly or scaly tomentum.

d. Comparison with " Shade " form.

i

Differences in habitat 3 The shade forms

of Ch,sieberi were always found in places

receiving a large amount of shade. One such
gsituation may be described. In a deep crack on
the North West face of a rock mass & slender

plant of Ch. sieberi was noted carrying its

leaves towards the light.



The foinds were of the fully shaded form ( Fig. )
and of a green.- soft and delicate appearance.
Antoher fully shaded form was found well hidden in
a dark crack between two neighbouring rocks.
There was B little soil between the rocks and on
this gre a few bladcs of grass and a small plant
of Bcaena 8p. .Further back almost completely
hiddén from the light by this vegetation were
gome plants of Ch. sieberi of the fully shaded
form. |
Thus these shade forms live in sheltered spots
wheré they receive much less light much less
heat from the sun and heated rocks and less wind'
but considerably more moisture than the typical.
The latter fact depends on the former for the shade
helps to prevent evaporation the drying effects of
the sun and wind are’almost absent while moisture
is constantly seeking down from the damp rock faces
surrounding the ferns, |
These‘differences between the habitats
of typical and shade forms result in difference
in certain of the most important environmental
factors, the effect of which is considerable
differences in the configuration of the plants,
The shade forms accordingly show mosphological

and anatomical points of difference from the



typical which have been outlined id earlier
chapters. Their importance lies in the
reduction of characters tending to reduce both
exceséive trangpiration and illumination in
accordance with the more mesophytic'demands of
the habitat of the shade form. The shade
form therefore is distinctly more mesophytic
in character thus 3

1 Mosphologlcally @ In the shade foym the growth
form is not tufted K but is straggling and less
compact ; the petiocles are thinner and less
wiry ; the leaves are much less divided and are
without reflexed margins ; they are finer in
texture and darker in colour than in the typical
form.

1 Anatomically : In the petiole there is less

-t

hypodermal sclerenchyma,6 while neither the
cortex nor the endodermis are thickened ; the
\pinnae are thinner. with thinher cuticle and
endodermis and only slight development of
palisade tissue.

All these differences between the

typical and shade forms of Ch, sieberi are in

connection with those characters that protect
the plant both from excessive transpiration and

from excaessive illumination.



In pointing out how these characters ovérlap and
are largely ldentical  Warming ( le0w p. 8L ),
says in effect. Exactly how lignt acts is not
clearly known. Some workers say they lignt
alone causes the above structural differeaces.
Othérs say that increased lignt fauses 1increased
transpiration the latter being the direct cause
ol these differences. Others agaln say that the
strong assimilation resulting from strong
illuvmination is to be regarded as the cause;

In the present case of Ch. sieberi,
however botu factors great dryness and strong
illumination are eltier botu present or both
absent. Thus they work together in their effect
on the plant. The complete results hére may be
noted as a whole and regarded as the effects of the
environmental conditions in general and not of aay

one fauctor.



2. Nothoclaena distans

a, General localities : This fern is local in New

Zealand. In the North Island it is found chiefly

in the wolcenic districts on basaltic rocks,K for
which it seems to have a preferepce. It is

abundgdt at Rangitoto Titirangi and Northwards

to Whangarei. In the Soyth Island it is recorded
in several localities in Canterbury up to a heignt

of 1000 m, It does not apﬁear to be at all

common however ( Thomson 1882 ). The fgrn is also
recorded by Field ( 1890 ) on Mt, Ruapehu Mt. Egmont
Kepiti Island in Cook Strait end the Port Hills.

On the Port Hills K N, distans 1is,6 like

Ch, sieberi quite common,K and abounds in most rocky
localities; It was found by the author growing near

Ch, sieberi in Bowen's Gully ( Big. and )

and up the Heathcote Valley ( Fig. b. ). It was
plentiful on the large rock masa ( Fig. ) on the

same sunny faces as Ch, sieberi. It was not however

‘noted with any frequency about the smaller rocks
scattered over the hill ( Fig. i)

b, Particulars of habitat 3 It is not necessary to give nearl,;

such full accounts of the habitats of N. distans as

have been given in the case of Ch, siebqg;; for these

two species are commonly assoclated togetner} and grow

in almost exactly simmilar situation.



Both are typically sun.seekers but are able to
grow in the shade the form here taking on
certain differences.

The oniy point of difference in regard

to habitat observed between Ch, sieberi and

N. distans is that Ch,sieberi seems to be slightly

the hardier of the two and able to grow where the
amount of soil appears almost'negligible H

N. distans appears as a rule to frequent élightly
better filled cracks of rock k and rock surfaces
with a slightlj deeper covering of soil.

Figures and show pood examples of the
typical habitat of N, distans. As these figures
show  the fern sometimes grows in cracks and |
sometimes on & little earth spread out over the
surface of the rock. Figures and are
close up photographs of part of the rock skirting
the track ( Fig. ) The first figure

shows u long acute-angled crack in the rock.

The crack was of a fair depth with a good deal of
goil in it for the roots to penetrate. The
leaves however were well out towards t.hésurfacev
and as the rock faced almost due North they

received full sunshine practically all day.



Figure - is another photograph of a similar

position showing some larger plants of N. distmans
growing in a crack but fully exposed.

¢ both cases as may be seen the only
other vegetation of the rocks was some bushes of

Muchlenbeckia complexa lichens and a few grasses.

Figure shows a patch of young plants of
N, distans growing on the slight covering of soil
on a Northward facing rock surface in Bowen's
Eﬁlly ( Fig. " marked N,) It must be that
‘here N, distans shows a point of difference from

Ch, sieberi for the latter never grows in patches,

spreading out over the ground like this but

always in upright tuftas often solitary. These

young legves of N, distans are somewhat deltoid
in shape but otherwise do not resemble the
" shade " forms at all, They soon lose this
shape and grow long and narrow.

The edaphig and climatic conditions of
these habitats of N, distuns are exactly similar

to those of Ch., sieberi except that the soil is

not quite as scanty for the former. It is however
quite dry and the whole habitat presents the same

xerophytic features with strong illumination.



C. Adaptations to hablitat : The adaptations of N. digtan:

‘to its habitat are vefy 8imilar therefore, K to those
of Ch, sieberi. - They may be regarded as the
combined effect of the dryness, heat and stirong
illumidation of the environment.

As may be gatnered from the morphological and

anatomical accounts of N, distans its features

of value to it in its habital are exactly those

of Ch, sieveri with the addition of scaly covering.

1

Morpnologically K. Distans is yosseséed of wiry

petioles ; a proteciive scaiy covering on the
under srufaces of the pinnules ; reflexed leaf

margins; coriaceous texture.

I

Anatomically 1t shows strong development of
hypodermal scleréncnyma and tnickening of the
endodermis in the petiole ; thickn cuticle und
endodermis in the leaf ;'a well-deveioped palisade;
and localisation oi the stomata on the lower
surfaces.

d, Comparison with " Shade " form. Here again the

description and comparisons given intne case of

Ch, sieberi and its "

shade " form fully cover
the cuse of N, Bistans. Bhude forms of tne latt
were found in situatioﬁs exgctly similar to those

where plants of the shade Ch, sieberi were observ

The points wirerein the shade nabltats differed frc

the typlical were exactly similar in both cases ;



hence the differences between énade and typical
forms are correspondingly similar. ( see p. )
The morphological and anatomical differencés
between the shade and typical forms of N, distans
are therefore not set ou£ here. w1£n regard to
the scaly covering it must be pointed out that
tnis is almost entlrely absent in the fully shaded

forms of N. distmBs.

Both Ch, sieberi and N, distans as
may be seen from the feregoing descriptions‘lgrow
under exactly the sume envlironmental conditions.
The typical forms are exceedingly similar both
morphologically and anatomically the main
difierence being the possession by N. QIStana
of a distinctiy xerophytic feature the scaly
coating. Tneée two plants have both responded
to their environmental 1nflﬁences ;n the same
direction. It is not surprislng therefore,
that the " shade " forms show convengence towards
a similarity still more pronounced. than that
existing between the typical forms, Tne scaly
covering that forms the main distinction between
the typical forms belnyg a xerophytic character
almost disappears under conditions ol greater

ghade and snelter.



As for otner structural changes ‘these are
exactly the same in both speclies. The result
therefore is that the fully shaded forms show
the remarkable similarity already commented

upon in B ( Part il ) on Korpnology.



5. Pleurosorus rutgefolﬁis

a,

General localities : The range of this
fern in New Zealand is very restinted. It
occuré near Cook Strait and on the Southern
Alps ( Thomson 1862 ) ; also on the Port Hills

and in the KRangitata countiry at the back of

‘the Cantervury Plains ( Field 16980 ) Laing (1919 )

gives’the following localities for Banks peninsula:
The North side of Mt. Plensant ( Fig. )

Sumner Valley and Pigeon Bay ( Fig. ) Wall (lQi&
places this fern in his class of rare or very local
and limited ferns of ihe Port Hills. ge says
7 grows in tne Heathcote Valley.

Shortly after crossing the rad from-Héutncote to
Lyttelton ( Fig. ) the Summit Track, rounding
the Heatncote Valley passes immediately below some
steep rocks ( Fig. ) which face North and North
Best ;3 and among these rocgs, in compahy with

Ch, sieberi «nd N, distuns the fern is pleantiful”

The fern was here found by the auther. The

locality is marked P, in figure



b._Phrtigg;ars of habitat : As Wall says,

" an extraordinary fera belng

P. rutaeiolius is
\a typical sun-secker ; it grows, I tihimg only

in places whicn réceive the full blaze of tne sun
all day. Like many otner plants wiilch grow in
sﬁch siﬂuations; it is tulcskly coated evezywnére,

n

with " rerruginous " or sllvery bDrown hairs. It

is a Lypical xeropayte. "
Ine typical form of the plant was
found by the autnor in just such exposed

situatiocns as thls iundicates. A widely differing

@ "

chade form however was louud 1o a deep previce,

" forms were found in more or

while " intemmediatle
lesa shaded sitluatlons. Tne shade forms will be
dealt wita further on.

All the typical forms observed grew in
absolutely exposed positions, rigﬁt on the bare
surface of the rock £ always on North or North.West
taces so that Lhey received full sunsh;ne all day.
The fern was generally a aolitaryrplant. with no

other vegetation very close to it except for

lichens on the face oif the rock.



Sometimes a clump Muehlenbeckia complexa or some
Acaena was to be seen near by k6 as in Figure
while Cnéﬁalgnggg and N. distans grew

jplentifully in neighbouring cracks. At first

sight the plant of P, rutaefoluis shown in
figure apbeared to be growlng on nothing
but the bare surface ¢l the rdckr' Investlgation'
however showed a shallow pocxet,'with a tiny |
crach or twb‘ in. wnicn there was a little dry soll
and into which the short roots penetrated.

As may be gathered the’nabitat of this
fern is exceedingly Ferophytic 1n nature and much
exposed to the light. The rock becomes hot

in the sun and the soll 1s exceedingly scanty,

1

dry and dustlike. The direct rays of the sun

cause the maximium degree of transpiration.

C. Adaptations to habitat. There are numerous well.

-]

marked adaptive charucteristics shown by lhe plant
rendering it suitable for 1ife under tihese
conditions. The features help both v reduce
transpiration and to check too strong illumination.
They may be outlined thus :

Morpholcgical : The growth form a compact
low clump somewnatiin ﬁhe nature of a rosette ;

the thick pale. coloured leaves with colour masked



by a thiick coating ol wouo:rly haire on both
surfaces.

33: Anatomical :

Petlole : ‘The marked development of thick-walled
epidermal ahd hypodermal layers ; the
photoeynthetic nature of the petiolar cortex
and the stomata at each side ; the thickening
of some of the endodermal walls, and the
replacing of most of the endodermis and some
of the immer cortical cells by mssses of dark_-
coloured metter. which appears to be of a
strengthening or mcchanical value ;

Leaf : The tnickness oif the pinnae ; the very marked
palisade development, the thickenin, of the
cuticle and of the endodermal walls ; the
localisation of iLhe stomata on the lower
surface.

d Comparison with the " shede" form.

" Intermediate " forms of P. rutaefoluis were
eewmeiaiind in sli htly shaded positions. These
4ghowed slight differences from Lhé typical,
differences which werc most promounced in the
fully shaded form. ﬁ very good fully shaded
form waec found by the author smong the rocks
in the Heathcote Valley, at no great distence

from the typical plasnt shown in figure
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This shade form was a large, full- grown plant
with sori on the backe of the pinnules. The
situation was a dark, horizontal crack in the
rock, of some depth, and also narrow, so that
very littlé could penetrate into 1it. The
rock within wes cold and damp to the touch
although thé sun was shining. The fern
grew in a little damp ecath and sent its roots
deep into Ih?ther cracks, while its leaves

stra_gled OhilonL limp petioles along the

horizontal ipdbe.

On comparing this shade form with

the typical, certain morphologlcal and
anatomical &mfrerences are plsinly to be seen.
These have already been pointed out ( ParQ;zi_
B and C ). [These differences are obwiously
intimetely connected with the darker,

damper habitat, and ma; be briefly repeated

nere. The shade form shows more mesophytic
characters. o
Horpholbbical~:_ The shade form is slender

and streggling in growih form, not forming a

colmpact clump ; the petioles are more slender,

| .
darker green, and only slightly hairy ; the

pinnae are comparatively very large and thin ;



Fl

dark green and with only é slight coaiing of
hairs.

Anatomical : The petiole shows less
development of thick walled epldermis and
nypodermis ; and much lesé development of the
dark-coloured matter round the vascular bundle ;
the pinna in transverse éectbn s mueh thinnep,
and shows practically no development of

palisade F;g;ue, no thickening of the endodermis,

and a»Lhihner cutlcle.



4. Ano,ramme leptophylla
a. General localjties. Thie fern occurs rather

1o&ally in carious distinecte of'New Zesland,
chiefly in hiily ar rocky placec at no g reat
distance from the cea, Iﬁ the North leand

it is found commonly at the head of the
Manahau Harbour.: also more rarely near Auckland
and near Napler and Cape Kidnappers on the

East Coast- It also occurs about the Thames
and néar Wellln ton. In the South Island, it
is'found near Lyttelton and in some other parts
of Canterbury. It is also found in Otago,
around the Upper Clutha, and sparing ly near
Dunedin. ( Thomson 1882 ).

On the Port Hills, Wall ( 1918 )
says 1t used to be plentiful near the Port of
Lyttelbon but its fa#drite heshitats in this
vicinity have been destroyed. He found it
fairly abundant among the rocks between Godley
Head and the Lyttelton Sumner saddle‘( Fig. )
and in the Cashmere Gully, down the Slope to
the right of Victoria Park ( 14 ) on the map
in figure The suthor found it only
at Bowen's Bully ( Fig. and ) among the

smaller rocks scattered over the ton ue of



rocky ground that runs up between the ridggs of
the large U-shaped mass of rock ( Fig. Je
The siuation where this fern grows more marxed
with a A in figures and .

b, Particulars of habitat :The hablitat adopted by this
delicate little fern differs greatly from those.
of the foregoing thrge species, It is always
found in rather dark shady spots rignt under the
over-hanging ledges of the smaller rocks that are
scattered among the graés and tussock. In these
placesrtnere is, except during tpe wermest summer
months  plenly ol soft damp eath watered by the
seepage from the surrounding rock fuces and
sheltered Lrom thé sun's rays by the over.hanging
ledge and by surrounding vegetution grass,
tussock etce. Here grow numefous liverivorts
and moases and delicate specimens of Aspleauim
flabellifokium as well as both prothallia and
sporophytes of ogramme leptophyll
The siuvations adopted by this fern are dound
then to possess plentj of earth which is quite
moist the surrounding and over-hanging rock
gurfaces also being quite damp. The plant is
admirably snelieredg and does not have Lo sﬂand
the drying influences of wind or iong coantinued

sunlight or heat radiating from the rock.



Thus it is obyioug that tnis damp; shaded habitat
differs as widely as possible from thé dry exposed
habitals of €n,sieberi N. distaus aand
P, rutaefoluis. A, leptoflylla correspondlng
shows the chafucters of a mesophyte in contrast
with the xerophytic charucters of tne other ferms.
An important polat to notice nowever is
this : wnile the sporopnyte of A, leptophyllia
is plrely mesophytic in character, there are in
the whole life nistory of the plant including
voth sporophyte and gametopnyte atagga_ certain
features polunting towards an adaptation to

somewnalt xerophytic conditions.

c. Sporophyte : With regard to the sporopnyte its

|

Il

mesophytic features_ or lacs of xerophytic
. features may be pointed out briefly :

Meophologically K tne whole plant is fine and delicate
with very slender petioles and thlm smooth pale-
green almost transparent leaves.

Anatomically the plant possesses a petiole with a
large.celled epidermis. The cells have a very
thin sclerencinymatous layer ou tihe outside only ;
the cortical cells are very large and thin-walled
tne endodernal cells are not tnickened ; in tue

leaf tnere is no tnickening of cuticle; or of

o

¥



endodermal walls ;sno development of palisade ;
and only a relatively few layers of large thin.

walled mesophyll cells.

It is very important to note a certain
fact about this mesophytlic sporophyte. It 18 an
annual plant living for only about 8 or 9 monghs
of the year. It lives its whole life through
during the damp Winter season  when there is
always plenty of moisture seeking down from the
rocks, The author observed the plant at wvarious
stages during late Autumn Winter and early
Spring. In Autumn ( March ) tne leavés were
very small and young and without spores. Later
on the plant was seen to be further advanced and
in early spring ( September ) | it was fully
grown with sorl oa the backs of the pinnae.
lost of the Sporangia were unripe and green K but
a few were turning brown. = The necessity for
completing this thesis in October prevented the
extension of tnese observations into the Summer
months. Field ( low0 ) says that the fern dies

as soon as the warm dry Summer weather begias.



Wall [lul8 ) also remarks on its " curious habit
of appearing in the Autumn and Winter fruiting
in Spring and dying away during Summer *

Thus this plant with its mesophytic
character dies down and escapes the hot dry
months of tne year when conditions are much
more xerophytic. During tnis time it carries
on its existance in a reating stage as spores.
Thus it is very well suited to the conditions
under whicn it grows. The seasonal varlations
in these conditions may have induced this gannual
hauit‘in the plant.

d. Gametophyte : With regard to the gametophyte
it wiil be found that 1t 1s oi great interest
and importance from the ecological view point.
While the sporophyte is anuaual the gametophyte
as pointed oul in an earlier chapter ( B. part EI)
is " perennial " or has the power if the |
archegonia are not fertilised Af coatinuing 1its

existence for several years by means of a tuber.



The green qﬁtgrowths die down,bbut the tuber
perennates and later under suitable conditions
sneds forth new green expanded portions.
Referring to the duration of life of

the prothallia of the Ptemidophyta Goebel (p.189 )
sayé " In the gemetophyte of the Pteridophyta

the general feature is that is dies after
producing an embryo. - acaa--- and on page 214
1t is as @ rule absorbed by the developing embryo,
and this is why it is not given time ( so to speak)
to grown into anything in the way of configuration.
But adaptations of the prothallus are to be found.
For example 6 in its relationship to water there
are to be found one or two rare adaptations.

There are no special contrivances for holding

water and up till now special arrangements for
the tiding over of a perlod of drought have been
found only in two species of the genus Anogramme
these taking the form of the production of tubefs.
The prothallus in A, leptophylla is pre-eminently
fitted to withstand a period of dreught. "



This quotation makes clear ilhe

significance then of the gametophyte of

A, Leptophyllia. The autnor has already

( 1L B ) described the tuber in full 6 pointing
out its comparatively large size ( up to

3 mm, in length ) ; its numerous iime hair.
rootas ; also the large quantities of reserve
foods in the way of starch and oil to Le

foﬁnd in its cells. These capacities as

arn aéslmilating organ and as a storage organ,
‘togetner with 1its power of long life constitute
the prothallus of A, leptophylla a very
‘important and valuable asset to the plant in

its relation to its environment.



CONCLUSIONS .

In this thesis the four ferns under dise
on:ﬂ.on have been ntudied with the main view of .
pointing out the nature of their relation to their
environment.  To this end, detailed morphological
and amtmcsl deseriptions were given f_irst, _w!.th
comparative accounts of '-h;do' forms, Full des-
eriptions of the habitats of both typical and"shade®
forms followed, with the object of pointing out Lthe
markedly xeropiytic conditions under which the plants
live. In the light of these fucts regarding the
environment, cert=in morphologiezl and :matonicﬁ |
characters of the ferns wore then given their aimiﬂ-
omace, from the ecologleal point of Ti”ﬁr

‘(n the whole it is %o he seen that the ferns
possess acharacsters enabling them to sustain iife under
a considerable variety of conditions, In situations
of a pronounced xafophytic nature, the typlcal forms
of Ch,sieberi, Nedistans =nd £, rutasfolius thrive
quite well, while in more mesophiytic situations their
shade forms hold their own. “he fourth fern,
Asleploplylla sustaine 1life in a situation that varies
from mesophytic in Vinter to xerophytie in Summer.



. In spite of various adverse circuﬁ-
tt.ance‘s. vs'uch as aridity of habitat, exposure to |
winds, danger of dutruet:lon hy f:l.ro or by shsop
ete, these fcrnl are =till quite plentiml on the
rort Hills. It is to be concluded therefore
thaf th.oh" eharncteristiei successfully ﬂ.t them

for lifo under mctmg conditions.

On tha whole, the studt of this
group of fomu trings into evidence the remarke-
able correlation between a plant and its en-
viromunt'; a correlation that exists in so
vmdeiml a degree throughmxt the ;rholo vggetablc
kingdom,
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1.

EXPLANAT I oF FIGURES.

Fig. 1. map of New Zealand = =showing Cockayne's Botanical
Districts and position of Banks Feninsula.

Fig. 2. Skelch Wap of Banks Peninsula. -

Pig. 3. Plan of Banks Peninsula - showing the Port Hills (in
relief)

Fig. 4. Bird's iye View of Fort Hills.

Pig. 5. View of Western Slgpes of the Port Hills.

Fig. 6. View of Hastern Slopes of the Pért Hills.

Fig. 7. Rock strewn ground at Bowen's Gully.

Fig. 8. Cheilanthes sieberi

(a) Leaf of typical form (actual size).
i. Back of Finnule (enlarged)
b. Leaf of "deltoid" form (actual size)
ii. Dack of TFinnule (enlarged)

c. Leaf of "shade" form (actual size)
iii. Back of Pinnule (enlarged)

Fige 9. C. gieberi.

a. Habit of plant (actual size)
b. Ahizome (actual size)

~ Fig. 10. C. sieber i.

Small plant at Bowen'H Gully.
Fig¢ 11. L. sieberi - Root.
a. Diagrammatic sketch (enlarged)
b. Portion showing "rhizoids” (enlarged)

c. Tlransverse section.



Fig.

Fig.

Fig.

Figc

Figo

Pig.

12'

13.

14.

15,

16I

17.

18.

19.

C. sieberi.

a. Leaf (actual size)
b. Dback of Pinnule (enlarged)
¢c. Baek of Pinnule (larger) with Sori.

C. sieberi. = ©Oporangia and Spores.

Cs sieberi.

8. ©Surface view of lower epidermis.
b. Position of sorus (diagrammatic)
Nothoclaena distans.
a. Leaf of typical form (actual size)
i. Back of Pinnule (enlarged)

b & c¢. Leaves of "intermediate" forms (actual
size)

ii & iii. Backs of Pinnules (enlarged)
d. Leaf of "shade" form (actual size)

N. distans.

a. habit of Plant (actual size)
b. ihizome. (actual size)
c. Habit of young plant.

N. distans.- Fatch of young plants at Bowen's Gully.

N. distansg-

a. DPBack of Pinnule, showing scales.
Be H # L it ‘sori-
Cce Oporangiw.
d. Opores.
MNe distans.

a. ©Surface view of bower epidermis.

b. Position of sorus (diagremmatic)



Fig. 20.

Fig. 21.

Fig' 220

Fig. 23.

Fig. 24.

}‘.‘lg_" gb.

Pleuroserus

rute=folius

=Y

Coe

P. rutaefol

Lypical plant (actual size)
i. Back of Finna (enlarged)
"Intermediate” leaves (actual size)
ii. Back of pinna (enlarged)

"Shaode" plant (actual size)
iii. Back of pinna (enlarged)

ius

Plant on rock at Heathcote Valley-

P. rutacfol

ius

Ao
be
Ce
a?

P. rutaefol

Back of typical pinna; showing sori.
Back of "shade" pinna , showing sori.
oporangiui.

OPOres.

ius

o

k)o

Anogramme

Surface view of lower epidermis.
Portion of sorus (diagrammatic)

igs

P. rutaefol

Longtitudinal section of petiole.
Figva" shown larger.

Scales (bristles) of rhizemsd.
hizome with scales.

lentopnylls.

Do

b-

de

Young plant (actual size) - showing tuber e
Young plant (enlarged) - showing tuber ete
Older plant (actual size)

Older pinnae (larger) showing venation.



Fige 26« A. levptophyvlla

e

b

Coe

ds

Back of pinna showing sori.
LA " {(larger) showing sori.
Loung sporangiume

Sporangium dehiscing.

Fig. 27. A. leptovhylla

=

&l e

bn

Surface view of lower epidermis.

Position of sorus {(disgrammetic)

Pige 28. A. leptophylle - Prothallus.

i sind

Qe

e

Actunl size.

" etc. (side
view)

inlarged showing “archegoniopliore
Side view of another prothallus.
Top view of it.

Archegonisa.

Portions of tuber crushed, showing =-

i starch, ii oil.

Fig. 29 A _leptophylla - Prothallus

e

be

Cell surface with antheridia.

Aptheridium (larger)

Fig. 30. L. sieberi « Rhizome.

e

Diagrammatic sketech of transversé section
near growing point.

Diagremmatic sketch of T.5. of older portiom.

Bclerenchyma.

Vascular bundle.



Fig. 31. (. siebers {(typical)

Transverse section of petiole -
a. Disgraumnatic sketch.
b. Larger drawing. .

Fig. 32. C. sieberi {(iypical)

Tebe of pinna = ’
a. Diagrammatic sketch of whole T.5.

b. Portion of T.85. (larger)
Pig. 33. C. sieberi ("shade")
T.5. of petiole =
a. Diasgremmatic sketch.

be Larger drawing.

Pig. 34. C. gieberi ("shade")

L.Ge of pinna -
a. Diagrammatic sketch of whole T.5.
b. Portion of T.S. (larger)

Fige.35. Ne distans (typical)

TeHBe 0of petiole =
a. Diesgremmatic sketch
b. Larger drawing.

Fig. 36. N, distaps (typical )

T.5. of pinna -
a. Disgrammatic sketch of whole T.8.
b. Portion of 1.5. {larger)

Pig. 37. N. distans_ ("shade"|

T.5. of petiocle =
a. Diagrammatic sketch.

b. Larger drawing.



Pig. 38. XN._distans ("shade")
1eBe of pinna -
a. Diagrammatic sketch of whole T.S.

b. Portion of T.8. (larger)

Fig. 39. PE._rutsefolius (typical)

1Te5. of petiole =~
a. Diasgrammatic sketech.
b Larger drawing.
Fig. 40. F. rutsefolius (typicél) -
T.5. of pinna -
a. Diagrammatic sketch of whole T.S8.
b. Portion of T.S8. (larger)

Fig. 4@. P._rutaefolius ("shade")

T.5¢ of piune wetiocle =
a* Diagrammatic sketch. ef wheze +.S5.
b. larger drawing.

Fig. 42. P« rutaefolius ("shade")

TeSe of pinna -
. Disgrammatic sketch of whole T.E.
e Portion of 7.8. {larger ).

Fig. 43. Anogrogme leptovhylla

Tebe of petiole =
a. Disgrsrmatic sketch.
h. Larger drawing.
Fig. 44. A. leptophylla
Tebe of pinna -
8. Diagremmatic sketch of whole T.S5.

b. Portiom of T.S8. (laiger)



45.
46.
47.
48.
49.
50,

51.

Large dock Mass al Bowen'8® Gully.

Nearer visw of part of roék mass in Fig. 45.
Rocks skirting track at Heathcote Valley-.
Clump of Vegetation on rock at Rowen's Gully.

Co. siechori et Heathcote Valley.

N. digstans at leathcote Valley.

K__distans (larger) at Heathcote Valley.



Abbreviations used in the Figures,

ann, Asscsoes annulus
anth, .ceceee antheridium
areh, cessess archegonium
e, csecens cuticle
CeBep, gocosce cell-surface
cx, . E— cortex

d, cceocoae deposit

en, cececoe endodermis
ep, escescs epidermis
ex, scesece exodermis
g.oQ, sbocsos guard-cells
Bele, ececcess ground=level
gr, ceseces groove

h, ....;.. hairs

NeTey ovecsces hair-roots

hyp, cecocen hypodermis
m, ecvvese mesophyll
pal, secscss palisade’
per, sesscoe pericycle
ph, _sesscese phloem

DX, ccosscs proto=-xylem
rhd , eveccve rhizoid
rhm, sesesee rhizome

£t, sssessas root



ge,
501;
spm,
8PP,
8T,
a8t,

stk,

stm,

V.'b., )

Tete,
Wele.,
XY »

Veloe

esbeeee
G¢s0CceE0
® 6 00 006 O
ecseoecte
[ XN X N N X1
[N NENY]
ec e oE e
s0c 0000
¢ 69 00O
Goeenc e
eo 00000
eesvseceo o
AR N RN NN

©60060¢

scale
sclerenchyma
sporanguim
spores

sorus

stoma

stalk

stomium

tuber

vascular bundle
vascular tissue
withered leaf,
xylem

young leaf,



Notes After the author had concluded the
foregoingj .th‘e‘s‘lis, Professor F.O. Bower's book,

"The Ferns (Filicales)" Vol I (1923), came to
hand, As rar as ti;ne permitted, this was used to
yepify surksis of dha facts set forth in the
thesis, o | |
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