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I D T R u D U C T 1 0 N. 

This tnesis proposes ~o deaL with cer~ain species oi 

'tlw r::enus cys"t01J11ora , a rucoid. common on mtJ.n;y- rocky coasts of 

Australasia. Three species {C. retrorlexa, c. sca~aris, c. toru­

losa) were collected f.com L:yt"telton H&rbour, south IsLand, New 

zeaLand, (Iviap, Figs. L,2.} and. are discussed in some detail; 

they were iden-citied Vii -cn cer-cain-cy only late in the year. after 

an extensive examination of all the available literature (which 

was far from c omrle te) , and of some her"bari run specimens (:for 

"the m0s t t)ar-c doub t!"Lt.Ll;f iden"ti:fied or no~ at all). The results · 

however have :turnis.tled an account of all the Known .New 7ealand 

species; tJ1i s account, though in the main a compilation and 

comparison of earlier writers, is based on the very reliable 

works of J. Agardh and so can lay claim to aceuracy. The.ana­

tomy and oecology, and in the mo.in tne general morphology. re­

search met,hods, and some other parts, are "based on actual. worK 

on the collec"ted specimens of·. the above three species. Earlier 

work b~s been entirely descrip~ive of the morphology. 
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H I S T 0 R I C A L. 

The progress of our knowledge or cys~ophora is ~argely 

~hat o:r Australasian aJ.gology in generu.L; and ~his, wi "th the 

paucity or literature, forbids a detailed historica~ accoun~. 

The earliest descriptions of bny New zealand species 

are in Turner (lSoe), where under the all-inclusive name of 

Fucus, are described c. monilifera and c. torulosa, with a few 

plates. Other early accounts are g-iven by Brown (Mss. and in 

Turner '08) and Merte'ns (nMemoirs 11
). In 1820, A. c. Agardh ( '20) 

described c. Tetorta, c. retro!'lexa, c. ~orulosa, and c. p.Laty~o-

bium. A. Richard. (~'32} describes c. monilifera ("Cystoseira :re-

troflexa11 ) as collected during D'.urville 1 s first voyage, and 

.Moil tagn3 ( 1 4b) reports C. retorta ( "B~ossevi~.lea retor~a 11 ) in the 

second • various authors re£er also to Labil~ard, Decaisne, 
.. 

KUtzing, Endlicl).er, but the works of these and some of the o~heF 

au~hors were not availub~e for reference in vv-.ci ting this paper. 

These accounts, given from material collec~ed in most 

cases by visiting na~uralists (the. genus being confined to Aus­

tra~asia), ·are scattered, sometimes contra~ictory, and casual 

rather than systematic and comparative; and moreover in some 

cases the iden~ifica~ions have been doubtful. The confusion has, 

been the greater in tha~ a given plant, probably by recapitula-
1 

tion or the phylogenetic history or i~S Species, presents dif!'er-

en~ appearances at different stages in its life history, the 

earlier phases being pernaps similar in differen~ species (Agardh 

lb~2~ Continuatio iii, p. 44. ); and moreover is somewhat variable 

according xo conditions {Cf. Laing, ~e~b. p.3ll), as ~he writer 
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has been able to verify. For these reasons considerabie con­

:rusion has occurred, and un±"ortunate.Ly this is sti.Ll the case 

wi tn much New zeu.l4nd algolo gy. 

The confusion WtiS largely removed by the writings of 

J. Ag~rdh, son o:r c. A. Ar:ardn. His decisions are quite author­

i"tative; and his chief work, "Species Genera etordines Alga.rumn 

(.Lb4b} is monumen"ta.L in marlne a.Lgology.· In this work he des­

cribed, discussed, and classifiea all the then known species of 

cystophora, viz., 20, including theN. z. ones c. retroflexa, 

c. mon1.Lifera, c. "torulosa, c. :platylobium, c. dumosa, (the lat-. 

ter however being not then reported from·N. z. ), and c. retorta 

(which he reports from N. z. on Harvey's authority). 

Agurdh and Decaisne (le4l) had independently separated 

certain species from the genus cystoseira, creating for their 

insertion a new genus whiu.h Agardh called ncystopl10ran but Which 

Decaisne called HB.Lossevi.Llea. 11 .Agardh's claim of priority in 

time and oi· sounder taxonomic principles has been generally con­

ceded (though not by Endlicher and ];Iontaligne), and he is thus 

tne founder of the genus. 

the genus caulocystis. 

Later .he removed certain species to 

Apart from Agardh, t.he chief workers on cystophora 

were Hooker and Harvey, who mostly.worked together. Harvey is 

much less accurate than Agardn, and unfortunately was followed 

by Hooker. Harvey gave in his nphycologica .Australica" (lt!58) 

plates and descriptions of ten Australian species, including 

c. monilifera, and c. toru.Losa, which also occur in New zealand. 
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In-HooKer's "Flora Novae 7ealandiae" (~bbb) he gave, with 

re£erences to other species, a plate and description of c. platy-

.Lobium, which he thought a new species and called c. Lyallii. 

rn HooKer's "Flora Tusmaniaen (lbbO) he recorded four New zea:-

land species as also i'ound in Tasmania. In Vol. VI. of the 

London Journal of Botany, the two workers gave a list, with 

descriptions of new species, of the n. z. seaweeds. 

The only formally descriptive account of ~he N. z. 

species in particular is in Hooker's "Ha.ndbookof the N• z. 
Flora" (11:;67) .. This great wor.k is the most readily accessible 

·to most readers; but it does not .claim fina~ity, and in the 

cuse of cystophora requires revision, as ·indicated below. 

In ie7o Agardn dealt with the seaweeds of the Chatham 

Islands, recording all the N. z. species of cystophora, including 

the new ones c. scalaris anci c. ciistenta, which he describes, 

together with others. Later in le87, in descri~ing Dr. Berg-
' 

gren's collection, he referred these two species anci also two 

other new ones, c. ciissecta (?) and c. ciumosa to New zealanci. 

In his fln&.L general review in the "Analecta Algologica" (18~2) 

he discussed briefly the whole genus, describing i"ts· general 

habi "ts and. its interna.L anci external relationships.· 

General references are to be found in Oltmann's "Mor­

phologie und Biologie der Algen" (1~04, '05} and proba'bly :Engler 

and Prant.L's "P f'~anzenfa.milien 11 (1889). 

Mr. R. M. Laing (le85, 1894), of' Christchurch, in deal-

ing with the N. z. Algae, mentions cystophora only casually; 

hence, in purt the present paper. He says that Agardh•s intro-
. I 
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duction of the four new species may require revision, and in 

a .La:lier paper (.ltJ:J;;;) he rejects c. moni.lifera., c. dissects. and 

c. retorts., but inser~Gs two others (this agrees with Agardh, 

HJ7'1); c. monilifera however must be retained., in View of 1 ts 

undoubted occurrence in herbaria of New zealand specimens only. 

c. retorts. has not been verified, and Hooker himself ~ater ex-

pressed a doubt as to its occurrence. 

The position at present is :-

HooKer (lb67) gives c. monilifera. 

c. retorts.. 

c. retroflexa 

c. torulosa 

c. pJ.a.ty.lobium. 

Laing's Revised. List ( lo~9} gives : -
' c. retroflexa. 

c .. torulosa. 

c. distenta. 

c. sca.la.ris. 

c. dumosa 

c. pJ.aty.Lobium 

to which should. be added 

c. moniJ.ifera. 
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R E S E A R C H M E ~ H 0 D S. 

COLLEC TH~G. Collecting is gener~lly possibLe only at low tide, 
I 

from pools or the open sea. In the latter case 

a stic.k provided with a hooK or blade is oi" use for dislodging 

the specimens. stranded plants can sometimes be collected on 

a sandy bet:ich after a storm, but t:ire imperfect and unless cover-· 

ad with .kelp are dried ~nd useless. 

IRES.&Vll~G, .B'IXIHG, SECTIOlHHG. Collected specimens do not spoil 

if slightly dried, and so need 

not be .kept in sea-water or immediately preserved: this greatly 

facilitates collecting. When quite dried, and sometimes when 

preserved in formalin, the whole tissue (and the formalin) be-

comes black and except for photographic purposes quite spoiled. 

For freehand sectioning, fresh material is pre­

ferable; alcohol proved a good preservative, but when above 40 -

bO% hardened the material too ~uch, especially for the microtome. 

For more delicate cytological worx, an ef1ective method was found 

to be that in lvJUrrtiy's nrutroduction to Study of Seaweeds" (Mac-

Millan, lt>~b. p.3Q.) The fresh material is immersed for an 

.hour in a saturated aqueous solution of picric acid, washed, and 

then hardened in a graded series of alcohoL. 

· Microtome sections were out, after th~ paraffin­

method given in Chamoer.Lain's "Methods in Plan't Histology". 

lv10UBTING. For temporary and semi-permanent mounting, glycer-

ina proved a satis~actory medium. 
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Different stains were tried, with varying results. 

Eosin and methylene blue did no't colour the cell 
that 

wal.J., or the pro'topJ.asm,excep'tjnumerous granules, especially in 

the outer epiderrnal cells, stained red and green respec'tively. 

This applies to rr~'teriaJ. preserved in various ways. The above 

stains are delicate ~nd if diJ.uted require sever·al hours or a 

day. A much more rapid stain is safranin, which should be dilu-

ted; this colours the protoplasm a deep uniform red • .. ' 

The only effec'tive stain found for the walls was. 
X. 

Haemat~lin (DeJ.afield 1 s was used). This stains the walls a 

beauti:rul bluish-purpJ.e. It is rapid, and must be ciiluted; it 

may be combined with eosin, etc., :ror doUbJ.e staining. 

U3E U£ HAEl;IA.TGYLIN. . H&ema t~lin · is the. best stain :ror or din-
. I' (\. 

ar.r worK, and costly experience has indi-. 

cated some essential. points in its use. An aqueous soJ.ution 

was used., and Wi'th this {and, to a less extent, \Vi'th sa:rranin] 

1 t is quite essen 'tiaJ. tl1& t sections from :rre sn or preserved. ma-

. terial mustoe v.:.s.sned :tor some time in several changes of water; 

alcohol especiaLLy must be completely removed. Otherwise the 

stain becomes gri'tty, and no amoun't o:r washing wil.l save the 

sections :rrorn ruin. 

The stain shouJ.d. le d.iluted. ti .ll the red colour 

changes to a delicate blue, v..nd. the sections Should be immersed 

for 3 - ..LO minutes, vvashecl in fresh water, then p.lb.ced in a 

wa:lcn-glass with glyce.rine. The mechanical repulsion of w~ter 

by the latter prohibi~s the direc~ introduc~ion o£.specimens 

from wa~er to the sl1d.e. 
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The protoplasmic cont~nts of 

the cells vvere examined by the more well­

Known methods such hS those given in Caver's "Practic&l Botany". 

A particular account is given below • ( 11Physiolog1cal Notes") •. 
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D I S T R I B U T I 0 N 

The genus Cystophora is AUstralasian (not AUStralian, 

as stated in Murray's "Introduction to the study of seaweeds", 

1895, p.55., and in Harvey 1858, vol r., pl. LVI. 1 It is one 

of the four genera of the Fucaceae confined to AUstralia and New 

ze~land, ~nd in the Northern Hemisphere is replaced by the large 

widely distributed and closely .related genus cystoseira. 

over twenty species ~re reported from Australia, 

mainly from the west and south coasts and from Tasmania. Hook­

er's five N.z. species and c. dumosa are reported from the main­

land, and also, except for c. dumosa and c. retorta, from Tas~ 

mania. c.. retroflexa ( nabundant," Hooker} and C. retorts. are 

reported as far south as Lord Auckland. Islands; but. the occur­

rence of c. retorts. in N· z. is not verified. All the speciei 

occur at the chatham Islands. 

There ~re thus seven N.z. species of which c. sca­

laris and c. distenta, are, if we i-nclude the chathams inN .. z., 

endemic; the rest are also AUstralian. 
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R E L A ~ l 0 fl S H I P s. 

Cystophora is a Brown Alga belonging to "the Fucs.ceae • 

. Agardh alvvays considers it moet closely related to Cystoseira 

and Sa.rgassum; thus he says (•:12, p. 4b) :- '1 Genus inter Cy$to­

seiras et sargassa quoddammodo intermedium, ab il1is vesiculis 

discretis, ab his partibus magis confluentibus et evolutione 

nunquam axillari diversur~, satis ut mihi videtur naturale.". 

Harvey (l8b8, Vol I., pl. LVI) agrees with this. :sut Oltmann 

( '04,p.4'o:IB) p~ts the genus nearer to cystophy.Llum and Lands.bti.r­

gia than to Sargassum •. 
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G E H E H A L .M 0 R P H 0 L 0 G Y OF THE G E lq U S. 

GEif6RAL. The plant is a ~arge thallus, one or more commonly 

. El€!Ve:tb.l fet}t ir1 lang-·th and consisting of an unright ' - ~ 

stem (stipe), lbteral branches, air-bladders (~esicles), and 

numerous pinnuJ.es cont;aining the conceptacles; it is i"astened 

to the substratum by a holdfast. 

The colour, though variable in the different species 

and in ind.ividuals, (mainly according to the illumination) is 

the characteristic browa of the phaeophyceae. 

From the small disc-shaped (scutate) holdfast rise 

one or more stems. Agardh says the latter case is due to the 

division of the original single stem; this does occur 1 Fig. 3.). 

but in some cases at _least it is a question of the fusion of 

the young .hold fasts of tvJo plants growing close together (Fig.4.) 

The plant :floats erect,- where possible, in the water, swaying 

passively with the waves. ~he buoyancy is partly due to the 

bJ.adders, but these are small, few in number, and sometimes ab­

sent, and do not seem o!· much account as floats. 

STEM. The stem may divide dichotomousLy a :rew (l-3) times 

(Plate III); it is flattened, except at the base and 

when very young, and in section is :typically spirid.Le-shaped • 

.Agardh considers the variation from this, and the acuteness o:f 

the angle at .the ml:i.rgin, to be o:t classi:ricatory value (certain­

Ly so in an artificial Key). The outline however is made to vary 

in every case by the insertions o:r the branches, which·cause the 

size and shape o:r the section to vary and the stem as a whole to 
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be wavy or sinuous. ~his is more pronounced in the oLder basal 

parts, where the con~raction of the stem with age Lessens ~he 

distance between the.branches. 

LOSS 0.£!., l:H-'..lil~v1:I3S. A very ch&ra cteris~ic :rea ture o:f the genus 

is that ~he oLder basal branches separate 

away :from the stem and are lost (Plate IV.). The branches are 

not inserted directLy on the stem, but on LateraL thickened 
1 

and. expanded processes, w.nich remain w.nen the branches are lost. 

This gives to the older bared sterns a zig-zagged or icalari:for~ 

appearance - hence the name C. scalaris. (I late III. J This de-

ciduous habit, in a somewhat modi!.ied manner, ·1s snared by· re-

Lated. genera, suc.n as Gystosei:ca anci. so.rgassum. Its signifi-

canoe is doubtful; in the c&se of surgassum, sauvageau (C. rend. 

soc. de bioLog. paris, vol. Lxii, 1~07, p.~u~2) cLaims that it 

is a method of vegetative reprOduction, tut with Gystophora 

this is almost cer'GainL~:r not so, :ror there is no record of 

pLanktonic :Corms. i"'[arclh { 1 .~2, t.:ontinuatio ·iii, p..4b) ·says ·-

11Prout nimlfm rami ramuli que generant.ur aut sua d.ensi tate aut 

magnitudine nimii aut per:functis propriis functionibus superflui, 
£ieri·--puto: · 

- eosdem sensimg_ue dejectos (:llli.iiro~)~•, Indeed, it seems likeLy 

that the branches are thrown oi'f as useless when their r·epro-

ductive funct.ions are ful:t'il.Led, ·.Li.ke withered flowers. The 

forl1lation o:t sexual ort;&.ns on the pinnules 'termin~tes the 

growth of the l~tter. In the development of a branch, the 

uasal pinnae may form sub-branches, but-ultimately are relegated 

to reproductive :runctiions, whiLe t.he d.istal par-e continues its 

deveLopment and un:rold.ing, tl.L.L 1ina.L.Ly a.J..L the pinnuJ.es become 
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:Lertil.e. Meunwhile 1ille busal. pinnae are cast of':L in succession, 

leu vine- the rhachis bare, and. :nnally the whole branch separates 

away. In one extreme case, in c. scalaris, a number of succes-

sive brunches had lost 20 - 2b sub-branc.hes eacn, and the remain-

ing sub-branches l·s.d lost the more basal pinnules. The pro-

cess is thus not con:Lined to the branches of the firs1i 6rder 

only, bu1i extends to the older fertile pinnules; and here 1ihe 

evidence supports the v1ew that the significance of the process 

is 1"ound in the uselessness of these pa.rts at the comp.le1iion of 

their !"unction, due to the loss of their power·o:r growth. The 

-value of the deciduous habi1i may be partly physiological, but 

is also partly mechanical; for it permits.the continued produc­

tion o:L reproductive organs wit-hout adding unduly to the size 

of the plant and the 11pull" by the waves. , The consequent in-

crease in leng1ih is partly balanced by the contraction of the 

old stem, which serves 1io maintain a more or less constant re-

la tion with the sur:face of the water and to lessen the ''sway" 

in the waves. 
' 

The base of the stem tbus becomes mainly mechanical 

in £unction. occasionally it splits into three, or more rarely 

tv1o, strands be tween the articulations, the strands. :fusing 

again at the insertion of the latter (Fig. 6.} 

BRAl:JC.HES. _The articulations on which the branches are inserted 

(Figs. b,'1,20, Plate IV) are thicK lateral processes, 

as· wide- as or wider than the stem. They are very regularly 

al.terna1ie, and the stem is correspondingly sinuous. They are 
' 
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gradually cont·luent with the stem, both above and l:elow, in 

such a way thCi.t 'Ghe axil is no"t sharply angular but rounded. 

This feature, which is hig.nly characteristic of the genus is 

often so pronounced (c. retorts., c. sca.laris) that tne branches 

are at first directed.. downwards rCi.ther than up --~- 11 quasi pon­

derosa mole ramorum de:flexae," as Agardh (l.c.) observes in a 

LamarcKian phrase ----- and so .supply the. specif'ic names of 
I 

c. retorts. and c. retroflexa. The most obvious explanation 

of the peculiarity is a mechanical one, viz!, it appears to aid 

in the strengthening of the stem above as well as below the 

branch so as to prevent tearing, and to resist strains from both 

directions. 

In c. scalaris, ~alse tri-chotomy is common, owing 

to the great deve-Lopment of' the "two basal sub-branches and their 
on 

insertion directly on "the articulation, rather thanjthe real 

axis, of the branch. (Fig. & .. } The true nature of this is de-

tected both by analogy an~ by the loss of the sub-branches be-

fore the completion of the growth o!" the true branch. 

The 'branches, except in their smaller size, resemble 

the stem; they agTee with it in appearance and structure, and 

give rise similarly to further branches, which when old are 
• 

cast of'f• The distichous·arrangement of the branches, consequent 

on that of their articulations, may be obscured 'by the denseness 

o:r 1iha ramification; 'this is o:rten pronounced in the.sub-branches, 

from which the pinnules appear to arise in all directions (C.toru-

los a). The pinnate arrangement ho~ever can be detected in some 
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part or other, especially if there is a bared scalariform stem 

(Fig. 5~. Plate III). 

VESICLES. Typically, one or more basal pinnules of each 

branch are transformed into vesicles or blad­

ders. These are rare in c. torulosa when the latter grows· in 

rock-pools; otherwise they are fairly numerous, and constantly 

so in c. scalaris and c. retroflexa. In c. torulosa,numer-

ous examples were. found of pinnules expanded distally and end­

ing in hollow spherical or pear-shaped bodies which should 

probably be called vesicles (Fig. 23d). This seems exceptional, 

and hitherto not reported. (See specific description below of 

c. torulosa.). The normal bladders are basal on the branches, 

and shortly stalked (pedicellate). They are described in some 

species as mucron&te o.r apiculate, but all those examined proved 

.ellipsoid or oval &nd distally smooth. In a herbarium specimen 

of c. dumosa a double vesicle was observed (Fig 22c). 

PI1~1WLES. The ultimate divisions of the frond are the pin-

Like the branches, the pinnules are given off alter~ 

nately in two rows from· the pinnae : but their insertions are 

simple and direct indeed, they frequently arise sub-dicho-

tomously • (plates I - III ,Figs 13-16). When young they are 
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short and tere"te, und their tips are incurved towards the axis -

tne so-called circinute arrungement. Later they become elan-

e;u teQ ( :riliform), e.ncl straigh"ten ou"t they may be terete. 

(C. torulosa, c. scalaris)~ or angular (C• torulosa), or Ilat 

(ensiform- -c. retroflexa). They may be smooth, or more or 

less beaded or warty ( torulose or monili:rorm - hence the cor-

responding speci:ric names). Sometimes they divide sub-dicho-

tomously, and. are fertile bo.th above and (somewhat remar.lrably) 
' 

below the -division. 

The beaded appearance of the ad.ult pinnule or recap-

tacle is due to the embed.ded conceptacles. The swellings, ob-

scure or evident, clue to these, and the ·lighter colour round the 

openings (ostioles), generally enable their pos1~1on --co be read-

ily detected; they are seen to be in longitudinal rows (seriate) 

along the whole length of the pinnules~ In c. retrof'lexa they 
in 

are biseriate,jc. tor"t?-losa and c. scalaris bi- or tri- seriate; 

in others more rows are reported; Harvey ( 1 5~) figures six for 

c. uvi:rera. 

EARLY DE.VELOPlif.ElTT. At about the beginning o:r Spring· (August), 

some young plants (Figs. lO - l6) of C. sca.Laris 

were found at Taylor's Mistake, mostly in the 11 emerging beltn. 

In the earliest stages the young plant consists of a small coni­

cal holdfast merging into a stem divided sub-dichotomously above, 

pinnately below. The pinnate arrangement is consequent on un-

equal grow·th after the sub-dichotomous division o:f the axis. 

If the d.i vision is truly di.chotomous, it would seem l,hat. the 

axis and the pinnule were originally morphologically equivalent. 
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The v~ry young pinnules are incurved towards one 

another (arcuate); they are very short, and soon become cla­

va~e and· thick in comparison with their length. In these 

features however they vary greatly according to the relative 

rapidity of division and elongation. 

The older pinnuLes are seen to be arranged alter­

nately on the two sides of the stem; the latter is as yet 

quite terete. In the latter. point and in a few others there 

can perhaps be traced some indications of the phylogenetic 

history of the genus; but such a study cannot well be pursued 

unless comparison with other species is possible. 

The earliest pinnules differ from those produced 

later, and these again from those of the adult plant. The 

first are comparatively very long, and simple or branched; 

somewhat unexpectedLy for phylogenetic reasons, they are not 

terete, as in the adul~ (of this spemies at least) but flatten­

ed and. almost ensiform. (Figs. ll, etc. ) ~ A reversion t.o this 

"juvenile form'' occasionally occurs at the base of older plants, 

probably as the result of injtiry (Fig. 5). 

The pinnules subsequently produced are thick and 

·terata. Basally they are constricted and almost stalked, and 

distally they are generally apiculate. The pinnules of the 

adult plant are terete or slightly trianguLar, and slightLy 

tapering from the base. (Fig. 21) .. Three more or less dis­

tinct types of :pirmules can thus be distinguished. 

Meanwhile the hold~ast becomes more flattened, and 

adjusts its shape to the form of,the rock. The stem becomes 

relatively more prominent, and flattened and sinuous. 
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In some cases ~he Long fLa~ pinnuLes divide a 

number of times and so become aLmost secondary axes bearing 

pinnae;. this differs :from the usual method o:f. acropeta.L devel­

opment from a "budn. Generally .however these pi~nules are lost,· 

as growth proceeds, without such deve.Lopmen~. In any case, some 

of the pinnules are t1·ansformed into branches; they become flat­

tened, pinnate, and sinuous like the stem, and give rise ulti­

mately to pinnules. At a comparatively late stage vesicles are 

produced by the ~ransformation of basal pinnules. The develop-

. men~ of t.he lateral "platformsn in which the branches ·are insert­

ed could not be studied from the material available. 

LATER DEVELOPMENT. The upper parts of older plants-however 

provide material for the further study of growth. 

A nwnber of very smaLl pinnules are produced at the ends of the 

stem and branches (Fig. l7j; they appear to arise from all sides~ 

and are incurved, so that the appearance is that of a small bud. 

on examination the pinnules themselves prove to·be branched a 

few times. Through the elongation of the stem they become less 

aggregated, and by unequal growth become retroflexed so that 

the axi~ is rounded. (Fig. 1~.) ·It is only at a Later stage 

that the "platforrn11 a.rises &t the base of the branch, by a pro­

cess of thickening and lateral expansion·. (Fig .. 21). 

:Meanwhile growth and. development continue at 

the outer end of the young branch, and vesicles and pinnules 

ar~ produced either directly or on sub-branches. 

From what is knovm of the growth-methods in the 

Fucaceae (Woodworth, "Apical Cell of Fucus,TI Alilna.l.s of Botanyi. 
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18!:38. p. 203) it is to 1J e expected that the 1Jranching is really 

dis'l,icJ'lOUS from the beginning, though apparently less regular. 

rn c. retro!lexa one or t~o cases were noti~ed 1P Whlcb, pernapa 
llTJr?t%··,.....=~ ....... ,. ~-··.,...,..,=-~ 

consequent on patllological conQi tions, poorly developed pinnules 

were given o:fi from t.he stem in various directions. (Fig. Sb:). 
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VII. D E S C R I P T I 0 N S 

C Y S T 0 P H 0 R A J. Ag. L84~ 

J. Ag. (ltl41) symb.r.' p.3. sp. Alg. 238 

Blossevillea. Deena. (1842} in Arch. du MUs. paris II. 

p. 14'1, and Nouv. Ann. Sci.Na.t. :xvii, 

Fucus, cys~oseira, e~c., (certain species), various 

authors, (see below). 

DESCRlP'.i.'lUH O.F GElWS. 

HuLDF1,_ST scutate. STEM distinct, :f.Lattened, dichotomously and 

pin nat ely divided. ERAIWHES :Lla ttened, distichous, generally 

inserted on fla1i side o:r stem, bent down a1i their insertion and 

los1i from o.Lder part o±· stem; diS1iicnous.Ly pinnate, ul1iimately 

into receptac.Les and vesicJ.es. VESICLES generally prese:n1i, con-

sisting o:r liro,nsformed basal sub-branches, stalked; spherical or 

ellipsoid; simple, mucronc;,.. "j:;e or a pi culb. te. H.t:C.b;P:.i.'ACLES numerous, 

uLtimate divisions oi" ~Ghe pinnae; .tere'te, :r.Lo.t, or angular; .Li-

near, ovoid, lanceclate, or clava:te; smoo'th 9r more or less t.oru-

lose. ~CAPHIDIA {concep~acles) :rlask-shaped or .Laterally dis-

tended co.vi~ies in the receptacles (in the toru.Lae, if any); in 

two or more .Longi'tudina.L ro~s. o:rten pbired; open1ng by an ostio.Le; 

nennu ~ll1rooi te. uOGONIA g.Lo bose or pyri:form, pedicellate, in 

hyaJ.ine mucilaginous men1bruDe. .AlJS:HERIDI.A terminal on freely 

branched l1<;,lr s , rnixe d. vv i 'ch branched para.phys e s. 

(Hew zeulunO., Chatha.ro Islands, .AUckla.na. IBlG.nds, .Ken't 

Island, ~ustrulia, Tasmania4. 



- 22. -

C • 1.1 0 H I L I F E R A • J . .Agar dh 

J. Ag •. Sp. Alg.:24l Om Chath. Alg. 447 Analecta Alg. 

iii. 4,4 --

Phyc • .Austr. v. 24b 

Hook. Hundbook n.z. Fl. 6b.L 

Harv. in Hook. Fl. Tasm. 283 

Blossevillea retroflexa. Decne. 1. c. 

HbrV. in Lend. Journ. Bot. vi. 414 
•.. 

Kutz. tab. Phyc. x., tab. 76 

cystoseira retrof.Lexa. A. Rich. Astro.Labe N.z. 12 

Sender in pl. Preiss. v. 2. 160 · 

KUtz. Sp. Alg. 62~ 

Fucus retror.Lexus. Turn. Hist. Fuc. lbb (Not the 

p.Lant of LabillardJ. 

STEM several feet .Long, flat, acute-ang.Led, pinnately decompound. 

PIIJllliE inserted on flat side or stem, ben1i back, bared below 

with obtuse aculeations•PINNULES numer?us, dichotomously pinnate, 

bared be.Low,u.Ltimately in1io receptac.Les and vesic.Les. RECEPTACLES 

. moniliform, filiform, 1ioru1ose. (s.pi~u.Late? - Hooker} SCAPH:i::DIA 

numerous, close ·~;ogether. !Jiseriate (opening marginally?) 

VESICLES stalked, numerous, obovoid- spnerica.L. 

New zealund (Laine 9 etc - perh&ps common) 

(.Austr., T&sm. J 

c. monilifera closely resemb.Les c. ~etroflexa,to which 

species it has been referred not only by ear.Ly writers (folloWing _ 

Turner--- v. references above), but also by .Later collectors, so 
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that i·cs i"requency and exact .Locu.Li ties are uncertain. Though 

probably not on Bank's reninsula, it certainly occurs in New 

7.ealand (Laing, Herbarium, tnougn not in the .List of 189~). 

The-species is recognised in general by its ch~r­

acteristic appear&nce, for though as long as most, it is much 

more slender than any others, especially in the pinnules. It 

agrees fairly closely with c. dumosa, but nas snorter, almost 

spherical, vesicles. It agrees closely with c. retroflexa in 

its ramifications and in most respects, tnough less robust, and 

can be distinguished with certainty only when mature.Ly fertile. 

The receptCJ.cles of c. retrof.lexa are ensiform and fair~y smooth, 

but those of c. monilifera are thinner and ver~ filiform, and 

are totulose, with numerous close scaphidia. Further differ­

ences muy be traced. in the vesicles. 
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c. T 0 R U L 0 SA Brown ( PLATE I· ) 

c. Ag., Fl. ii. 214. 

J~ Ag., Sp. Alg. i. 243 Alg. Chath. 445 

.An&.lecta .Alg. iii; 44 ---

Harv. phyc • .Austr.· t. 123. 

Harv. in Hook., Fl. N. z. ii. 214. 

Hook. Handbook. N.z. Fl. 651. 

KUtz. tab. Pbyc. tab. 72 

Harvey-Gibson. Marine Alg. N.z., Journ.Bot ... xxxi.l893 

Blossevillea torulosa,_ Decaisne, Arch. dil M:us. x. 214 · 

Hook and Harv. in Lond. Journ. Bot. vi. 527 

KUtz. Sp • .Alg. 628. 

Fucus torulosus. Brown in Turn. Hist. FUC• ·157 Mert. 

Mem. 14. 

Cystoseira torulosa.c. Ag. Sp. Alg. 75., syst • .Alg.290 
Arch. Rich. Fl. N.z. 139. 

STEH flattened, obtuse-angled, sue-terata below, alternately 

pinnate. PINNAE short, on flat side of stem, somewhat re~ro:flexed; 

PIN NULES densely fascicled, ultimately. forming receptacles, short, 
----- ----·- -

clavate, very thick, rarely·branchea. SCAPHIDIA bi- or tri-ser­

iate. VESICLES fairly numerous or rare, spherical- ellipsoid : 

shortly pedicellate at base of pinnae or distally sessile on_pin-

miles. 

N.z. (D'Urville, Lyall, Laing, Harvey-Gibson, etc. common) 

Bank's Peninsula (Lyall, ! ) 

(W. AUstr. Tas~. Kent Is. ) 

The species, though perhaps variable, is readily· 
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distinguished. Tl1e stem is obviously simple and fairly straight, 

and less comp.cessed than in mos1i, especia.lly towards the base:• 

The branches are comparative.ly little retroflexed, short, some-

what i"lat"tened, copiously ramuliferous. The pinnae are dense 

anQ fascic.Led, though not extensive, and the distichous arrange-

ment is often obscure. The pinnules are not all ~ertile, but 

the barren and fertile alike are very characteristic of tha spe-

cies; they are very fleshy, clavate, blunted a1i apex. The spe-

cimens examined from Lyttel"ton Harbour were not very torulose; 
the r~n"'nuli:s 

bu"t Harvey's Elate (Phyc. Austr., 1i. 123) shows ~lvery beaded, 

abd moreover apically poin"ted. The receptacles are terete or 

sligh1ily tri-angular in section, and the scaphidia in two or 

three rows. Agardh ( "lo, p.44b) S8.ys the ostiol.es open margin-

ally, but this d..oes not app.ly in a terete rec~p1iac.Le. The vesi­

cles vary greatly in number, and seem generally to be fewer in 

rock-pool specimens; they are s.Lightly longer than broad. open-

sea specimens ~rom the Harbour showed vesicles very uniquel.y 

placed, viz., sessile at the distal. end of the receptac.Les; tney 

are as large as the ordino,ry vesicles, and "thicker even tnan the 

recep1iacles: confluent wi1ih the la.t1ier, but quite rounded at 

the outer end. In spite of their peculiar position they are 

probably to be regarded as true vesicles; their structure is: 

normal, their shape normal within the.ordinary limits o:f varia-

bility, and their position is, after all, fundamentally similar. 

For normal vesicles are the expanded ends o:r p_1nnules, which 
incompletely 
arejsterlle, shortened, &nd gener~.lly bu~ not always bas~l on 

tne branches; the vesicles in 'question are the expanded ends or 
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more normal pinnules, unshortened, fertil~. and inserted on 

all parts of the pinnae. 
- n e uJ.. ""'-S""'" s. 

P1~o1Jably however "they are not pg?Sk&rt-

~v~, but a ¥ind of reversion to what may have been the primi-

tive type, on normal non-specialised pinnules. They do not 

deve.lop till the pinnules are fair.Ly mature. 
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C • D U 1vi 0 S A • GREVILLE· 

Greville, Synopsis, p. xxxiii 

J. Ag. sp. Alg. p. 241 Analects. Alg. iii. 44 

Alg. Chath. 444 

Blossevil~ea drunosa. KUtz. tab. phyc. x.~ tab. 73 

STEJ,i. over a foot long, flat, ucute-angled (basally at least), 

pinnately d.ecompound. PINNAE inserted on flat side of stem, 

bent bacK, obtuse-angled or sub-terete, scalariform at the base 

with alternute obtuse aculeations; pinnately decompound, ulti­

mately into receptacles. RECEPTACLES numerous, siliquiform, 

somewhat filiform, sub-torulose. VESICLES nti.merous or few, in­

serted beyond bases of branches, obovoid. 

N. z., conmon (Laing) Lytte~ton Barbour ? - driftl) 

(Austr .. } 

The species is recognised by the receptacles. rt 

agrees closely with c. retrof.lexa, and is described ( v. Agardh, 

'70) under that name by lial"Yey. The stem is similar, but may be 

thicker in the middle part; it i~ over a foot in length, _and 

acutely winged. The receptacles are shorter and the scaphidia 

more prominent than in c. retorts., .and the branches lonr-:er and .. -

more divaricating. 

The stem is notably scalariform. The br&nches· are fuore 

ob"tuse-angled Jchan t:he stem, an6. when old are sub-terata. The 

vesicles may be numerous or rare, or almost absen"t. 

A single drift specimen,found at Char"taris Bay, probably 
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belongs to this species. (see below, "oecologyn}. Identi:fication 

wa.s the more dif:ficult in thut the plant was young, and the re­

ceptacles i~nature. 
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c. R E ~ R 0 F L EX A (Labill) J. Agardh (PLATE II) 

J. Ag. Sp. Alg. i. 243. Analecta Alg.iiie 44 --

.Alg. Chu th. 44~. 

Harv. in Hook • .l!'l. Tasm 283. 

HooK. Handbk, Fl. ~.z., 6b7 

Fucus retro£lexus. Labill. Fl. Nov. Roll. p.ll3 t. 260 

Mer1i. Mem. p. 14. 

cys1ioseira retrof'lexa. c. Ag. Sp. Alg. i. p. 74 

sys1i .. p. 2t5~. 

Blossevillea ca~data. Hook and H~rv• in Lond. Journ. Bot. 

vi. p. 414. 

H&rv. in Hook. Fl.:Lasm • .ll~ 

I0i:tz. -
tab. phyc. x., tab. 76 .. -

B. retrof'lexa. Kutz •• Sp. AJ.lg-. b2';1. 

B· campylocoma. Kutz. ibm. tab. 81. 

STE~r flattened acu1ie-angled, obtuse in casal parts, pinnately de­

compol.lnd; PINnAE inserted on -flat side of stem, bent down at their 

insertion, flattened like the stem, axils rounded, pinnatel~ di-

vided, densely above. RECEPTACLES simple or dichotomous, ensi-

form or siliqui£orm, sub-torulose. SCAPHIDIA biseriate, exter­

nally little prominent and somewr..at distant, intermUly expanded 

laterally, and so long, opening by_single marginal ostioles. 

VESICLES numerous, shortly pedicellate, obovate when young, later 

sp.heri ca.L. 

N. z., abundant (Hook, D'Urville, Laing).-Bank 1~s Peninsula(l) 

Auc~and Islands (Hook~ 
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Chatnam Is~ands (Ag.) 

( Austr. , Ta.sm.) 

c. retroflexa was formerly described as vsriabla,but 

slnce :it proves to have been constantly confused with c. dumosa, 

c. monilifera., C. retorta, and others, its variabili "ty is doub.t-

ncl... It is elongated. and robust, with a stem several feet long; 

the branches are unusually large, and widely separated (v."Qecol-. 

op,y," below). The stem is very flat and acute-angled, and though 
I 

the axile are rnuc.h rounded, is only slightly wavy. ]asally the 

otero and branches are scalari~orm, with the persistant bases of 

losli branches. The species is identified mainly by the recepta-

cles; these are ensiform, very flat, slight~y incurved espec-

iall;f when young, only slightly torulos~. The apex is sterile, 
inch 

and described by some as often caudate. ·The vesicles are {j_wide, 

twice as long, sta.Lked, obovate or spherical, sometimes described 

us apiculate : these features serve to distinguish the species 

from C. Cl.uinosa. It di~:fers from c. monilifera ( q.v.) chiefly· 

in· the sha !Je of the recept&.cles, and is also more robust.' 
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C. D I S T E H T A. J. Agard.h. 

J. Ag. om chatham - oarnes Alger. p.443. 

Tr~vers. u: o. 109 

Laing. Revised List. p. 67. 

Schauinsland 1896, •7, Sonder-abdr. a. Abh. Nat. Ver. 

Brem. 1899. Bd xvi, h. 2. 

SXEM flat, sub-acute, distichously pinnate, sinuous, scalariform 

below, PINNAE on flat side of stem, somewhat distant, rhachis 

flattened, scalariform below. PDlNULES sub-dichotomous, slight-

ly compressed, wavy, forming in bulk rather terete lanceoid pani-

cles. SCAPHIDIA biseriate. VES·ICLES obovate·. 

Chatham IS. (Travers,)~~) 

Bluff (Berggren) 

French pass (Schauinsland). 

{Endemic species, including chathams).· 

c. distenta resembles c. retorta,and Hooker's inclusion 

of the latter as a H. ;;. species may be due to confUsion; but 

in c. retorta the receptacles are elongated and moniliform, 
. . 

while those of c. distenta are shorter and slightly compressed.. 

They are however longer than in (say) c. torulosa or c. retro­

flexa. The shape of the vesicles. resembles most closely that 

in c. scalaris. 
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C. S C A L A R I S.. J. Agardh. (PLATE III ). 

J • Ag. A~g. Chatham, p. 442. 

Laing. Revised List, p. 67. 

Travers, u. o. loB. 

STEM flat, sub-acute angled, alternately d,ecompound, very sinu-

ous. PiliLlAE on flat side of stem, distichous, flat, similar to 

stem, bared below, scalariform, with rqunded axils, pinnately 

decompound, PINNULES numerous and densely aggregated, proceeding 

in all directions, short. terete, simple or sub-dichotomously 

branched, sub-torulose. SCAPHIDIA bi- or tri-seriate. VESICLES 

few, small,obovate. 

chatham rs. (Travers, J:,.'g.) st.clair (Crosby-Smith). 
~ '. 

Bluff, nunedin, warrington, Banks' :peninsula, Lyallrs 

Bay (Berggren) 

Banks peninsula ( 1 ) 

(Endemic species, including chathams). 

The stem is long (2 - 3 feet}, flat, somewhat acute-ang­

led brit these features are not strongly pronounced. The stem 

and branches are noticeably tared below and scalariform. (plate III) 

The ramification is unusually extensive and dense, and the pin-

nules characteristically short, blunt, terete, and sub-torulose. 

The pinnules serve to d_istinguish the species, especially 

from c. retroflexa, which it otherv·,ise somewhat resembles. 

Agardh says the scttphidiu b.re biseriate, but as in c. torulosa 

they are commonly triseriate. The smaller si:xe of the parts,·es-
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peci;;Lll~f oX JvlJe vesicles, distinguishes the species :from 

G • di s t e tJ t a • 

It is possible that ~here bre two varieties o::r c. 

tv>o d.i::> Lioc L l"orlJlS o:r cr0i. th were observed,· Whicn 

_ur;c.1·d.J1' s remc.r K is ver;:r apt, that the pim1u.1.es proceed. in aJ.l 

·dir~ctions, Iorming snort t~rete panicles. ~ut in spring tne 

e.Longa tion of Jt;be axis ma.kes the distichou.s arrt:.nfement much 

more ar1parent : the rami fie&. tion is less dense,· "tho.ugh actuaJ.ly it iE 

more exteosi ve aoci. the pirmules longer. These two forms proba.:.. 

b. ly· b 1 tl . t s ong to 1e same var1e y. Plu te III shows a somewhat· 

intermediate form. 
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., 

C. ~ LA ~ Y L 0 b l U ~. J. Agardh. 

J. Ag. Sp. Alg: i. 24b. ~nalecta A1g~ iii~ 44 et seq. 

lioo?~~ Hc.ndbk. ll .z. l!'l. bbl. 

u. Lyallii. ·Hurv. in Hook. Fl • .:N.z., ii. 214 

FUCUS Mert. Mem. 11. 

cystoseira. c. Ag. sp. Alg. p. 43.; Syst. p. 283 

SJ:'El•I 2- 3 feet long, compressed, costate·, -sub-terata at base, 

f.Lexuous, 1-:Jinne:. Lely decornpound. :PINNAE distichous, inserted on 

margin o:f stem, not ben't down, na.kea. below. PilUWLES alternate 

:from a costate axis, flat, barren or fertile, with dentated 

margins. Dentations of ba~ren pinnae alternate, obtuse; those · 

o:f :ferti.Le pinnae thic.ker, pro.Longed in"to stalked lanceolate 

torulose receptucles, apically sterile, acuminate. SCAPHIDIA bi-

seriate, opposi1:;e, opening marginally., VESICLES stal.keci, spheri-

cal, mu"ticate, large, not; numerous. 

Foveaux.Str. (Lyall). otago (Lindsay,etc.) NeW Bright;on, 

Kai.koura, c..nd. Wellinftun Heads (dri.ft - Laing ) The · 

Blu:ff (Lb..lng). Lyall's Bay, Napier, B~uff (Berggren). 

( Tasm). 

There is no dirficul-r;y in recognis±ng this species, 

mainly from the unusual marginal i~sertion of the branches,wbich 

moreover are Dot; .retrof.Lexed ~ a.Lso :from the f'la:t .dents. ted pinnae 

and flat lanceolate - acmnina~e receptacles. 

The stem unO.. o ro.nches are costate 9 and. ( a:t.. leas't when 

dried) longitudinally grooved. 

c. platylobium is perhaps ~he highest species of "the 

genus. 
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C L A S S I F I C A ~ l 0 N OF THE S P E C I E S 

A~ardh hus classified the species in various ways~ 

Iri t11e '':.;pee ie s Algarum'1
, he relies on the shape of the stern, the 

mo t.hoci of insertion of the branches, &nd the shape of the vesicles 

Hna r·~erJ p tu.cJ..es. This sys Lem puts to ge1i.ner, as closely. reJ..a ted, 

c:cLL the 11. z. species except C. pJ..utyJ..obium,. which is certainly 

quite unJ..iKe the others. The significance of the close relation­

st1ip of the remaining species, in .connection vii th the distri oution 

and origin ot- the spec.ies. is obscure, especially a.s only two of 

tlw species are e.udemic. 

In the "Algae of Chatham rs.~~~ Agar<ih insists ra­

ther on the form of the receptacles, the arrangement of the sca­

phidia in rows, and the position of the _ostioJ..es. This method of 

arrangement dispJ..aces c. monilifera. The order of the species 

(reversed) is that chosen in the specific descriptidns above. 

In the nAna.Lecta Algologica" is given another~ scheme, perhaps 

somewhat artificiaJ.., which combines the features o:t' 'the other two 

systems; this method rearranges and displaces from one another 

the N. z. species. 

The :following ar1iificia.L Key nas been drawn up, :from 

various sources to aid in the 1denti:fication-of then. z. species :-
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K E Y TO THE s·p E C I E S 

r. Branches inserted on margins of stem 

not retrorlaxei •.• . . . . 
II· Branches inserted on flat side of stem 

retrofLexed.. 

stem more or .Less obtuse angled, 
receptacles short. terete, sea- . 
phidia 2 - 3 seriate 

Pinnu.Les very thicK, cLavate, 
vesic.Les spherica~ or obo-

c .. p.La.ty.Lobium 

vate • • • • • • • • • • • c. torulosa 

Pinnu.Les very numerous, short, 
vesicles obovate ••••••• c. scalaris. 

Stem acute-ang.Led, receptacles .Long, 
sub-compressed or flat, scaphidia 
biseriate 

Pinnuies filiform, vesic.Les 
obovoid 

All parts s~o~t. vesicles 
obovoid 0 0 •• 0 •• a • c. dumosa 

All parts long and slender, 
vesicles obovoid spherical c. monilifera 

Pinnules ensiform, very :r.Lat c. retro:t"lexa 

Pinnules shorter, .Li t/cle com-
pressed, .Lanceola te. • • • • C. distenta, .• 
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AiJATOMY 

Aparll from a few :figures of the reprod.ucti ve organs 

and cut stems by· Harvey ( 'bb, 'b8) no anatomical. work on cystopho-

ra has been reqorded. 

I. ~HE HOLDFAST. 

The holdfast ( "roo't''} is scuia.te, i.e., in the form 

of a :inuc h f.L~ ttened cone (.Ipigs. 3 - b) The upper surface is smooth, 

the lower accon@odutes itself to the surface of the rocK. 

The tissue is mainly a continual/ion of the medulla of 

the stem. The loug conducting cells decrease in diameter, and be-

come more definitely associated inllo hyphae. These hyphae occasion• 

al.Ly brt:~.nch, and t:~.re interwoven -co ,form a dense pseudo-parenchyma. 

Some sections show Ll1em .rur:ming in tv,o Qirections only, u.nd fair-

ly regular.l.y interwoven .liKe the threads in cloth. 

Towards the upper surface, some of the hyphae termin-

ute abruptly, -~he remaimier become parallel with one another and 

perpend.icu.l.ar with the surface (Fig. 2b) The- outer tissue is fair-

ly comp~ct, for tho hyphae become much swollen. They become fre-

quently septate ~nd so form filaments of almost spherical cells,. 
dense 

richly filled with ajbrown granular cell-content. This £cod-

storage is evidently for the purpose.of growth, the holdfast in-

creasing in size by the growth of these outer cells. A p~rasite 

(Fig~ 26) was observed in some cases on this part of the plant. 

(See "Oecology", below. ) 
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E~amination of the surface adjacent to the rock 

is dii.ficuJ.t. '.(he hyphae are wide, dis~Gantly se-p"tEt.te, and more 

or less thick-walled. They seem capable of individual growth so 

as to fill up the rock-crevices. At the edge of the holdfast, 

loose n:rphae may be seen encroaching oa more oi· the rock (Fig. 27). 

The inner par""G seems chiefJ.y mechanical in func-

tion. The hyphae are thick-walled, densely interwoven, and con-

tain a littJ.e colourless material vdth large and highly refractive 

e::ranules: no sieve-pJ.ates were observed. In an old holdfast a 

brovm discolouration shows distinction of t}1is tissue into layers;-

t11e efi·ect is intensi:fied by staininF" with Baematoxylin. In one 

example, as many as six concentric rings were observed; possibly 

they represent periods of growth. 

The holdfast thus seems to have a mechanical 

function; it is not specially absorptive, and c~ntains little or 

no stored food except at the periphery for its own growth. Growth 

is by the increase of· the outermost hyphae, followed by that of 
. ' 

the deeper hyphae which become interwoven vdth 'them beneb.th the 

surface. 
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li. THE STE.M and. BRliDCHES 

. CUTiCLE. The outer cuticle is thin, anu though d.efinite, 

cannot be read.ily separated. from the cellular tissue 

be~eath. Through it the epidermal cells can be seen as d.ark round 

masses; but a separate fragmen~ or cuticl~ reveals sm~ll spaces 

deLermLned by d.elicute and extraordinariLy wavy markings. (Fig. 28) 

The shape of these is quite unlike that of the cells, and their 

signific&nce is obscure. 

The cells of the outermost luyer (Figs. 2:1, 30) are 

both assimilatory and. meristematic. They are very 

small, thin-walled·, elong&ted., a..nd r~dia..lly disposed parallel to 

one ~nother. They are capable of division, both J.ongi~udinaJ.ly and 

tran sversel;y, and &s a result o:r their in crease. the stern grows in 

length and thicKness. The layer is very thin, being 2 - 3 ceJ.ls 

deep, and t.hougn the inner cells be come subse_quen"tly modified there 

is no sufJ-epiderwt1l. 111eristematio tissue. 

The sub-epidermal cort;ical cells show a more or .less 

obvious relation with the epiderma.l: viz., they are tv.-ice as wide 

in either direction; and so four times their size (independently o~ 
' 

LlJeir length), and each is terminally adjacent to four epidermal 

cells. This relation is a result of the method of cell-division, 

which occurs in the ·epidermis in two directions perpendicular to 

one anoLhe.r (Fig. 31) .. The process is repea"ted indefinitely in the 

outer cells, possibly only in the outermos"t layer; the inner cells 

enlarge without d.ivision. Transverse division is comparative.ly 
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rare~ so Lhat growtn is in width ro.ther than in length: it pre­

cedes the doubJ.e J.qngi t.udinal division, which is thus :four 

times as vigorous. consequently the epidermal ceJ.ls are al­

ways ver;y narrow. The method of division is shown in Figs. 

31' 32. 

Associated with the growth_of the stem is a modifica­

tion of the cortex and medu4lla; the cells of both these tis­

sues have lost the power of division, bUt.increase in size 

and. change their shb.pe. 

COHTEX. The cortical parenchyma (Figs. 2~. 30) said to serve. 

for storage of food, lies immediately beneath the 

opid.c.crnis, and forms a much more extensive layer. The cells 

are much larger,. especia.Lly transversely; the outer ones are 

cylindrical, but the inner ones are more distended and so 

. barr el-sbaped. 

The cortex is not cle~rly define~ on either its 

inDer or outer side, teing continuous with both of the adja­

cent tissues : it is derived from the outer, gives rise to 

the inner, &nd were.·es into coth. 

Cortex :parenchyma cells are thus in· a transitory 

phase, potentia.J..ly at lea.st, between the epidermis and the 

medliLi..a. 

The outer cells are similar to ~he epidermal except 

probably for functional differences and. i"or increase in size. 

The·inner cells pass from barrel-shaped to nexagonal and. then 

beco!Ile more irrefulur o.s u result o_f uneq_ua.l distension. Their 

relation with the cen·tral medulla. (:h,ig. 2~) iS not easily 
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follo~ed; but in general they become elontated in the direc­

tion of the length of the· stem, till they form the long con­

ducting elements which constitute the inner and major part of'· 

the st. em. 1.1u.ny of the inner cortical. cells have an in tarnal 

incomplete septum, seen in sec-cion as a kil1d of trabecUla pro­

jectj_ng into the cell-cavity; o:rten apparently two such trabe­

culae, approaching one another in the centre o±· the cell; indi­

cat3 that the secuion has passed through the opening of the 

septum. *~M~~~~~~..x~~~). 

The signi£ics..nce of these structures 1s obscure. 

They are irregular, and seen only in some of the cells; they 

are :frequently (i_i ccor ,y\cin\·~ards. and sometimes appear to 

form funnel-s.haQed. channels which suggest that their function 

is con1ected with the transloca-cion of food. material. They 

may reqpresent a stage in the formation of the true conduct­

ing elements. They appear incompletely dissolved walls rather 

than new outgrowths; that such changes can occur iri th~ ~~lls 

is shown b;l the occurrence of the sieve-plates (see below). 

lviEI:ULLA • The medulla is gene_rally described as a conduct.:. 

ing tissue; the evidence 'for this in the present 

case lies in the elongation of the cells, their terminal con­

tinuity one with another, and the presence of sieve plates. 

But the growth of the stem results in the increase 

of the medulla rather than of the other tissues, whose ex"tent 

moreover is not influenced by local variations in the dimen-

sions o1 the stem (Figs D3, 34). The development of medUlla 
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is out of proportion to the need for conducting tissue; and it 

must be concluded that the medulla is chiefly ]Ilechanical in 

function. The tens i.le strength of a well-developed stem is 

considerable; older bared stems and branches consist almost 

entirely of medul.La.; JGhe cells are thick-walled, especially 

the inner, and. have colour.Less disorganised cell-conte?:ts. 

This indicates the mechanical function of the tissue. 

on the other hand, there is no doubt that the outer 

medullary ce.Lls are truly conducting elements; this is the 

primary function 9 but as growth proceeds the central medulla 

becomes more and more re.Legated. to the function of resisting 

the t~ring action of the waves. This change of function finds 

an analogy in the secondary wood. o:f vascu.Lar plants 

SIEVE PLATES. Sieve plates are perhaps universa.L in the 

Laminariaceae, but are not .knovv'TI in all the 

Fucaceae (.e.g. Hormusira Jaollett, Trans • .N.z. rnstit. 

xiii. 1880. p. 318.) They are however reported 

from some genera, includ.ing cysto:sp_E:aera,a ocxoca:oc relative of 

Cystophora. (Skotts~erg; swedish south-polar Exped.(l90l-3) 
IV. 146) 

They are here recorQed in cystophora also, but only a few gen-

era.L remarks can be ofi·ered... T·he material examined was not 

ideal for study, having been mostly preserved. in alcohol and 

mount~d in glycerine. 

The existence of pores in the plates, though 

not definitely demonstrated, can be in:ferred :from analogy. The 
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plates first appear in the inner cortical cells, where the walls 

becom0 locally narrowed from bo~h sides, leaving only a thin 

melllbrv.ne between adjacent cells ( ~.,ig. 3b) ~ The plates vary 

greatly in number in different purts, but are especially com­

mon at the junction of stem and br&nch (Fig. 36}. 
• • I 

In the outer medu~la the plates ~re most frequent 

on the transverse septa of the long conducting cells, and are 

commonly so extensive as to make these septa mere membranes 

stretclling across long hyphae (Fig. 37). They might easily be 

overlooKed in a hasty examinaLion. rn the inner meoulia there 

is a greater proportion of iutera~ plates 1Fig. 38.). 

occasionall~ a wa~l is thinned on one side only. 

and the opposite side is then swollen and laminated (Fig. 38). 

~he wall adjacent to a plate is frequently mucn swollen (Fig. 

36). The bearing, if any, of these points on the origin of 

the plates, is obscure, especi<?-lly as in the living plan"t they 

may correspond to <iifferences in composition r&.ther than in 

structure. 
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III. V E S I C L E s. 

The vesicles or bl&d.ders are t.rl:;.nsformed :pinnules, · 

and show essentially the same internul structure. Starilisa­

tion is incomplete. as small conceptacles aie occas.ionally 

found .• 

There is a thin epidermal layer (Fig. 3~), which 

almost disappeo.rs from a. mature vesic.Le. The much more exten­

sive cortex (Figs. 40 et seq.) consists of larg~ thin-walled 

pt:.renel1yma cells, polygonal. ·EJ.nd ..Loose..Ly packed. The medulla 

cii iler·s from that of the stem; it is of com~)arat i vely small 

\extent, contains few or no sieve plates, and consists of short 

oval thick-walled cells. It increases somewhat in extent as· 

t;rov•th proceeds, but does not come to resemble the medulla of 

tJJe stem. 

The innermost .lining layer gives rise to glandular 

outpowths which protrude into the cavity (Figs. 40 - 45). 

These may arise before the complete differentiation of the 

meuul..La, and. are then numerous and. long. otherwise they are 

:rorlned as erect or pros1:irate outgrowths from medullary cells, 

whose walls become thin and then papillate, finally elongating 

tnto a hair. When few in number the hairs are often capitate; 

when Old they become disorganised. The structure strongly 

sUEP.:ests that they are glandular in function, arid probably 

.concerned in. gaseous excharige • (The vesicles have gaseous 

but not liquid conten1:is). 

In the vesicles terminal on the pinnules of c. toru-



lost~. (Figs. 4b, 23 J, the medulla is s'till less dif:Lerentia'ted 

· from the cur tox. Those vesicles are. formed by the tet.ring a 

apart ot tissues alrcad.;· produced, for they do not arise tiLL 

the pinnule is almost mature. Fragments o1· torr:i cells may be 

seen projectinG into tbe cavity. The glandular hairs are nu­

merous and long. The cortex is ~el~ developed in these vesi­

cles and ml:iy cont,ain a Iew sma.Li. conceptac.Les. 
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IV. P I N N U L E S 

The pinnu..Les 1:.1-re esseD"tially simi.La.r in anatomical 

sl;rvcture t.o tJJe stem, exce91i Lhc.t ~t,;hey contain .the con.cep"ta­

cles, and the tissues have different relative proportions. 

The young pinnule has at first no medulla; this 

arises later by difrerentiation of the innermost cortical 

cells, and is continuous wi"th the meaulla of the branch bear­

ing t! e pi nnu..Le. The cells (Figs. 4o - 4':1) a.re 1il1ick-walled., 

LJut l.:;.t fLnn are on..Ly sligh"t..Ly elongated, and without sieve­

plates;generally they do not come to· resemllle the "true medul­

lar·:y cells, 1.;.nCi the tissue is not extensively ·a.eveloped. 

In c. scu..Laris an~ c. torulosa especially it is-a ~hin central 

strand {l!'ig. 4b}; in C. l'etruflexa it extend.s par"tly or com­

ple~oly round the cunceptacles (Figs 47, 4b). 

J.lhe pinm:U..rC!S hu ve 't.i1e usual epidermal layer, but this 

fllSB.~Jpea.ru l"rom mature pimmles. 1n C. scal&ris and especially 

in c. tornlosa the grH~1ier par~ of the tissue consists bf cor-

. tex, t11 ' ~ ir_:h the ct.HJcep·tacles are embedded (Figs 46, 49) ~ 

In all three srecies the' concepta.cles may be in tv;o 

or t. h.reG rov's. Th0y ~re geoerc;..lly tri-serit.te in C. ~liorulosb.., 

:f.rGquen llj in c. L>ca...L2.ris, o.nd rurely in c. retroflexa. The 

conceptaules of different rows ~orrespond in position, so that 

when biseriate t..he;y are p<:..ired, when triseriate they are in 

tLrees. The sur:race shows more or less obvious swellings to 

correspond with the conceptti-cJ.e:s. consequently t.he pinnule 

is divided by steriJ.e constric"tions in~o ~ertiJ.e sections con-
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tai ninE:_:: two or three conceptc.cles. This is most pronounced 

in c. torulosa (Fig. 23) in which the sections i·orm morE) or 

' less distinct be&d.s or ;J:;p,r.:ulae(whence the speci:t"ic name). 

In C. sca.laris -the pinnule is not so bead.ed and 

the sur:face Inay show li~tle more than swellings round ~he 

ostio.le. In both these species, the pinnules are respec-

tively oval in section w~tn the ostioles on the longest dia-

meter, or sub-triabgular, convex on the three sides, and with 

the ostioles on the longest radii, according as the concep­

tacles are bi- or ~ri- seria~e (Fig. 46~ ). 

In c. retro:r1exa, the pinnules are generally flat, 

and t11e swel..Linp:s are confined to the margins. The occasion­

al tri-seriate pinnules (Fig. 47) are three-edged, the sur~ 

face between the edges being concave. The ostioles are again 

marginal. 

The tri-seriate arrangement in c. retroflexa is so 

rare that for purposes of identirication the description as 

"bi-seria~etl Wlll not cause confusion. There seems to be 

some variability in the number of rows o:f conceptacles, and 

the variability is less in c. retro:f1exa. In the other species 

a pinnule is commonly bi-seriate a-c the base bu-c ~ri-seriate 

above.(Fig. 23a) 

The need for the extensive cortex of C• torulosa in 

comparison 1Ni th the poor development in C. retro:t"1exa is ob­

scure. In the former the conceptacl.es are flask-shaped (Fig. 

46) and do not extend inwards as f~r ~s the medulla; so that 

there is more t.han suf't"icient space for the concep"t~cl.es. 
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In c. retro£1exa the conceptacles are necessarily 

less cloep, but t11e space-requi.ce_ment is met by the extreme 

lateral expansion. so that the conceptacles become almost con 

tinuous (Fig. 48). 

The development of the conceptacles was not studied 
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V. REPRODUCTIVE 0 R G AN S. 

The reproductive urg&ns are the an~heridia and 

oogoniu ,. w 111 ch are lfLi..xed with sterile paraphyses, and contain-

ed in the conceptac.les. The .lat"ter are bisexual : no sterile 
(tfr .. ; V•= 

concep"tac.les f'Fasergriibchen") ~r-& :found. 

The sexual organs and paraphyses have a similar 

origin. They arise as outgrowths from the lining cells of 

"the concep"tac.Les; these ce.l.ls become papil.late (Fig. b3), and 

"then send out "tubu.lar processes whose ultimate nature is not 

at first distinguishable. 

Those which become oogonia appear to become twice 

septate. and the outer ce.ll so formed becomes swollen and 

dense.l;! fil.led with do..r.k granular pro'toplasm; the inner cell, 

wnose constant occurrence is doubtful, forms a short pedicel 

to the oogonium. The latter varies much in outline; it may 

be ovoid, pyriform, or more or less irregular (Fig~ 62]. rt 
be comes enclosed within a muci.Laginous membrane whose origin 

was not deterrmned; the membrane is large, spneric&.l-ovoid, 

and hya.Line or striated. after preparation (Fig. b2}. Although 

many hundreds of oogonia were examined at ·all stages· till rna':" 

turity, no trace of a division ~ms~wxMs was :found. 

The antheridial hairs have a similar origin, but 

are capable of continued growth and tranching (Fig. 53). The 

outgrowth from the cell becomes ·sept&te several times, and 

beneath.each septum so formed protrusion and septation of a 

papi.Lla results :in the :formation of a br&..nch. The branches 
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moy turt11er divide or may develop at once into antheridia; the 

_Lat:L er are Lhus lu L.e ra_L or anches of a monopodia_L raceme. j;hey 

are sn6ll an~ u~oid, ~nd the ·&ntherozoids appe&r as aumerous 

sm~tll .highly-refractive gr<::t.rmles. ~'he method of development 

or the pliraphyses is essentially similar, but these are less 

brunched. in the upper p<::t.rts and much more elongated (Figs b5, 

56). They have t,r<::t.nu.lar contents which. are frequently dense 

at the tips of termin~l cells (Fig. b5b). 

The oogonia are borne singly on the cortical 

cells, but two or more antheridia may arise from one of the 

.latter. The paraphyses arise more pro:fuse.ly, but this is pro­

bab.ly due to branching at the base rather t.han independent 

origin. 

Although the concept&cles are hermaphrodite, the 

reproductive organs show more or less obvious localisation (Fig. 

56). The antheridia.l hairs especially are grouped. in c.ertain 

definite regions of the ce.ll. The oogonia are more scattered,. 

and the intermediate spaces are occupied oy the paraphyses. 

In many preparations no antheridia were seen in the coticepta­

cles; but this is not proof that such cbnceptacles were exclu­

sive.ly female. The frequent occurrence of this in the more 

basal c~nceptac.les suggests however a possible tend~ncy to pro­

togp-ny. 

The lenrth of the steri.le bnd ma.le hairs varies. 

The latter are much compressed in c. retrof.lexa, and genera.lly 

shorter in c. scalaris than in c. toru.losa icf. Figs. b4, 56). 

The paraphyses are much longer,.and a~os~ meet in the centre 
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of yov.ng conceptacles (Fig. 5bd) or of those of C. retroflexs.. 

In the ostiole they ure densely packed and little branched; they 

are Li.lsposed, paralle..l with one· a:not1~er, and directed slightly 

outv;ards. They do not protrude through tile ostioJ.e, as in 

some of the Fucaceae. 
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P H Y S I 0 L u G I C A L H 0 T E s. 

I. THE PIG:rviENTS. 

Te~)orary or continued immersion in fresh water, al-

cobol, formalin, etc., resu~ts in the usua~ extrabtion of 

brown and green pigments. The delicate green assUmed by young 

parts after immersion in · 7(1JJ9o alcohol for an hour is very ·beau-

tifu.L 

Herbarium specimens or material preserved in formalin 

frequently become blackened throughout,. and the preservative 

is also blackened; but this is probably not to be attributed 

to the true pigments. 

Str8nded or.shallow-growing plants become bleached to a 

lighter colour as a result of pigment-decomposition. This re­

suLt of intense illumination is responsible for a seasonal 

variation in colour, Which iS darker in Winter than in Summer. 

Perhaps this is in part the explanation of the· rapid g.cowth 
. . 

of the reproductive parts in winter rather than in the warmer 

seasons. 
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l I. THE CELL CONTEBTS. 

A brief examination of the cell-contents was made 

b;y a few simple exreriments on fresh material, m~:J.inly as indi­

cttted in ch. 2 of Cover's "J?ractict-1 Botany" (1~11). Before 

examinat;ion the pigments were generally firs·t removed. 

proteins were readily detected by the xanthoproteic 

and Iodine Tests and by Millon's reagent (cavers pp. 3~,44)~ 

Fehling's test and Iodine failed to demonstrate the presence 

of sugar or starch (pp.54 - 57 L but an abundance of oil was 

shown by osmic acid and a.Lkanet root (p.76) and by ·sudan III 

solution. 

proteins were naturally found most abundantly in 

cells rich in protoplasm, viz., the epidermis and outer cor-

. tex of the stem and especially o:t" ·the pinnu.Le. and in the oogo­

nia. They occur less plentifully in the medullary cells, whose 

con tents are almost co lourlcss (except for. large brown granules), 

and seem disore:anised. In the medulla however the proportion 

of oil to protein is greater than in the outer tissues. Oil 

occurs most abundantly in the oogonia. 
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III· .l!'ERl'lLISATlOH. 

The behaviour of ~he reproductive elemen~s was 

followed, though ~he actual process of fertilisation was 

not cle±·initely wi~nessed; this was partly because these 

organs do no~ mature ~ill .Late in the year, and partly 

because of the bisexuality bl the concep~acles. 

The oogonia and a.ntheridia are extruded, when 

. mature. in tl1e usual way : they form b.Lac.k dots over the · 

ost1oles shortly after the removal of the plants from ~he 

WD.t er. '.Ll1ey may be remo-v·ed with a pen.knife : in this way 

over DOO oogo~ia were obtained from.a single conceptacle. 
h 

The anxeridia and oogonia may also be collected in vast 

numbers by rubbing the plan~s through the:fingersor on 

paper, by which meuns can be obtained a plentit.u.L supply, 

formirJg a blac.k st.1c.Ky mass. 

The adhesiveness is due ta the presence of 

mucilage, derived, in par~ a~ le~s~. by the dissolution 

of· tJ-1e oogonial membranes. The la. tter may. rupture and 

discharge the oogonia, or be extruded with them (~ig. 52); 

in either case they soon become dissolved. 

The antheridia are se't :tree as small colourless 

ovoid masses (Fig. 5;~·,)): the ant.herozoids appeC~-r as minu~e 

colourless highly-refractive granules, and are enclosed 

in a mucilaginous membrane. They o.:re .Li beru ted by t11e dis-

solution and rupture oi the lat-cer. They are very minute; 

and appear ~o be spnerico.l, or rlattened at one end with 
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s. <HnaLL n1Jody'' ( §ig. 5t3). no ci.Lia. were detected, though 

sli(~ht yet conclusive motility was seen. 

1.1Jw oogonia vut"'Y nmch in shape arid in the 

colour and denseness o~ their contents. In ~ost a reddish 

round body -vvas very plainly visible, an<i mo.y have beeri a 

nucleus; but_this and possible indications of phenomena 

such as ferti.iisation, nuclear division, and germination; 

were not followed with any certainty. 
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IV. .iJ1Ul~CTlOJ.~S OW THE VESICLES. 

In the species examined, the vesicles are small 

B.ncl fe1rv in number, aud sometimes absent in c. torulosa: tney 

are uoknovvn in certain speci·es-.. This may indicate their 

vestigial nature; yet speciaL vesicles are sometimes devel­

oped in c. torulosa as if for a definite purpose. 

It was found th~t though isol&ted pinnules of 

c. torulosa floated upright in.w~ter, they sanK when tne 

terminal vesicles were removed. The terminal position bow­

ever is more efficient than the basal ·for the purpose of 

buoyancy. \Vhile there can be no doubt t.hat the vesicles do 

ac-t as floats, it does not seem improbable that they may 

have other functions, such as the storage of oxygen. EVi­

dence for this view is :-

(1.) The probable insufficiency of the alternate 

hypothesis 

(2.) The absence of watery contents: the-vesicles 

normally contain gas of undetermined. composition, at about 

atmospheric ~ressure. 

(3.) The presence of the glan~dular hairs, Which may 

be concerned in gaseous interchange. 

(4.) The collapse of the vesicles on drting.,. 

This may be due to the removal of the gases in question (e.g. t 

for respiration); the gases cannot be renewed after drying 

since they enter ~he vesicLe only in solution. 
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V. TISSUE TEUSIONS. 

In cutting sections of the pinnules. ~ constant 

di fficUll.:y IN&S the tendency Of the .forineii' to curl up, aS 

in Fig. :60. Trtis sugrested t,te existence of tissue ten­

sions, which were inYestigated. by the :following experiments, 

made on vvell-d.eveloped: pinnules of c. torulosa :freshly ga­

thered from the water. 

EY~. I A pinnule was cut off' str~ight at both ends,so 

as to measure o.b inch in length~ A thin strip of epidermis 

was then removed :from the whole length. It became curved so 

that the outer surface was convex (Fig. 61), and its length 

increased to Q.bb inc11. This indicates that the epidermal 

tissue tends to expand longitudinally. 

EXP. II. The end of a pinnule was cut off straight, 

und a t.Id.n strip ( .Gb inch wide) was partially removed from 

the circum:ference (Fig. 63). The strip, when replaced, proved 

more than sufficiently long to encircle the pinnule. This 

indicates a tendency in the epidermal tissue to expand ta.n­

geri tially. 

EXl'. III. This sections were 1·ound to curl more tnan 

t;ilicJr sections (Fig. 60)., Short ra.dial cuts were made at 

:rrequent interv&ls through the epidermis, and the tangential 

expansion causes the divided pl:l.rts to_ overlap as in F.ig.62. 

These experiments snow that the outer layers 
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are restrained oy tissue tensions from a normal tendency to 

EJ)\.IltJ.n d in both d irec ttoris. Although a corresponding tendency 

or the inner tissue to contract was not definitely demonstra-

tecl, it ma;y be interred as a necessary consequence. 

The significance of such tensions is not plain, 

since there may be varia1iions according to age, or conditions 

such as the water-content. The tensions are less in partly 

dried. material, and 'this is at least partly the cause of the 
. . 

loss of rigidity. Further pos~ib..Le effect~ of tension, be-

sides rir:idi ty. may be t.r~e stimula1iion o:r epidermal cell-di-

vision (whj_ch however may be c. cause rather' than an effect}; 

tlw extens~on or the oogonia and a.ntheridia; and the develo~-

ment of the vesicles, particularly those terminal on the 

pinnuJ.es. 
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OECOLOGY 

An a!Jtempt has been made to develop in some.detail 

Uwt 1nterosLjng but obscu.re.study, an oecologioal account; 

only the three species however are dealt with. 

These three species, c. scalaris, c. retroflexa, c. toru­

~· were !'ound in IJyttelton Harbour; also a dri±"t specimen, 

probabJ.,y c .. dumosa. LiKe most of the larger seaweeds, theywere 

found near J.ow tide on a ·rocKy coast.. c. scalaris and c. toruJ.osa 

were also found in rock-pools. A map of the Harbour is append-

ed, showing the known habitats, and the nature of parts of the 

coast. (Figs. li. ). 

c. sca.Laris, the commonest in the Harbour, occurs in 

rocR poo.Ls aaci attached to rocks below (or a littl.e above) low-

tide marK:. (l'LATES V. VI Unless left exposed to the air, it 

sv;ays passivel.y wi·th t11e waves, and floats erect or oblique ac­

cording to tl1e depth of water. The lengthy and ±"lexible stem 

. of the deep-growing specimens gives an obvious advantage, espec­

ially w11en the "sway" of the plant J,;s as great as that of the 

waves. But the long stem forbids growth close inshore, as in 

such case the plant wou.ld be dashed against the rocks. Although 

the plants above low-tide mark have general.l.y much shorter stems 

tlwn those p,-rowing :rurtlwr out, yet in them the tearing on the 

rocks is very ev:tdent; young plan"ts were fairly common in some 

parts, but the older ones are much torn, and sometimes·on.l:y bare 

and broken stalKs are left. Irregular growth, evidently due 

to wound~, is shown in Figs. 8b, 9. 14 •. 

G• scaluris was found in Lyttelton :Harbour (Map, Fig.II) 
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.e.~ c.;.harteris Bay, Church Bay, Diamond H.s.rbour, and outside the 

ilet_.tos in a much more expose<i position a-c Taylor's :M1stake. 1Jiith 

this spec:i.ss is frequently found a zone of Iviacrocystis pyrif'era 

in the dee 1)er water further ou-c ( PLATE V }, and occasionally 

e1·e n the Ke.Lp D 'urvLLlaea u til is and on the rocks the black 
fllcti.,·d '"f. <ll-feY, 

mussel ~!/I 1 171•·· u:.- etll>.L~e-?-+ • The presence of tliese two lat-

ter are especially indicb. Live of t.he exposure to the waves to 

vV11i ell c. scalar is can S UbU1i 1;., ]31n i-c is more common in spo-cs 

and. 
Mctl.,·o ~~~£ 

:found. vJhere D 1 Urvillaea J;.~~;: :E ttei are not 

In the more sheltered spo-cs c. sca.laris is gen-

erally acconrpan i ed by C. toru.Losa · ( PLAT:S VI. ). The latter 

is 1nuch .Less cormnon. #lind requires more protec-cion and less dep·th 

of wat.er. It is more especially an inhabitant o:f roc.!l: poo.J..S, 

and does not. occur below low tide mark, but on.ly in what schimper 

culls the ernerg1ng belt. 

Tlle best inclication o:f the suitabi.Li-cy o:r a local-

ity in the searc11 i'or cyst.ophora is the presence o:f large quan-

titles of Hormosira bank§,ii whose beaded fronds consti-cute the 

rnost conspicuous e.Lement in the marine :t"lora. PLATES VI,Vii,VIII) 

The ass oc ia t ion v.'i tn Hormosira is perh&. ps no't al-cogether a.cci-

dental; C. torulosa in particul&.r proved. to be almost. invariabLy 

surrounded with m&.sses of its copious stou't :rrond.s, Which afford 

a very rea.l protection against te&.ring on the rocxs ; the acute­

ness oi which d.unger is easi.ly uncier-estiinated), and perhaps 

inciden~ally against b.Leaohing and drying also. But in the poo.ls, 

( Fig.59 ILATEVII Hormosira grows in abundance round the edge, 

so that il;s fronds :float out across the sur:face; whi.l.e c. sca.l.a-
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L"l:::l anct c~ 1iorn..Lo::>a r_ise from "the lJoL."torn of ·cne puo.l, &nd 

:.:ce tlms pu . .rL..Ly screened irum 'Gl10 sun. 

It is juore or less evident t.hut ,' Yd}ether indivi..: 

dmc;l -plo.rns or species o.s o. wnole are considered, t11e .less 

tllo dr;pt11 o1 v,Li>Ler tlJe s.horte:.c the stem, the. denser the rami-

n cu LIon. o. nd the t:rflti te r the ~Ghi ckness of u.ll parts~ c. eca-

lGris uml c. toru.losa show this fet:.ture to a variable extent 

uc GU 1·ding to the ciepth, so thu t rock-pool specimens may gen-

erally be disti~gUished irom op~n-sea ones (cf. PLATES I,II. 

III ) 

caution must be exercised in pronouncing this pecu-

liarit;! as a ·direc"tly adaptive response to conditions, or 

ot11en. ise. Marine Algae are of compara:tive.ly low organisa-

:ion and are not fener8lly credited with sucn responsive powers. 

The inmJediate cause may be par·G.l.i o.ssociated with the degree of 

i..Lluminntl on, . wl1ic11 is greater nearer tne surface t.nan at a 

ae :'th; so t11at shallow-gn~vving p.lo.n"ts, including C. torulosa o..s 

u whole, are .lighter in colour through ble~ching. · This effect 

is often modified by the presence of Rormosira. Another possi-

ble factor is the pressur~, which increases with the dep~h. 

-:rs.rmtll and sal. in i "ty are vuriab le conditions in rock-pools, es-

·pecially in the shallower. but not to any extent in the open 

sea. The pools in ques Lion are almost invariably about a foo't 

deep at l.east, and. moreover are below high-tide marK, so tha~ 

the waLer is renewed at each tide. There is room for a series 

of experiments on the effec"ts of cho.nges in these conditions. 

ComparativeLy few spe~imens (about 20) of c. retro-
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flexa vJere found ( FUnm, charteris Bay north); they were dis-

covered e.t; lovv tide murK on exposed rocky shores. The oecology 

of this species cou..Lu not therefore be thoroughly studied: 

still ..Less could thut of Ct.nother species, probabl,V c. <iumosa, 

of v;hich only a singJ..e specimen was found; this occurred on a 

to~ch in Charteris Bay, south. In both these species, every. 

specimen proved to be attac11ed J"o a small loose stone, which 

could e1:tSi.l.'f he:ve been dru.gfed shoreward by the dri:fting plant; 

.y- E3'Jtlle :nere in t"act actually stranded at low tide. This ;fact, also 

·_,J:.I' the exposed nature oi the localities concerned, the general ab-

'1 .. ti. ence :trom other spots, and the elongu.ted stem and sparse sJ.en-
~ . . 

·~ . cter ioli age. sup1jQ:c!.; the view that these specimens had gro\'vn in 
t ~ . . 

·:>' .. ~ 
~·~deep water, till the ever-increasing pull of the waves on the 

I 
growing plum~s fi nall,y- brought ashore such u.s ..,vere a.tt&.ched to 

small loose stones. The species as a whole may perhaps frequent 

deeper water. These results however are at best onJ.y inferential. 

and t:he results mainly negative. 

Within the Harbour, search for cystophora was fruit-

less near Lyttel ton: indeed the specimens \Vere found only on 

the other side. r:Lh') chief loculities, Wi'th the other chief forms 

elh..t \he nature o:f ·t11e coas't, are partly indic&.ted in the map. 

(Ji'ig. II.) Jvrost of the coast was examined in some detail at 

J..eu.st; once. 

cystophora is not :found (except as drift) on sandy 

oea.ch.es, such as at sumner and Hew :Brigh·ton; now were specimens 
on rocks 

foun~ at Scbrborough and·eJ.sewhere without'the Reads (~xcept f~r 

c. scalaris at Taylor's Mistake. This is evidentJ.y to be asso-

ciuted with the protect~on afforded by the Ha.roour. 
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corynophLoea cystophorae (J. Ag. Syst. ii. p. 22., De ~oni Sy~~. 

4 ''l ) p •... (..., • is reported as epiphytic or p&rasitic on cystophora 

lllga telon;"ing to the Chordariaceae,and is described as being of 

t.lie sl.ze of a peH. Oltmann (l~o5,ii, p. 3.L~) mentions Sphaece-

lu. ria pal vina ta Hook and Harv. ( a:fter Reinke) 'as a penetrating 

po.rBsi te on Cy'stopllora. Ho exact descriptions w,ere available 

ior the sLudy of these varasites, or to see if they are the 

tWIIJG pLant 1 ~>1der ditferent narnes. In both c. toru~osa and c. 

c<J l...L_2:J~~~_!JXa J:Joweve r a pene tru t~ng i"ilamentous epiphyte (Fig ·5o 

~0 ~lscovered in severul cases on the pinnu~es. rt might be-

lunv, so far as availab.Le re1·erences shovi, to either of the above 

p:J.rusi tes, and shov:s also some correspondence vvi th the Endos-

phaeraceae (West, 11 .Algae", 1:116, · p. 210 - 212 ) • The penetrating 

halUL is certain, bu't this is not su±Ticient proof of" parasit-

18m. 

The Alga discovered consists of a tuft of" fila-

rflerns. about; u.b m.m. in length. t:~.nu composed of a single row o1· 

d.isc-like cells joined. b;f the f'lb.t surfa.ces. The outermost cell. 

is J1ernispherj cal : the tasal cells become gradually attenuated, 

tU_i the epidermis oi the host is pierced by a thread-like at'-. 

tucJJment celL. The filaments are sparingly branched, and each 

bn.:.llc.l:l ends in 8. Large ovoid uni.Locular body, evid.ently repro-

dv ct: i ve in function. anci <iense ly fil~e d with gr&nular highly 

ra1racLive contents. 

Cover l ng the upper surface of" tne ho.Lclfast ·of 

c. t.uru.lo:::>a there was found in some cases a Q.ense mass of ap-
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11 -cd 0 h:f phae ( J.i' i g. 2 6 ) • These hyphue c0 ,Jsist of 

· 10 - i~O smf.;,ll round cells. u.nu ;_.rc:: ur:cung-ed perpendicularly to 

the venerHJ ,; ') ;_· L; .. e --,. '[ lJey u.re compact, and peripherally forni 

'-' psett'do- pbrenchyma (broken through in pl<;Lces, either na.turully 

or by accident). JY•-st::ll:y the l'lJTphae can be traced into the 

i_j_0sue of the holdfast, and rumify extensively between the 

richly-stored outer cells of the latter. The evid~nce of para-

si tism in th:i.s cuse is strong. 

lJUmerous epiphytic animals und _plants were found 

on Cystophora, such ctG set:J.-mb. ts, sponges, HYdrozoa (PLATE IV), 
1-he:--m~.,.;.,, ;-~~~ ~~~re b,.-a-1!1. cJ,4«.!;_ ~ 'lel"'!'"d~, 

'"n ci ~· h ~q& t':€ s.e;;3 P J:ii'g1 cystophyl~um sp ·1'" a few Rhodophyceae 

and microscopic forms such as that on the epiphyte ofFig. 50. 

These associations however are evidently accidental, and it was 

verified in most cases that the organ:Lsms were not peculiar to 

9ystophora..$ .No consequent abnormalities of growth were obser-

ved. 
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C 0 N C L U S I 0 N ----------

proba.b..l;y tl1e chie:f poinlis o:f inter::;st in the genus 

are :-

1. The method o:r insertion and the ~oss o:r the branches 

2. The presence of sieve ·p..Lates in the medu..Lla~ 

D. The undivided oospheres. 

The latter two points especially require further 

investigation. WJ1icl1 shouJ.d be coropara ti ve. There is need 

also of a better deiinltion and d.escription o±· the New zea­

J.and species : this however would involve a s-cud.y of "the who~e 

genus. 
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D E S C R l P f I 0 H 3 of PIGURES and PLATES. 

+ + t + t + ~ ~ ~ 

l. Ma-p of u.z., showing recorded habitats of cysto'()hora. 

2. Man of I;yttelton Harbour, showing chief habitats and na-

ture of the coast. 

3. base of young plant with divided stem. ( x 3 ) • 

. 4. Bases of two young plants with fused holdfasts ( x 3 ) 

5. part of older plant of c. scalaris, with reversion to 

1f ,juvenile ir type of pinnules. ( x 2 ) • 

6. Old stem of c. scalaris, split into short strands. 

7. Bared steJIJ ond branch of c. scalaris, with persistent bases 

of lost branches. 

8. a : False tri-chotomy in c. scalaris. 

b Abn:Jrmal arrangement of pinnules in c. retroflexa 

apparently spiral• 

9. Abnormal growth of stem (C. scalaris) resulting from injury 

10 - 16. 

b,y the -,,tJ.ves. (Nat. size). 

stages of development of c. scalaris ( x 3 )~ 

( a 

b 

Long flattened pinnules 

Short terete pinnules 

lst type. 

2nd pype~ 

c Young staves of adult (third) type of pinnules. 

d Abnormal c:rovvth due to injury.} 

17 - 20. Unfolaing of pinnules in older plant of c.scalaris ( X 6). 

21. Franch of c. scaluris on old bured stem : showing vesicle, 

almost mature pinnules, and bare scalariform 

rhachis ( x 6 ) • 
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Fig. 22 vesiclas. ( J~ /i l . 

a: c. scu1ur1s, c. torulosa. 

b c. retroflexa e:.dult) 

c I: bnu;_' ;_,l ciouble vessicle of c. dumosa 

23. Finnnleo ui 1.;. torulosa ( x 3 ) . 

a : With couuGptucles biseriate below, triseriate 

~ : With conceptacles biseriate. 

c 3ub- dichotomously branched. 

d With terminal vesicle. 

24. rirmules, of 2_·_2:_~ti_S:!'_lex~ sub-dichotomously branched ( x 3). 

25. TrU.iJSVOI'Se :-:Jection through holdfast .. 

c. swollen cells at outer surface; hy 

woven hyphae beneath). 

26. Ditto., with parasite ( pbr.) ( x 150) 

27. Loose basal hyphae at outer edge of holdfast. 

28. wavy m&rkinf.S on epidermis of stern. 

29. Longitudinal Section of stem. 

cut = cuticle; ep. = epidermis of stem 

inter-

me d. - medulla; sept.= septa in· cortical cells 

s~g~ = sieve plates in medulla ). 

30. T. s. stem.(Similarly lettered) 

31. Diagrammatic representation of c~ll:-division (a -- d :. 

successive divisions~ (ep. ~ outer dividing epi-

dermal cell cort - inner cell, incapable of 

division). 

32. Diagrmmatic representation of T. s. or L. s. through stem. 



:ig. 33. 

34. 

35. 

36. 
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T. s. stems. 

L. 

T. 

v . - ' 

b 

c. tor_~:l_osa,lower phrt 

Ditto., upper psrt 

sub-terete. 

flattened, obtuse? 

c c. retroflexa :_ very fl&.. t, acute,; grooved through 

drying. 

d ~- ~ calo..:r:_~~ : two-winged,- sub-ttcute 

( usm = general assimilatory tissue 

mechanical tissue). 

mech. __ 

s. stems. 

a t:Jpica.l stem. 

b _throug·h junction of stem and branch. 

c through old scalariform stem. 

r< cortex. ( s.p. sieve-plates). o. = 
at junction of stem and branch. (s.w.= swollen cell -

walls). 

37. L. s. outer medulla. ( t. sp. - terminal membra.neous si~ve-

pJ~tes). 

38. L. s. inner medulla ( 1. s.p. = lateral sieve-plates). 

39. T. s. mature vesicle ( ep = epidermis; cort = cortex; 

med. = medulla ) • 

40 - 42 T. s. vesicles of c. retroflexa. 

40 : young, with glandular hair 

( h ) and small amount of medulla (med) 

41 older, with more hairs and medulla 

42 old, with disorganised ~airs. 

43. T. s. vesicle of c. scalaris, with copious hairs. 

44. For ina t ion of glandular hair (h) from meiiullary celL - ( med). -· 
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·Fig. 45~ 'r. s. Terminal vesicle of c. torulosa, with numerous short 

hairs, and small conceptacle~ (con.). 

46. T~ s. Pinnules of c. torulosa 

' : through terete pinnule with tri~e~iata con-

ceptacles (con.). 

b through sub-triangular pinnula. 

c through an ostiole. 

d partl:y through an ostiole. 

(ep = epidermis; cort. = corticle; mad = medulla; 

cone : coriceptacle ; ~-~~~~~; ost = ost­

iole). 

47. T. s. Pinnulesof c. retroflexa. 

a : through pinnule with triseriata conceptacles; 

through an ostiole. 

b do., semi-oblique, through only two concepta-

cles. 

c through normal flattened pinnule with biser-

iate conceptacles. 

48. L. s.·J'innule of c. retroflex&, near margin,through one 

row of conceptacles showing lateral expansion 

of latter. 

49. T. s. Pinnule of ~-- torulosa. through two rows of conoep-

5o. 

tacles ( cf. amount of cortex in fig~ 48). 

Epiphyte (epiph) on epidermis (ep:ld)of c. torulosa ( ~~.o. = --. - -------
attachment organ; spg = sporangilun ; cyan = micros­

pic plant, apparently a Blue-Green Alga,· on the 
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parasite) ( l6o). 

r .. s. ,y-oung concepto.cle of c. scalar is ( oo~ :: young oogonia; 

anth ~ young antheridia; par = paraphyses). 

52. oogonia in various stages. 

a - d : with membrane (laminated in b., rup-

tured in d.) 

e - h variously shaped oogonia whose membranes 

have dissolved. 

(mem ... mucil~ginous membrane; ped ... pedi-

eel). 

53. Development of antheridium. 

a - f · 

g - i 

development of antheridial hair.from 

i lla (pap ) , with .formation of septa 

(sep)and branches (br.) -- --
development of antheridia (anth.) on the 

hairs. 

54. Mature antheridia of c. torulosa on elongated hairs .. 

55. sterile paraphyses. 

a : c. retroflexa 

b do., with dense protoplasm at the 

tips .. 

. c : c. scalaris. 

A c. retroflexa : young conceptacle with 

paraphyses almost meeting in centre. 

56. L. s. conceptacle of c. retroflexa, with localised and much 

compressed antheridia (anth), scattered oogonia 

(.:::_og), and numerous hairs~ (par). 
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·Fig._ 57.· rvu::d;nre oogoni urn and antheridium, drawn to same scale. 

(lliem = membrane; spz = spermatozoids; n = nu~ 
' 

cleus - ? 

58. a antheridium, not yet ruptured •. 

b sr,ermatozoids ( h = head ; b = body - ? ) 

59. Diagrmmatic representation of rock pool, with c. scalaris 

£) partly screened from the sun by Hormosira 

banksii : (h) (cf. plate vii ). 

· 60. Slices of mature pinnules of c. torulosa, showing method 

of curling due to tissue tension. 

61. E;longation and curving of epidermal strip from pinnule 

of c. torulosa.. 

62. Lateral expansion of outer part of slice of pinnule .snip-

. ped through the margin at frequent intervals. 

63. Lateral expansion of epidermal strip partially removed 

from pinnule. 

PLATE I• c. torulosa.Upper part of frond, with vesicles and almost ---
mature pinnules; rather small spe_cimen from 

rock pool, without vesicles on ends of pinnae. 

(Somewhat dried). . ( X ;1,-) • 

PLATE II c. retroflexa. Specimen not quite mature; showing loss of 

branches and the in curved young pinnules at 

the apex. ( X 1/3) 

PLATE III. o. scalaris. Part of comparatively small specimen, fairly 



PLATE IVe 

.PLATE V. 

PLATE VI. 
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derisely branched. With vesicles (more numerous 

above) nnd pinnules (not quite mature). stem oared 

below ( x 2/5). 

Bared scall-triform stem and branches of 2_·. scalaris, with 

holdfast. The remains of an old plant from an 

exposed spot (Taylor's Mistake). covered with 

small H.ydrozoe:. ( x l/3) •. 

Rocky shore at low tide, Diamond H&rbour. g9rmosira banksii, 

.Q_~_ torul9~a. Q.:_~calaris. on .L~ocks; n,racrocystis 

P~Y.EifoEa, c. scalaris in water. 

Do •• with Hormosira and c. scalaris on the rocks 

I'LATE VII. Rock pool, on headland N· of purau, at low tide. Hormosira 

round edge of pool, c. scalaris in centre. (of. 

]!'ig. 59). 

PLATE VIII. Low rocky bank, pursu, at low tide; mostly Hormosii-a, with 

PLATE IX. 

c. torulosa in centre. 

Low wide pool, on headland E· of Diamond Harbour, at half­

tide. Hormosira and c. scalaris .. 
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B 1 B L I 0 G RAP BY. 

T1H7 foLLu•Ninp: biblloc;ra_phy i$ as complete D. list 

of works as possible, dealing with cystophora. The more 

general references are given in the text • 

Agardh c . .A. 

Agardh J. 

Brown 

De Toni 

Decaisne 

Endlicher. 

Eng.ler & Prantl. 

Greville 

Harvey 

Harvey in Hooker 

1.884. 

1820 

1841. 

1848 

lb'IO 

1877 

Systema .AlgCJ.rum 

Species A.lgarum 

symbolae •••• (Linn. Soc.) 

Species Genera et ordines Alg~rum 
. ' 

om Chathum- oarnes Alger .(ofer­
sigt af Kongl. VetensK~ps -
Akademiens Fordh~ndlingar, 
ltJ?O, no. b. ) 

De Algis Novae 7elandiae marinis. 
Lunds. Univ. arsskrift. 14. 
l-32. 

1872--'99 Till Algernes Systematik. 

18~2 Analecta Algologica. 

lfJOB. 

18~b 

lt54l 

1842. 

Mss. and in Turner (leoe) 

Sylloge Algarum 

Archives du Museum 

Annales des Sciences naturelles 
xvii, 331 

Genera Plantarum, et (1843) supple­
mentum. 

Die Naturlichen Pflanzenfami1ien. 

Synopsis 

18b8~'63 Phycologica Australica. 

18bb Flora novae zealundiae. ii. 

lt:H:JO Flora Tasmania.e. 



Harve;y & Hooker 

Hooker 

:K'utzing 

Labillard 

Laing R· LI. 

1~1ertens 

x.;ontagne 

ultmann 

Richard 

Turner 

---
l84b 

18':19 

- ?4. -

London Journal of Botai1y. vi. 

Handbook of the new zealand Flora 

Tabulae phycologicae. 

Species Algarum 

_Flora Novae Hollandi~e. 

.l!,ucoideae of BunKs peninsula 
(Trans. N.z. rnstit. xviii.p.3Q3) 

Algae of New zealand 
7 Tr!;i.ns. lJ. Z. Ins tit. xx-vi i. p. 2 9 7) 

Revised Lis~ of New 7ealand seaweeds 

(Tr.ans. N.;,;;.rnstit. xxxii p. 57.) 
7. 

rviemQ~S. 
i' 

1B4b voyage au Pole sud. (Bo~anique i ) 

1904-'05 Morphologie und Biologie der Algen 

18~2. Voyage de l'AS~rolabe (Essai d'une 
Flore de N. ;~·. ) 

ltJOIJ-H:JlV His tori a Fucacearum. 
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