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A STUDY IN THY EAPSRINFNTAL TAXDRONY CF SOME
BRITISH SPHAGNA ( SECTION CUSPTBATA) wITY
OBRFRVAT (OMS OF TH¥IR SCOLOGY

Swasary of Thesis by S. Agnew, April 1558

T™hie thesis is oonoerned vith taxonomic studies on some Nritish mewbers
of the genus Sphagrmm, and insludes an histriocal survey of their
aystomatios. Thase dealt with in detail are 3S.recurvum P.besuv.,
Ssouspidatup “hrh., ex Hoffm. emend., S,pulchrum (Lindb. ex Braitiw.)
Tarnat., S.aablyphyllum fuss., S.fallax von Xlingqr., end S.serratum Aust,
Tris study bas utilised taxcnomie techniques which have not previcusly been
applied to “phagna including statistioal investigstions of their morphology
and aratomy. These have allowed an assessment to be made not only of the
extent %o which each veriadle charecter is of waluc in svecies dclimdtatiom,
but alse of the affinities and number of taxa representsd in tie waterial
exsnined. As a prelimimry %0 the statistiocal work details of the
variation in sise and shape of wranch leaves are given for two Species.

Many plants of the species oconeerned were cultivated unfer various
oonditions 1a the field and in the laboretory to ses how the enviromesnt
0ould effect the expression of oharesters.

Genernl eonolusions are reached regarding the velue of the varicus
charecters. Kost ef thess are mofified by the snwironment or very
arbvitrarily vithin one plamt. Mowever the shapos of stem and brench
leaves soss %0 be useful in seme species and scwe other oharsctors sush &s
Sy0e of sten cortex are highly sharacteristio of, though not exclusive $o,
cartaln spesies,

Tt 4s finally &ecided to retain specific status for S.ouspliatum,
Sopulohrun and Z.recurvum, the lant of these beiny Mvided into subspecies
BOrosatup and_sablyohylleme Penfing further investigtion of British
mterial Joreourvyp subsp. sngustifoliym (C.Jens.) Russ. and Sefellax
are a0t vecognieed as &istinet Saue. o evidence is found for recosnisiag
any vurieties of the ascepteod e0eeles whose soologiesl relationshins have
besn investignted.

It would appear wertiwhile to extend these techrniques to other
"oritienl” Snhosmug species.
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PREFACE

This thesis gives an account of a study of the systematics and
ecology of certain British Sphagna made by the author during the
three years from October 1954 to September 1957. The work was
done at the University College of North Wales, Bangor, most of tne
field observations and all the experiments being carried out in
North Caernmarvonshire and Anglesey.

Material for cultivation was cbtained as follows: specimens
of S.recurvum and S.cuspidatum were collected from several localities
around Bangorj S. pulohrum was obSained by the suthor from Tregaron
Bog, Cardiganshire, and from Bowness Moss, Cumberland; S, fallaf
and S, amblyphyllua were gathered from two separate localities in
Angus wnder the guidance of Miss U. K. Duncan,

The herbarium oollections of Professor P. W. Richards and the
Botany Department, Bangor, were examined by the author and parts
of tae herbaria of V. R. Sherrin and the British Bryological
Society were made availadle by the South london Botanical Institute
and A, H, Norkett at the British Museum respectively. In addigion
specinens were losned or given by the following: Miss B. K. Dunocan,
Miss E. M. lLobley, Dr. M.C.P. Prootor, Or. D. datcliffe, Mr. S.W.
Greene and Mr. E.C. Vallace. The majority of the herdarimm
specinens were British but & few were from Scandiinavia or Central

Europe, and one was Amerioan.
uring the preparstien ef this thesis the recently published

4th editien of Gams' Kleine Kryptogamenflora (1957) was brought



to the author's notioce. In tais work, wnicn is in the form of
an amplified key, Gams has again reviseu the classification of
the Sphagna, including oonsiderably more detail tian in the 2nd
Edition (1948). The most important cnange in Gams® olassification
with regard to the present work is his view tuat S. recurvum
P. Besuv. should now be split into three sub-species. This
problem is discussed in Chapter 9, which gives an account of
investigations into the distribution and variability of characters
oited by Gams (1957) as diagnostic of these sub=species.

tlowever, such of the work was coupleted before the publication
of Gams' new key, and tihere was not time to inolude an investigation
of his latest ideas in most cases. Fortunately Gams®' views on the
status of most $2xa have remained unchanged o that the present
writerts earlier work was not rendered invalid alShough it failed
$0 oonsider Gams' new olassifiocation. For instance although the
study of the relstionship and diagnosis of S, pulohrum and
S, _recurvum (Chapter 4) deals with the latter as a single undivided
taxon (as in Gams, (1948)), the ststus and separstion of S, pulosrum
from 8, recurvum are substantially the same in each of Gams' keys.
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SHAPTER 1

Introdustion

The genus Sphagnum was first olearly defined by Ehrhart in 1780,
previous workers having included mosses of several other geners with
some genuine Sphagnum species. From 1780 onwards, various bryologistis
published papers and books dealing with the anatomy, systematiocs and
reproduction of mosses, and many useful observations were made on the
Sphagna. Schimper in 1858 desoribed several species in udetail using
a wide range of diagnostic charaoters, while Lindberg in 1862 suggested
a scheme of classification which is similar in outline to the schemes
in use at the present time. A few later authors, notably Russow
(1865), made valuable contributions te the knowledge of this genus,
but the period ef intensive study of the Sphagnaceas by Luropean
bryolegists did not start uitil after the publiocation of Braithwaite's
monograph in 1880, This was the first work written in knglish which
was devoted entirely to the Sphagnum species of Lurope and North
America.

Following this, Wamstorf in partiocular published many pspers
dealing with Sphagnum systematios; his Kryptogamenflors der Mark

Brandenberg (1899) was translated for the benefit of British readers
by Herrell (1900)s Horrell followed Warnstorf in recegnising the
following eight sections: = Acutifolia, Squarrosa, Cuspidata, Polyclada,
Rigida, Truncata, Subsecunda, Cymbifelia. It is interesting to note
that during the preparatien ef this werk Wamsterf revised the Seoctien
Cuspidate (presumsbly for imclusion in Pflansenfamilien (1900)) and

inoreased the number of kurcpean species in this section from 8 to 16.
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The next olassification due te Warnstorf (1900) resembled his
earlier one, except that Cymbifolia was placed by itself in a Section
Inophloea, preceding Seotion Litophloea whioci consisted of all other
groups or subesections. A discussion of the taxonomioc status of
these categories is given by Andrews (1911, p.74).

The next major work en the Sphagna was also due to Warnstorf who

published his Sphagnologis Universslis in 1911 as part of :ngler's

Pflansenreich. In this, Sectien Inephloocs was placed after Litophloes

within which the erder of subesections was also changed. Sherrin

in 1927 published An Illustrated Handbeek of British Sphagna, which

was in effect a traanslation ef the relevant parts of Warnstorf's

worke Thus Sierrin's Seotion I Litophloea was composed of five
sub=gections arranged in the following erder:i-= Acutifelias, Rigida,
Squarresa, cuspidata, Subsecunda. Subesections Trunocata and Polyclsda
wore enitted as each is represented by a single species which does net
ooccur in Britain.

While admitting the validity eof Warnsterf's grouping, at least as
applied to Eurepean and non-trepical American forms, Andrews, in the
North Amerioan Flora (1913, &) rearranged the groups, and divided
Litephloea into two Sections. Andrews gives the reasens for this
precedure in Notes en North Amerioan Sphagnua (1911, p.75). His

final classification is as fellows: =

Subgenus Inephloea

Subgenus Litephloea
Sectien Malacesphagnua (Rigida ef Warnsterf)
Seotion Aoisphagnum
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Section Acisphagnum
Group Squarrosa
Group ‘uspidats (including Subsecunda of Warnstorf)
Group Acutifeolia

The close relationship of the three groups of Seotion Acisphagnum
and the desirability of combining Subseounda with Cuspidata are

disoussed by Andrews in further Notes on North American Sphagnum

(1913b, p.60, and 1915, p.l respectively).
Gams (1948) followed Warnstorf rather than Andrews, but did not
recognise the Section Rigida; in the latest (1957) edition eof his
work, however, Gaus gives this Seotion a status equal to that of
Sections Cuspidata. Acutifelia etc., Richards and Wallace (1950)
followed Andrews' classification into Sections and Groups, but
Prootor (1955) maintained Cuspidets and Subsecunda as separate series.
This thesis is concerned with species of Group Cuspidata as
defined by Schliephacke (1865), which with the addition of Schliephacke's
Mollusca, oenstitutes the series Cuspidata as understoed by Precter
and Gans. The group is represented in the British Isles by eight
species, one of which, S.tenellum Pers., is distinot from all the
rest in having short eval branch leaves, a character which led Warnstorf
(1911) to place it alone in a separate Group Ovalia, the remaining
species being placed in Group Lanceelata. The only oconfusion about
S.tenellum has been concerned with nomenclature (Andrews, 1919)
and as it seels te¢ be a well defined species it was emitted frem the
present werk. S.lindbergii Schp. and S.riparium Angstir. are
distinot species about which there has been little or no question and

although the latter is similar %o S.recurvum P. Beauv. in some respecis,
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tuere is rarely any iifficulty in uietinguis.iug these two species.
Loth are moreover, quite rare, ans tne cifficulty of obtaining
unerbarium speciuens and, more especially, fresh materiul for
sultivation, argpued aguingt tneir being incluueu in tuis work.

Cf tue remaining five species recognisel oy -icuaris & Wallace
(1950), Se obtusum ¥arnst. is uncommon and can always be ulstinguisuaed
from 3. recurvum by the preasence in ti:e brancn leaves of one or two
rows of nuaerous susll "menmbrane tihinnings.” ([uis term is useu
by Andrews (1913,a) to uesoribe ti:e small rouny areas wiich resemble
unringec pores except in that tney are unperforated, anu which are

visible only after deep staining.) S. belticium ..uss. is also

rare, and is Jistinguisned by tne presence of oval to lingulate,
obtuse, fibrillose stem leaves, s combination of caaracters not
found in any relateu species.

There remainei the species 3. recurvum, S. pulcarum (Lindbe. ex

Eraitaw.) Warnst. and S, ouspidatum Earne. ex ioffm. emend., wiioca

were recordei as having & wide distribution in Sherrin's _ensus
catalogue (1946). It was deciueu to investigate tuese species in
detail,
Andrews (1913,b) recognised tne following varieties of these
species: »
Se recurvua var, tenue Klinggre
Se_ouspiuatum var, torreyi (S5ulls) braitnw,.

Se ocuspidatum var, serrulatum Schlieph.
The last two were describelas species 5. torreyanum Sull. and




Se

Se Berratum sust. by Sherrin (1927), wao gave under tae latter name
rarts of Warnstorf's descriptions of boti the species ani its variety
serrulatum Schlieph. 3ome errors in trauslation appear to nave
occurred, thus Warnstorf (1911, pe 406) uescribes tne corcical cells

of the stem of S. serratum a&s "bisweilen scneinbar fenlend” (Bomeiimes

apparently wanting), waereas Sherrin states (1927, p.38) "cortical
cells of the stem apparently wanting.” igain Warnstorf (p.247)
desoribes the nyaline cells of the branch leaves of var. serrulatum

as "nicat selten zum grossen Teil faserlos" (often for the greater

part witoout fibrils), waile Sherrin's description reais "not rarely
for ithe most part fibrillose." (ihere is obviously oonfusion as to
tae udiagnosis of this taxon, and a re~examination of its status

seenmed desirable .

Tne question of nomenclature with regard to S. recurvum var, tenue

is fully discusseu by inirews (1917) the inportant point to note nere

being nis inclusion of small, imbricate-leaved forms of Jarustorf's

Se _recurvum var.parvulus and S. amblyphyllum var,parvifolium under
var. tenue. This leais on to the consideration of 3, amblyphyllum
dusse which is accorded specifio rank by Warnstorf but whikch is

inolwieu by aindrews (1917) under S. recurvume Similarly S. fallax

von Klinggr. is regarded by indrews (1917) as simply an aquatic form

of Se recurvum. The varieties robustum and majus of 3. reourvum,

and varieties falostum, submersum, plumosum, plumulosus of S. cuspidatum
desoribed by Warustorf, are not mentioned by ‘ndrews. Altoough

Anurews states that S. puloarum is easily distinguished from S. recurvum
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tune former was not accorueu specific rank until 19((, and
thus il seeme. Jesirable to investigate its relations:ips. ‘{8 will be
sown later, tiiere nas been counsiserable confusion in this country

between S. pulonrum ana Se recurvum and & reuefinition of inese species

was certainly nee.ied.

ne experimental work, an account of wnion constitutes tue main
part of this thesis, was thierefore conceairate: on tue following
species and tneir varielies as recognised by Warnsiorf:-

Se amblypayllui, Se pulc.rum, S. recurvuw, S. serratuu, S. fallax, and

Se ouspliatume S torreyanum was oniiteu owing to lack of waterial.

Investigation of the value of the taxa so defins. was greatly
facilitated by the fact tnat most of tine herbarium specimens examined
were gatuered between 1510 anu 1950, and were oonsequently ildentified
on Varnstorr's system.

jiany examples of lack of precise definition can be found in the
published systeustic desoripiions, ani one of the primary alme of
this work was the improvemeni of desoriptive methods by using
quantitative oriteria where possible, a further object being the
determination of the ranges of variability of diegnostic characters.
It was also hoped by the use of culture methods to investigate the
effect of environment on variability of ocnaracters, and hence to
assess the value of previously described taxs, defineu on the basis
of these characters. ~w ing a aiscussion on biometrics and systematiocs
(lelville et al., 1949=50) many useful oomuenis were mais on ithese
aspeots of taxonomic investigation. In particular, tie remarks of
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Heslop~Harrison (p.176) in connectien with Dactylorchids eare of

wide appliostion and could well refer te Sphagnum systematios.
Thus "eee-e= not all of the oriteria whioh have been employed
in olassical desoriptien prove te be ef equal value when populations
rather than individuals are made the objeot of study. To be of
use in critiocal ocemparisen, the familiar descriptive cliches eof
species diagneses require more precise definitien in tox:u of populatien
paransters.” Heslep=liarrisen alse suggests the analyses ef pepulations
frem ecelogically diverse habitats te¢ determine which phenotypic
charscters show the least intra= and inter- pepulstion variability.

Detailed studies of the systematios ef Sphagna have been few.
Aberg in 1937 published the results of a cemprehensive survey ef the
Eurepean Subseounda, in which he considered the pere structure eof
sten leaves and type and distributien ef branch leaf peres to be the
most impertant disgnestioc characters. He refers to the plastiocity eof
sten leaf size and structure under a variety of moisture conditiens,
drawing sttention te the faot that adverse conditiens lead te a reductien
in vitality and subsequent reversion te the juvenile form, in whioh
sten leaves are net differentiated frem dranch leaves. The
significance of this with regard te variation in fibrillosity and sise
and shape of stem leaves is at ence apparent, as these characters are
eoften used diagnestically. Similar changes were predwied in species
of the Cuspidata group grown inm water by Paul (1932), te whese work
Aberg refers. As mentiemed above, ene aim of this present werk
has been to show the effect of differen: cenditions of grewth on
this and ether chareacters.



The next Chapter ef this thesis consists of a general acoount ef
the morphelogy and anatouy of the Sphagnum plant, with special
reference to features of disgnogstic valus. Specific differences

will be dealt with in subsequent sections dealing with the individual

taxa.
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C.APTER 2.

Structure of tne Spiagnum gametopuyte

Eaca plant consists of a stem which is capable of inuefinite
longituiinal growtin from division of the apical cell. TIiis is
enclosed in a terminal bud formei of spirally arrangeu leaves borne
directly on the stem. DBranches arise in tnis bud, ani, owing to
delaye. elongation of the stem, developing brancies ani stem leaves
are crow.iel intoc a dense comal tuft or capitulum. The branc.es
are of limiteu growth and arise in‘'groups (fascicles) of usually
4 to 6 at the siie of every fourth stem leaf., The fascicles are
normally coumposed of comparatively robust uivergent (spreaiing or
norisontal) brancnes, ani wore slenier pen.ent branches, wilch may
or may not be appressed to tne stem. iiost stems alsc show dicinotomous
branching of the axis, whion ultimately leais to an inorease in number
of plunts, as the older parts die ani disintegrate. .dvergent eand
pendent branches bear closely set leaves arranged spirally. Some~
times, tie spiral arrangement is obscured 28 when the leaves appear to
lie in straight lines, e.g. in S, pulochrum, or when they are secund
or falcate in shape. When iry, the leaves, especially those of
divergent brancies, are often imbricate or resurve. or uniulate, all
these characters being used dlagnostiocally. Stalkeu antheridia are
borne on special dbranches, eaca at the siie of a branch leaf, which is
often different in shape ani structure from normal branch leaves.
Antineridial dranches are usuully differeniiate.i ani are reocognisable

as such in the ocoms, but the antheridia may not msture until much later.
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Arcaegonial brancines bear .ignly specialised pericumecial leaves
w.iose enatomical siruccure is used by An.rews (1913) in eeparating
the constituent groups of Acispnagnum,
‘natomy

{he stem conaisis of usually three zones: a central thinewalled
tissue wiicn passes gradually into a region of traickewalled cells
(often inappropriately callei the "woouecylin.ier®) waici is surrounded
by one or more layers of t.inewalled "cortex's ihe latter term again
is haruly applicable, an. saould strictly dbe reserved for vascular
plants. lowever, I think it more permissible than "woouecylinier'
waloh implies nistological and paysiological properties unknown in
Spaagna, whnereas "cortex' merely describes the topograp.ical position
of the tissue ratuer than its structure or function. Ctier terms
usei include 'cuticle’' (Braitnwaice), "Stammepidermis' (Warnstorf(1911)),
"iinienzellen” ani "Hyalouermis' (Gams (1948)), tue last of these
probably being the most apte ‘‘owsver, as most of the works wriiten
in Bnglisa use "cortex' whion is a concise and uescriptive term,
tnis will ocontinue to be used in tnis thesis.

rae taick walleu subecoritical layers are often pigmente. andi give to
tne stew the c.aractecristic yellow, brown, red or green colour, waich is
often useu in iientification. The degree of .ifferentistion of the
coriex from the unuerlying cell-layers as seen in crosse-seciion is

also important.

fae branch axis is constructed like tiie stex of a central tissue anu

ooriex, tae latier usually consisting of only one layer of cells. Figuent
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is usually found in the subcortical cells ef branches when the
sten is coleured but apart frem a reference by Gams (1957) (which
will be censidered in detail later) ne disgnostioc impertance sppears
to have been attached to the presence ef pigment in the branches
in the absence of pigment in the stem. The value of this feature
a8 & disgnostic charscter was investigated in this thesis. The
presence of twe types ef cell in the branch certex was used by Andrews
(1913b) as the main feature separating Acisphegnum frem Malacesphagnum.
YMost members ef the former have leng oells each with an extended "neck"
terminated by a pere (retort-cells) enly in the axils ef leaves, the
remaining oertical cells being simple. The shape and sise eof retort-
cells is menticned by Andrews as bLeing ef diagnestic valus within the
S«tion‘Aouphm

Sten leaves and branch leaves are ocempesed of a single layer of twe
kinds eof oell. Amdrews (1913a,p.3) desoribes these ss: "marrew linear
ohlorephyllecells forming the meshes of a netwerk enclosing the large
rhembeidal hyaline cells, the latter being porese and =e-e= having
their walls reinfercved inwardly by ring-shaped er spiral fibril-bands;
peres meund te elliptic, eften defined by a fibril ring." The steas
leaves de net always have peres and fibrils, but they eften have large
irregular areas ¢f the hyaline oell-wall reabserbed during develepment,
leaving reserptien gaps. The distributiens ef these and of similar
gaps ia the perichastial leaves are of diagnestic impertance.



fiie brancih leaves are usually borieme.: witn a few rows of narrow
1yaline cells, similar cells forming a wiuer bor.er in uie stem leaves.
.ie melative position of cnloropiiyllous an. ayaline cells as seen in
transverse section or in suwxface view of tue branc. leaves :.a8 been
wiiely usei as & means of separacing species, as has (ue number and
ulstribution of pores.

Eacn specles usually has & uisiinct facies, an. altuoug: great
variability occurs, wit. experience, many charac.ems may be successfully
uged for disgnosis in the field.

Zhus colour, size, robusiness, uirection of branoches an. proximity
of fascicles are generally given as specifio ocunaracters in systematic
uegoriptions, althougn precise definition is impossivle where tne

habit of the plani is concerned.
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CHAPTER 3

The use of quantitative oriteria

A survey of the literature shows that dimensions ef stem and
branch leaves have been muoh used as diagnostic characters,
partioularly by ¥arnstorf who distinguished many varietal formse
on the basis of leaf sise and length-width propertion. Andrews
does not mention these characters and it is perhaps signifioant
that he alse ignores most of Varnstorf's varieties. Sherrin's
desoriptions clesely follew Warnstorf's, although he gives ne
details of the many "forms" and"sub-ferms¥ recegnised by Warnsterf.
The main oriterion fer the separatien ef varieties ef S.recurvum and
Se.cuspidstus by these authers is the sise ef dranch leaves, sten
leaf dimensions semstimes being used as well.

The four varieties eof S.cuspidatum desoribed by Warnstorf are

further distinguished by their characteristic hadits and hadbitats,
which are difficult te define precisely. PFPreliminary field
sbservatien suggested that a range eof forms ef S.cuspidatum was

ebtainable near Bangor, and se it was decided to oencentrate
sttentien first en this species rather than en 3.recurvum which
would alse invelve the oensideratisn ef S.amblyphyllum.

Eranch leaf dimensiens of S.ouspidstum snd its varieties
are given belev (frem Vamsterf, 1911).
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um i 913
S _cusridatum 1of = 340 Ge33 = Codf
var, falcatum 20l = 3,C (o3
var, submersum 1le3 = 1.7 (5 = (46
var, plumosum 25 = 5.C (o5 = (o6
var. plusulosum 1.5 « 2.5 Go3 = Co b

Yean values for the dimensions are not recorded, and the ranges for
different varioeties overlar in scome cases, while the range of length given
for var, plumosum is very largs, It can only be presumed that
samnles of similar size from comparable parta of plants were exanined
for the determination of these fijures, as Sherrin merely states that
only leaves from the lower nart of sreading tranches sh uld be selected,
Tn order to test the walidity of leaf size as a Alsgnostic character,
1t was of mrimary importance to establish a standardised samling
technique, It was heped by using a suitahly large samrle (with
congequent low variance) from a well defined part of the plant, to
obtain mean figures for scveral gzatherings, Comparison of these
gatherings would then be valid, and a grester degree of significence
could de attached to any difforences saongst them,

welville (1949=50, p.157) has drswn attention to the necessity of
confining eompariscns to organs removed from ocrresponding nositions
on different nplants, and Turrill, in discussing Melville's paver,
enphasized the impartance of taking random ssamles of the odjectively

sslected comparable areas, Helville worked on Ulmus leaves and
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found that series of lsaves from short shoots always exhibit the same
pattern of variatien in sise and shape, so that each species has a
characteristic leaf "spectrum". Bionetric ebservations were confined
40 certain of these leaves se that samples were always ocemparable.
These metheds were easily adapted fer use in the present investigation
of Sphagnum, the species ef which alse have leaf spectra.

iolvilh used shape rather than sise as a diagnostio character,
and as leng age as 1937 suggested ways eof msasuring this. Objeotivity
in selecting parts to be measured is again essential and he emphasises
that the systea of measuring must be such that measuressnts en
different sised leaves are ocemparable. :is leaves were measured by
tracing their eutlines on te transparent paper md projecting the
image frem a phetegraphio enlarger te f£ill lengthwise a 10+ wnit grid.
Breadth could then be read directly at regular intervals as a percentage
of length.

In the present werk, the auther evolved a similar technique in
which the images of leaves were prejected directly frem a mioresoepe
slide en te the dench by mesns of a "Prejecterlux" apparatus. Ry
projeoting an image of & micremster slide at s suitable magnifioatien
s grid was ocenstructed en a piece eof transparent "Perspex”, se that
imsges of leaves ceuld them be measured directly in millimetres by
using she grid. This technique alse facilitated the drawing of leaves
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or stem sections and was mich quicker and easier than using
Camera lucida.

This present chapter is chiefly concerned with the evolution
of a sampling technique as a basis for the examination of variability
of ranch leaf size in S, cuspidatum. A study was made of tranch
leaf size in a sample showing no marked varietal characters obtained
from a non-sulmerged mixed Sphagmm community in a blanket bog near
Bethesda, Ceernarvonshire,

The btranches borne on a Sphagnum plant are of limited growth and
83 the number of leaves per branch is more or leas constant throughout
a plant the ranch reaches maturity when 1t is fully elongated, that
18 when the youngest (distal) leaves are separated by internodes.
The leaves mature very early, no growth taking place after tranch
elongation has ceased. Various stages of elongation of tranches can
be seen in the comal tuft, and, usually, all branches avpesr tc be
fully extended at about the time they become sepersted from the coma
by elongation of the main stem, Evidence in suppart of this was
obtained by selecting a stem, A, from the sample, and removing the
longest divergent ranch from each of the first ten fasciclea
mumbered from the base of the coma downwerds. Each tranch was
cut in half at the mid-point by length and all the leaves were
dissected in order from base to apex. franch lengths, rumber of

leaves and number and length of the longest leaf are given in Table 1,
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As none of these parsmeters increased with distance from the coma,
all "sepsrated” fascicles were considered to be mature, (In
later investigetions occasional stems occurred in which some
*sepersted" branches were cbviously nct fully extended, each having
a. compact "tud" of leaves at the distal end; these manches were
never included in a sample used for leaf measurement,)

The pattern of variation in leaf airze and sahape

Leaves are of limited growth, and length and width vary along a
branch, though not at the same rate, so that changes in shape result,
The proximel leaves are short and wide, the median leaves are longer
while the terminal ones are shorter and narrower (Fig, 1)s Another
stem, B, from the same sample was treated in the same way as A,
so that complete leaf "spectra" were obtained for a total of 20
tranches, ‘'he leaves were then sampled by different methods to
find the region of the btranch giving the least variability within
& sample,

Four methods were used: -

(1) 10 leaves per tranch about the mid-point by length u(L)

(11) " " " " . the mid-point hy number (IN)
(111) » " " " at a fixed point from the base
(leaves number) 30 =39 (Peks)

(dv) LI u gelected by random numbers {R)
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This lest method was included for the sake of completeness elthough
it was obvious that it would give a high variance as some smaller
basal and terminal leaves would be included in the sample,

A1l the leaves were measured as follows:-

(1) Length (L )
(11) Gresatest width (W) at
(1i1) Height above base (LB)

For stem B, pooling the data fyom the first three sampling
methods, which usually overlapped to bqne extent, the following

results were obtained,

Mean Range
mm mm (
W 0. 54 0s35 = 0.65 (88% between U.5 and C.6)
Ly o 46 Ce3 = Co6 . (99% between G, 4 and 0. 5)
L 2,24 1.9 = 2.6
Thus the dimensions W and LB have a low variabcfiity and he:ce any
variability in the proportions L/w or L/L is usually a reflection
B

of differences in L. It was then decided to investigate
statistically the variability of L using all four methods of sampling.
An snalysis of variance was carried out on the data for the two stems;
tius for each method there were 20C observations,

In all methods, the greatest varisnce wes due to differences
between stems, rather than between Iranches of cne stem, or between
leaves of a btranch, The greatest total variance was obtained ty

random selection, (V = 0.274), and the least total variance by
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selecting leaves abcut the midencint hy length, (V = (,044),
selecting leaves about MN alsc gave a low value for V ( V = C.C52)
bat as 1t 1s much easier to find HL then to find " s the former
methnd cf selection vas cdconied,
next analyses of verisnce were verformed for the two stems, teking

(1) two leaves about KL from each btranch,
(11) one leaf immediately above ML »
and (11i) one leaf irmmedintely below HL .

The results suzgssteld that not much sccur:cy would be lost by reducing
the mmber of leaves —er hranch, Telle 2 shows the means obtained by
taking 1 to 1C leaves per brench fru: each cf the 20 Wranches, The
odd n mbecs of lesves gave {nc sanples with different means as the
*cdd" lesf could bs tuven abovs or velow .'I“. The mean for 20 leaves
i3 the same as that for 20 leaves which suggests that 2 leaves per
tranch 1s an ajequate sammle, Th2 nia‘imi» munbers of trsaches and

stems ner sample were then detarmined,

Hroanches

e ——

Table 3 shows the means nf L calculeted fom samples of 4,8,15 —=-40
leaves, 2 leaves about ‘L being tzkon frou 1 1o 10 ranches from each
stam, As successive 'wanches ffom li.e siem were inciuded in the
onlc:lation of the mean, there was a slight rise in mean length and
then a gradusl fall, Five more stoms were selected and 2 leaves about
m_removed from one tranch of every feecicle munbered from the coma

"L

domweards, Granhs (Fig.? ) of iesn lcaf length per tranch plotted



&7ajast mruber of brarch shew a simdlar rise and decline as distance
from the coma increases, and in the longest stem, with 44 fascicles,
er. iacrease iz leaf length was shown in the oldest fascicles, 7iis
suggests a periodic variation in length of comparable iewves, bui at
this stage it is tmmossible to tell whether the periodicity is
internal or a result of fluctuation in environmentel conditions,

T¢ was obviocus thot a random method of selecting Wwranches must be
sdorted and this was done fer all but steme A and Hy which only had
ten fescicles ea.é).. The dsta obtain.d fur sech stem frow a semrie 61'
from one 30 &t least 15 lranches shrrrod that mean leaf length varied
considerably until the 1C to 15 lxouch level was reached, b:t even at
this samnle size (X tb 7\ lesver) siem reanc wers differsnt,

e.g 10 tranches stem D, E = 2,35 . Stem G , L » 2,72 mm.

1t was crrarent triat if ncre than one stem were to be included in
the senvle, tre range of leef lonsth woul? be greater and as it would
include the variation duc to ranches of a single stem, it should be
nosgible to reduce the aunler of lmw:cnes per stem,

A further five stcms vere selccter, end 2 leaves from each of 15
random trenches measured, Nosns for 1 .o 1C stems at three levels
(5 10 or 15 lranches per ster) are given in Table A, At all three
Jevels, little variation cccurred after tive stems were included, all

feans between 5 and 1C stams falling within the limits 2.45 to 2,6 mm,



Thus the finel sample size was fixed ags 5 stems, 5 tranches per
stem, 2 leaves per hranch about L&'. As & check on this, the
means for 1 to 10 vandormly selected hranches for five stems were
plotted against rumber of wranches. Fig. 3 shows that the range
of variation beyond the 5 trench level did not exceed 0,1 mm,, and
thus the sample is adequate.

The evolution of this technique has been described in detail
beceuse of the importance of using a standardised method in
investigations of this sort. Although it was worked out on

S. cuspidatum, it was later found to be useful for investigating

S, pulchrum aend S, recurvum, In these species it was nossible

to reduce the sample size becsuse of the smaller variability in
length shown by the lesves, but in almost all cases, the minimum
mmber of stems exsmined was 5, and always two leaves were gselected

from 'L' Actually in some investigations of S,cuspidatum the

number of tranches per stem was reduced to two or one, partly
because of the large mumber of specimens to be examined in a short
time, tut also because in comparisons between samples, no advantage
is attached to taking large samples when small samples show no

significant aifferences,



Consideration of the use of this technique for the investigation

of S,cuspidatum will be deferred until the relationship of this

species with S,recurvum is examined in Chapter 6, The method
used for assessing the value of qualitative characters in this
gspecies complex was first used in en investigation of S.recurvum
ard S,pulohrum, and so the next Chapter must deal with the

relationship of these two last mentioned species,
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CHAPTER 4

The relationship between S,recurvum and S, oulchrum

(1) Systematics

The first mention of S.recurvum var. pulchrum seems to have been
made by Braithwaite (1880, ps8l)s This anthor gives Lindberg as
suthority for var. pulchrum but does not refer to the nlace or date
of Lindberg's original description. Draithwaite does, however,
give a reference under 3,recurvum b, seanv, to a paper of Lindberg's
published in 1862 in which the present suthor has failed to find
any reference to S.recurvum ver. pulchrum, Until a detailed
investigation of all Lindberg's publications has been made it must
be assumed that Lindberg described var. pulchrum to Rraithwaite in
correspondence, and that the latter was thus the first to publiash
a description of this variety.

sost suthors sinoce Warnstorf (1900) have followed the latter in
acocording specific rank to the variety pulchrum, Tius Andrews
(1913 a), sSherrin (1927) and more recently Geams (1948) have
distinguished the two species S,recurvum P, Besuv, and g, pulchrum
(Iindb,) Wearnst. The writer suggests that until Lindberg's original
desoription is discovered, this should be amended to S,pulchrum
(Lindb, ex Braithw,) Warnst., Dixon differed from the authors$

mentiocned above in that he meintained S.pulclrum as a variety '
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of S,intermedium Hoffm, even in the third edition of his handbook

(1928), as in the first edition, which, of course, preceded Warnstorf's
major Work (1911).

A comparative survey has been mede of the characters used by
different suthors in the sepsration of these taxa. As slight
differences of phraseology or emphasis can alter the meaning of
diasgnostic desoriptions, it was decided to set out fully the results
of this survey as tabulation would lead to loss of accuracy though
generelisation,

Warnstorf (1911, p.180) separates the apecies in the key on one

character, thus (translated):-
l. Hyaline cells on the inmmer surfece of the Wranch leaves

ccalescing for some distance along adjacent walls ¢ « o .

8. pulchrum (and S, torreyamm)
2, Hysalines cells on the inner surface of the tranch

leaves not coalescing along sdjecent walls seee o &«
Se_recurvum (and S, ripericides)
Both species are described as having the chlorophyllous cells
superficially enclosed on the inner side of the lower half of the leaf.
The descriptions of the two species hy Warnstorf are closely
followed ty Sherrin (1927), who, however, uses slightly aifferent

characterm ~
le “Chlcrophyllose oells half the height of the hyaline ocells

and completely enclosed on the upper surface of the branch
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leaf; leaves S5-ranked",
and in the description,
"hyaline cells on the upper surface of the leaf coalescing for some
distance along adjacent walls" . « « o Sepulchrum .
2 *Chlorophyllose cells nearly the ssme height as the
hyaline oells and not so oompletely enclosed on the
upper leaf surface; leaves not S-ranked,”
and in the description,
"on the upper surface of the leaf .- o o .- the hyaline cells -« - -
sre not united for any distance” , . . « S,recurvum,
Warnstorf refers to the relative heights of hyaline and
chlorophyllous cells in his desaription of S.pulchrum, but no mention
is made of this feature in §,recurvum,
Andrews (1913 a) also uses the shape and degree of exposure
of the chlorophyllous cells as the main disgnestic feature, but
expresses the difference in this wayte
1, "Chlorophyll cells isonceles - trianguler in section,
the apex of the triangle reaching the inmner surface of
the leaf ., . . . S.recurvum ",
2, "Chlorophyll oells squilateral-triangular in section,
the apex of the triangle not reaching the inner surface

of the leaf . . » « S.pulchrum”,
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In the recent key of Proctor (1955), a more precise definition
has been obtained hy combination of Andrews' and Sherrin's
descriptions, tut some confusion still ?Xiltl.

(In the extracts quoted below, the lines within brackets are taken
from Proctor's originel mamuscript of his published key),

Thus “green cells sguilateral-trisnglar in section, conpletely
enclosed on the concave side by the hyeline cells (which are partly
fused with each other)" indicates S.pulchrum, while "green cells
isosceles-triangular in section, just enclosed on the concave side
of the leaf (by the hysline cells which meet tut do not fuse)"
is disgnostic of S.recurvum, The present writer suggests that
1t is subjective if not impossihle to distinguish between " just
enclosed” and “completely enclosed” cells, and to decide when cells
which "meet™ become "fused”,

Upon consideration of the diagnoses of these four suthors, a
further source of ambiguity becomes apparent, Proctor and Sherrin
imply that the fusion of adjacent hyaline cell-walls is in a plane
at right angles to the leaf surface, i.e. as seen in traensverse
section, Warnstorf writes only of the surface of the leaf, while
Anfrews does not mention the fusion directly, but refers to the
chlorophyllous cell reaching the inner surface or not, i.e. again

1n sectional view,



27

Sectional and surface views of variocus relestive positions of
hyaline and chlorophyllous cells are shown diagrammatically in Pig, 4,
Senaration of the two species on the besis of this character will very
according to whether leaves are exanined in surfaece or sectional view,
The following table shows the classification of the examples using the

keys outlined above,

Se chrum S. recurvum
Warnstorf ¢ (e,f,g) 8 b, (d,e)
Sherrin g d,e,f
Andrews -4 de,r
Proctor O 1 d,e,f

The final diagnosis would of course rest on a combination of
characters, but it is obvious that such ambiguity mst have led to
confusion and uncertainty in identification, and therefore an
investigation of the variability and value of these charecters was

imperative,
Gams (1948), whose work is in the form of a detailed key, does not

mention the chlarophyllous coells of these species, but separates them

in this way (translated)t-
l. Branch leaves spirally arranged, Stem leaves triangular
and mostly without fitrils , . +¢ Serecurvum,

2. Branch leaves in five straight rows, Stem leaves lingula®
mostly with firils o ¢ o o &Em
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Now Warnstorf and Andrews mention the five-ranked tranch leaves of
Serulchrum, but they both describe the stem leaves of this species as
being triengular and usually without fitrila, PFilrillose, lingulate
to triangular stem leaves ere in fact more characteristic of S, balticum,
which is next to S.pulchrum in Gams’ 1948 key (and incidentally, in
Andrews') and is separated from S.pulchrum by Gems on the besis of
the ranch leaves being smaller, spirally arranged and secund, In
any case, the disagreement suggests that there is uncertainty as to
the rangs of variability of this charecter, and hence its diagnostic
value is suspect,

In his 1957 key, Gems describes both taxa as having triangular,

non~-fitxillose stem leaves (exocept 8,recurvum ssp, mucronatum Russ.)

and sepsrates them as follows (translated)s-

1. Branches with S5-ranked leaves, Branch leaves
trosd lanceclate chlorophyll cells triangular, not
reaching the inner surface, Stem rown with 2-4
layered cortex ¢ « + ¢ o o S, pulchrum,

2, Branches with spiral lesaves. Branch leaves narrow
lanceclate, Stem clear with or without partly
differentiated cortex s+ ¢« o ¢+ +» + Sprecurvum

Proctor mentions the shape of ranch leaves as another diasgnostic
feature, In 8 pulchrum these sre troedly ovate-lanceolate with an
alruptly-pointed apex, and in S,recurvum they are narrowly ovate-

lanceoclate tapering gradually towards the apex, This character,
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which is also mentioned ty Warnstorf and Andrews, seems to be useful,
The abruntly mucronate apex shown by tranch leaves in S, pulchrum
is also present in the stem leaves, this latter feature, together with
the mresence of fitrils, being used by Praithweite (1880) and Dixon
(1924) as the main distinction between S.recurvum and its variety pulchrum
A few other characters are listed by Sherrin end Andrews as
peculiar to one o the other species, For instance, stems of
S.pulchrum sre trown, not nale as in S,recurvum, and although cortical
cells in both species sre small and fairly thick-walled, only in the
former are they usually quite clearly differentieted fi~om the underlying
cells, Whole plants of S.pulchrum are gaid to de more often trowmm
in oolcur than S,recurvum . Branch leaves of both apscies are undulate
when dry, though S,recurvum shows leaves with recurved or aprnding.
rather than imtricate, tips, The border of the tranch leaves is
A~§ oells wide in S,pulchrum and 2-4 in S,recurvum , Retort cells of
ranches of S.pulchrum heve mcre "conspicucus® necks than in the other
species,
Statements of Sherrin and Andrews on the distribution of pores on

the leaves of spreading branches can bes summarised in a table,



Table 5. Distribution of pores in hyaline cells of branch leaves
of Serecurvum and Sepulcirum, &8 given by Sherrin and Andrews

Inner surface of leaf (uter surface of leaf
Ends of cells Sides Angles Ends Sides Angles

Sherrin ) . +OT > = or - (u) (u)
Andrews) Ss Tecurvum - + * + : + zu) : (u)
Sherrin ). - - + (a) + + (0) + (w)
Andrews Fﬂw - - + - + (u) + (W)

+ (u) moai:s present in cells in vpwer psrt of leaf.

Frooctor simply states that for both species these are nuwserouas large
wringed pores on the concave side in cell corners close to the margins .
It is apparent that any difierences in number or distribution of pores
are slignt, and thus pore structure is almost valucless a3 & distinguishing
feature in this coaplexe In any case, the number o1r pores per cell, and
the position of porose cells in the leal varies within a single plant,
and if such ssall differences are to be used fisgnostically, there would
have te be very exact definition of leaf areas to be compared, and the
evelution of a standardiised sampling technigue would be very difficult.

Having obtained a list of possible diagnostio festures for these
taxa, it was intended te find out the range of variability ef each and
henoe %o redefine the limits within whioh they could be used to define
a partioular taxen. A geod ides of the range of mny character oan
be galned froa the exauinstien of herbarium speciasens, wticih, though
they de uot ceusiitute & raudon sauple, at least inolude specimsns frem
different areas, anl from different ocellectors, wiuo presuaably did not
select samples showing one charsoter rather than another. ifter
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determining which characters remained censtant throughout a species,
it would be necessary te test their variability by cultivating samples
under a range of oonditiens.

From an examination of seversl specimens frem British localities
frem the herbarium ef prefessor P.¥. Richards, it was seon spparent
that the two specles are very clesely related, In partioular, the
degree of expesure of the chlerephyllous cells seemed te be & wry
woertain character, as many specimens shewed a range of conditiens
in & single leaf sectien (Fig.5). Shape ef branch lekves was alse
unsatisfactery, as all specimens seemed to have mere or less tapering
leaves, and similarly it was diffioult te decide whether the stem certex
was well ‘or poorly differentisted especially as this festure eftes
varied within & single stem sectien. In faoct, the majority ef these
specimens which had been determined by such autherities as W. R, Sherrin
A, Thempsen, E. M. lobley and U.E. Duncan, ceuld mest satisfactorily
be placed in & single taxen whish weuld exhibit a wide range of
oceatinueus variation in mest ef its oharacterws.

A specimen of S,pulehrum edtained by M.C.F. Precter fxea the
regeneratisn cemplex of Tregaren beg, (Gedwin and Cenway, 1939) seemed
on swperfieisl examinatison te agree mere closely with the published
descriptions of this species than any of the previeusly examimed
gatherings. Frem illustrations in Vamsterf’s werk (1911), the
differenee in dranch leaf shape in the twe species appears te be very
well maxked, As there was & vessibility that leaf shape oeuld de
expressed quantitatively, it was deoided to investigate this feature

peve fully.



(11) The quantitative expression of leaf shape

4 wature divergent tranch was selected from the Tregaron material, all
tue lesver were dissected from it in order, and the resultant leaf
spectrum was then compeved witk a sicilar spectrum prepared from a sample
of S.recurvum from Sanford, Florida (det. A. LeRoy Andrews) ex Herb.
FJie Richarise The ranges of leaf length and ranges of width at the
widest point seemed to coincide, but there was a distinot difference
in shape, wiich seewsd to result from the gradual tspering of S.recurvua
leaves from a point about one third the lengih from the base, while
Sepulchrum leaves were more ovale (7ige 6)e

To find the best method of expressing this snape difference
quantitatively 38 gatherings identified as Sepulchrum or Se.recurvum
were exanined. Most of these were lritish specimens, from the herbaria
of Professor Richards and the University College of North VWales. Two
gatherings from Tregaren bog were included. A quick preliminary
survey was nade by seleoting one branch from each specimen and removing
the two leaves sboui tue widepoint vy lenguh M, (cfe S.cuspidatum
sampling technique pel7)es Although the sample was thus very small
it was thought thet a quantitative character which was to0 be of any
taxononic significance should show discontinwous varistion even st
tais sample sime, as presumably only two taxa were in question, md
the same, if not a greater, popwistion range is covered by taking small
samples frem & large number of specinens, rathexr than large samples

from a few,
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The following four measurements were made for each leaft-
length (L)
maximun width (W) at height above base (h)
width (lg) at one third the lencth from the apex.

The following percentages ware calculateds-

w A w
T o end 3 .00 (nean fcr hranch
L i.e, specimen)

If a histogram 1s constructed showing frequency of occurrence of mean
values far these ratios, the distribution in both cases is discontimwous,

although the discontinmuity is more appersnt for W
= (Ma 7.

Then from the cariginal cumplete leaf spectra, ten leaves about ML

were measured and W

-2
T4 100

wranch (two S.pulchrum X Y, and cne J.recurvum R,) the values for airs

8alculated for each leaf, within each

of leaves about II. were surmed and averaged and the final means from
two to ten leaves ocmpered (Table €).

From these figures it appears that six leaves about ML mst be uud_
in caloulstion of the mean, However by increasing the mumber of
tranches 4t was possihle to reduce the mmmber of lsaves/ixranch to two
(ef, S.ouspidatum)without altering the final mean (Table 7). Thus

for one stem (Y), mean values for:!.ll' 106 were as followst=~
L

<
5 tranches per stem ( 2 1./t 3.5
( 41/t 31.9
{ 6 1. /M, 2.7
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It was seen from inspection of values for stems X and Y that variation
between stems of a tuf't was greater than between leaves of a single stem,
80 the final sive of semple was fixed at 2 leaves per branch, 5 tranches
per stem, 5 stems (50 leeves), (The adviseMlity of taking five stems
was confirmed on exsmining the sammies, some of which showed great
varietility between stems),

The next stage in the seperation of the two taxa invclved the
examination of all available specimens using this samnling techmique,

All srecimens determined as S.pulchrum were sampled (total 42) together
with 19 specimens of S,recurvum including some samples of each named
"variety"s For most specimens, a total of 50 leaves was measured, but
as most of the S.pulchrum specimens wers on loan, and some of them
oonsisted of only two or three stems, the sample size in these was
reduced to 40, 30, 20 or even 10 leaves.

In three specimens, ranidom selection of tranches led to the inclusion
of some sntheridisal Wranches. Leaf spectra of such tranches show that
the shape of antheridiel leaves differs from non-antheridial leaves in
such & way that the ratio :1 is incareased (Mg, 8)¢ Antheridial
tranches were therefore neflected in ealculating finel sample means, but

means inoluding these tranches are given below for comparison,
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Table 8, Comparison of means Of.lvl e 100 in three specimens of
L

Serecurvum with end without the inclusion of antheridial leaves

Semple No, No., of leaves Range of L Mean of .'.2 100
w} < .
%
12 < 50 Dok = 6aC %,7
12 non &7 34 3,1 - 6.0 24,4
13 o7 50 3.h w 6.5 2.6 N
13 non <7 ¥4 2,h - 6.5 21,3
56 o1 50 2,4 = 5.0 29.8
% non o~ 28 3,4k = 5,0 25.6

The distributions of mean values for 5 100 are given separately for
®

L
the two taxe in Pig, 9. The distribution for S,puichrum is discontimious,

pesks occurring at roughly 2%9% and 35%, wheress S.recurvum shows continucus
distritution between 15 and 25% with s peak at 24€.  hen the data for
the two taxa are combined, there are still two peaks, at 24{ and 3%,

' Thls suggests that specimens of S.pulclrum with & mcan below 27%
(afterwards referred to as "false S,pulchrum’) fall naturally into the

S. recurvum group, leaving a smell group with mean above 30f as 8, pulchrum,

There sre two ssmples with means of 28f - 29%, i.e, falling between the
two groups, As one wes lebelled S,pulchrum and cne S.recurvum, and only
S, pulcium has been found to be heterogeneous, voth these intermediates
were included in the §,recurvum group, as it is more likesly that both
should belong here rather than both belong to 3, pulchrum sens, strict,




This somewhat arbitrary division is ineviteble when only one
character is considered, tut for the moment, all samples were placed

in one of two groups,

3,100
L >
y 4
Croup A S. pulchrum
17 specimens 351
{xroup B 3. recurvum without 2
19 specimens intermedistes 2.9
(42 specimens)
rlus "felse S,pulohrum" ¢
with intermedietes 22,1

25 spe ns (44 specimens)

An analysis of variance was done on the date, which was first converted

to the ratio L for ease of caleulation,

"
Sum of Squares Degrees of freedom WMean square
Groups A & B 5"‘8@,_.%.%_..%"‘ 1 R 5‘. ‘a
Swgles 17,04 59 0. 2689

The result shown above indicetes that the greatest varia ion is due
to differences betweea the groups, variance due to differences within groups
1.0, between samnles in & group, only forming a small pert of the total
veriance, This also sugrests that the two grouns are distinet from each
other while being individually relstively hamopensous,

To obtain further evidence on this point, the variences of the origing)

three groups of ssmples -~ 8,pulchrum, “false S, pulchruw” and S,recurvum -
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were worked out separately, Then for each pair of groups, a t test
was carried out to determine whether the difference between means was
significant, Owing to the fact thet a t test is founded on the mll
hynothesis, a non-significant result does not necessarily mesn that the
groups compared belong to the same vopulation, elthough of course they
may dc 30,

The saune test was also applied to the two groups A and B, the latter

formed by pocling the original data from "false S,pulchrmum and S, recurvum,

The results are shown below,

Table 9. Probabilities showing significant differences of means of

L/ghY ¢ test
—2
Groups B fference of Mesans FProbability
1. S.puicirum 285 = 432
and "falge S,pulchrum" = 1l.47 £ 0,001
2, S.oulchrum 2,85 « &79
and S, recurvum = 1.94 £ 0.001
3 Serecurwum end b32 - AT 0.02 = 0405
"false SO&W = Q.47
4. Groups A & B 485 <« AB2
e 001
= 1,67
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The t-test is a very sensitive method of indicating real
differences between means and therefore it is hardly surprising that
the small difference between means of "false S.pulchrum" and
S.recurvum should be significant, tut as the level of probability
for this comparison is 80 much higher than for the other three: 0,02
compared with 0,001 it was oonsidered to be nonsignificant, Thus
the final assessment of the position is that S,pulchrum is a group
distinet both from "false S.pulchrum® and from S,recurvum but these
last two may or may not belong to the same population.

Further evidence for this hypothesis is furnished Ly calculating
the population ranges of the three groups.

Now for a normel distribution, t-g;-x) s Which is any
8

deviation exressed in units of the standard deviation (whose value
depends numerically en the units of the original data), From a table
of distribution of §, knowing the mmber of observations used in
caloulating S and henoe the mumber of degrees of freedom, it is
possitle to find the probability of oocurrence of a deviation of any
size expressed in terms of 3 1.e, 1S, 38, eto, For the three
groups here considered, there is a 1l in 20 chance (5% level of p)

of getting a variate (ssmple mean) with a deviation greater than
2,18, and a 1l in 100 chance (1£ level of p) of getting a variate
with deviation greater than 2,98,

(Value of ¢ for 16, 18 ar 24 D,F. is about the ssme at 0.05 and at

0.0l level of p).
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Thus 95% ef the pepulatien in each greup will lie within the limits of
Nean ¢ 2.13. Hewever, as the mean of each group is derived frea enly
a single set of samples, the standaxd error ef the mean must alse de
taken inte censideratien. As before, true mean eof pepulstien has
only & 1 in 100 chance of lyimg without the limits (caloculated) meanm
+ 2.9 S.k.

The calculated ranges fer the three groups are given in Table 10
and are shown disgrammatically in Fige 10 VWhen maximum ranges
are ocempared (Pige 10A) (mean 4 3 S.E. » 38 ) they are seen te
everisp oensideradly. However, it would have been most surprising
if they did met, as the taxe would then have been se aistinot
as never te have been in question. [Irom the start ef this investigatien
it has been ebvisus that the taxs comcermed sre very cleosely related
and the purpese of this detalled study has been te determine hew far
the partieoular chamoter of leaf shape oan be used diagnestiocally.
It was never suggested that this feature alene sheuld be used in placing
s specimen in a partioular greup, suy mere taan any ethaer single
oriterien is sufficieat for idenmtificatien in such & eemplex where
centinwsus rather thm discentinwsus variatien is the rule. DBearing
in mind thewe twe principles, which are fundamental in this type of
work, it would b premature te discamd this particular festure
because the maximum pepulss ien ranges everlap, as was dene by Redfeara
(19%6) 1n his werk en leaf sise and shape in Plagiethesium micans,.
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On further axamination of #ig, 10 (A) and (B) the latter of which
shows ranges of 95% of the populations, it is obvicus that the range
of'false S,pulchrum " falls completely within that of S.recurvum ,

The ranges of their means also overlap whereas the range of mean in
Sepulchrum lies well cutside those of the other two groups. Thus
there is sufficient justification for the combination of these two
groups as before to form Group B, far which the population renge is
given in Fig, 10 (C), and as the 2 8 level (95%) is considered to
give a sufficiently large range for the mresent purpose, so the range
of means can be reduced to the 2 S,: level (Fig., 10 (D)).

Now for Group A, only one variate out of 40 will fall beyond
the 2 8 point which lies in the Group B range, so that for practical
purposes, all ssmples with means greater than this value (3, 46)
can be considered to belong to Group B,

e.g BSample with mesn 3,65 has 1 in iC chance of belonging to Group A

and 1 in 7 w . " * Group B

Thus ssmples with a mean above 3,46 fall into Group B, amd
simtlarly, those with a mean below 3,14 fall into Group A, while
the intermediates are of doubtful affinity, It will be noted that

two samples originally placed in Group A (actually the Tregaron samples)

have means of 3.2 (Fig. 9, :5.100. 31 = 32() that is, they lie in
L



the overlepping parts of the ranges, but as 3.2 is much nearer to
3,14 than to 3.46, it is highly probable that these samples have

been correctly placed,
Further evidence on the advisability of separating the samples

into these two groups was cobtained Ly considering the remeining

disgnostic characters,
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(111) An assessment of the value of qualitative characters,

The best method of obtaining an cbjective description of a
particular character, thus enabling one to set definite limits within
which that character is disgnostic of a partioular taxon, is to use
quantitative data, as was attempted in the last section, However,
this is a laboriocus task, necessitating in each csse the determination
of a suitable method of sampling besides subsequent collection of
dsta, In addition to this disadvantage, many characters, such as
stem colour, undulation of tranch leaves, and degree of differentiation
of the stem cortex vary in a qualitative way and are unsuited to
quantitative definition,

Consequently an objective method was sought wherely the disgnostic
value of all charescters hitherto used in separating these two taxa
eould be assessed, The method adcpted was that used by Greig-Smith
(1954) in work on Lejeunsa species and is besed on the assumption that
a parttoular set of characters typifies a particular taxon, Within
that taxon, every specimen may be expected to show a majority of these
charscters, tut not all of them will be present in every specimen,

The association of features in specimens within the taxon will, however,
be random, Thus for ary group of specimens, expected mmbers of joint
coorrences of pairs of charasters can be calculated and compered with

observed mmbers, Significant deviation of observed from expected
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values, i.e, positive or negative association of chearacters, indicates
heterogeneity in the sample and implies the presence of more than one
taxon,

A list was made of all the characters menticned in published keys
and systematic descriptions as useful for distinguishing S.reocurvum
from S,pulchrumm, All available specimens of S,pulchrum and some
of each named variety of S.recurvum (a total of 75, a few of which
were from non-British localities) were then scared for esch charscter,
This first sooring was made as full as possible in that characters
were not just maried "present" or "absent", Indeed in most cases
this would have been impowsiltle as great variation occurred between
the extremes even within a single stem, and for a character such as
latersl fusion of hyaline ocells on the adaxial side of ranch leaves,
all oonditions were often found in a single leaf (Fig, 11).

To oover these contingencies, snd also to lead to a uniform standard

of scoring over a period of several weeks, the following subdivisions

were adoptedi~
+ character shown by all or nesrly all sample
: . * more or less by most of ssmple,
(&) " " Yy some stems or parts of stems,

((e) ococasionally in sample.
- " " wvery rarely or not at all,
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Ocoasionally (2)was used as intermediate between + and 2
aml(:) between (+) and ((+)).

Having assemhled all the information in this form it wes necessary
to seleoct the characters which showed a range of variabdlity, and then
to express each character in two slternative forms, For this purpose,

Y am (:) wers included with + , and (4), ((+)), and (:) with « , for
most characters, except where the description of the alternative
expressions implies otherwise., A list of the original characters scored
is given below, together with comments on the standardised teohniquo

of sanpling specimens for examination,

1., Branch leaves oval in shape
2. " " tapering

3e » » undulate Determined bty observation
A " " with erecurved

tips of two or three d&ry whole
Se " * with mucronate

tips stems of the specimen,

6. Pendent tranches covering stem

7+ Branch fascicles distant or near
together /Observation of two or

I
8, Branch leaves inrﬁn distinct ‘) Xxod whole st

9, Stem xrowmn (red), yellow or green
10, PBranches wom (red) or pale /

11, Stem leaves filx'illose A or 5 leaves selected at
12, " " aoute random from two stems
13, " . mcronate and mounted in water under

14, " " obtuse a ocover glass,



15.

16,

17.

18,

19.
2C.
2.

22,

Branch leaves (flattened under cover
slip) imrolled at apex or base or
both

Branch leaves inrolled all round
margin

width of border of ranch leaves
(number of hraline cells)

Chlorophyllous cells of xanch
leaves triangulsr or trapeszoid

Chlorophyllous cells exposed on
sdaxial surfece of tranch lesf

Byaline cells fused laterally on
sdaxial surface of tranch leaf

Stem cortex differentiated from
imer cells

Necks of retort oells of xanches
evident
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Branch leaves sampled for
measurement observed for
these characters, In
specimens not sampled in
this way, about five
leaves selected at random
from about the middle of
horizontal branches,

Sections cut from middle
of a Wranch leaf from ML

with rezor blade under
bdnocular microscope.

From surfece views of
middle part of leaf,

Section of stem a few cms,
below coma,

Surface view of hranch,

It was decided to amit pore structure from this list of cherscters as it

does not seem to differ much in the two taxa, After analysis and final

separation of the specimens, it would be possible to examine pare structure

within the now taxa and use any differences as oconfirmatory oriterie,

Other arguments for omitting 1t now are that the listed features can all

be examined on dry or scaked material, while observation of pore structure

necessitates careful staining and this character could not be soored

as "present” o "abesent",

Of these twenty-two charascters, three were

omitted from the final secring, Two of these, position of pendent

ranches, and shape of chlarcphyllous cells, showed the same expression

in all specimens, axd it was found impossidble to score objectively the

sise of the mecks of the retort cells.



The final characters sre listed heres-

A.  Branch leaves oval + or tepering -

B " " undulate + or not -

C. " " requrved tips or not

D. " "  mucronate or not

& " " 5 « ranked when wet or not

) 8 Stem leaves filrillose or not

" "  acute + or obtuse -

$

H " "  mcronste or not

1. Branch leaves ever inrolled all round + or never -
i.e. ¢ includes (+)

Je Branch leaf border more than 4 cells + or less -

Ke Most hyaline cells fused sdaxislly + or most chlorophyllous
cells exposed -

I Stem rown 4 or otherwise -~

M, Stem oortex well differentiated or not

N, Fascicles close together cor not

Os Branches over rown ¢+ or pale -

Having obtained a table showing positive or negative expressions
of these fifteen characters for the 75 specimens, the observed mmber
of joint ocoocurrences of each pair of characters was determined, The
difference between observed mmber and random expectation was tested
ferdmﬁoamtwulammnlemoctodfcrmﬁmty. In
many Gases, ofis of the four expected values for a pair of characters



47

was leasc than five, so all the probabilities were {sken from Fisher

% Yates (1943, Table VIII)e It should be noted here that on a rendom
basis, a certain mmber of comparisons is expected to show significance,
Thus cut of a total of 105 comperisons tested, one may be expected to
be significant at the C.Cl level of mrobability, and $ to be significant
at Cus05 level of p,

Significant correlationa between charecters in the first analysis
are given in Table 11,

Thng 44 or - indicates that the probeitdlity is less than 1 in 100
of the ocourrence Ly chance of an otserved value with at least that
deviation from the expected wvalue.

The lsrge mumber of omxrelations indicates the presence of more
than one taxon, All characters exocept those describing shepe of stem
leaf (G & H) show more than eight correlations at the lower level of
probaidlity, The fact that undulate leaves is positively correlated
with recurved leaves, while these two characters show only negative
correlations with other characters (which are positively ocrrelated
with each other), suggests that undulate recurved leaves together with
the elternative (negative) expressions of the other charscters are
tyrical of one taxon, The other taxon or taxa, would then be
charscterised by nom-unduleate non-recurved leaves plus the positive
expressions of the remsaining charscters., This suggestion follows

superficial examination of the results, which mist now be assessed in

a more objective mamner,
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The oharacter ef oval branch leaves correlates with twelve other
characters at the higher significance level. Thus A* is cerrelated
with B CC (DEFPIJEKLMNO)+ Kach of the 75 specimens was then
given ene peint fer each of these features present in it « a maximm
of 13.

The frequaney ef eccurrence ef numbers of characters is shown belew:~

numsber of characters 0 1 2 3 4 5 6 7 8 9 10 11 12 13
out of 13

number of specimens T 5§ 13 1112 4 %5 2 « « = 1 5 10

The disoentinuity is net surprising when the large number of
cerrelations in the first analysis is censidered, and those specimens
wkth 11 or mere of the 13 characters were remeved as Greup X. This
Greup X was tested for hemegeneity by determining significant assooiatiens
as beforve., In astual fact, $his preved impracticadle as 12 of the 1%
characters were present in all, or all but eme of the specimens, and it
is inpessidle te test fer asseciation with se high an ecourrence ef ene
of the alternative expressisas ¢f a character.

Thus Greup X was oensidered te be hemogeneous, axnd incidently, very
well defined.

The ressining 59 specimens were then analysed and showed eight
ocerrelatisns (Table 12, 2nd Amalysis). The enly cerrelstien significant
at p <0.05 was a pesitive ene between soute and mucrenate stem leaves,
suorenste leaves enly ecourring ence when the leaves were obtuse. It
\nmwmmwmunmﬂnummuuymlwn,u
Mul:mw'h.awﬂﬁamdmmapm.
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Only four of these cases occurred in the first analysis, three of them
being removed in Group X, Hence on morphological grounds acute and
mucronate lcaves may be considered as a sgingle character, and so the
positive correlation shown batween these features in the second anslysis
is not valid,

There remsin seven ocrrelations sigrdficant at (.C5 level of
nrobatilitys. As the charscters oval rranch leaves and filrillose stem
leaves occurred in only one and three specimens respectively, assccliation
of these or their slternatives could not be tested for within the group amd
80 the total number of comparisons made between 13 characters was 783
(12 ¢+ 11 ¢ =w=.=l), On a rsndom besis, 3,9 of these are expected to
be siznificant at 0,05 level of p, which is just more than half the
mmber which actually were significant, The group was therefore
considered to be heterogencous although it was obwvious that the greatest
element of heterogensity had been removed with Group X,

There ere two groups of associetions with no common feature:-

(1) Reourved leaves ccrrelates with non-mucrcnate tranch lesves and
non=mucronate stem leaves,

(11) Pescicles near together ocorrelates with five-ranked twranch
leaves hyaline oslls fused sdaxially and cortex well-differentiated,

Now as the first group of associations conocerns only three characters, as
compared with four in the seccnd group, the next assessment of specimens
was carried ocut using the latter, Here the meximun score of characters
vas only four, snd the specimens showing three or four were extracted as

Group Y.



Mumber of characters
out of & 0 1 2 3 A

Number of specimens 16
Total 59

17 1 9 é

Thera 1s no obvious discontinmuity as before but it should be noted
that frequenay is only a rough method of determining the line of
separation into two classes, as the presence of a small mumber of
ssmples forming a class with a pssk at say three characters, may be
hidden by the "tail" of a larger class with a neak at, say, one
charscter,

For exsmple, the distribution may actuslly be as followsi=-

Chareacters, 0 1l 2 3 A
Mrequency
Class 1. 16 17 7 1 0
Class 2, o 0 3 8 6

with totals as before, Admittedly in a case like this, where the
ranges overlap, the eventual separation into two classes would not be
as satisfactory as it would if there were obwvious dia(_aontimit;v in the
first place.

For the moment, then, an arbitrary separation was mede into Group Y,
congisting of 15 semples, and a remainder of A4 semples which were
subjected to a third anslysis, No associations occurred in this
remainder, which was thus considered as a homogencous Group Z, and
analysis of Group Y showed that it also was homogeneous. Confirmetion

of the distinotiveness of the three groups was obtained by taking each
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pair of groups in turn, and analysing the combined data, For groups
Xamd Y, end X and Z, oval leaves correlated with several other
characters, thus indicating heterogeneity., Groups Y snd Z had already
been teated in the second analysis,

The pregence of three grouns has tihmgs been established but it is
possible that the geparation of snecimens into these groups is inocorrect
due to the arbitraery lins of division based on number of correlated
characters shown by an individusl gathering, As imnlied above, there
is little chance of a specimen preperly belonging to group X or not
belonging to group X (but to either Y or Z) being wrongly placed with
reapect to Group X, because of the extremely good definition shown Ly
this group. Confision between Groups Y end Z is to be expected as they
sre not so distinct from cne another,

As only four charscters were used in the separation of Groups Y and Z,
a method is required of showing which of the other features are diagnostic
of either group. As each group consists mainly of one taxon, the
distribution of chsracters within the group indicates the diagnostic
features of that taxon, Thus if a significant majority of specimens
alletted to Group X has oval branch leaves, this charecter may be
considered typical of Group X

The distribution of MW! in the three groups is showmn in
Table 13 a (1st Assessment), Significant departure from a 13 1 ratio

of the alternative expressions of a character was caloculated from the

binomial expansion (‘}#%)nwhu-onamburof:upluinm
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In most cases, the 5¢ deviation (corrected for continuity) wes
calculated from the Standerd Devistion ( Vn p g af-i-l-' )

and hence the limits ocutside which deviations were significant at

0. 05 level of mrobability were obteined, 1In the case of Group Y,

which had the amallest mumber of getherings, the limit so determined
was checked hy expension of the hinomial to the 0,05 lsvel of
probebilitys In the table, nonesignificant deviations from 1l i1 1 ratio
are indicated by red type, All charccters except ¢’ (acute stem leaves)
are of value in the dlagnosis of at least one group, althcugh where
alternative expressicns of a charscter oocour with equal frequency e.g.
(D) leaves five ranked or not in Groups Y and 2, the abgence of five
ranked leaves would indicate Y and I, but their presence would not
indicate Group X, Obviously some summation of characters is necessary
for carrect allocation of a specimen to a particular group, A simple
method of assessing the merit of a sample with respect to membership

of each group is bty sddition of characters, In this wey, one point is
glven far a character present in the sample if in the lst Assessment
that charccter is typically present or indifferent, 8imilaerly, if

a oharncter is tyrically absent in the lst Assesament (1,e.negative
expression of alternative) and is absent in the sample, a point is
added, (Oreig-Smith, De465)s As mucronate stem leaves (H‘) have
been shown to be morphologically associated with acute stem leaves (0’),
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character H was cuitted from this next sssessment together with G, which
has no diagnostic value, The maximum possible score for a sam~le using
this aystem is thus 13, end theoretically e samnle should be assigned to
the group for which 1t hes the higheat rating.

Congideration of the disgnostic values of the characters in the
threc groups shows however that this system of awarding points is nct
impartisl, but btiased in fevour of Group Y, becsuse in this group are
four characters which are indifferent, which means that a point is added
1f the expression of the feature in the samvle is positive or negative,
Similarly, Group Z has two cherccters which show equal frecuency of
expression of alternatives and so both Group Y and Group Z have an
sdvantage over Group Xo A preliminary asseasment of all samples was
made by ewarding one noint for a feature characteristically present or
indifferent as described in the lest parsgraph. All 16 samples
belonging to Group X in the lst assessment were reallotted to this
group, and there were no ssmples with equal scores for X and Y or X and
Z. This confirms the distinctiveness of Group X which remained
unaltered in spite of the disedvamtage mentioned ebowe, However,

Group Y now had three semmles mrevicusly allotted to Group 2, while
rine samples had an equal soore for these groups,

It wes evident that some way must be found of offsetting the bhas
due to indifferents, The %5 ssmuples wore reasseased for Groups Y and
2 using only the aix sharscters which distinguish these groups and

swarding points as followst«
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e
Charscters B 5 K| M { N o
noints expression ’ |
H i i
Group Y 1 + |2 ¢l 2 +i2 42 &+ 12«
2 - | 1 - 1 -
Group 2 2 + |2 w1 42 al2 a |2
7 - I

The NE: ott:}ﬂ.swaa th;t Group Y retnined the threec specimens
transferred from Group 2, Wt eight of the nine which had equal scores
for Groups Y and 7 were reallocated to Group 2, while the ninth was
still uncertain, Inspection of the wriginal scaring for this specimen
suggested that it belonged properly to Groeup Ze  The distribution of
characters in the groups is shown in Table 13 b, 2nd Asseasment. No
change in significance of characters hss ococurred end so this table can
be considered to show the charscteristic featires of the three groups,
The differences and sgimilarities of character exmressions in the

grouns sre summarised below, (excluding G & H ),

Groups Absclute Absolute Sirmilarities
differences similarities involving indifferents
Xend Y é 3 A
X and 2 11 8] 2
Y and Z 2 é 5

Groups X and Z are well geper:ted, and although Group Y is in some
respeots intermediate, 1t 1s obwiously more closely related to Group 2,
It wili be remembered that after the second analysis, the separation of
Group Y was based on only fonr oorrelations, at the lower significance

level, and 30 1t is rether doubtful whether Group Y should have texonomic

" atatus,
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At this stage it is very illuminating te draw up a table showing the
distributien ef characters as eriginally soored, that is, including all
intermediste values between + and - (Tabdble 14).

It is at ence obvious that Greup X specimens shew s much smaller
percentage of intermediste values than specimens ¢f ithe other groups.

In particular, the large mumbers of saaples sooring (+) for many
sharasters in Gioups Y and Z is notemerthy. New as the difference
betwesn + and (+) is slight and semewhat subjsotive, Table 130 (third
assescaent) has been prepared showing the ddistributien of + smd
characters with (+) included under + instead of wnder = . Any changes
in the diagnestic value of the charscters are indicated (J is exoluded
because it is quantitative, and I and O already included (+) and +).

Thus five rankéd leaves (1)) are no lenger more suggestive eof Grewp X,
and fibrillese steam leaves (F) may new indicate Group Y as well as Growp X,
although their absemce still suggests Y er X. Greup X still retains
four sbeselutely diagnustic festures: eval branch leaves inrelled all reumd,
with bexrder 4 or mere oells broad, and stem broewn. It may be neted that
brewn branches with brewn stems denote Greup X, while brown dranches
alone indicate Group Y.

The sain significance of moving the line dividing ¢ from « is in
relation te the distinetieon of Greups Y and Z. Thus undulate leaves
now predeainate in beth Greups, md while nen<Seranked leaves, expesed
ochlerephylleus ocells and wadifferentiated certex indicats Greuwp Z, the
aliernative expressiens of these charscters have ne diagnestioc valus at



56

all. Thus they are unsatisfactory for diagnosis of Group X also.
This lexves only two characters for the distinction of Groups Y and 2

These earei-

(1) fascicles near in Group Y, distant in Group 2

(14) 1Iranches rown or not in Y, btranches not trown in 2,
which can hardly be considered sufficient for separation into taxa.
Groups Y and Z then must come together undsr the name S,recurvum P,
Besuv, while Group X is S.pulchrum (Lindb. ex Braithw.) Warnst.

There is a very close correspondence between these taxa as now
defined, and those distinguished by leaf shape in the second part of
this Chapter. Leaf shape was scored in the analyses just described
as "leaves oval or tapering”, as the actusl measurements were done
conourrently and subsequently so that some samples measured were not
included in the charaoter anslyses.

Group X oonsisted entirely of specimens with I../' ratio less than

3.2,that is, chrum (identiocal with Group A of
last sectien).
Group Y (measured specimens) included:-
10 of "false S.pulohrus” mesn 4.16, range 3,5 = 51
A of S.reanxrvum mean 3,99 rangs 3,5 - 4,2
Group 8 (messured specimens) included:-
15 of "false S,pulohrua® mean 4,48, range %9 - 5.05
15 of S,recurvum mean 5,01, range 4.2 - 6.4

Thas there is smple justification for combining Groups Y and Z under

S,reorvum (Group B of last section).



The distribution of characters in Groups X and (Y + Z) ere shown in
Table 15, where (a) and (b) correspond respectively with the 2nd and 3rd
Assessments of Table 13, It can be seen that mucronate ranch leaves
(D) and well-differentiated stem cortex (M) have no diegnostic value
when the division between ¢+ and - is moved to include (+) with + (Table
15 (b)), while the characters of unfulate, recurved btranch leaves (B and
C) have a decreased significance. Taking this into account, Table 1§
overleaf, lists the characters shown Yy this method to be indicative of
one or the other taxon, Only one character of disgnostic value, tranches
trown, seems to be constantly present in Group X, all other characters
showing more o less variability.

The constanay of these charsoters in plants growm unier different
oconditions is discussed in the next chapter.

It is convenient here to discuss the disgnostic value of the
character of fusion of hyaline ocells in the tranch leaves. Because
of the uncertein definition of this character, discussed on p, 26
of this thesis, it was decided to socore for the analysis only lateral
fusion as seen in surface view, From Tables 14 and 1% it i{s spparent
that although the character as 0 defined is almoat always present in
specimens of S,pulclrum, it is also present to a greater or less extent
in about half the S.,recurvum specimens, Tius lateral fusion of the
hyaline oells is of little use for the seperation of these taxa,

The possidtility . that fusion in a plane at right-angles to the
leaf surfase (vertical fusien) might be of diagnostic value was



Tahle 16,

branches
Length

width at 1/3 distance from
apex to base

Franch leaves undulate

" " recurved
" " mcronate
» ¥ 5 = ranked

Stem leaves filrillose

Branch leaves imrolled all
round (at least one margin)

Border 4 or more cells wide
Most hyali e cells fused later-

ally on adaxiel surface of
ranch leaf

Stem trown

Stem cortex well-differentiated
Fagcides close together

Branches rown

S, pulchrum
shape of median leaves of divergent

{32

Sometimes
Scmetimes
Always

Almoat slways
Almost always

Almost always

Almost alwsysa

Always
Almost always
Always

Almost always

Always
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Charaoteristic features of S,oulchrum and S,recurvum

3, recurvum

255

Almost alwnys
Almost always
Of'ten

Often
Occasionally

Very occasionally
one mergin

Very oocasionsally

Cften

Very occasionally
Often

Scmetimes

Occasionally
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examined by cutting transverse sections threugh the middle of bramch
lsaves of all the 75 specimens.
The resulis are given delew:
Total number ef Number showing Number showing Number showing
specimens most oells some cells vertiocal fusiea

fused in fused in in section
surface view surface view

S.pulchrus 16 16 - 16
S.recurvim 59 32 - 2

- 17 10

It is interesting te nete that of 9 specimens which were scored
as shewing ne fusien 8t all, 2mvmton fusien when sectioned,
This i{llustrates the extreme ramge of variatien which cam be shown by
different leaves of the same sample. The results shew that wvea
vertical fusien of the hyaline ocells is net limited te S.pulchrum
and that the charsoter, hewever defined, is of little valwe for
distinguishing these taxa.



CHAPTER 5
Experimental ocultivation

(1) Genersl methods

(a) Cultivation

In the early stages of this work, attempts were made to raise
rlants from spores, but they were all unsuccessful. In any case,
the rate of development from spores is slow and it was spparent that
it would take far too long to produce by this method mature plants in
rnumbers sufficient for experimental cultivation, Thus in a1l the
experiments, which can be divided into laboratcry cultures or field
trensplants, the criginal semples oonsisted of mature plants ocollected
from natural habitats. Direet proof of the homogeneity of the
sanples was therefore impossille, but owing to the mode of growth of
Sphagna it is possible to select clonal material with s fair amount of
200UraCY,

A single plant can give rise to independent growing points Yy
apperently dichotomous btranching of the main stem at the apex, or ty
the mroduction of young shoots from old perts of the stem, A well-
preserved plant may thus consist of seversl capitulsa, esch terminating
a tranch of the origins] stem, Decay of the 0ld parts of the axes
eventually results in these espitula becoming completely separated, so

that several new i{ndspendent plants are rroduced, Thus it is Simost
certain that at least the central plants of en established tuft have
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a common origin (but see discovery of S.amblyphyllum p. 160 )

Flents growing submerged in pools are usually more diffuse than

tufted, btut owing to the higher rate of growth in agquatic hatitats

it is generally possible to find stems showing four or five dichotomies
s0 that common origin of capitule is again assured., Where this was
wot possible in sulmerged habitats, stems were taken from a small area
to reduce the chance of their being of different origin,

The aim of all culture experiments was to compare the morphology
and anatomy of plants grown under different conditions, Comperison
with the ariginal necessitated the preparation of a dried specimen of
the freshly gathered materiel, ss owing to rather rapid decsy under
laboratory conditions, it was usually impossible to compare *new’
growth with '0ld' growth on the cultivated stems. For each set of
experiments, sufficient material was gathered from the centre of a
tuft to allow 510 stema to be dried, and 20 - A0 stems for each
{individual experiment, In order to measure rate of growth of samples,
five astems were selected at random from the smmall experimental "tufts”
and each was marked Yty tying coloured thread round the stem about
3 om, below the coms, Length from top of coma to fascicle immediately
below the tihresd was recorded together with mmber of fascicles between
oome and thread, In this way two aspects of growth - elengation of
axis and fascicle rroduction - could be followed for five stems, giving

mean values for each experiment, Skene (1915, p.80) used colour,
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geotropic curvature, and increase in length as criteria of healthy growth,
Various methods for the ocultivation of Sphogna are mentioned
briefly in the literature, Skene (1915) grew plants in an wnheated
room in largs conical flasks holf-filled with distilled water or
various mineral solutions, DBryan (1955) grew them in uncovered flat
glass dishes, buried to the tops of the rims in wet cinders, adding
distilled water occesionally and meintaining e high himdidity. Paton
and Goodman (1955) ocultivated S,nemoreum in covered glass dishes.
These suthors studied factors affecting rate of growth and production
of anthocyanin, and noted that low light intensities and intermediate
temperatures vromoted growth, Rryan's experimenta were carried out
in a oool ncrth-facing greenhouse, In the present work, the
greenhouses were artificially shaded in summer btut in spite of this,
quite high temperatures were reached, This had no adverse effect
on the Sphagna spart from an incresse in the rate of growth, Flants
grown in the laboratory received no direct sunlight and the teaperature
was ususlly about 20°0: in some experiments with constant overhesd
1llunination, a water filter was used to maintain this temperature.
Most samples under labcratory or greenhouse conditions were
grom in glaas tanks 20 x 25 am, section and 35 om, deep. The tanks
were half filled with tap water and the lower parts of the plants were

{mmersed in this, leaving about 5 am. exposed, This method was more
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satisfactory than "-~lanting” the samples in wet sand or peat. Tap
water seemed to have no deleterious effect on these exposed plants as
long as the tanks were covered with (transparent) lids to meintain a
hgh humidity, If this was not done, excessive evzporation took place
and mineral salts were deposited on the tips of tranches. Esch
experimental tuft, with the five measured stems in the centre, where
natural conditions of mmidity and shading by adjacent plants were
most closely reproduced, was placed in a semi-opaque polythene pot
(9om, deep, top diameter 7 cm,, bassl diameter 4 cm.) with the bottom
out out to allow the stems to project into the water, The pots were
then suspended in the tanks by means of plastio-coated wire, It has
been shown by Skene (1915) that smsll smounts of metallic ions have a
harmful effect en Sphagna and thus ordinary wiss or earthenware pots
(which contain 1ime) would have been unsatisfactory, Watermroofed
ocardboard pots were used befcre plastic ones, but they beceme soft
with oontinual immersion snd also enocuraged fungsl growth, The
water, which was kept at a constant level, was changed about once in
three months as there was usuelly a small amount of algal growth in
the tank (of, Skens, p.86) and the exposed hesds of the plants were
sprayed with tap water about once & week, The plants were measured
every month and replaced in the pot so that the heads were level with
the top of the pots if elongation was rapid, the hxttmpulloddm
in the pot between measurements to keep the comas at the ssme height

above the water, and to prevent drying &ue to the more exposed conditiomng

outside the pot.



Growing plants submerged in water in the laboratory presented
considerable diffioulties. Although tap water did not seem to
hara plants with only their lower parts immersed, complete submersion
of plants resulted in rapid less of chlerephyll followed by death.
This is ocurious, as water drawn by oapillarity te the upper parts ef
exposed plants must have the same cheniocal censtitution as that in
whioch they are immersed. An attempt was made to grow plmnts in
oentinually sersted water, and alse in serated, running water, but
neither of these metheds was successful. As S.recurvum usually
grows with at lesat the censs exposed, seldon being cemple tely
submerged, perhaps the latter cenditien is funismentally unsuitadle
for healthy growth of the species. During later experiments en the
laboratory oultivatien ef S.cuspidatum, distilled water was found
to be mere suitable than tap water for growth whem submerged, bdut even
the use of distilled water did net lead te successful oulture of
Serecurvume. Most experimental tufts were pleced im pots, but where
enly a fow wiems were available, they were enclesed in a collar of
pelythens which wes then sispmded as befere, litre beakers deing of
a suitadble sise for these small samples.

All samples transplanted in the field were in ypots whioh were
sunk t0 the level of the surrewnding vegetatien. FHers it did net
matter if the stem grew quickly and prejected eut of the pet, as the
surromding plants maintained the necessary humidity. UYhen pots
were submerged in poels, thay wers weighted with small stones to keep
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thea immersed ani also te maintain an upright pesition. Uiring was
tied across the top of the pet to keep the plants in, as disturbance
of the water by sheep or storus could result in the stems floating free
and becoming lest. The field pets were examined and stenms measured
once a month, except frem November te April when weather conditions
were unsuitable. Actually, little growth tskes place in the winter,
possibly becsuse of peor light snd shert days, one partioular
experimental area in the valley ef the Afon Llafar, near Bethesda,
Casrnarvonahire, being in permanent shadow during these months. The
asin facter reducing growtn a8 this time hewever is tesperature, most
of tue plants being frosen fer long periods, the eccasional warmer
wet days being in cemparisom of negligible influsnce. lest
experinents were replicated, at least in the fisld samples, as
losses due to sheep or drought were high. In some cases, particularly
in experiments with S,pulohrum, there was insuffioient msterial te
allow of more than one or twe samples being set wp in aimilar conditiens.

Snall nnpin of five stems were taken from the experimentel
pots at intervals afier the first fow mentks, the marked stems bdeing
left for further messurements.
(b) Exasination ef sanples

Because of the peculisr grewth ferm ef Sphagnum plants, Shat is,
the aggregation ¢f young fascicles into the cema, & censideradls time
elapses after the start of an experimsnt befere mature fasciscles



mroduced under the new conditions are available, If a single comsl
tuft of the original specimen were found on dissection to consist of
20 fascicles in various stages of develorment, the first 20 fasciocles
to mature under the experimental conditions would have been
differentisted under old conditions, Thus three stages of growth can
be distinguished:=

(1) 014 growth ——- differentiated and matured under old

conditions,

(11) 'Separated'! growth -~ differentiated under old conditions
tut matured i,e, severated from the
coma, under new conditions,

(114) New growth «--. differentiated and matured under new oconditions,

In most cases, old growth was examined on the original specimen, o
occasionally on the cultivated stems where these hed not disintegrated
at the base, BSeperated growth was sometimes examined where a change
between 0ld and new growth was showm,

In order to determine the limits of new growth, several oomas

of esch of the original mﬂ:muluctod-mmn number of
differentiated fescicles counted. In most of the cultivated samples,
monthly increase in fascicle mmber was recorded, and where the
minimum inorease in the five marked stems exceeded the mean mmber

of fascicles in an original ooma, the sample was considered to show
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new growth, In some experiments, varticularly those with S. pulchrum

or compact forms of S.,cuspidatum, it was impossible to count the

fascicles without dencging the plants and so cnly length increase was
recorded, When thess tif'ts were sampled, fascicles were counted in
five stems from the bese of the coma dowrwards along a length equal to
the minimm inorsese in length as recorded far the five marked stema.

If the mean mmber of fescicles in the minimum length increment exceeded
mumber of criginal oomal fascicles, the sample must include some new
growth,

Having decided which samples hed some new fascicles and also the
mmber of thess, a detailed investigation was made of this new growth,
It should be mentioned here that the method described above of counting
camal fascicles is not valid for determination of stage of growth of
stem leaves, as & mumber of these (about 20) are aggregated into a bud
sround the apical o0ell above the point where the last distinguishable
ranch fascicle ooccurs., However, ounly about 8 of these stem leaves
are well . differentiated, the upper ones being very young and small,
s0 that by oddéng a further two to the mmber of comal fascicles, the
position of "new" stem leaves on a cultivated stem can be determined
with reasonable aocuracy.

Ssmples of 0ld and new growth were scored for the characters
1isted on p, 46 for the analysis, with the addition of tranches
faloately-curved or not, snd coma large and compect or coma small,
Rranch length and mmber of leaves were noted, and tranch and stem leaf
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samles were also measured to aée if leaf sizes ard praporfiona
remained constant under different conditions, Initially, & sample
of 20 stem leaves (4 from each of 5 stems) was taken, together with a
branch leaf sample consisting of 20 medisn and 20 "terminal" leaves
(see D, 10 ) 1.8. 2 ranches from each of 5 stems. The median leaf
ssmples, 20, was thus less than half the size recommended in the

investigation of S,ocuspidatum descridbed in Chapter 3, but it was

thought that larger samples could be taken later of those sam les
showing differences af'ter cultivation, However, this was not possible
because of lack of time, but as no difference was regerded as significant
unless there was 2 marked change from old to new growth, larger ssmples

would probably not have lessened the significance of the result.



(11) Cultivation of S.pulchrum and S,recurvum
S.palchrum was collected from Tregaron Bog, Cerdigenshire in July 1955,
and from Bowness Moss, Cumberland in April 1956, Some samples of
each gathering were grown in the greenhouse axd also under different
field conditiona, All the indoor cultures grew well, and so did the

fleld transplants, except one amongst S.Mubsecunthum which was dead after

a year in which the mean incresse in length was only 2 an,, Two
cultures which had been "planted" in wet sand in the greenhouse were
dying after 6 months; one of these was transferred to a water tank tut
did not recover; the other was placed in e wnter “ank with constant
overhead dllumination (from a 60 watt tuld 15 om. from the comal tuf'ts),
and after 8 weeks several green shoots had been produced from the old
stems, After another A months these shocts hed the appesrance of mature

plants with comes about 1 em, across, and they contimied to grow normel ly,

Sypulchrum was transplented among S, subsecuntum, S.pepillosum, S.squarrosm
and S.recurvum samples of the latter from the transplant sites were

pat in pots in the field under the seme conditions as the transplanted
S.pulclrum, and further ssamples were cultivated under labaratory
conditions,

In g.recurvum, plents grown indoors were ususlly more compact than
those grown in the field, tut this was not true of ell S.pulchrum

samples, as is shown in Flates 1, 2, 3, and also in Talle 17, below.



Teble 17. Rate of stem elongation and fascicle production in some
cultivated se:ples of S.recurvum and S.pulchrum

Sample Condition Time Increase in Increase in
length fascicle
Months om, rumber

(1) S.recurvum  Laborstory 12 14 64
Meld

. BIV (Shaded) .12 15.8 A5

(i1) 8S.pulchrum Gresnhouse 14 5.8 28
Field

PII (Shaded) 12 10.8 30

(i11) S.pulchrum  Laboratory 6 7.3 37

P IT Greenhouse 6 5.9 37
Held

(Exposed) é 3.0 15

The results suggest that compactness is regulated hy habitat, in this
case Ly presence of direct sunlight, as the shaded semples (field and
labcratory) elongate more rapidly than exposed semples and thus have
more distant fascicles. Other exposed samples of S, pulchrum were
observed to elongate very slowly - as little as 1 om, per year - but
the fasciocles were very oclose together, This is important because of
the conclusion from the charscter analysis that S.pulchrum and
g.recurvam are char:cterised respectively by closc and distant fasoicles;
it is now spparent that thibs charscter can be modified within a single
plant by a change of habitat, The effect of shading on rate of
elongation of other perts of the plant was shown by S, pulchrum((1i4),
above) in which the spresding tranches were 1.5 « 2,0 ams long in the

laboratory oculture, as compared with 1.0 - 1,5 ome in the original
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specimen arnd the greenhouse culture, although the mumber of leaves
per ranch remained constant at about 10C.

Another character which was eltered in the shaded, rapidly
elongating S.pulchrum specimens was colour, The original Tregaron
end Bowness plants were a yellow-green colour with trownish oomas,
branch axes were red and stems were red to lrown, The new growth
was green in colour, and although even the ommal ranches were red,
the top 2-3 om, of stem was pale green, This became pigmented later
on, but even the pale stem showed a well-differentiated cortex. This
last charroter seemed to be constent in S,pulchrum specimens ~lthough
slso oocourring quite often in S.recurvum, and it appeared to be
unaffected by change of conditions,

Several dmraciu's which hed been difficult to soare in the
anslysis were found to be modified in the samples examined, Thus s
shadled o immersed samples of S,pulchrum had longer tranches than the
compact forms, the tranch leaves were not so closely set and thus were
mere able to spread, The five-ranked arrangement was of'ten obsoured
because of this, and, particularly in the aquatic cultures, the leaves
tended to be secund; this was noticed in herbarium specimens from
anustioc hatitats, S.recurvum plants also showed the five-ranked
arrangement, The border in tranch leaves of some indoor cultures of
S.pulchrum was never more than } oells wide, although the ariginal
specimens had borders 3-5 cells wide., No significant changes were
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detected in the following cherrcters: -
stem leaves slightly fitrillose in S, pulchrum, occasionally
ﬂl'rillose in S, recurvam,
ranch lesves irrolled in Serulechrum slong ot least one margin.

(a) Measurement deta

Cne of the important results of this inveatigatio) waa the discovery
that eli samples of S.recurvunm cultiveted artificinlly indoars gradually
became smeller, This may be attribtuted to poor light or mitritional
deficienoy due to growing in tap water, but whatever the csuses, there
are two major implications,

These aret-

(1) oomparisons between laboaratory and field cultures
are not really velid becsuse of the gradusl iwpoverishment
of the former,
(11) 1t is possible to alter the size of plants whilst these
remain healthy and contime to grow,
The decrease in size was mogt notioceable in Wranch lesves, as stem
leaves apnear to be less affected by any envirormental changes; data from
such an indoor culture of S,recurvum are given in Table 18, It is
sppafent from these records that both length and width Adamuo soc that
the length/width proportion of median leaves and the difference between
length of median and terminsl leaves remein constant, Such merked
changes were not recorded for S,pulchrum , but it is highly probable
that they could be induced,
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The proportion length/(width at 1/3 distance from apex to base)
wes slso oaloulnted for both S,nulchrum «nd S.rocurvum, o merked
changes of renge were recorded, although mesn volues of this nroportion
veried as shovm by the following figures for S,nulchrum (1ii) (as Table
17, above).

Table 19, Values of L/w for some cultures of S.pulchrum

(411 sempled leaves 'new' except where stated)

Semple Mean Range
riginal 3,13 2.7 = 3.5
Laboratory 3e 23 2.7 = 3.8
Greenhouse | § months 30 AL 3.0 = 3,75
nald 5.05 2.7 - 50‘

(Separated)

Meld 14 months 3.3 2.6 = 3.8

Similar variation ocourred for S.recurvum , giving, for example, a range
of 3.6 = A6 in a field sample ard 3,3 = 5.0 in a laboratory sample,
each with a mean of 4,0, Thus a single sample may contain leaves
from the ranges of both taxa as defined in Table 16, tut the mean values
of this proportion are still useful for indicating the affinities of a
plant,

gtem leaves

No significant cha-ges in sise, shape or shape of apex were
recorded in any of the experiments.
(b) Discussion

The experimentsl evidence for the distinotness of g.pulchrum and
S.recurvum is not great, tut these resul .s do show however that ocertain

charsoters cannot be relied upon as criteria for distinction of these
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tax'a. Thas oolour of plant and of young stem, closeness of
fascicles, spreading and undulation of leaves are affected Uy
environment, 1In all the cultures of S,pulchrum however, even
where this was growing emongst 3S,recurvum end resembled the latter
in colour, size of coma, length and position of tranches, it had
s distinetly different sppearance, The ranches of S, pulchrum,
especially in the coma, are always thicker and tend to be truncate
rather than attemiate distally in contrast to S,recurvum., The
author‘ suggests that the thicker tranches of 3,pulchrum are due
to the xceder leaves, which thus are very important in diagnosis,
The traasplanting of semples from Tregeron was followed ty
a very dry sumner, and several samples died or were slow to
becoms established, and again some samples from Bownsas which were
tranasplanted to a pool grew well for 12 months and then were lost
before the first sample of new growth had been taken, This was
very unfortunate, as changes in leaf length and proportion were
expected to oocur as a result of immersion (see result of immersed
culture of S,recurvum, D.122) This would be important partiocularly
with reference to the distinetion of these species on the basis of
leaf shape, as if length increased without a proportionate increase
in width, g,pulolrum leaves would become more tepering and simdlex
to those of S,recurvum, The examination of specimens from different
natursl halitats indicates however, that the high width/length ratio

is mainteined in aquatiec specimens of S,pulchrum.



It was thought during the early stages of this work that
Sserecurvam and S.pulchrum might be ecologically if not taxonomically
distinct, as their natural habitats scemed to be different, Thus
Tregaron bog is a raised bog, with S,mulchrum an important member
of the central mmmock and hollow regeneration complex; S.recurvum
is not found at all on the raised bog proper, being limited to the
marginal lagg, Bowness Moss is a flat bog only about 30 f't. above
sea level on the shares of the Solway Mrth, A true cyclic
regeneration oamplex does not exist here, tut as at Tregsron,
S.pulchrum is limited to small hammocks and pools (mixed with
S.ouspidatum) in the central, slightly raised region of the bog,
S.recurvum was not found here either, associated Sphagram species
being S, tenellum, S.pepillomm and S, nemoreum,

It would sppear {rom the foregoing that S,pulchrum rrefers
a habditat with little soligencus influence, as it is mentioned in

literature as a typical component of the omlrogencus raised bogs

of Ireland also; S.recurvum on the other hand is common in hlenket

bog, and alightly acid "poor fen". However, Osvald (1949) described
an Irish raised bog at Blenlerry in which a pool conteining S.ocuspidatum
was bordered by S.pulchrum, this in turn being surrounded Yy
Spapioulatum (Srecurvum var. mutronstum Wernst.); hers is an exssple

of the two species growing together and yet remsining distinct. (Is

it mlinll;loation of the uncertainty of distinction between M
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Lindb, and S,angs tifolium C. Jens. (S.pervifolium (Sendt,) Warnst,)

(see Chepter 9) that Osvald, in his accampenying sketch, indicates
that it is the letter which surrounds the S.pulchrum ?) Proctar
(1955) gives poor fen as the typical habtitat for both S.pulchrum
end S,recurvum, and Rose (1951) describes them as ocourring together
in the low-1ying southern valley-bogs. Although they there occupy
slightly different habitats as regards abundance of water and its
mineral content, the two species may grow close together, If this
is so, their ecologlcal ranges wmst overlap, and thus it seems
doubtful whether the suggestion that they are ecotypes is tensble,

The present author has recently found both species growing
in a smsll area of one bog, though not adjacent to one enother, This
partioular bog, on the Silver Flows of Bachan, Gelloway, is a
different type again from either the low-lying coastal and valley
bogs, or the inland raised bogs of moderate (c.500 ft.) altituds,
as it oocoupies a large area in a wide mountain valley at about 900 ft.,
The bog has a flat, or very slightly convex surface tut cannot be
truly omlrogenous owing to its receiving the drainage water from
the surrcunding hills; a river borders one side of ths bog, but
nothing corresponding to a lagg is formed at the foot of the mountain
on the other margin, Pools are scattered over the whole surface,

&ggm(vmwinmtoa-ﬂlmaotthobu)m

either in these umw and sgam‘ioul‘g or in the
surrounding flat, wet Sphagmum carpet with S;papillosum, 3, tensllum,
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S, nemorreum and S, plumul.osum, The only well=-formed hummocks occour

in another part of the bog where S,pulchrum is absent; they consist

of Seimbricatum, S.magellancium, S,%enellum, S,vlumuldsum, or

Bhecomd trium lanuginosum, end appear to be stable and not part of a
dynemic regeneration cycle, S,recurvum was only found in one part
of the Silver Flowe, in a large eroded peat hollow, where Juncus
effusus had become established; curiously, a lax, non-hummock form
of §,imtricatum occurred here also,

Brom these observations on natursl occurrences of S,recurvum
and S,pulchrum either growing in sdjacent tufts or in adjacent areas
of the same bog, end from the results of experimental cultures where
they remained different under identical conditions one must conclude
that teméhomic distinotness does exist. Whether the difference is
sufficient to werrant a divigion into separste s-ecies (which could
only be proved Ly genetical studies outside the scope of this thesis)
or whether S..g&clmn is best reduced to a variety of S,recurvum is a
debatable point, tut I think both taxa should probably be accorded
specific renk,

It remeins to discuss riefly the reasons for past confusion
of the species, Certain charzcters previocusly used disgnosticelly
have been shown by this work to be of little use for identification
because of their variability, Thus differentiation of the stem
oortex, exposure of chlcrephyllous cells, undulation and recurvature
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of leeves were shown by examination of & large mumber of specimens
not only to occur in both taxa, ™t to vary within individuel
specimens, Again, a charsacter such as five~ranked ranch leaves
sacms to be fairly constant under cultivation within ocertain plants,
possiltly the more rotuast ones, btut ss it occurs very of‘ten in
S.recurvum, it is useless for diagrosis , even though it is almost
invariably present in S,pulcihrum, Charecters such as width of
border and particularly habit characters such as colour, robustness
and oampactness have been shown to be influenced hy environment,
end so their dagnostic value is greatly reduced, It is significant
that almost all the "false S,pulchrunt' specimena found to belong
properly to S,recurvum were robust, trownish specimens, often with
five-ranked leaves end enclosed chlorophyllous cells.

I would suggest that the safest charscter for identification of
Sepulchrum is the shape of Wranch leaves, slthough this should
never be relied upon alone, Good confirmectory characters are the
presence of completely irrolled leaf margina, slightly fitrillose
stem leaves (also oocesionally in S.recurvum) and red stem turning
trown with age. Branches of S,pulchrum sre almost invariably red,
even in the ooma, but this charscter occurs ruite often in §,recurvum

amd 8o is not conclusive,
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CHAPTER 6

‘1he relationship of 8.cuspidatum, S.fallax, S.recurvum and
3. amblyphyllum

(1) Systematics
Same introductery remerks on these species were made in Chapter L
This present chapter is concerned particularly with the taxonomic status

of Syfallax and 8, amblyphyllum which are given by Andrews (1913,a)

as synonyms of S.recurvum. A consideration of the latter must alse
include S.parvifolium (Senmdt,) Warnst,, which is accorded varietal
rank by Andrews as S.recurvum var, temie Klinggr, Varieties of
Secuspidatum recognised by Andrews will be considered later together
with varieties of this species and of S.recurvum recognised enly ty
Warnstoerf,
(s) Samblyphyllum and S.pervifolium

Horrell (1900), following Warnsterf (1899), recognised S,recurvum
and §, pervifolium, there being twe varieties of the former species,
var, smblyphyllum Warnst, and var, mucrenatum Warnst.. S,pervifolium
is distinguished Lty its mmall stem leaves, as road as long, usually
with oebtuse apex, and small, nen~undulate wanch leaves, The var,
smblyphyllum is distinguished ty the triangular-lingulate stem leaves

with rounded, fimiriate spex,
Shexrrin (1927) followed Wernstorf's 1911 classificatien, in which

&-mum was given specific rank and &aﬂfenu reduced to a
variety of this species, presumably becsuse of the similarity in stem
leaf spex, This procedure necessitated the crestion of S,recurvum
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var, parvulum for the small-leaved specimens with triangular acute
stem-leaves, and led to considerable confusion, Andrews (1913,a)
does not mention stem-leaf shape, tut distinguishcs the var, temue
a8 having snall, non-undulate leaves, Some conffasion may have
fosulted from Sherrin's mis-translation of part of Warnstorf's
description of var, parvifolium (1911, p.213) which reeds "Hlatter , .
e o o o trocken hdufig nicht unduliert"” (tranch leaves . . o . when
ary, frequently not undulate), whereas Sherrin (1327, p.32) states
that they are "usually undulate". Thus Warnstorf's 1211 description
of var. pervifolium would acoord well with Andrews' oonceotion of
ver, terus, in spite of the difference in parent species., The
problem is discussed more fully ty Andrews (1917).

Richards and Wallace (1950), and FProcter (1955), dealing with
British Sphagns, have followed Andrews in recognising only tweo species
(8. cuspidatum and S.reourvum)in this complex, but many Scandinavian
euthors subdivide the latter speciess In the graphic keys of Fearnsides
(1938) who werked under Du Rietz at Uppsals, Sesngustifolium C.Jens.
(S.parvifolium), S,spioulatum Lindb, (S,recurvum var, mucronatum),
and S, amblyphyllum ere recognised as distinot apecies, the two former

having trianguler, somewhat filxlllose stem leaves, while the latter
has lingulate, obtuse stem leaves, Feurnsides does not illustrate
the pere structure of members of the S,recurvum group (including

S, baltioum and S,pulohrum) as she considers this to be simller in them

all,
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In contrast to this opinion, Gams (1957) uses pore structure to
differentiate between S,recurvum subsp, mucronsatum Russ. and subsp,
angustifolium (C. Jens) Russ., which he now recognises together with

subsp, esmblyphyllum (Russ) Wernst.. In his eerlier to, ora

(1948) he described e single taxon, S.recurvum, so this new work is
important in that the Scandinsvian concepntion of this group has been

spplied to the Sphagns of Rurope in spite of the rejection of this
idea in America, Details of the new classification are given belowm

Table 20, Disgnostic charecters of S,recurvum subspecies eaccording

to Gems (1 translat
subsp, subsp, subsp,
acter mcronatum angustifolium amhlyphl lum
Stem leaves Sharply spiculate Truncate, not longer Rounded snd
' than broad alxuptly
fringed
Equilaterel - to Equilateral Long
isosceles ~ friengular lingulate
triangulear
Mirils No filrils No fitrils
8ize Ce5 = 1.0 mm, Oed « 08 mm, up 1.0 mm,
Branch-axis Not pink Mostly pink -
Spreeding
tranch leaves 1,0 = 3,0 m, 08 = 1.2 wm, 1.2 « 1.8 m
Pendent ranch Small apiocal Lerge apical Large apioal
leaves pores pores pores
Stem cortex Not o partly Not or partly Scarcely
differentiated differentiated differentiated

Persson (1952) divided gyrecurvum in & similer way, but stated that
Symoronatum stem leaves are spiculate because of the margins being
{nourved above, With reference to this characteristic, Andrews quotes

warnstorf (1911, p.243) as recomsnding the exsmination of leaves on a
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slide without cover-glass. Even with a cover-glass it is quite easy
to tell the difference between an acute point and an cbtuse one where the
memirane of the hyaline cells is resorbed (Figsl? ) Andrews states
that he has found such obtuse leaves on plents detormined eas var,
micronatum by Warnstorf, but it is possille thet these lesves were obtuse
through alrasion or erosion which is gaid by both Aidrews and.Sherrin
to ooor oocasionally. Obwviouesly old stem leaves, which have been
separsted from the coma and exposed for a long timc, 2re more likely
to be eroded than leaves still protected in the comel tuft, so that in
crder to determine whether acute or obtuse leaves are chsracteristic of
s partioular stem it would seem advisable to exsmine only the very
young stem leaves, Ary dissdvantage due to uor~randomisation because
of this limiting of semple area, is cutweighed by the advantage of
obteining oomparsble and relishle results, for although an originally
acute leaf may later bs alraded, a young obtuse one must remain obtuse,
(b) Sifallex

Horrell (1900) followed Warnstorf in according specific rank to

this taxon, widch was adisting:ished from S,cuspideatuam Ly the absence of

well-differentiated atem cortex, stem leaf barder the same width all
round, and branch leaves shorter and wider, It was sepsrated from
Sirecurvum by the stem leaves being larger and filriliose, and the
chlorophyllous cells of the tranch leaves being traperoid, Sherrin,

following Warnstorf's later work, desaribed the stem leaf border in
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S.fallax as being of equal width everywhere or widened below, in contrast
to Horrell's description, and whereas the latter mentioned thet the
chlorophyllous celle in Iwrench leaves sre sometimes triangular and
enclosed as in J.recurvum, Sherrin describes the tyrical condition thuss

"Chlorcephvllose cells in the lower half of the leaf almost

always trianglar in section and well enclosed on the

ummer surface of the leaf; shove (very rarely also below)

trapezoid ard both sides free,"

A further cherccter glven by Sherrin is that stem leaves of 3,fallax
eare iscsceles-trisngular, whereas in S.recurvum they are usually
e~uilateral-triangular, The general impression grined from Sherrin's
description of 3,fallax is thet most of its char-ctera ere extremely

vorieble scmetimes being as in 3,cuspidatum and scvetimes as in S,recurvum

kvidence of the uncertain Gefinition of S,fallox as a texonomic unit is
furnished by some renerks of Warnstorf (1911, n.240) about the nsming

of certain herbarium specimens as varieties of 3,fallax, 3,recurvum

or of J.cuspidatum by different suthora, Andrews delieves that

S, fallax differs from S,recurvim in charcoters (presumably length and
fitrillosity of stem leaves and exposure of chlorophyllous cells)
which »re resdily modi™ed by an acuetic hahitat, and meintains that
the cherroter indiceting the true snd close relationship between these
species 18 the stem-cortex, which is undifferentiated in both, thus

differing fros that in the (usuelly) a-uatic §,cuspidstum, sost
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authors since Andrewe have included S.fallax under S,recurvum althdijh

admitting that it often resembles 8, cuspidatum, Fearnsides considersg

4t to be both taxcnomically and ecologically similar to S.recurvum,
The trevalent view of the status of members of ithis complex cen be

summerised as follows, There is litile mestion of the distinctnesa

of S, cuspddatum and S,recurvum, the features used by various authoras te

distinguish these species being given overleaf in Toble 21, S.fallax
seems to be intermediate in some respects Letweoen these twu estabtlished
species, being ~-erhaps nesrer to S.recurvum, and corusidered generslly

to be a form of the latter, S.emblyphylium is coasidered either as

indistinguishable from S.recurvum or as a varioly or subspecies

sepearated on one or two features.

The next section of this Cha ter gives an account of iuvestigutions

to find (1) the value of characters used in senarating g.recurvum from

8. ouspd da tum;
(11) the varisbility of the diagnostic ohsarrcters of 3.falleaxs

(111) the oonstancy ef coowrrence of obtuse stem leaves in
3, amblyphyllum and the associations between this and

other charnoters,
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Table 21, Disgnostic characters of 5,cuspidatum and S.recurvum as given

Yy verious suthors

Authors ziven ast e

Characters

Stem cortex

Pendent branches

Stom leaf shspe

Stem leaf size
Sten lesf amex

Stem leaf filterils
Branch leaf shape

Aranch leaf length

Branch leaf
position
Branch leaf
appearsnce
Branch leaf border
width

Branch leuf murgin
Chlorophyll oell

shape
Chlorophyll 611
exposure

D, Dixon (1924) ;3 S, Sherrin (1927)3

Ae Andrews (1916.&)} Gy Gams (1957);
¥, Proctar (195%5).

Se cuspidatum

Large snd thin walled
well differentiated

more or less drooping
not concealing stem

longer than hwoad
iszosceles trisngular
tri gl ar-ovate

more than 1 mm, long
toothed, not lacersate

wpainted

rresent in unper helf
&5 times longer than
wide
long lanceclate
long lanceolate to
saubxlate
land forme 13-7 s,
water forms 3-6 wm,

more or less amreading imibricete

socaroely undulate

A6 oells

2 « & Gells

normally entire
trapezoid

expesed met'e On

outer surface

Serecurvum
smoll and thick A
walled
not or alightly Ss DG
differentiated

8, A
aprressed and

concealing ustep DG

rarely longer than

broad D, P
ecuilateral to

isosceles 8

trisnpular-lingulate &
less then 1 mu,long G
macronste, rounded

truncate A8
obtuse-tocthed or
eroded D
rarely nresent DeSe iAo P
up to 3 times longer
thsn wide P
narrow lanceclate A
narrow to lxroad
lenceclate 8,D
leas then 3 mm, G
D
undulate with
spreading tips DyA,8
2~ & oslls 8
2 - A oolls A
entire A
triangular Dy Sy Al P
enclosed on inner
surface Dy S, AP

Authors



(11) Anslysis
An assessment of the value of dlegnostic characters in
this complex was caerried out as in Chapter 4,  All evailable

herberium specimens of S,fallax and S, amblyphyllum were exsuined,

together with a rumber of gpecimens of each named variety of

Serecurvum and S,cuspidatum. Greig-Smith (1952) and Melville

(1949-50) have stressed the need for random sempling before the
application of statistical and Mometric techrioues, This was
impossible in the ocase of the first two taxs owing to absence of
local material and psrticularly to the uncertainty of identification
in the field, and es the primery aim of the investigation was to
determine the status of rreviously defined groups, it was of course
necesssry to exsmine already determined materiel, Herberium

specimens of 3,recurvum and S,cuspidatum wers examined in preference

to freshly gathered specimens, as more localities were thus rerresented,
and the extent of veriability and coourrence of characters used

for the distinction of varieties of these species ocould be determined
at the same time, although thase results are not discussed until

the third part of this chapter,

The characters for which the samples were scored were mostly
derived frem Table 21, (p.8%), Certain othsrs were included for
special reasons given below, In order to obtain a quantitative
estimate of the coourremce of obtuse stem leaves, 2 leaves were

removed from just below the ocome from each of 5 stems of a sample,
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so that 10 young leaves were examined in each case, The occurrence
of obtuse leaves is given cvelcw,

Table 22, Frequency distribution of obtuse stem leaves in
srmples of 10 leeves from 175 named specimens

VIR

Specimens determined lumbor of obtusas lesves ocut of 10 Total rmmber

as _ of samples
0 1 2 3% & 5 6 7 8 9 10
S, amblyphyllum A 3 2 1 5 413 17 89
S,recurvum 20 7 & 1 32
Sefallex 29 1 3 1 1 1 36
8. cuspidatum 5 5 6 1 2 59
Freauency 98 16150 3 505'515 18

The discontimuity is well marked and for the anslysis, all
gpecimens with 7 or more of the 10 leaves obtuse were regarded as
having obtuse leaves., It is interesting to note that 10 specimens

determined as S, amblyphyllum have less than 4 cut of 1C young leaves

obtuse,

The shepe of the stem leaves wes elso scored, but only by eye,
as measuring even 5 leaves from each of 176 specimens would have taken
too much time at this stege of the investigation. FPFor similar reasons,
shape and size of tranch leaves were not scored, quantitative
observations of these charascters being mede later on a few samples
f#rom each of the final groups defined by the character analysis. Some
authors such as Andrews, Bearnsides amd Proctor do not give dimensions
of stem and tranch leaves presumshly becsuse they consider these to

be of little diagnostic impartance,
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Serration of lranch leaves and poaition of vendent lranches
were soored for use in the investigation of varieties of 3,cuspidatum
end notes were made on the habit and colour of each sample, though
these characters could not easily be tut in a form suitable for
inclusion in the analysis, Tt wos noticed that *terminal" leaves
(1.8s sbout the 9th and 10th leaves from the diatal end of a spreading

ranch) of S,cuspidatur var, serrstum were often more serrate than

the medien leaves, and therefure serrstion was scored for leaves from
both pesiticns,
During en investigation of a mixture of S,recurvum and

Se cuapidatum from a pool nser Betheede, Cacrns,, the author noticed

that the bases of hranches in 8, cusnidatum were coften s darker oolour

than the rest of the lwanch, being lrown or red in contrast to the
gresn or white colour of stems and tranches, This colouration was
reatricted to the subcorticel layers of Iranches, snd was absent in
the S,recurvum plants, 30 it was decid:d to score all specimens for
this chernacter. In this comnection it is very interesting to see
that Gams (1957) uses cclowr of the tranch axis as a diagnoatic
character for separating $.recurvum sudsp. mucronstum from subsp.
engustifolium; unfortunately he does not mention this feature under
subsp, amblyphyllum,

As mentioned 4n the Preface most of the work described in this
thesis was completed befors ths puhlication of Gems' flara in 1997,

and the character analysis of the S,cuspidatum / S.recurvum oomplex
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which is discussed in the present chapter was based on systematic
descriptions other than Gams', This is imoortent nerticulerly in

relation to his seseration of subepn, ansustifolium =nd amblyphyllum

from mucronatum vertly on the occurrsqnce of lsrge arical pores in
the lseves of th» pendent branches. Andrews. (1712) Gama (1948) and
Proctor did not mention this charscter at sll, and Varngtorf's
various descrintions (1900 and 1911) lead to uncertainty as to the
distr tution of lsrge nares in thls group of species, Consequently,
nore structure was not included aa a diagnostic character in the
snalysis, ™t hes since been studied in detsil =nd is discussed in
Chapter 9,

176 specimens were scorsd for the following 1f chsracters, first
of all using velues intermediate between + snd -, and then grouping
these into + or - as before (Chanter A p 44 ),

A Dry Wwanch leaves undulsate + or it «

B, " " m  gpresding + or imiricate =

Ce " " ¥ with recurved tips or not

De Branch leaves 5-ranked when wet or not

B  Pendent branches spreading « or pendent =(scaked whole stem)

P Stem visible or mot - (socaked whole stem)

G Cortsx differentisated or not

He Seem 1oaves sver showlag fiariis + or never -

1. Mors than 4 out of 10 stem leaves obtuse + (2 leaves from oach of

5 stems removed from
Just below comal tuft)
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Jde Stem lesves isosceles + or eguilateral trianguler =
(oredominant shape of 10 leaves; not measured)

) Branch leaf barder of 4 or more cells + or less than & cells -

Le Chlorophyllous cells ever trapezoid + or always triesngular -
(Section from lower half of tranch leaf)

W Moast hysline cells fused ventrally or not ) surfece view
N. Hyaline oells ever fused ventrally + or never - ) and section

O, Branch bases lrown, red or dark + , or green to white (as stem) -
P, Branch fascicles close together + or distent -
(4% Median tranch leaves with border serrate + or entire -

Re Terminal trench leaves with border serrate + or entire -
(leaves 9 and 10 from distsl end of horizontal tranch)

Table 23 (lat analysis) shows the large number of significant
correlations between these characters, thus indicating the presence of
more than one taxcn. A well-differentiated stem cartex (") correlates
with 15 other characters, most of which are correlated with each other,
Of the 15 correlations, 13 are significant et the 0.0l level of
probebility, so on the basis of these 15, Uroup I was extracted,

The characters arei-

c*(srrryRXLOPQR (CINN)T
It should be noted here that on mmrphological grounds a negative
correlation is to he expected between traperzoid chlorophyllous cells

(L") and fused hyaline cells, (¥, N*) and between spresding

pendent tranches (E* ) o4 stem not visible, (F" )e The only cases
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where E* and F™ occur together are where the stem is not visible
due to the fascicles being close together. Similarly s high
positive cerrelation between M and N is teo be expeocted. The
character of fusion of hyaline ocells was expressed in this form te
give three alternative expresasions instead of the usual two, as it was
desired to invesiigate the variability ef this feature as fully as
possible.

’he frequency of expression eof the 15 associated features in

the 176 specinens was as follows:=

Number of
charaocters O 1 2 3 4 § 6 7 6 9 101112131415
Number of
saxzples 2 4 10 22 2% 14 151 6 6 4 6 1719 7 6

Although the frequenocy distribution is continuous, there are peaks
at 4 ané 13 charscters. 3ypeoimens scoring 10 or more were remeved
a6 Group I, and the 59 specimens ooncerned were then anclysed as a
test of honogensity. Seven charaoters could not be tested fer
assoociation as they ooourred less than three times, but ef the
rexaining S5 cemparisons only two were signifiocant, st pe0.05 - 0.01.
That between undulate snd serrate terminal leaves may be a chance
cerrelation or it may indiocate true associstion of these features,
but thet between serrate medisn and serrate terminal leaves is e
be expecteld as presumably the seme faoter, bs it genetic er
euvirenmsatal, influsnces the development of serrated leaf margins
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throughout the plant, Group I was thus conaidered to be homogensous,

The remaining 117 samples showed several correlations on analysis,
9 significant at 0,01 level of rrobability and 8 at 0,05 level of
probability (excluding ocrrelations expected on morphological grounds).
This mumber is considerably higher than is expected on grounds of
chance from 120 comparisons, and so more than one taxon mst de
present, It is evident however, that the two or more texs remeining
are not as distincet from each other es was Group I, as no character
shows correlations with all the others which sre associated in this
Second analysis (Table 24). As the correlations fall into unrelated
groups, the extraction of the next group of samples must depend on
only a few characters, Hranch leaves not five-ranked (D ), without
recurved tips (C ), lesn than 7 out of 10 stem leaves obtuse (I ),
and stem leeves fiteillose (H‘) were associated at the higher
significance level with {sosceles stem leaves, * ) end in addition
¢ H* and I” H* showed correletions significant at p £0.05

16 samples had ell five of these charascters and were extracted
as Groun II, which was homcgeneous,

A third analysis on the remsining 101 samples showed 3 correlations
significant at p £ 0.0l and 9 correlations significant at p { 0.05,
of which three were only just sigaificant (Teble 25), The total
nuumber of correlations ig not much higher than random expectation,

ond there is & possibility that undulate leaves A* and soresding
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leaves 5' would be asscoisted fer merpholegicel ressens. Again,
it is to be eapected tast seme non-randem associations will eoccur
a8 Group II was extraotea within narrow limits (i.e. only these
suples with maximum number of charscters, five, were included in
Growp II) so tiai some smaples rightly belenging to this Group must
have beea included in the third analysis. However, 8 out ef the 12
oorrelations were between characters showing significant associstien
in the secend analysis (Table 24), which implies the existence of an
slemsut of heteregeneity ether than that due to Greup II samples.
It would be possible to take eut a Group characterised by spreading
(B* ), wmdulate (A* ) leaves with nenerecurved tips (C~ ), steam
visible (F' ) and mest hysline cells net fused ventrally (M~ ).
20 amples have all of these charasters, and a further 26 have feur
of the five, However, nens of these charscters is quantitative, and
as enly ene cerrelaticn (spresding and undwiate leaves) is significant
at the lewer prebability level, it weuld seem dest at this stage te
oceusider all 10) samples as be lenging % a single hemogeneeus Group Ill.
It is interesting %o neve here that charsoter I' , (7 eut of 10
sten leaves ebiuse) shich has been used to disgnese a 'species’,
Seamblyphyllua, shows enly ene cerrelstien, & negative ens, with
woll=differentiated ocertex.
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The distribution of characters in the three grouvs is given in

Tabtle 26 e, 1st sssessment, showing significant departure from 11l

ratio, The distribution in the A8 samples which can be senarated
off from Group III (Group III (1) ), is also shown for comparison with
the remainder, Group III (1i) (Table 26,b). Now III (i) cen be
separated from III (ii), on the basis of six chsrsacters; B end C
which show absolute differences in the two sections, and A, P, I and
N which are indifferent in one of the sections, However, the minimum
significant deviation from 131 ratioc for alternate exrressions of a
character is 8 for both sections, so that in ITT (i) the deviation
in character C, (9), and similarly in III (1i), the deviations in
characters L and N, (10.5), are only just significant. Thus the
only charscter which remains to distinguish these sections is spreading
or imiricate tranch leaves, which is hardly sufficient, especially as
many plants show both conditions. The advisability of recognising a
single Group III will be discussed further when the distribution of
intermediate character expressions is considered,

It then remained to define the limits of the groups more clearly.
All specimens weres assessed for the three groups, paints being given
for a typically uresent or indifferent character, in spite of the
sdvantage that this procedure geve to Group II which had four

"{indifferents®, The following char cters were omitted as the had

the ssme expression in each groum -
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5-ranked leaves, stem visible, most hyaline cells fused, and

median leaves serrate,

The 175 specimens were divided into groups according to
their ratiags for each,

Group I II IT I&7II II&III

Number of specimens 55 36 b4 A 17
It is significant that there were no intermediates scoring the same
for roups I and ITI, indicating good separation, while 17 specimens
hed equal scores for the closely related Grouns IX and III. The
most striking feature is that while Gxroup I has remained more or
leas the same, twenty samples have been transferred to Group II from
Group ITJ, tlus confirming that the criteria used in defining Group II

originally were too severe.

In Tahle 26 ¢, 2nd Assecmment, the distribution of characters is

based on these groups, omitting the 21 intermedistes. The only
change in disgnostic veluc of the charscters is that leaves with
recurved tinps (c" ) are now cherscteristically present in Group
III insatead of being indifferent; otherwise the Groups are defined

as before,

It is useful at this stage to commare the mumbers of differences
and gimilarities of character exrressions in the three Groups, as

defined in the 2nd Assessment.



Table 27.
Differences Similexrities
Between + ve /indifferent +ve/ + ve indifferent /
Groups + ve / = v& or - ve/indifferent|or « ve/ - ve 4ndifferent
I and II 5 5 5 1
I and ITI 10 3 1
II end ITY 3 6 5

Thus I and IIT are most distinct, while II has affinities with both

At first sight II arpecrs to have more characters in

common with T thsn with ITT (615 ) Wt in only threc of these,

(cheracters C, H, J), does Group III have the absolute converse

oxmression, wheress considering Groups II and III together, in all

their five aimilarities (%,G,K,0,R,) Group I has the abgolute converse.

Also the mumber cf absolute differences is greater between I and II

than between IX and III.

This second asaessuent gives equal weight to all characters, so

a 3rd Assessment was sarried out giving two points for every character

which was typlcally present in a specinen, and ome for a character

typically indifferent, All the four specimens which had scored

emually for Groups Y and II than fell inte Group I, and certein

other anecimens were resllotted to diffierent Groups as indicated below,

Table 28, Re-allocation of samples on basis of 5rd Assessment

Group I II I11 II and III
Number 53 32 64 7 (11 & 1I7)
and + + + +
origin A(I&1ID)
of +
samples A (ID) 1(IT&1r1) 6 (II&III) 2 (1)
*

1 (11 & 11D)
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The nine doubtful samnles, together with those transferred by
this last assessment to other groups, were further examined to see

in wvhich of the two groups they fell. This Ath assessment took into

account only the absclute character differences, and if a sample was
still of uncertain s@find ty, reference wes made to the original date,
where velues intermediste between "present® and "absent" wsre recorded,

By these mesns, sll snpecimens were allotted to one of three groups,
the distrition of charecters in which is given in Table 26,4, Final
Assessment, No further change in the significance of characters has
occurrsed szo that thds Table may be considered to indicate fairly
soccurately the diegncatic characters of the three groups, That the
groups sg o dafined are distinct is shown Ly jcint analyses. Groups
II end III together oonsist of virtually the some ssmples as were
tested in the second analysis. (Table 24), Phen Groun I (60 samples)
and Group I (35 samples) are considered together, well-differentiated
stem cortex correletes with five other characters, and for Groups I and
IIT, this feature correlates with nine other characters, =11 at the
higher aignificance level,

Analysis of the finsl Group ITT alone, which has 20 specimens
less than the origina) Group III, shows the following correlations
(from Table 29)t-

A significant at p {0.,01 oompered with 3 in originel Group III

5 " LJ b o] <0. 05 " ] 9 ” ” " "
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Thus the Group is still someswhat heterogenecus but it is impossible
to divide it into well defined sections, particulerly as there is no
meens of deciding widech correlations result from genuine association
of .charza.cters tyrical of one taxon, and which are a result of chance
asscciation,

As mentioned sbove (p, 95 ), Grouns II and III are closely relsted,
the only characters having an absolutely different expression in the
tro grouns being recurved leaf tips, and fibrillose, isosceles step
leaves, Tho extent of variahility of these ond other characters is
shown in the table of distribution of intermediste scored values
(Tatle 2C)s  If (+) values are included with 4, only three changes
in the dlagnostic value of cheracters ocour, all of these being in
Group I (Teble 31, below), Tiis ie nerhaps only a result of there
being e mosller number of semples in this Group, tut may be e
reflection of the lack of definition of this Group as a taxonomic unit,

Table 31 Predominant excressions of three characters in the three
Groops, baged on different grounings of the original scores

Character | Including (+) with - Including (+) with «
" Geoap T II IIT X II IIX

A. Leaves undulate resent indifferent mresent | present present rpreseny

'a.’mont absent present | absent indiffer-
ent yreseny

C. Recurved tips

Ge Cortex
differeantiated  present absent absent |present indiffer-

ont absent
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It is apparent that character C, recurved leaf tips, is not a good
eriterion for the distinotion of Groups II and IIT and slthough a
partly differentiated stem cortex (G) is present in about half of
Group II samples, it ocours quite often in Group III (see Table 30),
The characters of iscaceles, filrillose stem leaves remain to separate
Group II from Group I1I, though intermediate scores are common in both

groups for these characters as is shown in the following extract

from Table 30,

Teble 30, Originsl soores of two characters in specimens of the
(ex ) Mnal Groups IT and IIY

+ v+ () ((9)) -
(<) -
He Fitrils present II 10 5 1A A 2
IIX 7 100 14 A
Je Stem leaves II 11 1 214 2 7
isosceles 1 5 A 72

At this point it is useful to consider the names which should be

allotted to these taxa. CGroup I is obviocualy S,cuspidatum and is

very well-defined by a mmber of characters. Group II ocorrespomds
t0 S.fallax though it is doubtful whether it is sufficiently distinct

from Group III, S,recurvum, to be accorded specific or even varietal

rank, S,amblyphyllum 4is merged with §.recurvum, its primary

diagnostic character of obtuse stem leaves being correlated only with

an undifferentiated stem cortex (see Table 29), which may or may hot
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be a true association, The problem of the heterogenecus nsture of
Group IiI will be reconsidered in the light of Gems' 1957 claszification
but for the moment, the occurrence of characters in the three main
groups defined hy the analyses is given in Table 32, (p.10l).

Before going on to c.nsider the quantitative data obtained from
these tax:, it is converient here to discuss on interesting feature of
stem cortex differentiation which was noticed during the sample scoring,
It soon became apparent that two types of differentiation occur. All
trensverse sections show that the periphersl layers of the stem consist
of slightly larger cells than the inner layers, In the first type

of differentistion, found most often in S,cuspidatum specimens, the

outer cortical layers consist of usually much larger cells than the
sub-ocrticel layers, which may or may not be thick-walled, The
cortical ocells appesr to have thin walls (of. Andrews, 1913 a, p.4)
beczuse by comparison with the underlying cells, they have much larger
lumina, (Fig. 13a)., In the second fype of differentiation (3,recurvum
specimens) the cortical ocells are often not much larger than the sub-
corticsl ocells, and the ocutermost ocells may be uite small, Differentiation
is apparent when the sub-cortical cells are thick-welled, (Fig.13 b),
tut when these eres thinewalled end thus of larger lumen, they grade
inth the cuter layers snd the oortex is apperently undifferentiated,
(Fig. 13 @) Pig. 13 &, shows a stem section of S.pulchrum in which

differentiation of the cortex is of this secomd (S,recurvum) type.
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In the character analysis, no distinction was made between these
two types of differentiation, though it was noted in the initial

sooring.
with differentiated certex, 27 eut ef 28 in Group III, 14/16 in Greup II,

It is significant that in the final greups, of the samples
but enly 2/%9 in Greup I were of the seoond type. The two "edd”
samples in Greup I were net eoriginally determined as S.cuspidatum
and this suggests that they are incerrectly placed in this Group.

Table 32 Charaoters of the G defined the sis
Characters Greup 1 Greup II Group III
Se 4 Sefallax 3. resurvus
Branch leaves undulate almost always almest always very eftea
. "  spreading almest always very often often
hd "  reourved ssustines often very eftea
» *  Seranked very rarely very rarsly sometines
Pendent branches spreading oftea rarely sometines
Stea visible alwvays very eften alnest always
Certex differentiated almest alvays eoften senetines
Stem leaves fibrillese almest always very eften semetines
Stea leaves mere than
6/10 ebtuse never very rarely often
Stem leaves isesceles almsst always very oftea very rarely
Branch leaf bexder of
4 oells almost always very rarely very rarely
Chlerephyllous cells
trapeseid almest always often sometines
Mest hyaline cells fused never very rarely rarely
Hyaline eells ever fused very rarely often very often
Branch bases brewmn slmest always very rarely rarely
Pasoioles elese often semstines sonstines
Median leaves serrste senetines never never
Terainal leaves serrste very often very rarely never
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(111) Verieties of S,cuspidatum

Wearnstorf recognised five varieties of S, cuspidatum,four of

which were Sritish and therefore described by Sherrin., These were
vor, falcatum Russ., var., sulmersum Schimp., ver. plumilosum Schimp,,
and ver. plumosum Schimv.. The latter variety was credited by
Braitiwaite (1880) and Waernstarf (1 11) to Nees and Hornschuch who

published the name in Bryologica Germsnica in 1823%; Schimper described
the variety in 1857. S.serratum Aust, will also de conaidered here;

1t 1s accarded specific rank hy Warnstorf (1911) and varietal rank hy

Andrews (1913.&) as 8. m@id&hll var. serrulatum Schlieph..

These varieties are separated partly on ranch leaf dimensions,
es glven on p, 14 , and partly on variocus morphological characters
such as position of tranches, serration of the btranch leaf margins,
and whether or not the manches are falcately cwrved, The variability

of ranch position was examined &uring the 3,cuspidatum - S,recurvum

analyses, Sherrin's descriptions (p.42=43) are as followsi-

var, falocatum Pendont tranches slightly weaker than
spresding tranches and directed downwards

at an acute angle,

var, silmersum Two stronger branches slightly curved
Qowrwards or straight snd smreading nearly
horizontelly, the pendent tranches obliquely
direocted dowrwards from the stem,

var, plumosum ) All tranches nearly equal, spreading almost
var, plumlosum) horisontally from the stem.
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When the specimens were scored for the anslyses, the pendent ranches
were noted as "spreading" + , or "pendent, near to stem" - , with
intermediate valuea, The distribution of scores in the final

Group I (S. cuspidatum) is shown below,

Pendent tranches spreading ' Branches pendent
+ + + ‘ (+)
(=3 = ! - -
Number of l
specimens 27 4 16 6 5

There is ;,‘,hizh proportion of intermediate values showing that this
is a miu{ino charscter difficult to score odbjectively., Table 33
below. uhon that all varieties had a majority of aspecimens with
npruun& teranches,

Table 33, Distribution of scores of pendent tranch position within
the noamed varieties of S.cuspidatum

Branches spreading|Branches pendent
+ . L (+) -
(=) - -
var, faloatum 2 3 2 - [}
var, submersum L 3 3 1l
ver. plumosum 10 1 2 2 -
var, plumulosum A1 3 - -
S, serratum
(including var. serrulatum) 6 & - 1 -

The character was thus considered to be of little value for
distinotion of taxa, partiocularly as it showed no correlations

with other ocharacters within the Group I specimens.
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Palcate branches and serration of tranch leaves

These two charscters heve been considered dlegnostic of var,

faloatum and S.serratum respectively, but remarks by various authors

sugpested that they might be directly influenced by hebitat conditions,
especially the presence of water., Thus Warnstorf states of var,
falcatum (1911, p.265) that 1t is "Haufige Sumpf -, selten Wasserform"
and of var. sulmersmum (p.267) that it is "Haufige Wasserform, die

den Ubergang von var, falostum zu var, plumosum bildet” (often a
water-form, forming a trensition between var, falcatum sand var,
plumosum ), PBraitlweite (1880) however, stated that both var,
plumosum end var. falcatum were usually subtmerged in deep pools, btut
that the latter 4id show transitions to the type. Braitimaite

mentioned the form with serrate leaf margins only as S,laxifolium

var, serrulatum Schlieph., giving this as a synonym for S.cuspidatum

ver. plumosums this suggests that only the irmersed forms have
serrate leaves., Andrews (1919) remerked that serration is

charsoteristic of some, tut nmot all, acuatic S,cuspidatum, and in

some regions, the serrate-leaved form is dominant to the exclusion
of the normal formy Bryan (1955) commented . on the abundance of
var, serrulatum in roadside ditches of the ocoastsal plein of North
®arolina,

The distribution of the charscters of falcate Iranches end serrate
leaves was first examined in the Group I specimens, (a totel of 59,

as one specimen placed there in the analyses was found to have stem
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and tranch leaf dimensions much more tyopical of Group III)., Of the
%9 specimens, 27 had falcate tranches, 16 hsd both median and terminsl
ranch lesves gerrcte, and a further 20 had just the terminal leaves
serrate, As only 11 specimens each of labelled var, falcatum and

S. serratum hed been examined, 1t was abundantly clear thst these
characters were not limited to their respective taxa as ureviously
determined, If however, the characters are diasgnostic of different
texs, they should show a negative correlation within Grouon I specimens,
Joint occurrence of falcate hranches and serrate leaves was calculated,
end it was found that a negative correlation (p = 0.05 = 0,C1) did

in fect exist,

Because of the possibility thet these charsacters might be
correlated with envirommental oconditions, habitat data were collected
from 33 of the Group I specimens; unfortunstely detsils were not reccrded

for the remeinder, The diatributions of the charscters in specimens

from different habitats are given belows -

Sutmerged Not subtmerged
Number ¢.f samples 25 8

Number with falcate
tranches 7 8

Number with serrate
leaves 19 L}



It appecrs as though serration is linked with submergence and
faloation with exnosure, tut comparison between the habitats is
difficult because of the grester mumber of submerged samples. A

further 16 samples of S, cuspidatum gathered from exposed habdtets

were acored for the two charscters, the finsl distributions of which

are shown belom -

Sutmerged Not mhnu-ﬂ
Number of samples 25 24
Palcate Wranches 7 23
Serrate leaves 19 5

Any char-cter can be considered typical of pl:nts from a
partioular habitat 4f 1t ococcurs in significantly more than half the
samnles from that habitat, On this basis it was calculated that ell
the distributicns tabulated above would coour ky chance less than 1
in 20 times, so that serrste leaves can be considered char-oteristic
of subtmerged pl-nts and uncharacteristic of exposed ones, wihile the
opposite ifvtiue for falcate tranches, It should be noted that in

only one of the exposed specimens were the medisn as well as the

terminal Wranch leaves serrate, while this was 80 in 8 of the submerged
ones, In addition, 9 exposed samples showed very rudimentary serration
of the terminal leaves, which does not affect the significance of the
result as it would be umisual to have no intermediate staves. The

difference between rudimentary and distinct serration is illuatrated

in Pig. 14,
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It is impossible to define any varieties of 3,cuspidatum on this
evidence, A cherccter such as branch vosition seems to be very
variable, and falcation and serration are suspected of being regulated
by enviromment, Other characters such as compactness of hotit, leaf
length and size generally are also likely to be influenced ty habitat,
as sugnested by cultivation of S,recurvum. For the moment then,

S, cuspldatum is regarded ss a single taxon, and rmantitative dats

~ discussed overle:f were obtained from Group I anecimens without

attemnting to subdivide these,
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(1iv) The value of quantitative ariteria in this complex

Quantitative measurements used disgnostically fall troadly into
two groupss those referring to size of organs, given usually as

ranges of length (e.g. Gems), and those describing shape, i.e.
proportion, without reference to size (e.g. Proctor). Some authors,
such as ¥arnstorf, give ganges of various dimensions so that both size

and gshape ere recorded., Most authors give these details for branch

and stem leaves,

(a) Branch leaves

Becsuse of the large mumber of samples involved in the study of
this species-complex, the samnle size was reduced from that rscommended
in Chapter 3 of this thesis. Initially, 22 specimens were selected
from each of the three final Groups, and five stems selected at random
from each specimen, PFrom one ranidom Ywanch from each stem, the two
median leaves and leaves mumbers 9 and 10 from the distal end were
removed, Thus 10 median leaves per sample were measured, and although
the dimensions cannot rroperly be compared with those given Ly other
suthers because of not knowing which leaves the latter measured, such
data ere comparable throughout the present investigations. The
sub-terminal leaves were measured because from superficial exsmination

it was thought that these were longer than median leaves in S,cuspidatum

and shorter thun median leaves in S.recurvum, In all cases, length
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and btreadth at widest point were measured with a micrometer eye-pviece,
(The use of the Projectoarlux and grid mentioned on p, 15 wes only
quicker when width at & point other than the widest was needed),

Three sets of data were calculated from these measurements, and
1 tests perfarmed using semple means of the three Groups, to determine
the significance of dsviation of Group means from one another, These
will be discussed individually,

1. Median leaf length

The frequency distributions of lengths of medien leaves for the
three Groups are shown in Fig., 15, where values have been grouped into
classes at 0.5 mm, intervals, There are two points of interest, the
first being that slthough Group means differ slightly (S.recurvum,

T = 178 mm; S.fallax, L = 2,223 S.cuspidstum, L = 3.05)) the
ranges overlap considerably, particulerly for the two first-mentioned
taxa which both have peaks at 1.% =« 2,0 mm. S, cuspidatum shows a peak
at 2,0 = 2,5 mm, and has part of its range above 4,0 mm,, which is the
greatest length reached Ly median leaves of the other Groups. Because
of the overlapping of ranges, % tests were not worked cut for these
data, as leaf length alone can be of little diagnostic value, It

is sppropriate to mention here that ranges of length of leaves from four
specimens of each named veriety of S.cuspidatum also overlapped, so

that separation of varieties on this charscter was impossible.
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The other interesting feature is the occurrence of several leaves

longer than 3,0 mm, in J,recurvum and S,fallax, in contrast to Gams'

statement (1957, 7.83) that S.recurvum s, lato (including §.fallax )
hag leaves less than 3 mm, long. Habitat details were recorded
for about half of these samples with long leaves, which were fournd in
all cases to be aquatic, The influence of a submerged habitat on
leaf length will be discussed later,

2, Median leaf length / width

Histogrems (Pig. 16) of values of length / width of individual

leaves were constructed as before, They conform to the same general
pattern ss histograms of leaf length distribution; the only noticeable
difference being the greater rangs of length /width ratio, particularly

in S,cuspidatum. This is to be expected because of the smaller

variability of leaf width compared with length; a festure which was

notioced in preliminary investigations of 3.cuspidatum (msee Chapter 3

Pe 18 ) The results of t tests betwsen Group means are given below-

groups means t o)
8. cuspidatum 3¢9 137 {0001
&tdhx 2.5
8, cuspidatum 5.5 997 <£0. 001
3. recurvan 36l
S.fellax 59

Thus all Group means of median lesf length / width rroportion are

significantly 4ifferent from each other, although S,recurvum and S, fallsx
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are significant only at the lower probability level. Because of the
overlapping of ranges this feature cannet be oonsidered to be very
impertant diagnestiocally but with reference to its use by other authors,
it is interesting te see what a large range is ocovered by the present,
ocemparatively small sample.

Precter (1955) gives figures fer the proportions of leaf length te
width; these are shown belew, tegether with figures obtained from the
present investigatien,

Preportien given Percentage ef Percentage of

by Precter sample wsans sample neans
falling falling eutside
within Procter's limits
Precter's
limits
% %
8. Vil 440 = 5.0 3644 18.2 belew
45.4 ,h."
Sefallax 13.6 86+4 adeve
S.reourvan wp e 3.0 30 50 abeve
3¢ DMedian leaf minus terminal leaf within individ
branches

These values were calculated feor each branch (mean of twe leaves
in each pesitien) and them sample means were derived from these. Grewp
mssns shd values of § with cerrespending probabilities are given belew: =~

Grewp mean h ) J
)
3.0 = 015
Eﬁ“_! + 0.79 7.6  £0.001
80!2&! = 019
S, recurvum + 0.72 6.9 {0,001

Se + 0.72
ﬁ ¢+ 0019 006’ »o.‘ BeSe
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The frequency distributions of values for individual branches
(110 per Group) are shown in histogreams in Pig., 17, where the values
have been grouved into classes at 0.5 mm, intervals,

It can be seen both from the histograms and the“§ tests that

8. cuspidatum differs from S,recurvum and S,fallax in that the sub-
terminal leaves in the former sre often as long as, or longer than the

median leaves, From this evidence, it is tentatively suggested that

this cheracter usually indicates S.cuspidatum, but that the converse

has no diagnostic importance, Hecsuse of the usually greater length

of median leaves in 3, cuspidatum as compsred with the other taxe, it

is possible that freaquency dlatribution diegrems of terminal leaf
length for the three groups would show greater discontimuity than is
shoom by either median length, or median - terminsl length distribution,
This noint wes not investigated further here, partly because of questions
of time, bBut particularly because of the suspected influence of
envircnment on leaf length, The cultivation ex;eriments described in
Chapter 7, included investigations on changes in median and terminal
leaf’ length an well as changes in leaf proportion,
(b) Stem leaves

Vost authors refer to the shape of stem leaves as "isosceles-
trianguler”, "equilateral-triangulax® or "lingulate” and in the character
analysis, stem leaf shapes were soored on these definitionf: Andrews
describes J.cuspidatum leaves as triengular-ovate and §i recurvum
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as triangular-lingulate but these terms are rather vague and it was
impessidble te soore samples ebjectively on this basis. Game (1957)
separates S,.recurvum subsp. smblyphyllum frem the other subspecies and
frem S.cuspidatum by the former having leng lingulate leaves, wheress

in the latter group, the stea leaves are distinstly tapered towards the
apexs In the 176 specimens examined, all the stem leaves tapered towards
the apex, and enly a few could be described as even "triangular - lingulate”,
if the latter term means that for the greater part of the leaf, the

sides are straight and parsllel, as in S,rubellum. Indeed, the
gradation of leaf shape frem equilateral-iriangular te triangular -
lingulate (as is illustrated in Fig. 18) makes it difficult te soere

shape at all.
All specinens of stem leaves were therefore soered as isesceles -

or equilaterasl-triangular in shape, dbut even this terminelegy is
sppreximation as will be shewn. Strictly spesking, the word equilateral
moans all sides of equal length, and isesceles means twe sides equal
Mad different frea the third, In practice, it is assumed that whea
8 leaf 4s desoribed as "isesoeles-triangular”, the two sides are equal
to each ether and lenger than the bdase where the leaf is attached, as
Abe sides are rarely sherter than the base. Thus juiging by eye
alene, it is usually the maximm length of leaf (i.e. height of the
~ triangle) which is cempared with the width of the base, and if length
grestly exoeeds width, the leaf is desoribed as iseeseles. In aa
equilsteral triangle, height is less than width ef the base, but this
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was 80 in only a very few of the hundreds of leaves measured for
this study, =nd leaves were scored as ecquilateral when the lenyth
emualled or only slightly exceeded the width,

It wac important to know how accurate the eye-judgement actually
was ani 80 5 leaves (one par stem) were measured from each of the
same 22 specimens in eachGroup. Length and width were recorded
fcr each leaf, and then shape was expressed as length/width,
Bistograms of frequency distribution of length/width rnropeertions
within each Grour showed almost complete overlavping of ranges
(Mg, 19a)3 ocmbination of these fizures gave a distribution showing
e pesk at 1.2 = 1.3 and one at 1,6 = 1,7 (Pig. 19 b). The high
varjance within ezch Group showed that some leaf shapes had been
incorrectly judged by eye, tut the absence of a sharply discontimious
distridution in Fig, 19 b, suggests that in any oase the character
is of little diagnostic valus, With respect to S.recurvum end
S.fallax, the incorreot socring msy have some importance, as leaf-
shape was one of the characters used to sepsrats 5,fallax as a Group
ard th's some specimens of J,fallax found to have a low length /width
ratio may properly belong to S.recurvun. These specinens were
re-examined with this in mind, tut in only one or two cases did the
change of ieat-shme sooring from “isosceles” to "equilateral" result

in the transfer of the speciaen from S, fallex #o 3, recurvam, The

same was true of specimens of S.recurvum found to have somewhat

isosceles-triangular leaves, Agein, in 3,cuspidatum the high
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variability ef leaf shape within the taxen is genuine, and net a
result of wrong inclusion eof specimens dus te incerrect scoring fer
this character, because all the specimens ef this Greup show a number
of other highly cerrelated characters.

There remained the preblea of desiding what significance might
be sttached 0 leaf shape. As almest all leaves are siriotly
isesceles an sttempt was made $0 fix & value dividing “equilateral”
(width almost equalling length) frem "isessdlss” (width much less than
length). Pive leaves were measured from each of the ether specimens

of Greups II and III (S,fallax and S.recurvum) and frem 11 mere
specinsns of 3.cuspidatum. Shape was here expressed as length-width

as this was easier $e calsulate, and Fig., 20 shows the frequency
distributien of sample means. The pattern of distribution is the

same as shewn in Pig. 19 a, the mest siriking feature being that values
for 3,recurvum fall within mwch narrewer limits than these ef the

other taxa, 84% of the samples of this Group having leaves enly 0.1-0.3 mm.
lenger than broad. That changes in shape are almost entirely dus te
eshanges in length is shewn by oemparing the ranges of leaf width in

the three Greups. These are slmest identical, and the mean values

are as fellows:=

Meoan width
-m.
S.recurvim 076
S.fallax 0.75

Seouspidstun 0479
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Thus leaves more than G.5 ma. longer than broad are about half
a8 leng again as bread, and this arbitrary point was fixed as dividing
oquilateral ~ frea isosceles ~ triangular leaves. This is convenient,
because, of the sample taken, most of the S.recurvum specimens thus
have equilateral leaves. The ‘dmmmm of values in the Groups
is given below fer comparisen with the original visual sooring ef
intermediate values.
Table 34 Occurrence of isesce and ral leaves

Group « (B 0t (+) ((+)) -
1 ! 352 3 1 !

I, 1 1 u | 2 7

11X ] 5 4 712

(3) By messuremeut (L-¥) ms.
) Groflp adbeve 0.4 0e3=0e4 0e2+0.3 0el=0.2 belew 0.l

1 ' 32 l 3 f 1 -
i | 27 T 1
1 } 2 ] l 31 | 36 4

It can be seen frea Table 34 that cerrespendence ef the twe msetheds
is geod, the mest impertsnt feature with reference te diagnestio
valug, being the large mumber of leaves in Greup 1II Tudle 34 (D)
which are semewhsat isesceles, se that the disceatinuity suggested in
Table 34 (a) must bde a result of sudjective scoring. This is important
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in relation to the separetion of Uroups IT and ITI in particulsr, and
all thst can be gald is thet astem leaves of the former are "more
isosceles”, which 1t will be admitted is even less mrecise than
datinguishing between izosceles and equileoterszi, Becouse of the
artitrery division mentioned sbove, this cherscter aarmot be conaidered
to be of much veluve in separating Groups IT and T1I, thoush one is
justified in regarding samples with leaves more than 0,5 mm. longer

than road as mrobatly belonging to S.cuspidatum (Group T).

The influenoce of an ajuatic eaviromment on stem leaf share

in semples of thr three grouns was investigested oy culture experiments,
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CHAPTER 7

Cultivation of S.recurvum and S,cuspidatun

(1) General
The assertion by Watson (1955, p.106) that S.recurvum "usually
grows sutmerged in pools and deep ditches" is misleading, as the
present author has found this species in habitats which are almost

always drier than those in which S,cuspidatum tynically ocours,

Thus 4in North Wales, a large area of bog is often covered with a

mosaic of S,recurvum, S.pspillosum, S,nemoreum and Polytrichum ocommune,

with S,cuspidatum limited to the wettexr heollows, In pools, ditches

and gentle waterlogged slopes, S.ocuspidatum is usually found to be

the dominant gphagrum species (repleced hy S, squarrosum and S, subsecundum

in less acid waters), although it may not occur at all in the

surrounding drier areas, However, 3,recurvum and 3,cuspidatum often

do grow together, tut in the suthor's experience, they only grow

completely intermixed in permenently wet places, lore often, a
shallow channel o hollow, which usually contains free water, is filled

in the oentre with 3,cuspidatum which gives way atruptly at the higher,

woll-drained edges to pure messes of S,recurvum, Such a well-marked

transition is shown in Flate A
It is oconvenient here to mention a detailed study whioh was mede

of the occurrence of thesse two species in one small erea near Llyn Idwal,
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The area was %0 yards long ty 15 yards wide and sloped along its length,
Tm}dg!nstpartlmda'[oslope. themxtparthndamoslopemdm

covered with soatterod,not elumped Junous effusus, which ceased

alruptly as the slope flattened cut again to an angle of 9° with the
horizontal, On vreliminary inspection it was noticed that S,recurvum

was resent throughout the whole eree, S,cuspidatum occurred everywhere

except smongst J.effusus while Polytrichum communs was limited to the
eres of the latter, The whole area was sampled by random quadrats

25 am sTuere and joint ocourrence of species -vorked out, and it was

found that S,ouspidatum 41& actuslly show a high negative correlation

with J,.effusus ard P,commne, It might be supnosed from this that

S.cuspidatum is not a member of the ocommonly occurring Juncus e

Polytriolmm - S,recurvum community, but all four spacies heve been

found growing together in several other places, notsbly one in
Anglesey where the community borders a shesllow leke, Tt would appear

then that the over-riding factor in the distribution of 8,cuspidatum -

is the presence of abundant free water for at least the greater part
of the year; this situation does in fact exist in the Idwal ares studied,
where the upper and lower slopes are ususlly more waterlogged than the
Jeoffusus slope which is steeper and thus better drained,

Arising from such ecclogical studies is en observation which is

of great impartance to the systematics of these Sphagmum species.
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Wherever 3,recurvum and S,cuspidatum have been found growing together,

whether intermingled or in adjacent tufts, they have elways been quite
distinot from each other, and accurate identification in the field

has been possible, The only exceptions to this have concerned certain
sutmerged specimens, as mentioned later in the Chapter on S.fallax .
Braitlwaite in 1880 (p.83) referred to the two species growing together

yot esch retaining its special festures,
Because of this retention of individual characters hy the two

svecies naturally growing under the seme conditions, there was no
point in cultivating them artificially or in field experiments under

similar conditions to see if they became more alike, The culture
experiments were therefore concentrated on discovering how much certain

characters could be affected by a few conditions, the most important

of which was presence of water.
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(11) Se.recurvum

Cultivation of specimens of S.recurvum in an exposed conditien in
the field and laboratory has been discussed in oennection with S.pulohrum;
the main changes being a decrease in sise of the plant and branch leaves,
oompaction of fascicles, and pessibly greater enclosure ef the chlorophylleus
cells of the branch leaves in the indoer cultures. 4 Samples of exposed
Serecurvua were submerged in peols in the field, ocentrols being maintained
in situj the indoor culture of submerged S.recurvum was unsuccessful.
Of the four field experiments ene was lost, one showed no change and
4we shewed the same changes; ene of these will be desoribed in detail.

Plate 5 shows the habit ef the specimen, (i) as eriginally cellected,
(11) after 2, and (1i1i) after S months immersion in a peol. The small
cemas, distant fascicles and shors ('separated’) branches shown in
Plate 5 (11), seem to be produced in all specimens of S.recurvum after
sudden immersien, but after a few mere weeks, the ooma enlarges and new
branshes are lenger and sppear plumese as in S,cuspidatum, After
5 memths, 30 fassioles had been predused and the average inoresse in
length of the stem was 15 cm. Pranches were the same length (1.0 = 1.5 om.)
as in the eriginal and mumber of leaves per branch was oonstant at 90-100.
Branoh leaves were more spreading and met as recurved wheam dry, and the
pendent branches showed a slight tendency te spreal away frea the stem.
No change was showa by the stea leaves which remained equilateral
(length-width » 0.2 mm,) and fibrilless., lMeasuremsnt of branch leaves
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showed that mean lengths of median end terminal leaves had increased,
but widths hed remained constant at Us3 = Co6 and 0e2-Ce3 mm,
repectively, Rangeeg of length of old and new median leaves overw
lapped, but the upper limit and mean hed increased by about 50% of
the original; for the terminel leeves, meen length had increased over
1007 and the ranges did not overlap,

These quantitative changes are given in detail in Teble 35 which

includes compsrable figures obtained from a spscimen of S.cuspddetum

1t 18 evident that used alone, neither length nor length/width
proportion of branch leaves ig 2 reliable criteriocn for the

distinction of S.recurvum and S.cuspidatum. An interesting feature

18 that in spite of the great increase in terminal leaf length, this
iz still less than medien length, so that LM - LT remains positive,
as in sll rreviggsly sampled S.recurvum specimens. It may be
thought froem these results that terminal leaves are more affected

by the scuatic enviromment than median leaves, but it is probable
thet the former show a grester increasse in length because they are
differentieted later than hedian leaves in the comal btranches, Thus
after 5 months, it wes calculated that only 4 *new* fascicles had
been produced, so it wes quite likely that when the plants were
transferred to the pool, the median hranch lesves of these fascicles
were already partly differentiated and therefore less easily affected
by the new envircrmment, Unfortunstely, the pool dried up in the

sumner of 1957, and so no further ssmples could be taken, btut it was
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shown later (p.34) for S,cuspidatum thet on transference to water

terminal lesves responded more quickly than median leaves,

As mantioned eerlier, S.recurvum is typically found in an
exposed condition, but it is quite often found nartly sulmerged st
the edges of shallow pools. These plants show the characters of
long branch lecves and g‘astm fescicles vhich were rroduced in the
gsample artificially sulmerged, tut only one specimen found by the
author wes considered to sgree sufficiently well with Wernstorf's

description of ver. robustum; <this taxon will now be discussed.
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(i11) S.recurvam var robustum

Warnstorf gave the following characters for the distinction of
var. robustum Breidlert-
robust, usually lax and submerged
cortex usually well-differentiated
branch leaves 1,6-4 mm. long and O, 51 mm, broad
Comparable dimensions for the other varieties of S.recurvum

are given below,

o
var, majus Angstr. l.4=1.6 x Oo4=0.6 wm,
var, parvulum Warnst. 1.0-1.3 x C¢3~0.4 mm,

As these varieties can also have a well-differentiated cortex,

ths diegnosis of var. robustum seems to rest almost entirely on

the greater size of some plants, which may be linked with a sultmerged
habdd tat.

A specimen of S.recurvum wes found growing in a ditch in
September 1955, The plants were very large and brownish-green in
ocolour and in the centre of the ditch they were sulmerged or just
breaking the water surface. At the edge of the ditch only the
lower parts of the plants were subtmerged, abcut the upper 5 om, deing
exposed and more green in ocolour, These marginal plants were not
as robust as the central ones (Plate 6 ).

Microscopic examination of ocentral plants showed that they
accorded well with the desoription of var. robustum, having median
ranch leaves 2,4 - 3.0 mm, long and O, 7=0.9 mm, trosd. The cortex
was not noticeably differentiated and all the other characters were as

in typical exposed S.recurvum. Both lower (submerged) and upper
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(exposed) parts of the merginal plants were next examined, and it
was found that all characters excert size of ranch leaves were
oonstant throughout the length of a stem, ard were the semes as in
the ocdmpletely sulmerged oentral plants. Branch leaves from the
lower perts of the stem were 2,5 - 3,1 mm. x 0.7 = 0.9 mm,, that is,
the ssme as those from the central stems, btut the upper tranches had
smaller leaves, 1.8 = 2,2 mm, X 0.6 = 0.7 ma,. This difference was
also shown by the sub-terminal leaves, which were 1.6 = 2.2 mm. long
in eentral and lower marginel stems, and 1.1 - 1.7 mm, long in upper
marginal stems, Width of terminal leaves in all samples was between
0e2 and 0. 4 mm, .

Several of the suliberged plants were cultivated in the laboratory
with the oomas 7 am. above water level., After two months the mean
inorease in length was 17 om, and 25 fascicles had been separated from
the coms in this time; Plate 7 shows the difference in habdt produced
hy the chaige of conditions. The oomas had become smaller, end the
plants were more slender and were green with no trace of rown
oolouration, Branches were thinner, btut were the same length as in
the original plant (1.5 « 2,0 om,), although they hed rather fewer
leaves (70 ocompared with 90 in original), Tips of Lranch leaves were
more recurved than before, and the stem cortex was slightly better
differentiated, but becsuse of the veriabdlity of this character,

any ohange in it cannot definitely be attrituted to change of
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conditions, Stem leaves showed a slight decrease in length, from
1.2 « 1e4 mm. in the 0ld to 1.0 - 1,2 mm, in the new; width remained
oconstent at 0.8 = 1.1 mm. s0 the new leaves were less isoacles-
triengular 4in shape, Branch leaf length and width had decreased as
was expecteds median leaves were 1.6 - 1.9 x 0.5 mm., after 2 months,
‘and 1,35 - 1.8 x 0.5 mm, after % months,

The ditch from which the originsl sample was taken was visited
agein in September 1996, The water was not as deep as previously
probably owing to the sccumulation of Sphagmm plants, including a

lot of 8, subsecuntum which was rapidly replacing the S, recurvum.

Samples were again taken of the ocompletely sulwmerged central plants
and the partly exposed merginal plants, Upper and lower ranches
of the former had leaves of the sams size as before, i,e. 2,9 = 37 x 0.8 =
0.9 mm,, bdut upper and lower ranches of marginal stems hed short
leaves within the range 1.9 « 2,2, X 0.5 = Os7 ma, (All messurement
data ere given in greater detail in Tabdle 36).

This difference from the previcus yesrts sample in which lower
leaves of marginal stems fell in the central stem range, can de
explained as followa, Branches of the marginal stems were differentiated
in the exposed comal tufts and therefcre had short leaves; Ly contimied
growth of the plants, the lower parts became sultmerged tut this could

not affect the already matured leaves, It must be assumed therefore
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that merginal plants of the earlier ssmple had become exposed only

a short time previocusly, as the lower ranches must obwiocusly have
been differentiated in sulmerged oomas, This assumption would fit
in with the observation that the pool was becoming shallower due to
ailding up bty dead plants; but the comperetively sudden change in
the earlier sample from sulmerged to exposed conditions may well have
been due to the exceptionally dry summer of 1955. It is interesting
to note that Ly June 1957, no open water was present in the ditch,

which was filled with S, subsecundum, most of the sulmerged S.recurvum

having disappesred. Some plants of 3,recurvum perasisting at the
edges were green and fairly robust tut did not differ in sany respect

from tyricsl non-aquatic S.recurvum,
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(iv) S.cuspidatum

The experiments with this species fall into two groups,
depending en whether the original samples were from subserged or
exposed habitats. In nearly all experiments using exposed
material, field and laboratery cultures were set up under submerged
and expesed oonditiens, the latter being in the nature eof centrels;
the submerged material was cultivated enly wmnder expesed ocenditions.
I% must be stated st the oeutset that the submerged indoor ocultures
were not really successful, as altheugh a methed was eventually found
in which the plants were still healthy and grewing after several
months, they then imvariably shewed a reductien in bramch length and
in number of leaves, the cemas were much smaller than before, mnd they
were obvieusly in a degenerste states Under such oenditiems wvalid
eomparisea between old4 snd new grewth ocould met be made,

It is interesting at this stage te desoride briefly the metheds
of submerged indeer sulture. Plants frea either submerged er expesed
habitats survived ne leager than twe menths when submerged in tap water,
even when this was changed regularly. Grewth was rapid at first, and
after a month, marked changes in habit were evident, as is shewn in
Plate 8. Thus the centres of the esmal tufts becams much smsller in
submerged plants, branches becsme less falcate, and bramch leaves tended
10 be meve spreading. Although tap water had ne adverse sffest ea |
expesed planis, it was theuwght that the high pH (8.8) might b
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responsible for the rapid death of sutmerged plants,

An experiment was set up using an exposed form of I, cuspidatum,

ssmples of which were submerged in betkers conteinming water of
varying p, This was altered guite essily, without introducing
undesiseble minerals or organic buffers, bty mixing fresh Sphagmum
peat with tap, distilled or rain water, A series of culture media
from pH 3,95 -« 8,8 was obtained and Table 37 gives the experimental
results, It is apparent that pli alons does not oontrol the hsalthy
growth of sphagmum, as plants becamo bleached and ceased to grow
after a fortnight in rain water (pit 7,0), whereas they grew for a
month in tap water (pH 8.8), The addition ef peat to rain er tap
water delayed death for another few weeks, but the only healthy plants
were growing in distilled water with ar without peat.

Similar numbers of fasciocles (44-45) were produced in 4 months
by stems in distilled water or in this with peat (not filtered), but
in the latter culture, the atems grew almost 10 om, more, This
was thought to be a result of reduction in light intensity due to the
mresence of peat which gave a dark btrown colour to the water, a

subse-uent experiment in which § different gatherings ef . cuspidatum

ware sulmerged in distilled water was disappointing, Only A ssmples
grew sufficiently in § months to produce 'new' fascicles, and two of
these were then bleached amd Ayings one of the remaining healthy

green sarples was ¢ the same material as used in the pH experiment,
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which suggests it was particularly robust or resistant to death by
submersion, However Iranch length hnd decrsased in this cultured
specimen from about 2,0 cm, to 1.2 cm,, and rumber cf lesves ver
tranch was reduced from 85 to 45; further investigation was therefore
abandoned,

Of the sucoessful experiments, those involving originally
submerged meteriel will be descrided first. It was sugpested bty
the §,recurvum experiments thet an acuatic enviroment caused an
increase in tranch leaf lengtht the reverse effect was demonatrated

ty cultivating sultmerged S, cuspidatum under exncsed field and

leboratory oonditions, Several field ssmples, although transnlanted

to wet (but not subtmerged) places where S,cuspidatum was already

established, were lost in the sumer ef 19%7, when such places were
completely dried up for several wecks, Flates 9 & 10 shows the
results of one indoor culture, in which the comal tufts have becomes
smaller and yet more compect and the tranch leaves are less spreading
than before; the whole effect is that the plant appeers less plumose,
In all these experiments, Mwanch leaves became snaller, width
decreasing as well as length, btut stem leaves were hardly affected,
Table 38 gives the dimension data in detail, & particularly interesting
feature being the ratio of length of median and terminal leaves.

In only one of the tixee original auplesdul.r,m;m end in

thilmoroxpomo.x.lmoedod!.r. In the two other samples,
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t..! - LT was positive in the originel, tut decreased under cultivation,
Other char:cter changes resulting from exposed conditions were a
decresse in branch loaf harder width in one samvle from 5-6 (-9) to
3.4, and an incresse in branch curvature, so that originslly straight
tranches were succeeded by falcste ones, Another important feature
was a decrease of leaf serrstion on exvosure, so that in one ‘caso.
median leaves were nc longer even slightly serrate, while ariginally
distinctly serrste terminsl le-ves were replaced Yy leaves with
rudimentary serration, Both this =»nd the change in Wranch curvature

h-ve an imvortant bearing on the status of varieties of S, cuspidatums

further evidence was gained from cultiv:tion of exposed samples under

subrerged conditions,
Altogether 6 samples under submerged conditions in the field

survived long enough to wroduce new growth, In all of them, the
fascicles beceme more distant, snd the comss smaller end leas compact,
even though comal tranches were the seme length as before, This
attenuation was most evident in cultures of originslly compact plants,
as illustrated in Flate 11, The reduction in size of the comal

tuft is interesting, and is presumsbly a result of rzpid elongation of
the stem, and separation of fascicles, 3lthough increszse in rate of
elongetion exceeds that of fascicle separ-tion as is shown by the
incrensed distunce between the fascicles (cbout 1 ome compared with

less than 0.5 cm. in tho original), Eventually a new ecuilibteium
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mist be reached Yy increasing the r-te of differentiation of
fascicles so thrt this e-uals rate of seperztion from the coma,
although the rumber of fascicles in a submerged comal tuft at any
time will then be less than in an exnosed plant, This 1des was
supnorted by compering numbers of fascicles dissected from comas of

submerged snd exposed specimens; submerged Serecurvum and S, cuspidatum

usuelly hed less than 16 differentiated tut {mmature fascicles whereas
exnosed plunts had 20-30 comel fescicles, Further evidence was

g>ined from experiments on one semple of exposed S, cuspidatum which

originally had 20-75 oomal fascicles, Exposed and submerged field
tronspl-nts of this m teriel after several months showed 20-28, and
9= 14 comal fascicles respectively.

Submerged plants ususlly became more plumose in armearance, becruse
the tranch leaves tended to be longer and more spreading (Flate 12),
snd for this reason, sulmerged leaves were rarely recurved when dry,
btut were: fre-uently undulate and twisted. The tendency to spresd
in an aquatic habitat was elso shown by the vendent twanches, which
usually became more like the horisontal branches in appesrance as
well as in position, In some cases the gendent branches became very
short or even disappeared altogether, the fascicles then consisting
of two or three similar spreading ranches, As noted in the indocr
cultures, fslcate branches seemed to be produced only in exposed
conditions; although falcate ranches were present to some extent in

all criginally exvosed samples, new lranches were straight in each
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of the § submerged cultures, Sinilarly an incresse in serration
of branch leaves was shown by the submerged caltures, Table 39
below summegises these changes with det-ils of exnosed controls for
commari son,

Table 39, Serration of tranch lenves in some submerged (S) amd
exposed (E) cultures of _.cuspidatum

oerrate leaves

Dite Sample _ __Median =~ Terminal
6456 crY Original B (+) (+)
357 () Indoor & - (+)
8.56 (a) Pleld S - (+)

110% (.) " (#) +
10. 56 (o) " 3 - .
10, 56 (4) "3 (4 .
57 (m) " 38 (+) +
6.%6 (01288 ¢ Originel &, - +
2,57 (b Indoor R - ()
6.57 (k) rield E - (+)
10. %6 () PMeld 3 - 4
4.57 (a) M™Meld 8 + +
€.56 cv Original E - -
4,57 (v) rield ] (4 +

— - -

pefore co.sidering the chunges in leaf size induced by
aquatic conditions, it is of interest to note that branch leaf
border width was increased by sulmersion, from 3-5 to 6-8 cells.

This variation, and its converse, seemed to be limited to

Secuspidatum; it was not obsexrved in 3,recurvunm,

Tahle 4C gives details of tranch leaf dimensions of several

cultures of one originally exposed s ecimen of 3, cuspidatum,

As expected, significant changes occurred only in the sutmerged
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cultures, in which after 10 months, branch leaves were more than
twice as long as in the original plants, Even after only four
months immersion, growth had been sufficient to nroduce 'new!
fascicles, and comparison of these with the 'serarated' fascicles

is interesting, Tius median leeves of separnted, new (A4 month)

»nd new (10 month) ranches show a gradual incresse in mean length
from 2,3 (as in originsl) to &0 to 6.6 mn; terminal leaves from the
sesme tranches however 3o not show any further increase in length after
the A month semple, the mean lengths corresponding with those given
above for medien leaves being 2.9, 5.0 and 5.0 mm, This suprvorts the
view mentioned on p. 123 with reference to S,recurvum, that as terminal
leaves sre differentisted later than median leaves within a comal
branch, they can respond earlier to changes in the enviromment. This

time lag effect is responsible for the large difference between Lll I*r

in the & and 10 month semples, (-1.1 and + 1,6 mm, respectively);
after A months the terminal leaves have increased encrmously, and
only after a few more months do the median leaves show a proportionate
increase. FPFurther reference to Table 40 indicutes that although leaf
width increases slightly on immeraion, the length/width proportion is
greatly incressed and is thus not a constant feature of even a single
specimen,

Exposed cultures in field and laboratory showed no significant

cha: ges in lesf length, except possibly a slight reduction in meximum
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length of terminal leaves (3.3 - 2.5 mm.) AlRNOlgh ranges of eld and
new were coincident; this reductien may have been dus e the new
oxpesed oenditiens being rsther mere dry than the eld exposed
oonditiems. Branch leaves are very sensitive to slight changes in
eavirenment as is shown by another set of experiments using a very
cempact form of S.ouspidatum. The general results were the same as
desoribed above, that is, elongation on submersien and me change in
the indoor exposed cultures, but the result of ene exposed field
sulture was pussling,

In this, mean length of mediasn bdranch leaves incressed te 2.9 mm.,
which was more than the erigimal (2.1 ms.) and separated (2.3 mm.) leaves
on the same planis, and alse mere thean the indoor expesed culture
(2.4 mm, )3 4% vas however belew the values of mean length in several
subserxged samplee (3.3, 3.5, 4.7 mme)s A pessible explanation is
that the new expesed site te which the sample was transferred was more
11iable te fleeding after rain than its eriginal habitat, and during
4be very wet summer of 1956, the plants may have deen immersed fer
censidershle perisds. This weuld alse explain the inorease in
serratiea of bransh leaves shewn by this sample (CIIm) (see Tadle 39,
p+133)e It 4s eceanvenient %o mentien here that inoreases in brameh
leaf length weze found te be dus te an inorease in number of oells.

Stem lesves shewed littls respease te change in envireament
exoept in ene submerged culture in whioch maximum leaf length was

inoreased from 1.5 te 1.9 mn.. Hoewever the ranges everlsp ‘e swoh



an extent that the variatien has ne significance.
It is ourious that ne siriking reductions in sise such as
eoccurred in indeer cultures of S.recurvum were recorded fer

S.cuspidatum altheugh actually nene ef the latter was oultivated for

a8 long as S.recurvims In some indeer experiments, an increase in
size was recorded fer S.cuspidatum. Thus & very small, oempaot,

exposed specimen with branches less than 0.6 ma. leng, and medisn and
terainal leaves 2.1 « 2.8 mn. and 2.4 = 2.6 mm. long respectively was

grown indoers in an expesed pesitien for 8 menths. New branches
were then 0.7 = Oul cm. long (leaves per branch censtant at 40), median

leaves 2.2 = 3.6 mm., and terminal leaves 2,1 « 3.5 mm. The fascioles
were alse mwh further spart after oultivatien.

Anether sample ef this specimen was immersed in a peel and showed
& sinilar respense. This particular specimen is interesting because
of its very small ocempact grewth ferm, which was thought te be due
te its habditate IV was grewing ea very shallew peat everlying the
odges of a low, flat boulder and the planis in seme places were
spreading ever the bare reck. Such small plants were found in several
siziler situatiens amd were very efiten ssseciated with Campylepus
strovizens. They ealy eccurred in lew lying flat begs which would
be almest always waterlogged, but even se, the plants en the reck itself
sust eften be dried in the summer. It is suggested that availadle
water and pessidbly mutrismts in sush situstiens are below the eptimm



for growth eof S.cuspidatua se that on transfer to mere faveurable
conditiens, such as & poel, er even an artificial indoor culture, the
plants show an inoressed vigour. Jost other field samples however
are taken from optimum or abeve optimum oonditions, se that em
cultivating them indoors where light and pessibly nutrients are belew
average, & decreased vigour is shown (as in S.recurvum cultures).

It is interesting te note that S.ouspidaium seeas o dry eut very
quickly. It does of course grew in places which remain wet after
others have dried up, but in cases of severe drought, it certainly
becomes ocmpletely desiccated in & very short time. This is possibly
because of its leosely tufted habit as the denser S.recurvum dees net
lese water as quickly, but the rapid desiocation ef the Cuspidata
generally is for the mest part due to the lack of pores in their
leaves, hummocks ef S.papillesum (Group Cymbifelis), being quite
moist even en the surface after several weeks without rein. S.cuspidatum
dees hewever, show a remarkable recovery after desicattien as indeed
all Sphagna de. A poel whieh had desn dry fer eight weeks in the
summer of 1955 and in which the S,ouspidstum has fermed a hard dry,
bleached mat en the bottem, was filled again with healthy grewing plants
by October. Even though the uppermest expesed planis may die, the
plants wndernsath remain green snd meisi, and under favourable oenditisns
new sheets are predwsed frea old stems.
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(v) Discussien

Thers seems to be ne doubt that S.ouspidatum and S.recurvua
are suffioiently distinot te be ranked as species. Charaoters such as
type of stem oortex differentiation and fibrillosity of stea leaves
seea to be constant under different environmental conditions and as they
alse show discontinuous variation they are useful in diagnosis. Sise
of stem leaves is aleo a fairly reliable character, as leaves in

S.ouspidatum are always isesceles, and usually more than one and s

half times as long as bread,

The ocharacter ¢f brewn (er red) branch bases seems te be constant
in S.ouspidatwm. All freshly oellected samples, and all but a few
of the herbarium specimens exsmined had brewn branches; the absence ef
oeleur in eld dried speoimens is met surprising. Certain ef the indeer
submerged cultures of this species did not retain the brewn celouratiea

in the new branches, but shis was prebably a result ef the peoculiar
oesnditions which preduced rapid grewth in peer light. However, the
discevery of several red branched specimens of S.reourvum, partioularly
subsp. amblyphyllum (see Chapter 9), hes reduced the valus of this
character for separating S,ouspidatua frem S.yecurvum, altheugh branches
of the former tend te be brewn, net red er pink, the pigment usually
being restricted te the preximal 1-2 mm. of the branch, This is an
exsmple of & character being of almest universal ocourrence within ene
taxom, yet ecourring ecoossionally in ether taxa; sizilarly distributed
characters are the cemstant brewn branches snd five-ranked leaves ef
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Sepulchrum, each of these fertures being cresent in sime S.recurvum
nlants,

although the -uentitrtive dota discussed in the laat part of
Chapter 6 sugvested that trrnch lesf dimensions snd “ro ortions might
be of diagnostic velue, the culture ex~eriments hrve shown these
choracters to be grestly influenced by environment, *easurement of

leaves of seversl S,cusnidatum sammles tnken since the nreliminsry

atudies showed that terminrl leaves were not longecr than median lesves
in the majority of cases, 'lthough they were ususlly nearly the same
length, Thus slthough terminal exceeds median le:rf length orly in

3,cusnidatum es far as is knmm,(in suatic cultures of S, recurvum

median leaves were still longer thon terwinsl lenves), in fact that
medirn leaves 2re longer than tcrmin~l dces not necessarily indicate
S.recurvum ,

Leaf nrorartion varies with leaf lenvth, and so nromortion is
a cherscter of ne:l&hor more nr less disgnostic volue than absnlute
length, The letter has # limited use when considered in conjunction

with other chearncters, so that a nlant with median tranch leanves more

thsn 3 mm, long is more likely tc belong to S,cusnidatum than 5, recurvum
(S.f=1lax 1s discussed in Chnnter 8)e Although a uatic cultivation

of d.recurvum vroduced lesvea in the length range of i, cuspidatum

(T ble 35 and . 122) it must be nointed out that this was & comnrrison

between anuatic y,recurvum nnd exnosed S,cuspidatum; within any one

hrbitat S, cuspidatum will fnvariably be found to hrve lonpger leaves
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then 3,recurvum .,

There is no evidence from these results for recognising varieties

of 3,cusnidetum, aa size, serration of lesves rnd brsach nosition and

curvature have been fourd to be controlled by environment, Some
further work on leaf serration would be ndvisasble to see if »11

non=gerrate nlsnta cculd h ve serration induced by submersion,



CHAPTER 8

S.fallax

(1) Preliminary observations

During an investigation in Octeber 1955 en a small oircular peel
in the blanket beg mentiened previously (p.16) seme plants showing
several S.fallax charsoters were discovered. The pool was surrounded
by S.recurvum, S.cuspidatum was deminant in ithe cenire, and in erder
to find eut what distance from the edge the latier replaced S,.recurvum,
a transect 70 om. leng and 3 om. bread was taken along a radius.

Starting froa the margin, this strip was divided into 14 samples each

S ome leng, which were then examined macroscopically, and divided inte
S.recurvus and S.cuspidatum, the latter being identified by its "spikyy
sppearsace due te the leug brauch leaves. Samples 6-12, which
osusisted of beth species, were diffioult te determine, and eon
niorosoepic examinatiem it was foumd that all plants in the S.ouspidatum
seoctions of these samples were net alike. Some had a peerly defined
stem cortex and shorter, less fibrillose, stem-leaves, although their
branch leaves were very leng; they were tentatively assigned te

S,fallax. It was fownd pessible te separate thea frea S,ouspidatum
plants as the latter shewed s brewn celeuratisn of the bramch-bases.

(“0 )o“)o
Several stea leaves were taken frea all S.cuspidstum samples,
snd frem all "nen-S,cuspidatwe” (i.e. S.recurvum and S,fallsx) samples.

There was seme evidence that in the latter grewp, length of stem leaf
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and degree of fibrillosity inoreased along the transect, that is
frem expesed to submerged oenditions, bdut even the imnermost
samples differed frem the S.cuspidatum in these respects. It is
very wnlikely that all "mon-S,ouspidatum” samples in this
investigation wera of commen erigin, and thus the evidence is far
from oencl.sive for a gradual change frem S.recurvum te S.fallax

with inorcased submergence. Hewever, it is mentioned here because
the characters invelved, increase in branch leaf length, stem leaf
sise and fibrillosity, were later investigsted by oultivating

Serecurvum in water.
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(1i) Detailed study of one snecimen from
Ethie Vood, Artroath
In November 1956, Mias U, K, Duncan obteined for me a fresh
specimen of a plant identified a few years ago by A. Thompson as
S.fallax . The plants were growing in a small nocl in a birch
wood, their comas just lreaking the surface of the water, The

general appesarance was very like S,cuspidatum as the leaves,

particulerly of the upner tranches, were very long, Some plents
were cultivated in the laboratory and some in an exposed {i.e, none
submerged) nogition in a S,recurvum community; other stems were
examined in detail and the results of these investigations will now

be described,

(2) Examination of freah specimen

Leaves in the tranches of the upper 5 cm, of stem were .reen
and fairly long; the fascicles were distent. About 7 or 8 cm, from
the coma, the fascicles were more compacted, and the leaves, which
were bleached of chlorovhyll, seemed shorter than those in the unper
tranches, Dimensionsof leeves from branches from these two regions

of one stem are given below:-

Distance of spreading Dimensionsof median Length of sub-terminal

branch from coma leaves leaves (9 ¢ 10) .
. mn, — Lmme
2 2,83 x 0.6 1.98
2.88 x 0.6 2,07
8 1.80 x 0o 6 1,39
1.84 x 0.6 1. 40

The shorter leaves and closely compacted fascicles of this region
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suggest that it was formed under conditions different fram those
preveiling when the snecimen was pathered, t#iss Duncan informed me
that the pool often dries up in the swmer; this alternstion of
submergence and exposure could exvlain the different growth forms,
Median and terminal leaves fran every fascicle were removed from
each of two stems, The pattern of variaticn in leaf length down
the stem was similar for both stems, and in the longer stem (13 cm,)
mean leaf length increased from about the 1C cm, level i,e, beyond
the 6-9 cm., compact region with shorter leaves, (Fig.21), This

variation closely resembles that deacribed esrliier for a sample of

Se cuspidatum, (p. 14 And Fig, 2

A further five stems were selected and leaf samples taken from
tranches at 1.5, 5.Cs 640, 8¢5, 10s5, 13.C cms from the come, to see
if the pattern of variation was conatant, In actual fact, there were
no stems longer than 1C,5 cne and so the suspected i.crease in leaf
length beyond this point oould unfortunately not be confirmed, The
changes in leaf lengzth up to this point were similer in all seven
stems, even though the sample was small, An interesting feature
shown by five out of the seven stems, and illuatrated in Fiz,21 was
the sharp decrense in lensth (to 1¢35 = 1.7 mms) shown by medien
leaves ebout 5-6 am, from the coms, sc that in branches fr m this

regio’, terminal leaf length often exceeded median leaf length, On
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examining these branches the £ or 7 mediesn leaves were found to be
shorter than leaves on either side of them; they were not antheridial
leaves, end it is difficult to exnlain why they should be so short.
However, btra.ches beyond about 6 cm, showed normal leaf spectra,

and the enomaly at 5-4 cm, does not alter the general patiern of
varietion in leaf length, It should be mentioned here that leaf
width remained more or less constant at Q.55 - Ce7 mm,, the most
important variation being in length ( 3 mn, at 1 cn,, 2 mm, at 8 om,,
2,7 mm, at 13 om,),

Nextvthe stem leaves were examined to see if any camparnble
changes in size occurred, One leaf was removed from each inter-
fascicular stem pcrtion, i.,e. every fourth leaf., Length and width
were noted and also presence of fitrils, using the folliowing notations -

4 well developed fibrils in apical part of leaf
3  4=10 cells with well-develoned fitrils
2 a few cells with poorly-develoved filrils

1 rudimentsry fitrils appearing as projections of the
lateral walls of the hyaline cells

0 no fibrils
Values of leaf length for one stem are shown in Fig, 22 (s). Zven
allowing for the smaller size of stem leaves and hence their lower
variahility, there is slight evidence that leaves of the compact

region of the stem (fasciclea 15 +) ere aip. f cantly shorter thsn

the urner iweaves,



Fxamination of six other stems, taking one lesf from every
fifth interfascicular region, 4id not show any significance
variations within any one stem, and, varadoxically, in the longest
stem, leaves in the central, comnact region were longer than those
either in the upprer region or in the lower region of long lranch
leaves, Mean lengths of lesves from commarable nositions on the
7 stems are given in Teble 41, which also shows the "fikril index"
of each leaf, It does seem from Fig, 22 (b) as though the lower
leaves are less fibrillose thean the upper leaves within that particular
sten, Tsble 41 confirms this for A of the other § stems, btut sgain
in the longest stem (no.2), all leaves are fihrillose,

It is difficult to draw any reliable conclusions from these
investigations, and it is doubtful whether collection of additionsl
data from other atems would elucidate the problem further, I think
it is reasonable to assume that the alternation of compact and diffuse
regions with short and long branch leaves respectively is due to a
change from an exposed to a subtmerged, or at least, partly inmersed,
condition, tut the influence of these supposed conditions on the stem
leaves is far from clear,

(b) Experimental cultivetion

e ot s

Both cultures were set up in ovember and after 4 months, mean

increase in length was 1.8 cme in the field sample, and 7.6 cm, in

the iadoor culture; during the next three months mean length
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increments were 3,5 cm. and 9.4 cm. respectively, showing that
mrowth rate in the field is slower than indoors particularly during
the winter, Samnles were taken in July 1957, the field sample
having about 4 new fascicles, and the indoor sample about 25,

Both cultures hed sltered in aprearance after only four months
growth in the new exposed conditions, All plants were a lighter
green colour, the comas were compect and comosed of a large number
of unseparated fascicles and branches were more rigid. Branch
leaves were shorter and less spreading, and particularly in the
field samnle were distinctly recurved when dxy, Measurement of
branch leaves showed that mean width hed decreased from C.7 to 0.5 mm,
in both cultures, tut mean length had decreased more in the field
than in the indoor sample; Table 42 below shows however that lengths
of ell new median and terminal leaves fall within the range of
length of normal exrtosed $,recurvum leaves,

Table 42, Branch leaf measurement date from exposed cultures of

originally submerged S, fallax L L
M T
Date Sample LM.LT lww mn, .
MEne ¥ mean range mean range
11,56 Original  + 1.2 445 3,2 4,05 - 2,6 2.0 2,9~ 1.65
7057 Indoor + 0.6 505 1065 2015 - 1“5 1.0 1.2 - 0:;

7.57 PFeld $ 0.6 2.8 1,4 1.8- 1.3 0e8 1ol = 0,6
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Branches were longer in the indoor culture (1.2 - 2,0 cm., &s in

the original) comnared with 1.2 - 1.5 cme in the field culture,

ut this is nresumably the effect of noor light, rather than an

intrinsic characteristic,

After 7 months cultivation, stem leaves of neither the indoor

nor the field sample showed any epureciable change in size or

fitrillosity, ut 2fter a further 2 months, the field culture had

produced mach shorter and less filrillose leaves,

Table 4% below

gives vaelues of length, length-width and filtril index (see v, (4 ¥%)

for both old and new stem leaves of the 9-month sample,

This

shows that the change actually occcurred within individual steums,

and was not a result of the sampling method,

Table 43, Stem leaf data from expcsed cultures of originally
sutmerged S,fallax
Date sSample Pitril Mean dimensions Range of L - W
11, 56 Criginal A 1.° X 07 Ce7 = 0e35
T 57 Indoor A lel x Ce? 05 = 03
7. 57 Field 4 1.2 x Ge6 0e79 = Co5
9. 57 Inddor (old 4 1.25 x 0.55 CeB = 0. 45
(new A 1.0 X C.6 05 = 0s25
9. 57 reld (old 4 1.2 xC?7 Ce7 = 035
(new 2 0.8 X Cs? 02 = 0,05

Little significance can be attached to the slight reduction in

size of stem leaves from the indoor culture as the range of 1~i for
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new leaves overlanps with the range for old leaves of the same stem

and for leaves of the original snecimen, In addition, the minirum

value of L-W (1 .75 mm,) is higher than the minimo: recorded for all
S.recurvum caltures (C.l mm,)s The result of the field culture is

more important as here a significant change in size,shape and fitrillosity
of leaves has been demonstrated, In all cases, len:th-width of new
leaves was lesa thsn the minimum value recorded for old leaves from

the same atems, the change in shape being due to & decrease in length
rather than in width,

It seems strange that this change ;h'uld not take place until
the eighth and ninth months after tra splanting, tut growth in the
field was slow at first and when the first sample was e amined in July,
only & new fascicles had been produced and vresumably the then uppermost
stem leaves had been differentiated before transplentstion, This
would explain the comparidtively sudden arpearance of leaves which had
been influenced hy the new exncsed environment,

It is harder to explain why no sinmdler changes in the stem lesaves
occurred in the indoor culture, which already had 25 new fascicles Yy
July. Unfortunately this experiment could not be repested because
of lack of meterial, and though far from conclusive, it does show that
changes in size, shepe and filrillosity of stem leaves can occur,

Also there is a strong suggestion that these characters are influenced
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by the enviromment vrevailing during the very esrly stages of

d4 fferentiation of the stem lesves, which are later unaffected hy

subge~uent habitat changes.
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(1i1) Discussion

As branch leaf size ond curvature have been shown to be a direct
result of nresence or absence of water, there are at most two
characters which can be used to senarate this taxon from S.recurvun;
isosceles and fihrillose stem leaves, Meti ther of these is very
satisfeotory for four reasonss -

(1) Many nlants with emuilateral-triangulsr leaves

(I~V (Os? mn,) heve ftbrils,
(i1) a decision on degree of filrillosity is somewhat subjective,
(1i1) the division intc esutlateral- and isnsceles - trissomler
leaves 13 erbitrery, as contimious varietion in shape occurs,
and (iv) one exneriment sugrested that growth in a aon-submerged
hobitatl resulted in decrease in length of leaf with a
conse~uent trend from isosceles to etuilaterdl - triznguler
shepe, and a decresse ia number of filrillose hyaline cells,

These reasons srjue that S.fallax should not be distinguished from
S.recurvum, even as a variety, but a¢-inast them muat be set certain
facts, Thus not all naturally sulmerged S.recurvum plants have more
jisonceles or filrillcse stem leaves than naturally exposed .nes, and
in cultivation e reriments with S.recurvum, submersion did ribt leed
to an increase in size or a shange in shape or filrillosity, so there

is a posszibility that these cheracters sre genetically controlled,



This work has thrown some light on the nroblem of the status of

S.frllax but the suthor sugzests that until more culture work

hes been done, it would be advisable to recognise only a single

taxon, S.recurvul .
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CHAPTER 9

Se ami?l pphyllum

(1)  Investigation of herberium specimens of S.recurvum vS.1gtqn

The nuestion of the existence of this taxon is closely connected
with the rather heterogeneous nature of Group IiJ ss defined in the
cheracter analysis (Chevter 5, (i11)) The shane of stem-leaves
seems to be almoat constant, if the method of sampling described on
Pf6 is adhered th, that is, for the majority of stems, all young
stem leaves are obtuse, or all sre scute. C(ne or two stems with
young obtuse lesves were further exsmined by dissection of the comal
tuft, and in all cases, the stem leaves un to the base of the arical
"ud" (where treach rudiments sre very smell) were also obtuse., It
will be remembered that this character carrelated only with
undifferecatiated stem cortex, which is varieble within Grour III, and
80 the poasibility of correlation with larese apicel pores on the
leaves of the pendent tranches wes next investigated,

Gams (1957) emphasises these characiers as distineuishing

Serecurvum subspp, amblyphyllum and angustifolium from subsp,

mucronatum which has scute stem leaves and small aoicsl nores.
The two former subspecies are sepersted from each other on ahane
of stem lesnves, and size of lranch leaves, Now as Andrews' var,

tenue corresmonds in nart to subsn, angustifolium, the latter would
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expected to have small non-undulate btranch leaves, but the

. be
character of undulation is not mentioned by Gams, Gams! use

of stem leaf shape also seems rather doubtful as he gives comparable

size ranges for the two taxa (0.4 = 0,8 mm. in ssp. angustifolium

and up to 1 mm, in ssp. amblyphyllum (1957, p.84) whereas the main

difference in shape of the leaves in his illustration (p.82, figs,24,25)

is due to the much greater length of ssp. amblyphyllum leaf, The

present author suggests that similar sized leaves of both taxa would
be indistinguishable on the basis of leaf-shape, Again, as mentioned
on peiti of this thesis, none of the obtuse leaves of scored specimens
was strictly lingulate, but all showed a somewhat triangulsr cutline.

It is extremely interesting to note that in the analysis of
Group II1 specimens (Table 29) red tranch bases correlated with
non-undulate leaves; the farmer character is given bty Gems for
subsp. angustifolium, and the latter by Andrews' for var, 1 e,
It was decided to investigate Group I1I specimens aghin for the
following characters: -

(1) Shape of stem leaves (length - width)

(11) Size of stem leaves (length)

(111) Size of median branch leaves (length)

(1v) Presence of large apical pores on the outer side
of leaves of the pendent hranches
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¥ith regard to the last character, & few preliminary
investigations were made, and it was found that there were two
types of large apical pores, In many cases, the pores were
rounded but larger than corresponding pores in the spreading
branch leaves (8«12 in pendent, / 8 « in spreading), but in
other samples, the pores in the pendent ranches were much
lerger (12-1€.) and were oval to irreguler in outline; this
latter type was scored as apical "gaps", which often coincided with
smaller pores on the upper leaf surface so that complete perforation
of the leaf resulted, (Three minutes staining in 1{ aquecus crystal
violet was adequate to show up all types of pores),
The following characters were then analysed for correlationsi-
(1) More than 7/10 young stem lesves obtuse

(1i) Pibrils present in stem leaves (even alightly
filrillose (+) leaves were scored as "Fitrils present";
Fearnsides (1928) indicates fitrils in S.angustifolium

leaves.)
(1ii) BPBranch beses red or pink

(iv)  Branch leaves not undulate (including very
slightly undulate leaves)

(v) Apical "gaps® on lower side of pendent tranch leaves
(vi) Large apical pores on lower side of pendent branch leaves
Significant positive correlations were shown as followss-

p £ 0.01 Obtuse leaves with spical gaps
P £ 0,05 Red tranch bases with obtuse leaves,
non-undvlate branch leaves,

and apical gaps.
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Thus Gams® view of the existence of a taxon (or taxa) characterised
Ly obtuse stem-leaves and large apical gaps seems to be confirmed
by these results, FPFilrillose stem leaves and large apical pores
(not gaps) do not however show any correletions and it remains to \»
seen whether it is possible to distinguish two taxa within the
obtuse leaved specimens, Of the 81 uroup IJI svecimens, 26 hed
obtuse leaves and apical gaps, and 8 of these alsc had red ranch
bases.

Next, 5 stem leaves from each of the 81 specimens were
measured and shape expressed as (length-width) as before.
Table 44, below, shows the distributions of values within four
sub-groups distinguished on variocus combinations of the three
intercorrelated characters listed above,

Table AA, #requency distribution of mean values of length -
width (mm,) for stem leaf samples of Group III specimens

Characters of
specimens  7O.A ' Os3=0e 4| 00 2~00 3| Cs1=0,2 L 0s1 ]| Total
| _3 | | rumber
’ r 5 of
} . __specimens
Acute stem j 5 1
leaves 1 6 18 | 18 1. M
Obtuse stem | | S
leaves i
(1) Arfcal gaps : : | f
(11) Geps present : 2 7 | 7 2 18
(111) Gaps and red ‘ | é
tranches
present 1 6 1| 8
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The ranges of leaf shape overlap considerably, all sub-groups
showing peaks at 0.1 = 0.3 mm,.. In the sub-group cheracteriged
by obtuse leaves, apical gaps and red Wranches, 7 of the 8
specimens have leaves less than (0,2 mm. longer than troad. All
specimens were then scored as followss-

Mean leaf Iength - width £ 0,2 mm, (shape 1) +
LI " "  70.2 mm. (shape 2) -
and associations between this and other characters were tested
for in the usual way. A positive carrelation (p L 0.05) was

shown with red ranch beses which accords with Gams'! definition

of subsp. sngustifolium, but this single correlation is
insufficient for the farmation of a separate taxon, Agein,

the fact that red Wranches correlate with obtuse leaves and apicel
gaps, which are given by Gams as characteristic of both subspp.
angustifolium and amblyphyllum, suggests that red tranches may
not be confined to the férmer subspecies. ‘ithin the 28 obtuse
leaved specimens with avical gaps, "shape 1" leaves correlated with
non-undulate hranch leaves, but not with red tranches, There are
slight indications of a taxon with some characters of Gems®' subsp.

angustifolium and some of Andrews'! var, termue, but much more evidence

is required,
Absolute lengths of stem leaves showed comparable variability

so that ranges of the sub-groups coincided as before; none of the

samples had leaves less than 0,7 mm. long, and all but one had

a mean length of over 0.8 mm,
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Branch leaf length of Group ITI snecimens was ne t investigated,
Two median leaves were taken from one tranch from each of five stems
per ssmple, All 28 specimena with obtuse stem leaves and apical
gaps were sampled, together with 13 specimens with only one or nsither
of these characters, Further data were taken from 15 acute-leaved

S.recurvum svecimens already examined in the 3,recurvum - S,pulchrum

investigation (Chanter 4), Table 45 below shows the distribution

of sample means,

Table A5, Fredquency distribution of meen lengths (mm,)
of btrench leaves within various sub-groups of S.recurvum

Characters of i ‘
specimens 1.1-1.2 1.3 l.4 1.5 1.6 1.71.8129 2.0 21 5.2.
34

I Acute stem
leaves 1l 5 5 7 1 5 2 1 1

I1I Obtuse
leaves and
apical gaps
(1) Red
teranches
absent 1 1 1 4 é 3 1.1

(11) Red
tranches ‘ ; f
present T 3 3. . & |

: | i ' ; !

There 1a scme evidence that plants with amall atem leaves
(see Table 44) tend to have small tranch leaves, hut as both these
characters sre likely to be similarly affected hy environment2l
factors, no taxonomic significence can be attached to the association,

The continuous distribution of sample means of branch leaf length
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is significant, becsuse the ranges of length within samnles of
comparable leaves overlap even more, and it is impoasible to
separate the samples into distinct groups on the basis of this
character,

A comparison of these figures with those given Ly Gems is not
strictly valid, because of the difference in sampling technique,
tut a similar distribution curve would be exvected. Perhaps some
ocmparison can be maie however, as Gams gives 1-3 mm, for subsp,
mcronatum (including the of'ten longer-leaved S,fallex) which
aocords well with sub-group I (Teble 45, & = 1.2 = 3,6 mm.), and

similerly the range given for subsp., smblyphyllum, 1,2 = 1.8 mm,,

corresnonds with 1.1 -« 2,0 sm., in sub-group IT (i). The moat
important evidenoe arising from this is that there are no specimens
ocorresponding with subsp. angustifolium (L = 0.8 « 1.2 mmn,) All
specimens showing the other correleted characters given bty GCams for
this taxon i.e. obtuse, small stem leaves, large apical pores (only
the largest "gaps” according to the present author) and red branches,
have tranch leaves 1.2 - 1.7 mm, long and therefore cannot be separated
on this character from other specimens of S,recurvum,

Thua altho gh the results suggest the presence of a taxon
characterised by obtuse stem leaves and large apical geps, there
is no justification for the distinotion within this of a taxon whose

members have very small teanch lenves,
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(11) Investigation and cultivation of field samples
These results were supplemented by field investigations and
examination of fresh and cultivated plants, In November 1956,
the author discovered three separate tufts of S.recurvum showing
red Wranches, end in addition several plants in each tuft had red
atems, The pigmentation occurred in large irregular petches about
2 -5 ome long in these stems, which were the normal green colour
elsewhere, but the appearance was unlike that of young 3.pulchrum
plants, in which the upper parts of the stems are often rreenish,
only becoming pigmented with age, The irregular nature of the
red patches and the fact that they were not universally rresent
sugeested some relationship to growth rate and envirommental
conditions as the investigations of Paton and Goodmen (1955) have
shown for S.nemoreum, The tufts were removed to the labaratory
for experimental cultivation and were first examined microscopically.
fwo of the tufts were alike in the following respectss=
All tranch beses red
Some stems red
Cortex undifferentiated

Stem shave 1( L « WL 0.2 mm,) and short ( L £{1.0 mm,)
leaves feebly filrillose

Pendent bteranch leaves with large apical gaps

{ obtuse (including those dissected from the coma)

They were from different habitats and differed in appearance, The

tuft from a large exposed Sphagmm carpet (1) consisted of rather
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campact plants with orange-iwrown comas; that from a shaded place

among Juncus effusus (2) was composed of taller green plants with

more distant fascicles. Tuft (3) was from a similar habitat to
tuft (1) end resembled it in appearance tut had only a few red stems.
On microscopic examination, plants of tuft (3) weres found to have the
following characters:-

All branch bases red

Cortex undifferentiated

Sten loavonﬂ acute (including comal leaves)

/ shape 2 and short (L<{ 1.1 mm, )
(_ fesbly filrillose
No spical gaps.

This simple investigation showed (a) that obtuse stem leaves are
correlated with apical gaps, and (b) that red ranch bases are not
confined to obtuse-leaved plants.

Tufts (2) and (3) were grown for 6 months in the laboratory
and were then re-examined; plants of the latter hsd become greener,
though still showing a few trownigsh comas, and the fascicles were
as distant as tuft (2) fascicles, None of the new stem growth was
red, and of six stems of () examined in detail, three no longer had
red Ixranch bases, New stem leaves were even leas filxillose than
the old ones, ut were still obtuse in (2) and acute in (3). Stem
leaves of (2) within each of the 6 stems studied, showed a slight

increase in (L~-W), which was due to a decrease in width rather than

t0 an increase in length,
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One stem of tuft (2) provided good evidenoce that obtuse stem
leaves d¢ not coour solely by chance or through ercsion of asute
leaves. During the period of cultivation the original apical cell
of this stem had been killed by scme means, grovyth hid ceased, and
the comal brenches were dying. As oftem happens in similar cases
under natural conditiens, a new shoot was produced from the stem Jmst
below the dying cama, and after a few months was about 5 om, long.
Now all the leaves snd branches on this shoot had been differentiated
under the conditions of cultivation, which were oonshnt, se that any
changes within the shoot mmst be intrinsic and not amused by the
enviromment. One stem leef from eeach interfascioular stem portiom
was removed snd measured and the degree of fibrillosity and shape of
apex were noted. After a few very short, cucullate,fibrillcse
leaves at the extreme base of the shoot there was a gredual change
in leaf size and shape to the cama. These changes are summarised in
Table 46 which shows that the first-formed large, acute, fibrillose
stem leaves which resemble brench leaves are in faot a Juvenile type,
and after sbout 10 rudimentary fascicles, they ave replaced by
typiesl shert, obtuse, scarcely fibrillose leaves, It is of interest
t0 note that red brenches firet appeared in the thirteenth fascicle
fren the bese, that is, just befere the appearanse of obtuse stem
leaves.

Because the charecter of red hrenshes sacicurted in both acute

and ebtusenicaved plants, and wvas not constant mder cul tivation, ne
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importance was attached to it during this small investigetion,
The primery aim was to see if plants under similar conditions
contimied to produce only acute or obtuse leaves, and this seems to
be confirmed, However, after Gams cited the red brench charocter

for the distinction of subsp., angustifolium smong the obtuse-leaved

plants, it seemed important to investigate this further,

Ten samples of S.recurvum showing red brsanches were collected
from a single area, each sample being separated from the next by a
distance of at least 20 yards, Even in the field it was eaay to
see that very few tufts, each of which was taken from the centre of
a large uniform clump, were actually homogeneous as regards the single
character of red tranchea, Unfortunately, all the red.tranched
specimens seemed to grow in rather dry situationp where growth is
slow and disintegration fairly rapid, so that stems showing more than
one “dichotomy" were not found, Thus witiin a ftuft {t was impossible
to be sure of the common origin of all but a few stems, and so
genetiocsl heterogeneity could not be disproved. Of the ten samples,
only four were found to oonsist entirely of red-iranched plants; all
the others oconsisted of red-tranched stems mixed with completely green
plants, and the stems were divided into two groups on this character,
The red-btranched plants sppeared rather more delicate than the green
plants, and had smaller comas which were a yellowish colour, nrobably
due to the red coclouration showing through the green leaves,

All samples were scored for several characters, and it was soon
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evident as before that red hranches were not confined to obtuse
leaved plents, and that leaves on a single stem were elther a1l
obtuse or sll acute, From 10 samnles a total of A6 stems with
red tranches were examined, Of these, only 31 stems hed obtuse
leaves, and only 26 of these alsc had a~icel gers in the nendent
ranch lezves, Some of the obtuse leaved atems had l-rge apical
pores, not geps, but the difference betwecn small and Inrge pores is
so slight and the change so grzdusl, that it is difficult to define
objectively, and is therefore of little taxcnomic value, Fitrils
were confined to ocvtuse stem leaves but were not always nroseat,
There was scae evidence that rede-hranched plants with obtuse leaves
and apical gaps had shorter stem leaves than other stems (u.8 mm,
comnared with C.95 mm,) the lesves often being somewhat wrosder than
longer, Howover, all leaves sampled were "shape 1", that i{s less
than U, 2 mm, longer than broad,

All btranch leaves were undulate, end length showed no correlations
with stem leaf size and shape or apical gaps. feans of length,
(10 median leaves per sample), fell within the limits 1,33 = 1,62 mm,
exoept for one sample with mean of 1.15 mm,, which was en acute
leaved specimen without apicel gaps and red branches; this aa before

is & strong srgument for recognising at most two taxa within these

specimens,
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A specimen fran e hoggy wood near Reacobie Loch, Angus, identified

bty Miss Duncan as S, amblyphyllum was cultivated in the laboratory

and alsoc among S.recurvum near Bethesda, All stems had obtuse
leaves, including those dissscted from the comas, and some were
fecbly fitrillose, Mony urper tranches of the fresh smecimen hed
faintly pink beses, but the predominant cclour was green, After

9 months cultivation, both samples had new fascicles; plants were
green, but red branches were present cnly in the fNeld culture, and
even in this, the pigmeatation was very faint, Lencth of median
ranch leaves of the indoor culture was the same as in the original
specimen (1.1 - 1.5 mme ) but new branch leaves of the field culture
showed an increase in length (1.3 = 2,0 mm.)e This may have been a
result of the new exposed habitat being wetter than the originel
habitat, Stem lenves were all obtuse end the same aize as before,
all were less than 0.2 mm, longer than Iroad, snd meost of them were
slightly fitrillose, Large arical geps occurred ii pendent hranch

leaves of old and new @ascicles of the five gampled stems,
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(411) Discussion

The results described in this chenter seem to indicate the

existence of more than ocne taxon within S,recurvum , the principle
-

diegnostic character being shane of atem leaf snex, This is acute
or obtuse, with very rare occurrence of intermediete shapes, which are
almost always nroduced by abrasion of leaves which are acute when
young, Fxamination of young comsl leaves and cultivation of acute
and obtuse-lesved stems has shown that shepe of apex remains constant,
and this must be a2 genetically controlled cherscter, This ia
supported by the natural oocurrence of both types of plant intermixed
in the same tuft. The assooiation of this character with others
presents more difffculty. Thus red Wranches, although showing a strong
correlation with obtuse leaves, also ocour in acute-leaved plants and
are not always oconstant under different conditions of cultivation,
Again obtuse leaves are nearly alweys slightly filrillose, but fileils
occur quite often in acute leaves, Obtuse leaved stems usially but
not always have pendent tranch leaves with apical gaps tut these
sometimes oocur in acute leaved stems,

All the plants examined during this work cesn be placed in one of
two divisions of S,recurvum, one with obtuse stem leaves, usually with
apical gaps in the pendent ranch leaves, and of'ten with red twanches,

or the other with acute stem leaves, and usually without apical gaps

snd red tranches. These corresrond with subspp, amblyphyllum and

mucronatun respectively. 3Size ranges of stem and Wwranch leaves of
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both these subspecies are almost identical except that larger leaved
plants usually belong to subap.mucronatun, However the size ranges
overlap sufTiciently for these characters to be of no use for
seperating the taxa,

There is no evidence frcm these results of the occurrence of a

taxon charescterised by small tranch leaves, i.e, subsp, angustifolium,

None=undulation of trench leeves, given by Andrewe us a diagnostic
character for var,terme, is a variable chsrscter difficult to define
cbjectively, and the present suthor tent:tively sugwests that for
mechonicel reasens it is correlated with size of lesves, The rresent
work has shown that branch lesf size 18 n t necessarily correlated with
stem leaf size, as plants which have smell short stem leaves, with
width equalling or exceeding iength (given by Gems as diagnostic of
subsp, angustifolium) usually have branch leaves more then 1.2 mm,
long, which is in the range of leaf length of the other subspecies.,
There ias little ecological infcermation about the occurrence of

these taxa in Rritain, Osveld (1949) states that S,anpustifolium

48 common in the wooded raised mosses of Eastern Purope with

Ledum palustre,and S.magellenicum, end as this type of bog is absent

in Britain, perheps S,ongustifolium is rare because of lack of

suit-ble habitets, Oavald also remarks that this snecies occurs

sometimes in the bottom layer of blanket bogs, with 3, spiculatum and
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S.plumlosum , kriophorum angustifolium and Juncus effusus forming

the field layer, The present author hss found subsv, mucronatum

and gubsp, amblyphyllum growing together in blanket bog with J.effusus

in the field layer, tut as mentioned ebove, no plants corres onding

with subsn, angustifolium have besen found at all.
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GENERAL CONCLUSIQNS

As &iscussions of the value and interpretation of experimental
results have been included in the relevant chapters of this thesis,
it 4s proposed here to limit the renarks to a brief criticiam of
the methods used in the inves tigation.

It is highly impurtent that sasples used for observation of
qualitative or messurenent of quantitative characters should be
oamparable, To this end it is worth while spending same time in
preliminary investigation to find a) the region of the plant in
whish the character being studied veries least, and b) the
smallest possible sine of sample whioh gives a consistent mean.
As regards the possibility of using Guantitative charaoters in
other Groups of Sphagna, for example Subsecunda or Acutifolia, it
would seem advisable to investigate shape rather than size of
brench leaves, as the latter in the Cuspidata is greatly
influenced by the enviromment especially the presence of water,
Both shape and size of stem leaves may be found to be useful
diagnos tio oriteria in ether Groups since these leaves do not
seenn to be as readily affected by the habitat eomditions.
However, care should be taken to exanine sufiioient ssmples to
£ind out the overall reage of variatiom of theme charecters.

The method of assessing the value of diagncstic eharacters
wutmmemdammm.mwmm and

1t is in the main an objective method. The cdllection of data
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in a fora which gives sny feature two or at most three alternative
expressions is uvseful in that it evolds lengthy subjcotive
desoriptions of shades of Mfference diffioult to comnunicate

in writing to other investigators, A superficial exasnination

of such drta shows imnediately whish charectera are comtinuously
vierishle and hard to define even with a single semple, 80 an ecarly
pointsr is provided ea to the relative valuos of characteys for
distinguishing texa.

The analysis of correlatiorm and auhaequent sssesanent of their
significance indicates the good disgnoetic charucters, end enables
a numbder of samnles to be divided into groups, each showing
fentures which are common to more or less all meadbers of that grour,
and which aiffer frem features of other groups. The comparative
rellahl) 1ty of the useful features is also indicated: Thus althegh
several charecters mey ooour in all specimens of one taxon (i.e.

all speocinens of the taxon examined in this study), they usually

appear to saone extent in other taxa as well,

The methods of oultivation usel in the fSleld wera mainly
suocesaful, when suftioient propiestion was ;lvea ugainet sheep
and bad weather oonditions, With regard to indoor cul tivatim,
mere work could be done on the effect of light and tempera ture
using the basie oul ture method as dssoribed. Methols of

oul tivating Sphagne under water should de developed, mt for the
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purpcse of this work, which was to show that changes are pessible
(that is, the plasticity of characters) rather than to find the
extent of change, field experiments under natursal oconditions

were more suitable and incidentally more successful.
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Table 1. Maturity of branches and branch leaves in S.cuspidatum
Longest branch of each fasciole below coma of Stem A

Fasciole Branch length Number of Position of Length of
nunbey o leaves longest leaf. longesat leaf
Number from mme
base
1 115 (4] 47 - 54 34
2 11 67 54 345
k 1405 &5 45 3.3
4 11 & 48 - 51 3.2
5 1.2 69 45 2.95
6 1.25 13 54 3.2
7 141 14 37 and & 2+5
3 1.25 66 54 - 55 295
9 142 74 56 - 58 2.8
10 1445 57 b)) 2.65
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Table 2. Veans of leaf length for ¢4 - 10 leaves/branch about I‘L

ak

0 che

stem from stems A and B of S.cuspidatum

Fumber of leaves Total number Position of liean leaf length

per branch of leaves leavea about IL .
— Nunber

1 20 5 -4
6 2.44
2 40 5=6 2.42
3 60 4 -6 2041
5 - 7 2043
4 80 4-1 2.42
5 100 3~-7 2.41
4~-8 2.4
6 120 3-8 2.42
7 140 2-8 2.4
3-9 2.43
8 160 2~ 9 2042
9 180 1-9 2.40
2~-10 2.4
10 200 1 -~ 10 2.42




Table 3. Means of leaf length for { -~ 10 successive branches per stem

saking 2 leaves/branch about K from stems A and B of

Secuspidatum
Number of branches Total number of Mean leaf length
per stem leaves .
1 4 246
2 8 2.50
3 12 2.53
4 16 2+54
5 20 2.50
6 24 2.49
7 28 2:47
8 32 2.46
9 36 2.4)
10 40 2.42




Table 4.

Means of leaf length for { - 40 stems of S.cuspidatum taking
2 leaves/branch about ¥ from 5, 10 or 15 branches/stem
Hos of | Total noe. of Mean length | Total nos of { Mean Total no. of Mean
stens leaves at 5 mm. leaves at 10 | length | leaves at 15 length
. branches/stem branches/stem| mm. branches/stem ma.
| 1 10 2.6 20 2.45 30 2.48
2 20 2.40 40 2.40 60 2.43
3 30 2.46 60 2445 90 2.47
4 40 2.44 80 2445 120 2.4
5 50 2.46 100 2450 150 2.52
6 60 2.47 120 2.50 180 2.52
7 10 2.50 140 2+54 210 254
8 80 2.52 160 2+55 240 2.5%
9 90 2.50 180 2.56 270 2.59
10 100 2.50 200 2.55 300 2.58
o




Table 6. IHeans of °%or successive pairs of leaves about M‘L

il—"wi

Stems X, Y (Sepulchrum) and R (Ssrecurvum)

—

W
Fosition about Number of Means of f}' « 100
HL leaves
Y X R

1 2 32.75 34.5 20.35
4 and 2 4 30.55 35.5 20.65
1, 2 3 6 32.07 36.2 20.35
1, 2, 3, 4 8 32.26 36.5 20.24
19 29 3' 4 5 10 32.25 36054 20.07




w
Table 7. licans of -I-‘-‘?" «100 for 2, 4 ani 6 leaves about M.L from

{1 = 10 random branches from stem Y (S.pulchrum)

Number of branches Means of :,A «100
2 1./vre 4 1./or. 6 1s/bre
1 3 30.9 3241
2 3.7 3175 34.85
3 3241 32.36 32.16
4 31.85 32.36 ‘32.15
5 3.5 3149 3.7
6 31.0 31.6 3.3
1 3.3 N5 M.2
8 31.0 31.5 3.3
9 30.95 3144 3.2
10 31.6 31.8 3.4
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Table 10, Population ranges of i, for Sepulchrum

3 "false Se.pulchrum"
Serecurvum
Groug A

GJ‘.%P.! (Fig- 10)

¥ = variancey; S - Standard deviationy Se.8. = Standard error of meang

X ~ mean
IMu Sepulchrum" S.recurvum Sepulchrum "False S.pulchtu
= Group A + Serecurvum
= Group B
4.32 479 2.85 4.52
0+150 04553 0064 0.374
0.387 0.744 0.247 0«611
0.077 01 T4 0.060 0.092
2:93 = 5.7 2.05 - T.53 1093 = 3.7
Jed1 = 5432 2.79 = 679 2.48 - 352
2'18 - 3052 3004 - 60G0
2:24 = 3446 3e14 = 590
| — —
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48t Analysis of S. recurvim - S. pulchrum complex

ficant correlations between

715 specimens
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Table 412.

2nd _Analysis of S.recurvum - S.pulchrum complex showing;z_

values and simificant correlalions beiween characters

59 specimens



Table 13« Distribution of characters of samples within Groups X;Y and Z

() (b) (e)
18t _Assessment 2nd 3rd Assessment
No. of samples Predominant Assessment
with +ve or expression
-ve character of character
in Groups in Groups
X Y YA X Y YA X b 4 Z X b § Z X Y Z
16 1 0 + = = 16 1 0 16 1 o
0 14 44 0 17 4 o 17T 4
1 11 36 - 2 &+ 1 43 34 10 18 I+ s
15 . 8 1 5 T 6 9 1
1 12 29 o + + 1 14 21 12 16 37 = + +
15 3 15 15 4 14 L 2 4
16 6 17 + z 2 46 8 15 46 15 33 + + “
0 9 27 0O 10 26 O 3 8 i
45 13 10 + + - 15 15 8 15 16 20 + + =
1 2 34 1 3 33 1 2 1
13 1 2 + - - 13 1 2 15 6 7 . - -
3 14 42 3 1T 39 1 12 34
13 12 40 + + + 43 14 38 13 15 38
3 4 3 4 3 > 3 3
14 9 34 e X 4+ 44 11 32 14 11 3
2 6 10 2 7 9 2 7 8
16 3 4 + - = 16 3 4 16 3 4
0 12 40 0 15 37 0 15 37
15 0 5 - - - 15 1 4
1 15 39 11T 37
16 14 18 ¢+ + 2 46 16 16 16 16 16
0 4 26 0 2 25 0 2 25
16 2 + - = 16 2 3 16 2 3
0 13 4 0 16 38 o 16 38
16 11 7 + 2 - 46 12 6 16 16 A - . -
0 ., 37 0 6 35 0 2 17
16 13 4 + + = 46 14 3 16 14 4
0 2 40 0 4 38 0 4 37
s 16 5 8 ¢ = = 16 7 6 16 7 6
o 10 3 o 11 3% 0 11 35

gignificant deviations (p ) 0.05) from 131 ratio for alternative
gsions of a character are shown by red type. Predominant
’ gsions of characters under (b) and (¢) are only shown where they

aaffer from ()



Oroup X

LOup Y

o 2

Distribution of characters as originally scored for samples

Table 14.
within Groups X, Y and 2
+* -

. ¢ ¢ " Yoy -
A 11 5
3 4 9 6
c 1 11 4
D 16
E 11 4
P 43 2 1
G 10 1 2 3
H 14 2
I 4 12 ]
J 6 9 1
K 12 4
L 9 1 6
M 16
N 12 2 1
0 1 |
A 1 5 12
B 43 5
c 13 1 2 2
D 8 7 3
E 7T 8 1 2
F 1 5 2 10
¢ 11 3 9 3
B 14 4 7
I 3|
J 1 11
K 41 8 7 1 1
L 2 3 13
u 8 4 4 2
¥ 5 9 2 2
o 1 1 5 | 11
A 4 37
B 32 2 6 1
c 25 2 10 1 3
D 14 | 18 1 1
E 5 3 12 1 2 18
P2 5 5 29
G 34 1 3 1 2
B 3 1 1 33
H . It
K 5 16 9
L 3 4 34
M 5 1 18 6 44
X 2 1 1 5 32
o 2 35

Division for analysis

Detailed scoring divisions

+ Score

3
J 4+ 34 2-3 2 No. of border
cells



Table 15. Distribution of characters of samples within

Croups X and (Y + Z)

(a) (b)
2nd Assessment 3rd Assessment
Character Foe of samples Predominant
with +ve or -ve expression
character in of character
Groups in Groups
X YZ X YZ X YZ X
A + 16 1 + - 16 1
- 0 58 0 58
B + 1 47 - - 10 58 2
- 45 12 6 1
c o+ 1 M - - iz 53 2
- 15 18 L 6
D+ 16 23 + - 16 48 .
- 0 36 0 14
E + 15 23 + - 15 36
- 1 36 1 23
F + 13 3 + - 15 13
- 3 56 1 46
G + 13 52 + + 13 53
- 3 7 3 6
H + 14 43 + + 14 44
- 2 16 2 15
I + 16 7 + - 16 U
- 0 52 0 52
J + 15 p) * -
- 1 54 .
K + 16 32 + - 16 :
- 0 27 0 {
L + 16 5 + . 18 >
- 0 54 0 54
M + 16 18 + " 16 40 .
- 0 4 0 19
N + 16 17 + - 16 18
- 0 42 0 4
0 + 16 13 + - 16 13

Non-significant deviations (p > 0.05) from 131 ratio for alternative
expressions of a character are indicated by red type.

Predominant expressions of characters under (b) are only shown where
they differ from (a).



Table 18. Branch leaf dimensioms in a specimen of Serecurvum

cultivated under different conditions

Ll e wu mme Branch

Date Sample - 1'M/
I‘l_.l"l‘ 'l noaz) range| mean range lozﬁfh

10.55] RIV Original 0.6 2.8 18| 2:0=1¢7] 006 ]0.7=0.6] 1+8-2.0
6.56{ (a) Indoor (mep.) 0.7 3.3 1:5] 1e7=1+4] 045 |0¢6=0:4] 144-2.0
6+56| (a) Indoor (new) 0.6 3.0 1e4] 1e5142] 064 ] 0e5=0e4] 1:0~1.5
14.56] (a) Indoor 0.6 2.8 Te1 ]| 1¢30s9] 0e4 | 065-0e3] 10=1.3

9.56 (b) Field (new) 0.6 246 1+5] 1eT=4e3] 06 ] 0e6=0e5] 10T=2+4
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ist Analysis of S.recurvum - Secuspidatum oomplex showing

Bignificant correlations between characters

176 specimens ::g p = 0.05- |
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- -+ ++ e e g At b - ++
4 : ++ ke - e e e o 4

. 4 L S 2 . . '
T+ e Pt P e et A p . me

T e em ee e D me e e e

. - - ¢ v -

- S R B L B T S )

. = T Y

++



v QO W M = Q@ M o= & M R = O N o W

Table 24.

2nd Analysis of S.recurvum = S.cuspidatum oomplex showing

siggificant correlations between characters

417 specimens ::; p = 0.05 =~ 0.04

:g p { 0.0¢
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Table 25.

A B CD

3rd Analysis of Serecurvum = S.cuspidatum complex showing

gignificant correlations between charaoters

E FPGHIJXULMUEOTPNQ
++ )
; pe 0005 - 0.(4

% p L 0.04



Table 26. Distribution of characters of samples within Groups I, II and III
1st_Assessment 41st Assessment 1st Asz)oasmnt
Character No. of samples with Predominant expression Division of Group
+ve or -ve character of character in Groups III
in Groups
I II III I II III 1e 2¢ 1
A + M« [ z + 4 o5 o+
- 13 7 3 4
B + 55 12 5, ¢ + 2 43 11 ¢+
- 4 4 L7 5 4
c + 1 0 B - - : 15 40 -
- 58 16 46 33 13
D - ¢] 0 16 - - - 8 8 -
- » 16 85 40 45
E + 48 3 22 + - - 13 g =
- % 13 19 35 44
P + 59 13 66 + * + 4 20 o+
- 0 3 35 4 31
4 19 + - - 6 13 -
82 42 40
30 + + ? 15 15 =
T 33 38
41 - - b4 18 23 h.d
60 30 30
15 + + - 9 6 -
86 39 47
8 - - - 6 2 -
93 42 by
39+ 2 - 5 16 =
62 25 37
1 - - - 0 1" -
90 48 42
62 - : + 25 37 2
39 23 16
" + - - 4 ¥ -
90 4 46
26 2 2 - 9 AT =
75 39 36
0 = - - 0 0 -
101 48 53
2 * - - 0 2 -
99 48 5
S o 5:°3 Sy 10t it for altermativs acpreasiong
mw«mtm under (c) and (d) are only shown where

1+

.

II

20
16
29

7

5
A

(o)

2nd Assessment

III

48
16
30
Sk
4
23
11
53
14
50
4
23
10
54
7
57
31
33
1
63
4
60
18
46
9
55
4
19
8
56
11
53
0
64
0

64

wd¥dRuBoawla¥ndB 80

26

17
43
39

(d)

PoPPoDEERVCAERT
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Table 29, 4nal;sis of Minal Group III of Seregurvum = S.cuspidatum

complex showing significant correlations between characters

81 specimens

A B CDEVPGHTIUJ I KILIMTYOTZPNAQQ

++;
P = 005 = 0,04
- - < s e e e e .._)

B, +)
-;p<0-°1



Table 30.

WO WORMEFNRGUMIO YOO W > VO WVORMEBENRYMEO N EH YOG

HNOWOMEECNMMHMENO YO

sistribmtion :f oharacters as originalily cocored for

sanples within Crowps I, II :nd IIT

35

owduw=n

-l
AL = WwWOoOwWw

-l

-~N

c.

10

O\

Ve BN NV

-
F-3

LY B e LB U

18
12

12

Division for

o 5

13
14

NN

h.ﬁ

-b

14 2
12
17 i
15
6
20 2
15 2
: 1§| 15
4
2
4 |
1

-

w nda

49

BRI VAN

analyvals
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Table 35. Branch leaf measurement data from a submerged culture of
Serecurvum, and from a sample of S.cuspidatum
Date Sample L,. ~1y fww, | T hu Ly me | ¥y
. mae  fmean . pean range | mm.
S.recurvum R IIX
656 |Original exposed |+ 0.7 |3.45 |46 p.9=1.3]0.5 [0.8 }J.1-0.7 | 0.2
“056 Submerged + 043 4.7 22 ReT=1+4]0.5 19 Red~1 3 0.2
Seouppidatum C II
01‘181“1 8@0"‘ + 0.2 409 202 Re32.0 0-5 2% Po}"l 8 0.3
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TewSaey
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Table 37. Crowth of S.cuspidatum submerged in various water cultures

. )
; | 1 month f months ™ T3 months 4 months

Tater source PPty I3 |pm |r 2 |Fr 3y fp | |z |opE

‘ (»+ TH

F“‘ -
’.’ 8.8 20 *‘) 6.0 0 * 3085
ihﬁn 7.0 |42 + 174510 |+ -
stilled 5¢6 [19 5¢5 |8 7T 12.8 MO 31 | 3435
Mstilled + peat }4.65 |24 4.9 |7 8 144 | 0 [+) o2 | 3.6
T el I ol T O A Il
%y ¢ peat 4.5 |25 4.9511 |(+) (o [e 4.0
lain + peat 3.95 |22 4.6 |1 o |+ 3e7

}

- i

P « Fasoicle inoresse

B « DBleashing
L = Length inorease



Table 38, Branch leaf measwrement data from three exposed (E)
sultures of originally submerged {s) Se.ouspidatum

o~ _
hte Semple -ty |y Ly wme y | Lp o Vo
L ERe mean | range . range | mm.
L56 JCIV Original S + 0.9 649 4.8 PBe3=3e3 Pe65 P9 po2=3.0 | 0.3
P36 |Indoor E + 0.9 506 2.7 Bes~2.2 .5 k.6 p.9-2.2 [ 0.3
557 |Indoor E + 0.2 6.6 2.2 R+9=1.8 #0.35 24 Po51¢T 0.25
W86 |oXITX Original S - 0.7 6.5 4.0 Pe3=3.0 70.-6 4e7 E.g—s.v 0.35
637 [Indoor E ¢+ 044 Te4 3.0 $.0-2.3 10.4 2.6 [3e4=2+0 043
436 [o11x Original s *1.2 |64 |47 ta-s-o T»s 3.5 f6.2-2.8 | 0ut5
h“” Pleld B + 0.05 5¢5 3.7 234 0.7 3065 4015.208 0.35
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Table 41.

Fidbril index number for stem leaves (4 out of 20) along

6 stems of S.fallax

Position of lea:: Stem Number Mean leaf
between fascicles length
numbers 2 3] 4 5 6 7 mme
4 and 5 4 * 4 4 4 4+ 1418 |
9 10 1 4+ 4+ 4 4 4+ 1.30
Mean of
14 15 4 4+ 4 4 3 3 1.29
T stens
19 20 1 4 2 1 0 1 1403
24 25 3 4 4 0 2 4+ 0.97 |
29 30 1 Y - ° 4 1406 | Joan of
V1 35 3 2 Y - 0 1:04 | ¢ stems
39 40 0 0 0 - 0 0 0.95 |
4 45 4 - ) - 0 0 0:.95 Mean of
5 stens
49 50 3 - - - 0 0 0:94 Msan of
4 stens




Table 46

Sequence of changes in stem leaves of a new shoot ef

Serecurvum (Tuft 2) from base to coma

———

Rumber of Length Length—- Shape of leaf Shape of apex Fidbrils
fascicle width
4 0.4 0.05 Triangular Cucullate All leaf
0.7 0.7 ] " 1]
1.1 0455 Round oonoave " "
base
14 07 " Acute Upper half
5 ) .55 0.8 " " "
145 0.7 " " "
1.4 0.7 " " "
1+4 0.7 " " "
13 Qe 65 " " "
10 4.3 0.6 Triangular " "
12 0.5% " " Upper third
1445 0445 " " "
1 0 0.35 " [{] n
0.95 0.3 " " 5 - 8 oells
15 0.95 0.3 " Obtuse "
0.9 0.2 " " "
0.9 0.15 " " n
0085 0e1 " " "
0055 0415 " " "
20 0.85 0.15 " " Bone
0.8 Q4 " " "
0‘9 0.1 5 L " "
0.85 0.2 " " Very fow
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