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SUMMARY

The classification of Euphrasia in Australia has had to be
completely restructured. Five sections comprising seventeen species,
of which seven are described as new and one is an upgrading of
status, are recognized. The difficulties met with by previous
workers in the genus in Australia are found to have been caused
mainly by the complexities of the highly polymorphic species, E. collina.
This species encompasses thirteen previously described species,
reduced to synonymy, and is more or less equivalent to "E, brownii
FvM." Fifteen subspecies have been formally described, five being
new, the rest new combinations or changes in status of previously
described taxa; there are apparently several other subspecies
requiring further field study before formal recognition. Four other
species contain infraspecific taxa, in particular E. gibbsiae with
nine subspecies, of which four are described as new and the remainder
are new combinations and changes of status. Where species are highly
variable the degree and nature of distinction and the amount of
intergradation between the subspecies is discussed, sometimes as a
result of detailed field study. Clines and a limited amount of
hybridization occur within the species. Contrary to recent opinioen
interspecific hybrids are rare. All taxa have limited geographical
and ecological ranges. The recognition of the subspecies as
"microspecies", which has been done elsewhere in the genus, is
considered unwarranted because it would camouflage the well-=defined

species in Australia.



A revised, infrageneric classification of Euphrasia, which
represents a radical departure from the concepts in previous works,
is proposed. The genus is recognized as containing twelve sections
of which two are divided into subsections. The modifications of the
past classifications have been made on the basis of the increased
knowledge of the plants of the southern hemisphere and tropics since
the last monograph of the genus by Wettstein in 1896. Material,
including the majority of types of species from these regions
(excluding those of the distinctive South American species), has been
studied.

The origin and diversification of Euphrasia is discussed. The
genus 1is clearly unable to disperse over long distances, and is
therefore a useful indicator of historic links between disjunct areas
of land. The centre of origin of Luphrasia seems to be among its
very close relatives, Bartsia and Odontites, in the northern hemis-
phere. A scheme of evolution is the genus, based purely on
morphological grounds and the premise that the annuals of the
northern hemisphere are the primitive stock, is proposed. Several
lines of evolution from a common ancestral stock closely related to
the northern annuals seem to exist. The Australian species, which
have sometimes been considered to be primitive, are advanced in
comparison with their northern congeners on the basis of both
morphology and their high chromosome number. It seems possible to
describe the history of the three main lines of evolution entirely on
the geological and floristic events which have occurred since the
Paleocene - Pleistocene uplift of the mountains in Australia. There
appears to have been little extinction of intermediate forms which
cannot be explained by climatic changes dating from that time., The

means by which Euphrasia and other mainly alpine and subalpine



genera of apparently northern origin reached the southern hemisphere
and tropics is a biogeographical riddle, the solution to which may
be in the geological history of the central Pacific Ocean, which is

not yet completely understood.
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CHAPTER I

INTRODUCTION

The choice of project for this revision was founded on
two requirements, the first that the group selected required
taxonomic revision, the second that the study could involve a
group of plants with geographically disjunct distributions in
order to assess their usefulness as indicators of floristic
relationships between the isolated land masses in which they
occur. A plant group which seemed to provide a varied selection
of disjunct Yistributions and yet was still hardly treated
taxonomically in recent times was the family Scrophulariaceae,
and in particular its temperate genera. Of the twelve or more
indigenous temperate Australian genera, only the Veronica group

(including Hebe and Parshebe: Briggs & Ehrendorfer) and Qurisia

(Arroyo) are currently being worked on. The remainder, namely

Morgania, Stemodia, Mimulus, Gratiola, Mazus, Peplidium, Glosso-

stigma, Limosella, Elacholoma and Buphrasia, have received little

attention with respect to the Australian species since Bentham's
(1868) "Flora Australiensis".

Luphrasia was an ideal group to concentrate on initially.
Not only is it an important genus whose taxonomy in Australia is
inadeguately understood, but it is also a genus which is often
mentioned in treatises on plant geography and the various theories
of the origins of the world's flora, The study of this genus
proved so complex that for the other genera there was insufficient
time to do anything but preliminary studies. These preliminary

studies have not been incorporated in the thesis.



A1l the recent treatments of FHuphrasia in Australia
refer to the inadequacies of the present taxonomic knowledge
and complex variation with possible hybridization. A number of
the species recognized by Wettstein (1896) and Du Rietz (1948a,b)
(who respectively revised and surveyed the genus in Australia)
have been questioned, for example by Willis (1967), and there
have been obvious difficulties in the application of names to
taxa (e.g. Burbldge & Gray 1970). It was proposed that the
genus be revised by studies of a wide range of herbarium material
supplemented by extensive field observations, with an emphasis on
the interaction of sympatric taxa.

Many have remarked on the completeness of the link on the
isolated mountain tops of lalesia between the widespread temperate
distributions of the genus in both hemispheres, For all its bio-
geographic importance, the overall infrageneric classification
had been analysed critically only by Wettstein (1896) since that
proposed by Bentham in 1846. It was intended to do as much as
possible to revise the classification of the genus on the basis
of the large amount of new knowledge accumulated since Wettstein's
time, especially in the southern hemisphere and tropics. (The
classification in Furope and North America has been recently
revised by Sell & Yeo (1970; see also Yeo 1972). This would
provide a framework for speculation on the possible origin of the
genus and evolution in the present day. It was intended, if
possible, to base a hypothesis of evolution in the genus purely
on morphological grounds, and then to relate it to theories on
the past history of land connections and migration of floras which
might explain the present-day distribution of the genus.

The revision has been based mainly on a study of material

(including types) from the following Australian herbaria: AD,



ADW, BRI, CANB, CBG, GAUBA, HO, MEL, MELU, NE, NSW, PERTH, SYD,
the private herbarium of Mr. Cliff Beauglehole of Portland,
Victoria (cited as BEAUGLEHOLE) and the herbarium of the New
South Wales National Parks and Wildlife Service at Waste Point,
via Cooma (cited as COOMA). Additional material which included
types of taxa in Australian, New Zealand, the Juan Fernandez
Islands, Malesia and Taiwan, was obtained from the following
herbaria: A, AK, B, BM, CANTY, CHR, FI, G, GB, GH, HBG, K, L,
Ly, PH, S, TAI, UPS, W, WU. Unfortunately the specimens from
FI and many of those from BM had to be returned before the
classification had been decided upon, and therefore not all
sheets could be annotated., However, where it was not clear from
previous annotations, type specimens were designated with their
type status.

Field trips to two of the main centres of diversity of
Fuphrasia in Australia were made. In late 1970-early 1971 two
months were spent in Tasmania. In late 1971-early 1972 a brief
visit to the Grampians, Victoria was made and six weeks were spent
in the Australian Alps. Unfortunately time could not be spared
for a visit to central and northern New South Wales, where it
was soon clear that there were several undescribed taxa. The
main sheet of all collections made during this study will be
housed in AD; the many duplicate sheets will be distributed to

other herbaria.
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CHAPTER 2

THE TAXONOMIC HISTORY OF THE AUSTRALIAN SPECIES OF EUPHRASIA

In reviewing the taxonomic history of the Australian species
of Fuphrasia it has been considered too large a task to outline the
diagnostic characters used in each work. In Euphrasia only a few
species are readily distinguishable by a singular character. Rather
the species tend to be separated by a combination of characters which
are not individually unique to the species, These characters may be
difficult to define and may overlap in their variation., Difficulties
in determining and delimiting reliable diagnostic characters have
contributed greatly to the fallure of botanists in the past to agree
upon a reasonably stable classification reflecting the true nature of
the genus in Australia, In this review reference has generally been
made only to the recognition of characters important in separating

infrageneric taxa formulated in the past or found in this revision.

The first Australian collections of Euphrasia seem to have
been made by Labillardiére in 1792 from the southern part of
Tasmenia ("in capite van Diemen"), They comprised immature material
of B, gibbsiae Du Rietz and vegetative specimens of I, collina R.Br.
Because of the inadequacies of these collections and perhaps the
perennial habit of the plants, it is understandable that Labillardiere
considered them to be E, cuneats Forst.f., a New Zealand perennial
and the sole known representative of the genus in the Southern

Hemisphere to that time.



It was Robert Brown who made the initial contribution to
the knowledge of Euphrasia in Australia. He based his study on
perhaps no more than a dozen specimens collected by him between
1802-1805 while he was botanist on Flinderds voyage of exploration
of Australia. Ten of these are described exhaustively in his man-
uscript (Brown, unpubl.). The exact number of specimens seen by
him, however, is difficult to determine as his collections, such
as those from Memory Cove, South Australia and Port Phillip,
Victoria, are not cited in his manuscript. Brown (1810) described
eight species, all new, from localities throughout temperate Aus-

tralia; they were E. striata and E, alpina (non Lam.) from Hobart

and Mt. Wellington, southern Tasmania, E, tetragona from the Albany

and Port Lincoln areas of Western and South Australia, respectively,

E. speciosa, E. paludosa and E. arguta from the Sydney region of New

South Wales and E, scabra from the coastal regions of Melbourne,
Victoria and Launceston, northern Tasmania., A character diagnostic
at the subsection level in the present revision, that of corolla
striations, was used by him to separate E, striata from the other

species. The amnual nature of I, scabra and E, arguta was referred

to in his manuscript but not used in the short descriptions of the
Prodromus (Brown 1810).

In Sprengel's (1825) review of Scrophulariaceae the treatment
of Euphrasia in Australia is almost entirely a restatement of Brown's
system. The descriptions are rearrangements of those published by
Brown and J.G.A. Forster (1786), still the only botanists who had
worked on the southern species. Sprengel made two modifications of
taxonomic importance. Firstly, he considered the Tasmanian species,
B, collina, to be synonymous with E. cuneata Forst.f. of New Zealand,

a concept that was never taken up by subsequent botanists, Secondly,

he observed that E, alpina R.Br. (1810) was predated by the European



annual E, alpina Lamarck (1786), and renamed the Australian species,

L., diemenica., Although Sprengel's action was in accordance with ocur

current rules of nomenclature (Stafleu (ed.) 1972:Art.64), E. alpina
RBr. was generally preferred in Australian works until 1896 when

Wettstein in his monograph on Euphrasia took up E. diemenica,

In his enumeration of the plants collected by Preiss from
Western Australia in 1840, Bartling (1845) recorded E, scabra and

E, tetragona from that State. The descriptions are a straight copy

from Brown's Prodromus, but they are supplemented by valuable data -
on locality and flower colour,

With Bentham's (1846) large monograph of Scrophulariaceae
came the first real test of Brown's treatment of the Australian
members of Euphrasia. Although more than 30 years had passed, Brown's
concepts were little changed; Bentham retained all but one of his
predecessor's species and could discern only one as new, Yet less
than one third of the Australian species were known to that time.

The remainder occurred mainly in the little-explored alpine and
montane areas of eastern temperate Australia and Tasmania. Further-
mere, 1t was still a year prior to the arrival in Australia of
Ferdinand Mueller, the botanist who was to make prolific collections
in most of these areas in the following years.

Unfortunately, Bentham's new species, E, multicaulis, was

synonymous with E, collina. This mistake arose through a misapplication
of Brown's name to a species which was to that time undescribed and
which remained unnamed until 1919 when Gandoger, probably unknowingly,
provided it with two different names. The actual error was first

detected by Du Rietz (1948b) 102 years later,
|

Bentham recognised eight species in Australia. In addition

to the above two species he retained Brown's E. alpina, E., tetragona

(which he partly confused with E, multicaulis), E. striata and

B, scabra; E, speciosa and E. paludosa were also distinguished as




species but with the reservation that they could really be separable
only as varieties. E. arguta was reduced to a variety of E. scabra.
In addition, three new infraspecific taxa, presymably varieties,

were described, Two of these, var. humilis and var. angﬁstifolia of

E. alpina R.Br., were later considered by Bentham (1868) to be

synonymous with E, striata and E. collina, respectively. The other,

E. paludosa var. pedicularoides, was apparently taken up from Allan
Cunningham's manuscript name but was never mentioned in later works.
Bentham did not postulate any classification at an infrageneric
level of the Australian species, which together formed his .éiAustralesx.
However, he did recognise that both annual and perennial forms were
present, He repeated Brown's reference to the striated corollas of
E. striata, but this is merely because his description is a straight
copy of Brown's, That he and Brown failed to recognise the important
differences between E, striata and the other Australian species in the
extent of the anther indumentum is a reflection of the scarcity of
material of this alpine species and its relatives that they had seen.
As a result of his wide-ranging botanical explorations
Ferdinand Mueller (1855, 1856) described a new species, E. alsa, a
tiny annual which he had discovered in the summit regions of the
Snowy Mountains of south-eastern Australia (called by him the Munyang
Mountains) .
Two years later, in his Flora of Tasmania, J.D. Hooker (1857)

described another new alpine species, E, cuspidata, "quite unlike

any of those described before", presumably because of its remarkable

*sell & Yeo (1970, p.203) conclude that it is impossible to assign
rank to categories designated " S§" in Bentham's (1846) monograph,
since he was inconsistent in his use of the symbol in various

genera treated in his monograph.



multi-digitate leaves,

This new discovery excepted, Hooker (1857) found that Bentham's
concept of the Tasmanian species stood the test of both his own rather
limited observations of living material and the many collections, made
mainly by Gunn, donated to the British herbaria following the publication
of Bentham's monograph. He stated:

"I have adopted Bentham's characters for the Tasmanian species,
which he has unravelled with great skill.,"
Thus he retained all Bentham's taxa which were listed as occurring
on the island, including the two varieties of E, alpina R.Br.;

E, multicaulis and E., collina R.Br. remained confused. However, he

was not entirely convinced of Bentham's concepts; concerning H,
multicaulis he said:

"As a species it (as Bentham remarks under collinas is very
closely allied to E, alpina, nor do I think that it is
possible to give any specific characters that will distin-
guish all the states of these three plants."

To give support to this criticism Hooker (185%b) later commented that
the Tasmanian collector Archer considered the three to be forms of the
one speciles.

In his Fragmenta Phytographiae Australiae Mueller (1865)
published an invaluable account of his rather different viewpoint of
Euphrasia in Australia. His observations were based on both a wide
field experience in southern and eastern mainland Australia and the
expanding collections of the herbarium at Melbourne.

Mueller's most radical departure from the classifications of
previous workers (although hinted at in particular cases by both
Bentham and Hooker) was his union of five of Brown's species and one

of Bentham's into a single species which he called E. brownii. The



species names considered by him to be synonymous were E. alpina R.Br,

and its synonym, E, diemenica, E. tetragona, E. collina, E. paludosa

E, speciosa and E, multicaulis. Included in the synonymy was a

reference to Bentham's (1846) alleged description of E. collina.
Despite a recent opinion to the contrary (van Royen, 1972>x, the
name E, brownii is illegitimate by current nomenclatural practice
(Stafleu (ed.) 1972:Art.63) as the author clearly and deliberately
based the new name upon seven validly published species names, most
of which are legitimate,

In addition E, striata and E. brownii were considered by Mueller
to be distinct but he doubted their separation at the species level.
He may have reconsidered this opinion had he not confused E. striata,
a distinctive Tasmanian alpine species which he had not seen in the
field but later saw in 1869, with an undescribed species which he had
collected in the alpine regions of the "Munyang Mountains". This

Australian Alps taxon, which Wettstein (1896) later named E. glacialis,

has all the characters of E. brownii as enumerated by Mueller and
only approaches E. striata in its occasionally sparse anther indumentum.
Following his discussion of E, striata Mueller referred to a closely

related new variety of E. brownii, var. psilantherea, which he based

on specimens from South Port, Tasmania and Mount Wellington, Victoria,

Mueller mentioned E. scabra, E. arguta, E. alsa and E. cuspidata

as species, although he seemed uncertain as to the status of
E. arguta, It is obvious in his discussion of these species and
E. brownii that he recognised the importance of all the major characters

used in distinguishing the infrageneric taxa in the current revision.

*In a personal communication (18,ix,1972) van Royen has since
expressed some doubts as to the correctness of his conclusions

concerning the legitimacy of E, brownii.
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He refers clearly to the presence of striations on the corollas of
E. striata and was the first botanist to recognise the diagnostic
importance of the absence of hairs from the backs of the anthers
(hence his name "psilantherea" for the South Port plant). From the
annotations on the syntype material from South Port it is probable
the collector Stuart directed Mueller's attention to the character.
Finally he realised that the species could be divided into annuals
and perennials,

As part of his Flora Australiensis, Bentham (1868) published
his second account of the Australian members of Euphrasia. He was
able to refine greatly his previous work on the genus, aided not
only by the works published in the intervening period but also by a
large complement of Mueller's personal collections and those of
Tasmanian collectors such as Gunn and Archer,

Bentham recognised eight species but considered "some of
them.....scarcely more than marked varieties", Under what Mueller
regarded to be E, brownii he listed four species. About the first,
I, speciosa, he wrote, "F. Mueller may be right in considering this

a remarkably large-flowered variety of (E, collina)". E, tetragona,

B, multicaulis and his E. alpina var. angustifolia were treated as

synonymous with his second species, E. collina; E. paludosa was

reduced to a variety of this species. The third and fourth species,

L. alpina and B, striata, had E, diemenica and E, alpina var. humilis

respectively cited as synonyms., Of these species E. alpina and
L, striata were said to be confined to alpine regions of both Tasmania
and mainland Australia, while most other collections of perennials

were attributed to E. collina; E. speciosa was represented by only

two geographically distant collections. Concerning these four

species he stated:



"L. speciosa.......B. alpina and even E, striata, are not
separated from E., collina by any very marked characters,
and F. Mueller..... unites them all under E, brownii.
It does not appear necessary, however, to discard Brown's
names E. collina and E, speciosa, either of which might,
without inconvenience, be applied to the collective
species..."
Bentham's four remaining species were E, scabra, spread
throughout lowland extra-tropical Australia, E. arguta, endemic in
the New England area of New South Wales but for one specimen from

the Cobberas Mountains of Victoria, E. cuspidata, from western and

south-western Tasmania, and E. antarctica, restricted to the "summits

of the Munyong (=Munyang) Mountains". These species, all of which
he considered to be annuals, were clearly distinguished by characters
used in the current revision. Thus, in this work Bentham reinstated
E, arguta to species rank after previously (Bentham 184,6) reducing

it to a variety of E, scabra; the change was made because he found
that he had misapplied the former name. Nevertheless, he maintained
that the two species were "very closely allied". In addition,
Bentham considered Mueller's tiny annual, E. alsa, together with

New Zealand plants to be conspecific with the diminutive South

American annual, E. antarctica, which he had described in his earlier

(1846) treatment of Euphrasia.

Following this productive half century in the taxonomy of
Buphrasia came a period of almost a century in which the only two
works showing real progress towards a satisfactory classification
went unrecognised by Australian botanists

Mueller retained his viewpoint on Euphrasia in his subsequent

works on the Australian flora, namely his "Key to the System of

11



Victorian Plants" (1885-1888) and his first and second census of
Australian plants (1882, 1889). He continued to use "E. brownii!
in these works, arguing (Mueller 1882, p.vii) that, "Where authors
bestowed several names at the same time on a species, it should

be free to those, who effect the reductions, to choose a collective
designation for the consolidated species." However, he followed

Bentham in reducing E, alsa to a synonym of E, antarctica. Barly

Australian botanists tended to favour his concepts in the genus,
as evidenced by the works of Spicer (1878) on the Tasmanian flora,
Tate (1890) on the South Australian flora, and Moore (188L), Moore
& Betche (1893 ) and Dixon (1906) on the New South Wales flora.
Bentham's ideas concerning Euphrasia, which differed from
Mueller's only in his recognition of four closely related species
under B, brownii of his contempwary, were followed in the majority
of other floristic works, such as those of Woolls (1891) on the
plants of the Sydney region, Bailey (1883, 1890, 1901, 1913) on the
Queensland flora, Gardner (1931) on Western Australian plants,
Bwart (1931) and Galbraith (1955, 1967) on the Victorian flora,
and Black (1926) and Hobertson (1957) on the South Australian flora.
Rodway (1903) in his "Tasmanian Flora" and Maiden & Betche
(1916) in their "Census of New South Wales Plants" went a stage
further with Mueller's ideas, by proposing as varieties of E. brownii
some or all of the four species and one variety which Bentham had
distinguished under that species. Mueller at no stage proposed this
ldea as Maiden & Betche state, except with E, striata. Thus, under
E, brownii Rodway recognised var. striata and var. alpina as distinct,
while Maiden & Betche listed four varieties, var. speciosa, var.
collina, var. paludosa and var., alpina.
Ignhored or overlooked in Australia until 1965 were the works

of three overseas botanists, Wettstein (1896), Gandoger (1919) and
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Du Rietz (1948). Two of these works are of importance equal to
Ben'lam's and Mueller's publications of the 1860s, and their use would
have greatly increased the understanding of the genus in.Australia.
The lack of reference to the latter two works is perhaps under~
standable; Gandoger's study was taxonomically superficial, and he
had previously written a Flora of Europe which was highly unconventional
(Stafleu 1967; Stafleu (ed.) 1972; McGillivray 1973), while little
was published on the genus for almost twenty years after the public-
ation of Du Rietz's revision of the Tasmanian species, However, the
total lack of reference to Wettstein's treatise, other than by Du
Rietz, is astounding, for this was a monograph of the whole genus in
which the classification of the Australian species was dealt with in
great detail and differed significantly from previous works.
Several factors may have combined to cause this omission. Its
publication as a German book may have restricted the number of
Australian readers. Perhaps it resulted from therecession in
Australian taxonomic botany which followed the death of Mueller in
1895; important German works in other genera, such as Plantago,

Epilobium and Blennodia were also ignored during this period (Eichler

pers, comm, 1973). It may have arisen to some extent from the fact
that Wettstein saw little type material of the Australian species.
Finally, it may have resulted from feelings that the genus was
taxonomically very difficult as expressed in more recent works (e.g.,
wWillis, 1967; Burbidge & Gray 1970); this uncertainty probably
stemmed from the inability of Bentham and Mueller to sort out the
"E, brownii complex", within which many taxa are recognised in the
current revision,

In his "Monographie der Gattung Euphrasia' Wettstein (1896)
described 12 species from Australia. His work was based entirely

upon collections from European herbaria, with the notable exceptions



of British Museum and Kew, which housed most type specimens of the

species described by Brown, Bentham and Hooker., E. glacialis from

the Munyang Mountains and E, muelleri from the lowlands of south-
eastern mainland Australia were described as new, Other species

recognised in the monograph were E, multicaulis, occurring in

Tasmania and doubtfully south-eastern Australia, E. diemenica of

montane Tasmania, L, striata of the alps of Tasmania and doubtfully
south-eastern Australia, B, collina (sensu Benth, in DC. & Hook. f,)

of Tasmania, E, paludosa and E. speciosa of south-eastern mainland

Australia, E, scabra from throughout extra~tropical Australia and
Tasmania, E, arguta from south-eastern Australia, E. alsa from the
highest mountains of New South Wales and Victoria, and E. hookeri
Wettst. from the mountains of Tasmania, Specimen photographs and
illustrations were provided for each species. E, hookeri was

formulated as a substitute for E. cuspidata Hook.f. (1857), the

earlier homonym of which had been used by Host (1831) to describe
a Buropean species. For the same reason Wettstein reinstated the

name E, diemenica Spreng., to replace its synonym, E, alpina R.Br,

(1810), which had been used as the name for the species concerned
in all previous works, but which was predated by E. alpina Lam,
(1786).

Wettstein grouped the Australian and New Zealand species
under "Subsection Australes Benth.", which he further divided into
two groups, Perennes and Aggggg,x I, _hookeri was considered

doubtfully to be an annual. The characters used to distinguish this

¥3el1l & Yeo (1970, p.210) argue that the rank of the last two names
mst be series for two reasons; firstly, they are immediately sub-
ordinate to subsection or section (where no subsections are
proposed) and, secondly, Wettstein has made reference to "Reihe"

(=series) in discussing one of these names.
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subsection from that of the Northern Hemisphere were the incidence
of peremnial forms and the allegedly subequally mucronate anthers,

while it was distinguished from the South American Section Trifidae
by the characteristically undivided leaves and hairy anthers,

These are the same characters used by Bentham in his monograph of

1846, Thus E, alsa of Australia and E. antarctica of South

America, which had previously been considered synonymous, were
placed in different sections,

Gandoger (1919) published seven new binomials in the
Australian "E, brownii complex" in his "Sertum plantarum novarum",
There is no evidence that he saw any material other than the single
specimens upon which he based the names. Whereas such a course of
action is non-scientific, his names are validly published with
short diagnoses (in key form) and with specimens adequately cited.

The species described were E, walteri, E, trichocalycina and E,

crassiuscula from Victoria, E. tasmanica and E, deflexifolia from

Tasmania, and I, novaecambriae and E, maidenii from New South Wales.

Until very recently (Briggs in McGillivray 1973) subsequent workers
in FEuphrasia have rarely attempted to apply Gandoger's names because
of the brevity of descriptive information and the lack of opportunity
to see the pertinent types.

In the Queensland Naturalist Blake (1945) described and
figured a distinctive new species, E, bella, from the mountains of
southern Queensland.

As a continuation of his earlier papers on Euphrasia in the
Southern Hemisphere and Malesia (Du Rietz 1932a,%), Du Rietz
(1948a,b) published two papers primarily to clarify the classification
of the Tasmanian species., He went further than this, however, and
meticulously discussed the taxonomy of the Australian species as

a whole and their affinities in the genus elsewhere. His work was
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based mainly on material from Durcopean herbaria, including the valuable
collections of British Museum and Kew. A few specimens were sent to
him from the herbarium of the Botany Department, University of Adelaide
(now housed in AD).

The importance of Du Rietz's work stems from his meticulous
taxonomic analysis in which greater significance than in the past was
placed upon characters, either difficult to put into words, such as
depth of leaf toothing and leaf shape, or showing a degree of overlap
from one taxon to the next, such as number of leaf teeth, the type of
habit and the shape of the inflorescence, Throughout the work he
mentioned possible distinct taxa which required further investigation.
On such little material as he saw his predictions often have proved
remarkably good,‘

Du Rietz's (1948a) initial paper on the Tasmanian species involved
a discussion of E, striata and a related undescribed species also from
alpine regions of the island. This new species, E. gibbsiae, had been
mentioned without description with other nomina nuda in his previous
paper on the Philippine species of Buphrasia (Du Rietz 1932a, p.532).
He provided detalled descriptions, illustrations and specimen photo-
graphs of both species, Within E, gibbsiae he recognised a number of
forms. He considered two of these to be worthy of taxonomic treatment
as formae, although he believed that further material and field
studies could show them as distinct species. They were £, comberi
from an unknown Tasmanian alpine location above 910m (3000 feet) and

f. subglabrifolia from Mt. Mueller, Gippsland, Victoria at 1520m

(5000 feet), with its close relative from Mt. Olympus, central Tasmania.
In addition he recognised two other forms under E, gibbsiae from the
Tasmanlan mountains, but refrained from giving them taxonomic status.

Concerning these specles, Du Rietz wrote:
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"According to the scanty material available at the time of
these studies, L, gibbsiae consists of a highly polymorphic
population, and possibly further studies....may reveal the
existence of some more new species belonging to the same

group as K, striata and E, gibbsiae. The polymorphic character

of E, gibbsiae, however is no sufficient reason to lump it
into E, striata which seems to be a clear and not very poly-
morphic species...Possibly hybridism plays an important role
in the Tasmanian Luphrasia-population,”

To end this initial paper Du Rietz discussed the taxonomic
affinities and geography of the two species, He united the two into a
new series, Ser., Striatae, characterised by: "Suffrutices pumilae,
microchamaephyticae, repentes (interdum semisedentariae), semiprostratae.
Folia subdigitata." The series was known only from Tasmania and the
single Victorian locality mentioned above,

In his second paper on the Tasmanian species Du Rietz (1948b)
rectified the misapplication of E, collina R,Br., At the same time the
species which Bentham had called "E, collina" was renamed E., gunnii,

One of the specimens cited in Bentham's (1846) description of E. collina
was selected as the holotype of the newly recognised species. Du
Rietz copiously described the holotypes and isotypes (which he called

syntypes) of E. collina and E, gunnii and provided illustrations and

specimen photographs,
Also in this second paper, Du Rietz discussed in great detail
the characters distinguishing E. collina R.Br. and E. gunnii firstly

from E, striata and E, gibbsiae and then from the Australian mainland

species of Fuphrasia, In the latter context he detailed the distinctions
of I, collina from E. paludosa from the New South Wales tablelands,

L, muelleri from Victoria, and E,. tetragona confined to south-west

Western Australia (with which he included a description of the British
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Museum holotype). In addition he mentioned forms from Victoria
intermediate between E, collina and E, paludosa which he provisionally

named E, collinoides because he was uncertain of their taxonomic

status, He made spscial mention of two forms related to E. collina, one
from sandhills in north-eastern Tasmania, the other from the Launceston
area of northern Tasmania. In discussing E, gunnii and its related

species he was able to distinguish E. diemenica from montane Tasmania,

an undescribed species, provisionally named E, milliganii from south-

west lowland Tasmania, another undescribed species, provisionally
I, osbornii, from South Australia, and E, speciosa from lowland New
South Wales,
Following this discussion Du Rietz formed a new series, Ser.
Collinae, characterised by:
"Suffrutices puwnili, microchamaephytici, sedentarii, raro

semisedentarii (B, diemenica?) vel repentes (E. glacialis)

erecti vel raro (B. diemenica and E, glacialis) semiprostrati.

Folia non distincte subdigitata,!

The series consisted of B, collina and E, gunnii and the species discussed

with them in the second paper (Du Rietz 1948b) excluding E, striata and

L, gibbsiae, Also included in the series was E, glacialis. Within this

series he considered that E, glacialis and E, speciosa formed their

own subseries, "differing from the other species by shorter, broader,
more multidentate leaves,!

He formulated two other series which covered the remaining
Australian species, all of them annual. These were Ser. Hookeriae
("Herbae annuae. Folia subdigitata"), based on the single Tasmanian
species. K, hookeri, and Sern Scabrae ("Herbae annuae., Folia non
digitata, longa, dentata"), based upon the widespread lowland species,

L, scabra, E, arguta from New South Wales, and E, alsa from the

Australia Alps.
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In a short discussion of the geographical relationships in the
genus in the Southern Hemisphere, he united the Australian species into

& new subsection, Subsect. Australienses ("Capsula acuminata'), distinct

from, but closely related to, the New Guinea mountain species and the

newly formed New Zealand subsection, Subsect, Nome-Zeclandiae ("Capsula

emarginata vel truncata'), In addition, Du Rietz rejected the
character of sub-equally mucronate anthers used by Bentham and Wettstein

to distiagulsh Subsect. Australes from Subsect. Semicalcaratae, Finall
O e 2

Du Rietz appended a key to the Tasmanian species known to that time,
Beard (1965; 1970) listed only E, scabra in his two editions
of "A Descriptive Catalogue of West Australian Plants". The omission

of E. tetragona probably arose because of its absence from the

collections housed in the Perth herbarium,

In his "Supplement to J.M. Black's Flora of South Australia
Eichler (1965) became the first Australian botanist to mention the
studies by Wettstein and Du Rietz of the Australian taxa of Fuphrasia.
He considered that several species were involved under E. collina as
cited by Black (1926) and Robertson (1957) for the State. Closely

related to the South Australian species or actually conspecific with

caulis and E, muelleri as well as Du Rietz's nomen nudum, E, osbornii,

Curtis (19672) recognised eight species of Luphrasia in her
"Student's Flora of Tasmania", She described one new species LI, kingii,
endemic to the south-west of Tasmania in peaty heaths, The predominantly

mountain species were L. diemenica, which occurred atabout 760m (2500 feet)

and also at sea level on the west and south-west coasts, E, striata on
mountains and in the south-west, E, gibbsiae above altitudes of 1070m
(3500 feet), and also occurring in Victoria, and E, hookeri confined

to the western mountains, E. collina and E. gunnii were described as

lowland species, the former extending into mentane grassland and also
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occurring in Victoria and the latter confined to the north and east of
the island. II, scabra was cited from near the coast and on dry hillsides,
Curtis considered E, gibbsiae to be polymorphic, She recognised'

Du Rietz's two forms, f. combori and f, subglabrifolia, and referred to

variants in "cushion plants e,g. Donatia novae-zelandiae or in Sphagnum

moss", Under her circumscription of E, diemenica she perceived two

"groups of variants", namely a group approaching fi, collina in their
inflorescences in montaine areas, and plants with smaller flowers and
more acutely toothed leaves from peaty heaths near the west and south-
west coasts,

Characters used in her key were indumentum, leaf shape and degree
of toothing, inflorescence shape, habit and flower colour. E. striata,

K. hookeri, I, kingii and E, gibbsiae were described as having corollas

lined with purple, but this character, as in the past, was only used
to distinguish E, striata in the key.

In the same year the Victorian botanist Willis (1967) published
his notes on the Australian members of Fu hrasia, mainly on the taxa
occurring in the Australian Alps. He also made use of the works of
Du Rietz and Wettstein. Concerning the taxonomy of Buphrasia he stated:

"Satisfactory delimitation of taxa within this genus is by

no means easy, being complicated by intraspecific polymorphy
and extensive hybridism,.......Until population and genstical
studles are carried out extensively in Australia, there is need
for conservatism in the recognition of distinct specles. Thus
the writer currently prefers to express in terms of varietal
rank the more obvious morphological differences between highland
populations of the series Scabrae and Collinae."

Under B, glacialis the typical plants of which extended from the

alps of New South Wales into the Cobberas Mountains of extreme cast

Victoria, Willis recognised a new variety, var. glandulosa, distinct
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from the typical variety by its indumentum, Although it is doubtful
that he saw the type he was certain that Gandoger's "inadequately described"

E, crassiuscula was identical. The new variety was "abundant on the

higher Victorian alps......, with an outlying, more elongated form on the
Buffalo Plateau." He also listed plants from the highlands of New South
Wales and Australian Capital Territory, under the new variety., In his
discussion of E. gibbsiae, Willis mentioned the record of f. subglabri-
folia, from the Baw Baws having seen a duplicate of the Mt. Mueller type.
He also published a new record of a form close to f. comberi from the
"summit of Mt, Speculation, Barry Mountains" and referred to a possible
reduced form of &, gibbsiae from the Cobberas. Finally, he expressed
doubts about the specific status attributed to some Tasmanian species,
stating:

"E, gibbsiae seems to differ from E, striata.,......only in being
glandular, while R. Brown's E. alpina..,....is probably no more
than a glabrescent alpine form of E. gibbsiae."

Under E, scabra Willis proposed two varieties, one new, namely
var., caudata, and the other, var., alsa based upon Mueller's E. alsa,
Both varieties were recorded from the Australian Alps, but var., alsa
tended to be confined to the higher alpine areas, while var. caudata
also occurred in subalpine areas as well as further north in the Australian
Capital Territory. The two varicties were distinguished on the basis of
flower colour, while the var. scabra was distinct from them both in its
indumentum,

Burbidge & Gray (1970) could provide only a tentative treatment
of Euphrasia in the Australian Capital Territory. Of the five taxa
recognised, two only were attributed published names. They were E., scabra

var. caudata and B, glacialis var. eglandulosa, The other taxa were

designated "L, sp', "E. aff. paludosa R.Br." and ', aff, glacialis

Wettst,"
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In his "Handbook of the Plants of Victoria" Willis (1973a)
extended the concepts of his prior publication on Euphrasia, by
adding L, collina to his list of Victorian species. The species
was reported as widespread in lowland and montane areas. He
considered E, speciosa "to be only a robust form, not differing from
E, collina in any significant feature except flower-size."

In a work (McGillivray 1973) dealihg with Gandoger's names of
Australian plants, Briggs has listed the seven names which Gandoger
assigned to Huphrasia in Australia, together with their probable
synonyms, and an enumeration of the holotype specimens (all are from

LY, with one isotype in NSW). E. crassiuscula was considered synonymous

with E, glacialis var. eglandulosa, E. deflexifolia possibly with

£, tasmanica and LI, gunnii, E. maidenii with E. glacialis var. glacialis,

and E, novae-cambriae with Ii, speciosa s.l., while B, trichocalycina and

L. walteri were thought to be allied to both E, collina and L. speciosa.
A plate of the holotype of E. maidenii was included in the publication.
In conclusion, throughout the various taxonomic works dealing
with Euphrasia in Australia therc have been frequently expressed doubts
as to the status of most species recognised to this time, Thus,
species placed in separate infrageneric taxa by one worker (Du Rietz
1948a,b) have been considered distinguishable only at the infraspecific
level in a later publication (Willis 1967). In addition much difficulty
has also been found in applying correct names to the taxa (e.g. Burbidge
& Cray 1970) and consequently names have sometimes been misapplied.
These deflciencies obviously stem from the lack of a detailed taxonomic
study of Huphrasia throughout Australia based on an extensive field

experience,
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CHAPTER 3

MORPHOLOGY

The following is an enumeration of the characters which
have been found useful in taxonomic treatments of Ruphrasia.
Consideration 1s given to the nature and significance of the
variability of characters and their usefulness at the various

levels of classification.

I. SPECIAL TERMS USED

In several cases in this work a terminology has been
used which is elther at variance from customary useage or is
in need of definition.

A floral axis is any axis terminating in an inflorescence.
It includes the axis of the inflorescence.

Main axis is taken to include a stem, or the most robust
flowering branches on the perennials after the first year.

Stem has been used in the sense of Jackson (1928: '"the
main ascending axis"), Lawrence (1951: "the main axis of a
plant, leaf-bearing and flower-bearing as distinguished from the
root-bearing axis") and the Oxford Dictionary (1964: '"the main
body or stalk....of tree, shrub or plant"). The term stem seems
to have been used incorrectly by Wettstein (1896), Pugsley
(1936) and Du Rietz (1948a,b), as well as the majority of flora
writers, in describing the peremnials and prostrate annuals.
The first-year plants of several Australian species may have a
single axis which is erect or ascending, is often profusely
branched, and produces an inflorescence. On the above definitions

this would be the only true stem with any axes arising from this
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being branches. In subseguent years the stem may die back, often
to the region of the upper branches. If the branching is confined
to near ground level the plant has a "many-stemmed" appearance

(1emce Bentham's "B, multicaulis" for the perennial B. collina ssp.

tetragona). These axes are, however, of a secondary (or greater)
nature and should not by the above definitions be called stems,

The presence of a single stem is clearer in the perennials of Sect,
Australes and 3ect. Striatae which branch high above ground level,
In these much of the stem persists throughout the life of the
plant. The situation is perhaps most confusing in the procumbent
perennials of Sect. Striatae Subsect. Humifusae, the annuals of

Sect. Anagospermae and in some of the perennial alpine species

with many ascending axes, These plants appear to lack a single
flowering stem in the first year or possess one which is very
obscure, Either the stem could be considered completely absent
or the major axes arising from the base of the plant could all
be considered stems.

Indumentum terminclogy is outlined under the discussion of
its variation and diagnostic importance (sse this chapter).

Blade has been used in the special sense of that part of
the leaf excluding the teeth, apex and attenuate part of the base,
if it is of that shape (see fig. 2),

Tooth and apex terminology for the calyces, bracts and

leaves (see fig. 1): In an attempt to give a more precise
statement of the shapes of the lobes or teeth of the calyces,
bracts and leaves, and the apex (apical tooth) of the bracts and
leaves, the following method has been found useful., To describe
the shape of the tooth or apex (apical tooth)overall, i.e, from
base to apex, the terms obtuse, acuminate, acute, caudate etc. have

been used as defined in Stearn (1966) and Jackson (1928). This
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Tooth and apex terminology in Euphrasia.
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Bluntly broad obtuse

Sharply broad obtuse

Bluntly obtuse

Sharply obtuse

Bluntly acute

Sharply acute

Bluntly broad acuminate

Sharply broad acuminate

Bluntly acuminate
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Bluntly narrow acuminate
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Sharply caudate
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FIGURE 2

Usage of the term '"blade", and definition of the

measured parts of the corclla and anthers.



USAGE OF THE TERM "BLADE"

a.
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ANTHER MEASUREMENTS

Anther length
Anther breadth

Awn length

COROLLA MEASUREMENTS

Length of upper side
Length of tube

Length from base of corolla
to point of insertion of
anterior filaments

Length of hood

Width of hood (including
lobes)

Width of hood (excluding
lobes)

Depth of cleft between
upper lobes

Length of lower 1lip
Width of lower 1lip

Depth of cleft between
lower lobes
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seems more precise than methods entailing terms such as triangular.
The very apex 15 then described by the terms blunt and sharp
(which it is realized are the respective English equivalents of
obtuse and acute). Although the use of these characters has
been avoided in the keys because the terms describing them could
be misinterpreted, they are nevertheless diagnostic in many cases.

Bract has been used for the leaf subtending the flowers
of Euphrasia. This term has been used by Wettstein (1896),
Chabert (1902), Joergensen (1919: "Deckblatter"), Du Riets
(1932b; 1948a,b) and Smekjal (1963). The British taxonomists,
Pugsley (1930,1936), Sell & Yeo (1970) and Yeo (1972), and the
Russian Juzepcuk (1$55) have used the term "floral leaf" in its

place.

1T, MEASUREMENTS

Much of the' taxonomic difficulty in Euphrasia stems from
the closeness of the taxa, with the major differences often
overlapping to a greater or lesser extent. It has therefore
been consldered advisable to adhere to a policy of using quantitative
terms wherever possible to describe diagnostically useful characters
in cases where the lack of precision, characteristic of many
qualitative terms, might cbscure the true variability of the
characters. The expression of characters in a quantitative form
gives an accurate and clear picture of the range of variation
in a particular character for each taxon and the degree to which
there is overlap between taxa., Qualitative terms, such as those
used to describe leaf shape and which include general statements
like "branched in the lower half of the axis, usually near ground
level", cover a range of variation in themselves. In addition,

although precise mathematical definition has been given to some
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of these terms (e.g. the chart of simple symmetrical plane shapes:
Stearn 1966), their actual usage is liable not to be so precise.

For each taxon the measurements of each character were
rovally taken from a sclected sample of between twenty and thirty
specimens in which it was attempted to incorporate, where available
collections permitted, wvarilation in typical populations and a
cover of material from the extremes of geographical, ecological
and altitudinal range of the taxon. In the more widespread taxa,

such as &, scabra and L, collina ssp. collina, measurements of

the variable characters (such as leaf shape) number many more than
this, The range of variation has been portrayed in the descriptions
as follows. The extremes of variation, sometimes modified slightly
after perusal of other material, are placed in round brackets at
gither end of the range. Between these bracketed figures occurs
either the average of the total sample of measurements (often done
where too few specimens are available to give what is considered

to be an adequate sample) or, more commonly, the range covering

the 80% or more of values remaining after no more than the 10%
smallest and 10% largest values have been removed. In several
obviously distinct taxa insufficient material was seen to give an
adequate picture of the variatlon and only the overall range of
values has been given.

A1l measurements in centimetres (such as plant height) were
taken to the nearest millimetre, using a ruler, while all
millimetre measurements (such as corolla and leaf length and those
of leaf apex and tooth size) were measured using a low-power micro-
scope at 10x magnification with an ocular micrometer and were
recorded to the nearest tenth of a millimetre. Measurements of less
than a millimetre (such as awn length) were recorded to the nearest

twentieth of a millimetre using this latter technique.
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It is unfortunate that many of the major diagnostic
characters reguire measurements to this degree in order to give
an adecuate picture of their variation, as 1t means that the
descriptions and keys are of limited use without access to a
low=-power microscope. This has to be accepted as a characteristic
of the genus. However, in order to identify material all that
is required is the knowledge of where the measurement of a character
falls in relation to a certain range of values; this does not
require an exact measurement., With respect to the data on the
proportion of the maln axis which is simple, it was deemed reason-
able on the basis of the accuracy of the measurements to give the
ratio to the nearest 0.05 %%Q; measurements of length above 1Ocm
were made to at least two significant figures, while those below

10cm were taken to the nearest icm.

ITT. CHARACTERS

1, LIFE-3PAN

Both annual and perennial types of life-span are common
in Buphrasis and their distinction is one of the major characters
used in the infrageneric classification proposed in this work, and
in the previous ones of Weltstein (1€96) and Pugsley (1936).

The groups distinguished in part on the basis of life-span seem
natwrally delimited and monophyletic. There appear to be several
independent cases of annuals giving rise to perennials., For
details see Chapter IV on evolution in the genus.

The age reached by the peremnial speciles has not been
investigated, but it is possible that the Australian perennials
survive longer than five years. Generally in populations of
perennials first-year plants appear scarcer than latter year

plants (detected by weather worn infructescences of the previous
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year), but LI, hookeri is one species which has the capacity to

perennate but rarely appears to do so (¢.v.: Note 2),

2., ROOT SYSTEM

The root system of Buphrasia consists of a single main
axis branched laterally into secondary axes which are in turn
branched.

The plant is a facultative semi-parasite (Yeo 1964) and
the swellings or "haustoria" are located on the finer rootlets
and attach to the fine rootlets of the host. Evidence of these
haustoria is present in most specimens which have been extracted
from the soil with care, However, actual remnants of fragments
of the host roots still attached to the haustoria are less common.
fiven 1f the greatest care is used in extracting the plant and its
probable host from the soil such attachments are seldom found.
Haustoria do not appsar to be absent from any taxon in Australia.
Their relative prevalence, however, is difficult to determine
because of the difficulties associated with finding attachment to
a host. The presence of haustoria is well-documented in
Burope and has been described in New Zealand (Philipson 1959) for

L, cockayniana, L. zelandica and E. revoluta. Yeo(1964) has

reviewed experimental work in semi-parasitism in the genus.
Simple slender roots may emerge from the axes which are at
ground level, and probably are a response to moist conditions, as

they often occur in plants from permanently damp areas.

3., HABIT

Within both the perennials and annuals of Euphrasia there
are a variety of habit types. Differences in habit often appear
to be correlated with climate, Thus similar habit types may be

found in distantly related species in similar climatic conditions,



while closely allied taxa, sometimes within a species or even
variants in the one subspecies, may differ markedly in habit.,

The height of the plant (or, to exclude variation caused
by differences in the stage of development of the inflorescencs,
the height of the main floral axis to the base of the inflorescence),
the position of the uppermost branches or young shoots on the
main floral axis (measured by the number of nodes below the
inflorescence, and the proportion of main floral axis between the
inflorescence and the node bearing the uppermost shoot), the
sequence of development and direction of the branches, and the
number and length of the internodes on the main floral axis (relative
to the length of the leaves) ware found useful to define the

observed differences in habit type.

a, Habit in the annuals

The habit type consisting of a single erect stem often
branched in successive nodes is characteristic of almost all
annual species of Huphrasia. In the Australian annuals (Sect.

Scabrae and Sect., Lasiantherae) the branches develop basipetally

in consecutive nodes. D[lsewhere however; the order and consistency
of branch development is not so strict. In Sect. Euphrasia of

the northern hemisphere there i1s a tendency for branches also to
develop basipetally but they are often, in the less robust plants,

very few or even absent, In Sect. Novaezeelandiae branching is

similarly rather sporadic and tends to be acropetal. The more
ordered and consistent development of branching in the Australian
species may be related to their apparent capacity for more vigorous
growth, with stems able to bear many internodes and flowers being
produced in large numbers.

Two species of Sect. Anagospermae, I, disperma Hodc.f. and

I, integrifolia Petrie, have a very different habit. Plants of
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these species form loose mats with almost completely prostrate
branches arising from a reduced stem (see Ashwin 1961). The
remaining two species of the section, E, repens Hook.f. and
F, dyeri Wettst., are intermediate in their habit (in addition

to other characters) between these species and Sect. Novaezeelandiase.

Until the present revision of the Australian species,
habit in the annual species had only been studied in the extensive
northern representatives of Sect. Buphrasia. It is in these
species that the phenomenon of "seasonal dimorphism" has been
widely documented., Similar "seasonal (or pseudoseasonal) poly-
morphism" occurs in other genera of the Tribe Rhinantheae e.g.
Melampyrum and Rhinanthus (Soo & Webb 1973a,b). The two habit
types of Sect. Euphrasia have been characterized as follows by
Pugsley (1930):

1. Aestival or Farly Summer-flowering form

Internodss very long. Flowers forming from generally the
Lth stem node, Branching consequently limited.

2. Autumnal or Late Summer~flowering form

Internodes very short in lower parts, (?longer above).
Flowering from the 5th-12th (or more) stem node.
Branching copious.
Yeo (1964: p.7) has made slight modifications of these limits,
The variocus habit types have been correlated with
climatically based differences in the duration of the growing
season. In Euphrasia the aestival form is found in alpine or
arctic regions with shorter growing seasons., It is also found
in meadows which are frequently mown and the time between
germination and the production of seed must be as short as
possible, The autumnal or late summer-flowering forms occur in

more lowland regions of lower latitudes with the correspondingly
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longer annual periods of growth.
Pugsley (1930, 1936) defined a number of series in

Sect, Buphrasia (his Sect. Semicalcaratae) partly on the basis

of these habit differences. However, he and subsequent workers,
such as Juzepcuk (1955), Sell & Yeo (1970), Yeo (1972), have found
the distinctions between the autumnal and aestival types too
unreliable to be useful in defining species. They have preferred
to describe each taxon by its range of variation in the number of
stem nodes, the length of the internodes and the relative
abundance of branching.,

Yeo (1964) has shown that differences of this type are
retained when cultivated together indicating that they are
determined by genetic differences. In addition, he observed
precocious flowering (with a consequently reduced stem node
number) in some plants of the normally late summer-flowering

B, pseudokerneri Pugsley during periods of unusually high temper-

atures. He states that "this suggests that temperature is one of
the main factors controlling flowering in FEuphrasia, and that given

sufficiently high temperatures LK., pseudokerneri can be made to flower

at about as low a node as the high mountain species". The pre-
maturely flowering plants were the most developed of a crop of
seedlings. He further states that "precocious flowering of very
young plants after hot weather has occurred repeatedly in my
greenhouse cultures" and he gives evidence of early flowering in
naiural populations after hot spells. In his glasshouse conditions

the naturally early summer-flowering species, E. brevipila Burnat

& Gremli™ (from Sweden), began flowering before plants had become

sufficiently robust to produce a normal number of flowers,

*Now apparently considered to be L, stricta Wolff ex Lehm. or

I, arctica Lange ex Rostrup (Yeo 1972).
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The length of the potential growing season as determined
by the climate also appears to be a critical factor in determining

the habit type of the annuals of Sect. Scabrae and Sect, lasiantherae

of Australia. The longest potential growing season in the regions
occupied by the annuals are found in montane and lowland northern
New South Wales, which has summer and winter rains and an absence
of winter snows. The two annuals of this region, E., arguta and

L, orthocheila, possess the tallest habit and the largest number

of stem nodes of the Australian annuals, FElsewhere in Australia
the length of the potential growing season is shortened in one

of two ways with an accompanying reduction in height and number of
stem nodes (see Table 1). In montane and lowland temperate
Australia, in which E. scabra is widespread, snows are generally
absent but rainfall is confined to the winter months and the summers
are hot and dry. The growing season is thus effectively shortened.
The reduction in growing season for the remaining annuals which
occupy alpine and subalpine zones 1s caused by the winter snows,
Those taxa occupying mainly subalpine localities, namely E, cilio-

lata and E. caudata ssp. caudata, are intermediate in stem length

. and number of nodes between the montane and lowland northern New
South Wales species and the purely alpine taxa, E, alsa and E.
caudata ssp. nana; this is probably related to the earlier spring
than in subalpine locations. . caudata ssp. caudata of subalpine
and rarely, montane localities, has many nodes like its montane

and lowland relatives, L., arguta and E, orthocheila, but instead

of having their more or less equally spaced nodes its lower
internodes are extremely short, with the tallness being contributed
by a few widely spaced upper nodes. This may also relate to the
above-mentioned differences in climatic conditions, Finally,

L. eichleri, which occupies both alpine and subalpine localities,



TABLE 1:

The climatic ranges and variation in selected characters of the Australian annuals of Fuphrasia

(Climstic zone: & = alpine, S = subalpine, M = montane, L = lowland)
Height of No. of 1
R oo S VD i e S Crimatie Zone
cence (cm) escence A 3 M L
E. alsa 1.3-5.0(6.5)  (1)3-4(5) ¢.15-30 10-12(15) 1.6-2.5 +
&. caudata
SSp, nana (3.5)6.7(11.0) (5)6-8(9) (10)1&(26) (20)37(45) (0.9)1.2-1.5(1. +
ssp. caudata (7.3)11-24(30) (8)10-14(17) (12)24(32) (30)62(110) (1.0)1.3-1.5(2. + (+)
E. eichleri (2.5)5-11(14) (5)6-8(12) >15 (20)30(40) 1.5-2.0 + +
E. ciliolata (11)16-23(25) (10)13-16(19) (10)16-26(36) c. 30-75 (0.9)1.0-1.2(1.4) g +
E. scabra (7.5)11-25(45) (6)8-18(24)  (10)14-32(54) (57)90(140)  (0.4)0.25-0.8(1.0) + +
L. arguta (12)22(33) (18)24(30) (30)50-90 c. 35-80 (0.4)0.6-0.8(1.0) 7+ 2+
E. orthocheila (15)17.5-37(0) (10)13-30(36) (15)25-40 (20)45-100 (0.4)0.5-0.8(0.9) & T
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has stem lengths and internode numbers intermediate between the

values for purely alpine and subalpine taxa.

b. Habit in the perennials

A habit polymorphism also exists in the perennial members
of Euphrasia. 45 in the annuals the differences in habit type
are geographically restricted and are apparently related to climate,
The characters involved in determining the different types of
habit are the area in which the main axes (axis) develop branches
and the area which remains simple, the direction of branching,
whether the branching is in consecutive or occasional nodes, and
the sequence of development of the branches. The various types are
illustrated diagrammatically in fig, 3, and are described as
follows:

1. The "Cuneata" type (as in E. cuneata) e.g. pl. 15.

This type of habit is confined to Sect. Cuneatae. Plants
of this type have branches developing in consecutive axils from
high up an erect floral axis just below the inflorescence down
to ground level in a more or less rigid basipetal sequence as in
the Australian annuals. Insufficient material has been studied
to be able to determine the true nature of first-year plants. At
least occasionally, however, these plants may consist of a single
erect or ascending stem in the first year, which dies back com-

pletely (as in E. durietziana) with several erect or ascending

stem-like main axes developing from the perennating base in
subsecuent years. In other cases there may be several branches
developing from the base. Rooting may occur in the very proximal
part of the axes. The species of the section all occupy montane

regions, with K. durietziana and 1. cuneata extending into sub-

alpine habitats.

Sect. Malesianae and E. culminicola, E. lamii and
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FIGURE 3

Habit types in the perennials of Euphrasia.
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E. versteegil, three closely related members of Sect. Striatae

Subsect. Pauciflorae (they may actually be conspecific) have
habit types resembling the "Cuneata" type in the branching well
up the axes, and the development of several to many axes from the
root stock, They diverge by their more sporadic incidence of
branching in the nodes of the main axes. This difference may be
related to their less robust nature. These plants occur in

zones

alpine, subalpine and high montane/(Stapf 1894, van Royen 1972).

2. The "Paradoxae" type (as in F, formosissima)

This habit type is known only in the single species,

L., formosissima, of the Juan Iernandez Islands. Skottsberg (1921)

referred to its unusual habit when he first described the species.
The plant consists of a single erect stem with branches developing
in consecutive axils, As Skottsberg (l.c.) observed, the stem

and Jlateral branches flower simultaneously. The number of nodes on
the branches decreases from the base of the plant, where they have
ca. 4 nodes, to the branches below the inflorescence, which lack
nodes. Accordingly it appears that the development of the branches
is acropetal. This is unique among the perennials. The species
is also unicue in its apparent means of perennation, in which the
stems and main branches do not die back but continue (possibly
after a dormant period) to develop leaves and new shoots, The
species 1s apparently confined to the alpine zone,

3. The "Striata" type (as in E. striata) e.g. pl.16,17,18(p.p.),29.

Plants of this type apparently have an erect or ascending
stem terminated by an inflorescence in the first-year. The vegstative
buds are confined to ground level, and branches which are formed
are prostrate in the proximal parts (sometimes rooting at the nodes)
and distally ercct. The majority of plants of Sect. Australes have

this type of habit and it may'dlso occur in Sect. Trifidae. The
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habit found in B, hoockeri (g.v.: Note 2) is clearly a derivative
of this type. Plants of this species are single-stemmed,; some-
times with shoots forming at the base, The rare later-year
Jlants have once to ssveral simple, erect branches developed from
ground level, The "Striata" type habit mainly occurs in alpine
and subalpine zones,

The habit typical of L, collina ssp. muelleri is somewhat
divergent from this type. The subspecies has been recorded
throughout lowland and montane regions (it may now be extinct)
but never above the snowline. It resembles the "Striata" type
of habit by the confinement of the vegetative shoots to near
ground level. Although sometimes an occasional branch or young
shoot may develop in the lower half of the main branches above
ground level, in many plants the great majority of branches arise
from a perennating base composed of many densely clustered young
shoots. This compact perennating base is not known elcewhere in
the genus and may be a response to the prolonged hot dry periods
which are characteristic of Australian conditions. The many young
shoots may be dormant and develop only after rains,

4. The "Humifusa' type (as in E, humifusa)

This is a type probably derived from either the "Cuneata"
type (as in the Malesian species) or the "Striata'" type of habit.
The axes are procumbent and root at the nodes. Van Royen (1972)
has stated that the floral axes may be erect in E, callosa. The
habit type is confined to Sect. Striatae Subsect. Humifusae of the
alpine and subalpine grasslands (at least of New Guinea: van
Royen l.c.).

5. The "Collina" type (as in L, collina ssp, collina)

In this type first year plants consist of a single erect

stem, terminated by an inflorescence and developing branches



above ground level in occasional axils with no fixed sequence,

At the end of the first season the stem dies back to the upper
branches and in the next season further branches develop from
this region and below, There is never the perennation from the
base of the plant that often occurs in the "Cuneata" type of
habit, This habit is found among the Australian members of Sect.
Australes and occurs only in lowland and montane habitats.

The range of variation in the position of the uppermost
branches or shoots on the stem relative to its height differs,
apparently significantly, between taxa having the "Collina' type
of branching. For example, the position of the branching in the
forms of E. collina ssp. speciosa and ssp., paludosa which have
the "Collina" type habit (these subspecies also exhibit the "Striatal
type habit) tends to be much lower than that seen in ssp. collina,
Within B, collina ssp. tetragona, which has consistently the
"Collina" type of habit, there is a geographically based transition
in the position of branching, from branching in the upper half of
the stem or main branches to branching restricted more to the lower

half of the plant (see E, collina ssp, tetragona: Note 2; fig. 24).

Tach habit type apparently represents an adaptation to
the climatic factors characteristic of its range of distribution,
Outside Australia it is difficult to gauge the degree of correlation
between habit and climate without having a first hand knowledge of
either the plants or their habitats. However 1t is possible to
speculate upon such relationships in the Australian perennials,

The confinement of the vegetative buds to ground level in
the "Striata" type of habit is probably a result of the extreme
cold experienced in their natural habitats, and the fact that the

ground is somewhat warmer and less variable in temperature than the
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air or snow above. The "Striata" type, however, is not confined

to subalpine and alpine areas, as E, lasianthera, E. collina

ssp. diemenica, ssp. paludosa, ssp. muelleri and ssp, speciosa
all occur in montane and lowland regions. The possible climatic
significance of the unique habit type in ssp. muelleri has been
discussed previously.

The "Collina" type of habit is absent from areas with
snow, Vegetative shoots are developed above ground level with
a resultant increase in height of the plants which may become
even greater in successive years and assist the plant in the
competition for light in the forests and dense shrubberies which
it occupies,

In Australia habit types may vary within taxa: It is
not known whether this occurs elsewhere. In E, collina both ssp.
speciosa and ssp. paludosa may have either the "Striata' type
of habit or the "Collina" type. The specimens with the "Collina"
type occur only north of Sydney in northern New South Wales. This
may be related to the year-round rains in this region.

In addition there are several cases of intergradation between
taxa which are characterized by different habit types. Thus
5. collina ssp, collina (of montane and lowland regions) with
"Collina" type of habit and ssp. diemenica (of alpine and subalpine
regions) with "Striata" type, intergrade in the upper limits of
forest and woodland (see E, collina: Intraspecific variation),
Similarly, the upper portion of an apparent intergradation
between i, gibbsiae ssp. comberi of alpine zones and of the
"Striata" type of habit and ssp, kingii of wet lowland and montane
moors with the "Collina" type, has been observed, (see E,

gibbsiae: Intraspecific variation),
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The various habit types, in the perennials of Fuphrasia
appear to be genetically determined. This is reflected by the
fact that they overlap in their climatic tolerances. Sympatric
cceurrences are a good gulde to genetically based differences.

The lowland and montane areas of south-eastern Australla contain
taxa characterized by three of the five habit-types (the "Humifusa"
and "Paradoxae" types are lacking). Unfortunately while there

are preobably many cases of sympatric occurrences of taxa of the
"Striata" and "Collina" types in montane and lowland central
Victoria and northern Tasmania, there has been too little collecting
in these areas to be certain that differences are maintained when
sympatric, In my visit to northern Tasmania a population of plants
most closely related to E. collina ssp., diemenica (q.v.: Note 2)
and with the "Striata" type of habit was found in a montane forest
a few kilometres from a population of E., collina ssp, gunnii of

the "Collina" type habit. In central Victoria it seems that ssp.
muelleri, ssp. Speciosa and ssp. paludosa with the "Striata" type

of habit occur together with ssp. collina and ssp. trichocalycina

of the "Collina" type. As yet there is no evidence that there is
any breakdown of these habit types in this region, although

field studies are required to verify this,

4., INDUMENTUM
(Excluding that on corolla, stamens and ovary which is dis-
cussed in the relevant sections.)

The distribution, composition, length and density of the
indumentum on the axes, leaves, rachis, bracts, pedicels and
outer surface of the calyx are of major diagnostic importance
at the specific and infraspecific level throughout the genus.

Hairs of both the glandular and eglandular type are common.
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The length of the different types of hairs wvaries from
organ to organ on a plant and upon the one organ, For example
the glandular indumentum on the rachis and the axis is generally
longer than thal on the calyx and leaves, respectively and the
indumentum on the calyx shortens towards the base. Therefore,
to compare taxa which are distinct in this variation the length
on each particular organ has been described. Rather than make
exact measurements of many specimens, the lengths have generally
been described in words covering particular ranges, as displayed
in the following table (Table 2).

TABLE 2: Terminology of the length of indumentum

used in the descriptions of Euphrasia

TERM RANGE OF LENGTH (mm)
very short ~0,05

short 0.05-0.1

moderately long 0.11-0.29

long 0.3-ca. 0,45

very long ca. O.45=

Where the indumentum length has been particularly important
in distinguishing the taxa an exact statement of the range of
variation has been given on one or two organs. In particular the
length of the glandular hairs on the outer surface of the calyx
and on the axis or leaves of the lower parts has often been
measured .,

The means by which density has been determined is rather
inexact., I1f the hairs are almost touching or within a few hairs
breadth, they are described as dense, if widely spaced they are
called sparse; Intermediate conditions have been termed moderately

dense,
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a., Glandular hairs

The presence or absence of glandular hairs (more than
0,05mm long when on the leaves, bracts and calyces) over all or
some of the axis, leaves, rachis, bracts and calyces is of
special diagnostic importance in almost every instance where
there is variation in the incidence of glandular indumentum, as
it is generally found to correlate with other character differences.,
The terms "non-glandular" and "glandular" have been used to
describe these character states., Such terms do not encompass the
corolla, stamens and ovary, the indumentums of which are independent
of these parts (see relewant sections).

The presence of tiny subsessile glandular hairs less than
0.05mm long is not of diagnostic use. These hairs are common in
all taxa at the base of the clefts between the leaf and calyx teeth
and along the narrow grooves which are on the upper sides of the
leaves. Morphologically these hairs are similar to the longer
diagnostically important glandular hairs; they differ only in the
length and the number of cells of the stalk (see E, collina: Note
3). In addition in the highest parts of its range the typically
non~glandular E, collina ssp. paludosa (q.v.: Note 2) has a
sparse to dense cover of these subsessile glandular hairs. The
presence of a number of populations with glandular and non-glandular
plants and the lack of correlation with other varying characters
have meant that recognition of the plants with sessile glands as a
distinct taxon above the level of forms is not justified. Quite
common specimens of the other wise non-glandular E, arguta with
very sparse subsessile hairs on the calyces, bracts and leaves
have similarly been considered unworthy of taxonomic recognition.
It is likely that these hairs are identical to the very short ones

found sporadically in Sect, Euphrasia of the northern hemisphere.
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Yeo (1972) attributed to these no taxonomic importance.

b. Eglandular hairs

The eglandular hairs vary in rigidity and length.
Length and density characters for weak eglandular hairs are
described as outlined previously for glandular hairs. However,
in the case of plants which are covered on some or all parts by
rigid sharp eglandular hairs, another type of terminology, which
is more descriptive of the nature and lergth of the indumentum,
has been used., "Scabrous" has been used for such hairs over
ca, 0.lmm long (they rarely attain more than O.2mm); these occur
in B, scabra and to some extent in E, collina ssp. muelleri,.
"Scaberulous" has been used to describe a cover of shorter hairs
or sharp excresences (ca. 0,02-0.1lmm long), such as are characteristic

of E, ciliolata, E. durietziana and some individuals of E., collina

ssp., muelleri.

In related taxa with non-glandular upper parts, the
presence or absence of an eglandular indumentum on the external
surface of the calyx and sometime also on the bracts and upper
leaves may be a character of dlagnostic importance, However,
taxa with dense glandular hairs often also have an eglandular
indumentum, which is too variable in incidence to be of diagnostic
value,

The length and nature of the eglandular hairs may also

be characteristic of taxa. Thus E. crassiuscula is almost

unique in the genus, in at least the southern hemisphere, by its
indumentum of long woolly eglandular hairs which line the calyces,
bracts and leaves (similar hairs are found in E, collina ssp.

diversicolor, ssp. lapidosa and ssp. glacialis but, unlike

E, crassiuscula, their upper parts are very glandular).

The eglandular hairs which line the axis and rachis in



43

a characteristic, bub somewhat variable, manner are generally
of no taxcnomic value. The indumentum usually becomes much
sparser lower down the axis except when a dense glandular
indumentum is present on the lower parts., In some cases eglandular
hairs may surround the whole axis, e.g. in E, scabra and E.
orthocheila, but more commonly they are confined to two rows or
two pairs of lines decurrent from between the leaf bases.

E, humifysa Pennell and E, callosa Pennell of Sect. Striatae
Subsect., Humifusae in New Guinea,; have been separated almost
entirely on this character, the eglandular hairs of the former
being distributed around the entire axis, while those of the

latter are confined to two opposite rows.

5. LEAVES AND BRACTS

Leaf and bract characters are of major importance in
distinguishing taxa at all levels in Fuphrasia. The major
characters involved are the overall size and shape, the shape
of the base, the number, length and region of distribution of the
teeth, the size and shape of the apex, the distribution and
pattern of the sessile gland patches on the lower surface and the
indumentum, which has been described in the previous section.,

The uppermost leaves and lowermost bracts are similar
in all characters except sometimes for those of indumentum
(see previous section). In the Australian species and probably
elsewhere, there tends to be slight narrowing of the blade and
broadening of the base (sometimes accompanied by an increase of
an extra pair of teeth) from the lowermost bract down to two
or three leaves below the inflorescence. Below them the leaves
gradually shorten and sometimes decrease in the degree of toothing.

Often correlated with these trends are transitions in the nature
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of the indumentum. From the lowest bracts to the last-formed
ones there is a decrease in slze and the degree of toothing.

In order to make consistent comparisons between taxa, the
characteristics of the bracts and leaves have beer described

on the basis of a detalled analysis of the uppermost pair of
leaves on the main floral axis of the plant, The indumentum
characters of the bracts and lower leaves are also often
described by a compariscn with the detalled desscription of
indumeritum of the uppermost leaves, bul the changes 1n shape and
size as described above are only occasionally referred to.

Because of the great importance of leaf characters at the
specific and infraspecific level in Australian taxa and in the
genus as a whole, a series of plates (pl. 5 -- 11) showing
the type of uppermest leaves on the main floral axes of almost
all Australian taxa is supplied. Where possible a sample from
a population is displayed, If representative collections of a
taxon were few, only one or two leaves were removed for display.
In cases where material was taken from collections other than my
own the leaves have been returned to the relevant sheets
accompanied by appropriate annotations,

At the specific and infraspecific level, of particular
diagnostic importance are the characters of the number and
distribution of the teeth, the length of the teeth, the size
of the apex and the overall shape of the leaf (either measured as
a ratio of lengbh : breadth as in separating the three species

of Sect. lasiantherae or, where elther length or breadth are more

or less identical, described simply on the basis of the breadth
or length respectively). The reason for their usefulness lies
with thelr quantitative nature. Qualitative characters such as

overall shape and the shapes of the base, teeth and apex are also



potentially good diagnostically (compare the illustrabions of
the leaves of the related species, although it is stressed that
these do not cover the whole range of variation), but lack
sufficiently precise terminology to be used widely.

There are several very distinctive leaf and bract
types varying at the sectional and subsectional level., Attention
is drawn to the special use of the term blade (see beginning of
chapter). The shape of the base is particularly important

nl

diagnostically. 1In Sect. Striatae, E. bella of Sect. Australes

and all members of the genus outside Australla the base of the
leaf is attenuate. The members of Sect. Cuneatae (pl. 11),

E, borneensis in Sect. Malesianae (Du Rietz 1932b: fig. 8) Sect,

Buphrasia Subsect. Angustifoliae (Wettst in 1896: pl. 3 fig.

2-94) and at least some members of Subsect. Japonicae (Wettstein
l.c,: pl.3-5 fig. 95-99, 178-181, 366-368), and I, bella of
Sect, Australes (pl, 11) all have long narrow attenuate leaves
with a prominent blade. Sect. Atlanticae (Wettstein l.c.: pl,
5 fig, 361-365), Sect. luphrasia Subsect, Ciliatae (Wettstein
l.c.: pl, 3=5 fig, 102-176, 186-359) and possibly some members
of Subsect, Japonicae, and most species in Sect. Malesianae (see
Du Rietz 1932a: fig. 3,4,10) have typically a short petiole-
like base abruptly spreading into a broad blade., In Sect.
Striatac Subsect. Striatae (pl. 5), Sect, Trifidae (see

Wettstein 1l.,c.: pl, 6 fig. 455-486), Sect. Anagospermae (see

Ashwin 1961: fig. 34) and some members of Sect, Striatae Subsect.
Paucifloras (see also Ashwin 1961: fig. 34), the leaves are narrow
attenuate but a blade is absent or diminished and the leaf is taken
up by the prominent teeth and the apex. These are the "subdigitate-
toothed" and "digitate" types of Du Rietz (1948a).

Sect. Lasiantherae, Sect. Scabrae and 3Sect, Australes,
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which are all from Australia, form an evolutionary line away from
these types (pl. 6-11). The base is cuneate, rounded or truncate
and because of this most of the leaf is composed of klade. These
are the only truly non-attenuated bases in the genus (although in
some of the taxa outside Australia there may be narrow cuneate
bases of narrow-leaved types which are extremes in variation of
species with attenuate leaf bases). The difference in the form of
the leaf base among the Australian members of Euphrasia seems to
be directly related to the nature of the vascular system of the
leaf at its very base. In all extra-Australian species,E, bella
of Sect. Australes and commonly Sect., Striatae Subsect. Striatae
there are only three main vascular strands arising from the base.
In leaves with very shortly attenuate leaf bases abruptly expanded
into the blade, the lateral pair of main strands may be branched a
short distance from the base, In the long attenuate types the
three strands may remain simple for their whole length or branch
towards the base. The non-attenuated types have 3-7 vascular
strands arising from the base. [Even taxa with narrowsr leaves,
such as B, collina ssp. collina, may sometimes have 5 vascular
strands arising from the base,

Sect. Trifidae, Sect. Anagospermae and F. hookeri of

Sect. Striatae Subsect, Striatae are all distinctive by their
deeply divided leaves. I, hookeri is distinct from the first

two sections by the large number and remarkable form of its

teeth, the margins of which are recurved so greatly that they mest
along their whole length (pl.l,5). In the other two sections

the leaf margins are recurved, but as in the rest of the genus

they do not meet, On the basis of these leaf characters, . hockeri

was given a sSeparate status as a monotypic series by Du Rietz

(1948b). This distinction as a series has been retained in the



revised infrageneric classification, under Subsect. Striatse.

In Sect. Anagospermae there is a line of evclution terminating

in the loss of the teeth (in E. integrifclia). The New Guinearn

species of Sect. Striatae (Stbsects. Humifusae and Pauciflerae)
are characterized by curious leaves which have all but lost their
lateral teeth and are dominated by the hocded apex which is offten
half the length of the leaf.

The characters of the distribution and pattern of the
patches of sessile glands on the lower surface of the leaves and
bracts have apparently not been used in previous classifications
in Euphrasia. They have been found to be of diagnostic importance
in some instances in Australia and an extended, more critical
view of the characters elsewhere in the genus may show further
examples of differences bhetween taxa.

The sessile glands (which are not to be confused with
the very shortly stalked subsessile glandular hairs, described
above and under E., collina ssp. paludosa: Npte 2) occur on the
lower surface in dense patches always in rows parallel to and
just inside the margins; these rows are branched sporadically
on their inner margin, the lateral extensions being short or wvery
long and always being confined to the areas between the main
veins of the leaf.

F., hookeri (Sect. Striatae Subsect. Striatae) is the only
member of the genus known to seemingly lack sesslle gland patches
on the lower surface. These are not absent from the leaf however
Microscopic examination shows them to be located on the inside
of the greatly recurved margins in a position typical of the rest
of the genus. Their absence from the lower surface is thus a
result of the extreme recurvature of the teeth margins (pl. 1, 5),

the lower surface of the teeth in . hookeri in fact being analongous
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to part of the upper surface of the teeth and the outer surface
of the margins of the leaves in the rest of the gerus.

Whether the sessile glands occur towards the base of the
leaf is related to the distribution of the testh along the leaf,
Except when the leaf teeth are very reduced (as they often are in
the New Guinea species), sessile glands are always distributed
along the margins from the apex at least as far as the extent of
the toothed parts of the leaf. Thus if the leaf teeth reach the
base of the leaf so do the sessile glands., However, if the teeth
are confined to the distal % of the leaf in the non-attenuate-
based types of Australia (e.g., in B, collina ssp. collina) the sessile
glands may extend along the margins well below the teeth and onto
the lower half, 1In such cases, however, the sessile gland patches
never reach the base, In the members of Huphrasia with attenuate
leaf bases the sessile gland patches hardly (if at all) extend
onto the attenuated regions of the leaf.

The pattern of the sessile glands on the lower surface has
been used in B, collina to distinguish ssp, diemenica from ssp.

paludosa, ssp. glacialis, ssp. diversicolor and ssp, lapidosa.

The sessile glands of sesp, diemenica are almost entlrely confined
to the marginal rows except for very short lateral branches., Those
of the other subspecles outlined above and a number of other
subspecies have long lateral extensions of the marginal rows,

Ssp. collina shows a transition in the nature of pattern of the
sessile glands which appears to be correlated to an altitudinal
cline in leaf shape (qg.v.: DNote 2). Its south-eastern Tasmanian
populations which resemble ssp, diemenica by their short apex

and lobes have a pattern of sessile gland patches also similar to
that of ssp. diemenica; the populations in the Grampians, however

approach ssp, paludosa by their longer leaf apex and teeth and like
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that subspecies often have correspondingly long lateral
extensions of the marginal rows of sessile glands,

There are almest certainly other cases whare the pattern
of sessile ghknds is of lmportance diagnostically. In the Australilan
members of the genus the sessile glands are apparently distributed
over wider areas of the lower surface in the annuals than in most
of the perennials, However in some densely glandular species of

the perennials such as E, lasianthera (which with two annual species

belongs to a separate section) and E, collina ssp. diversicolor,

the sessile glands are distributed as widely over the lower surface
as in the annuals., FElsewhere it has been noted that I. cuneata

of Sect. Cuneatae and Sect, Paradoxae have very distinctive,
reticulate patterns of sessile gland patches. Unfortunately time
was - insufficient to allow for a detailed study of these

potentially useful characters.

6, INFLORESCENCE

The arrangement and number of flowers is of importance in
the infrageneric classification of Euphrasia., Throughout the genus
the flowers devélop acropetally along the axes. In the major
part of the genus the flowers are arranged decussately in racemes.
The pair of flowers at one node generally develop simultaneously,
but in certain conditions, such as where plants grow from the side
of a dense shrub, development may be much earlier on the outward-
facing side, This 1s possibly caused by consistently uneven
illumination on the young inflorescence,

Whenever plants of Iuphrasia are completely prostrate,ie, in
the perennial Sect. Striatae Subsect. Humifusae and the annual Sect.fAmagp-
spermae, the flowers are distributed sporadically along the axes

with usually one flower only at a node. Sect. Malesianae which is
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closely related to Suksect Humifusae, is characterized by racemes
vhich are sometimes interrupted by the abserce of flowers from
some nodes and which scmetimes have only one flower at a node.

T have seen transformatiors of a similar nature from inflores-
cence to vegetative axis to inflorescence on the one axis in rare
specimens of E, gibbsiae ssp. kingii of Sect. Striatae Subsect.

Striatae. Yeo (1964) has also seen this phenomenon in the annual

I, pseudokerneri of Sect, Luphrasia, and has linked it with abnormal

temperature fluctuations, In the perennial E. formosissima (Sect.

Paradoxae), however, this apparently occurs regularly (Skotts-
berg 1921) and is probably the means of perennation, with the
transformations from a flower-producing to a leaf-producing axis
and vice-versa belng seasonally induced,

The number of flowers has been used diagnostically to
separate the New Guinea and New Zealand species of Sect, Striatae
from the Australian species of the section. In Australia flower
number has alse been useful for separating species and subspecies.
In the annual species there is a correlation between the number of
flowers in the main inflorescence and the ¢limatic range of the
species (see Table 1). The relationship parallels that between
climatic range and the number of stem nodes and stem height and
ovule number and seed size (see relevant sections) in the same
species, The number of flowers producsd may be linked with the
relative sizes of the plants of the species and hence their
capacity to continue maintaining the production of flowers. This
is possibly. applicable throughout the genus,

Pedicel length shortens from the flowers of the lowermost
node to the apex. Although not of major diagnostic importance in
the genus in Australia, it is useful in separating the New Zealand

species of Sect. Striatags Subsect, Pauciflorae and Sect, Novaezee~



Jlandise. It has apparently been little-used elsewhere in the
genus,

Ixcept in plants with very few flowers, the buds and
hracts of the young inflorsscence are generally crowded togebher
at the tip of the axis in what has been termed in this work the
"apical bud cluster". In most of the genus this is broadly ellipsoid
or ellipsoild-ovoid to spherical in shape. Howsver in Australia in
the larger number of flowers produced thsare is scme varilation in
the shape and degree of exsertion from the uppermost flowers of
the apical bud clusters. Two types are discernable which have been
given diagnostic importance in the past by Wettstein (1896), Curtis
(1967a) and Burbidge (Burbidge & Gray 1970); whether the differences
have any genetic basis, however, 1s open to question. In the
alpine species the apical bud clusters are short and broad and soon
after flowering commences become hidden in the uppermost flowers
of the inflorescencs, Inflorescences of this type have been
termed "capituliformis” (Wettstein l.c.; Du Rietz 1948a) or
“capitata (Wettstsin l.c., Curtis l.c.). In the lowland and
subalpine members of K, collina ths apical bud cluster is narrow
cylindrical cr narrow conical and remains extended above the
upper corollas after the flowers at many (sometimes over 20) nodes
have matured. Inflorescences of this type have been termed
"elongata" (Wettstein 1l,c¢.) "spiciformis" (Du Rietz 1948b) and
"conica’ (Wettstein l.c.; Curtis l,c,). In the past the character
has been used particularly in separating the taxa now grouped
under E, collina, It is considered that it may be an environmental
response, particularly as the two types have never been observed
to grow together. Tn the two subspecies of Tasmania and south-east
Australia which are common to the subalpine zones there is a

breakdown in the character. Ssp. paludosa is normally characterized
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by a narrow subccnical apical bud cluster but in the highest
parts of its range (e.g. on Mt. Speculation, Victoria) it may
have aplcal bud clusters of the other type. Ssp. diemenica
typically has the short, broad type of cluster, guickly hiddsn
by the upper flowers., However; mortane and even subalpine
occurrences may have conical apical bud clusters. Because of this
uncertainty in the nature of the variation the initial shape
and subsecuent development of the apical bud cluster have been

described 1n detail, but have not been used in the keys.

7. CALYX

The structure of the calyx is essentially the same through-
out the genus. There 1s variation in size and the depth of the
lateral and median clefts; these are of some diagnostic importance
at the specific and infraspecific level. The shape of the teeth
and the degree of recurvature of the margins parallels analogous
characters in the uppermcst leaves and bracts, although they are
not identical. The margins of the teeth are ofter scomewhat
recurved. However if the leatf bteeth ¢f one taxon are more re-
curved or more acute than those of ancther; the calyx teeth of
the former will be more recurved or meore acute than those of the
latter. A special terminology has beern devised to describe the
shape of the calyx teesth; it is discussed at the beginning of this
chapter. The indumentum on the outer surface of the calyx is of
major diagnostic importance. It is closely related to the general
indumentum of the bracts, rachis, leaves and axis and is discussed

under the general treatment of indumentum.

g, COROLLA

The shape, size, colour and its distribution and
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indumentum are of diagnostic ilmportance at various levels of
classification,

a., Shape and Size

In the deseriptions of the Australian species it has
beenn attempted to describe shape and size of the corolla lobes
by measuring various parameters which together make up corolla
shape., The parts of the corolla measured are the length along
the upper side (1l.e. excluding the lobes), the length of the tube
from the base of the corolla to the point of insertion of the
anterior filaments, the length of the hood (upper 1lip), the
breadth of the hood (including and excluding the lobes), the
length and breadth of the lower lip and the depths of the clefts
between the upper and lower lobes, These parts measured are
portrayed in fig. & . All have been found to be of diagnostic
value. The measurements for all taxa were taken from the lower-
most flowers of the main inflorescence. Those used in the species
description were made on flowers which had beer either fixed in
the fisld in "FAA and transferred to 70% ethanol for measurement,
or taken from herbarium specimens and beiled in a weak household
detergent solution., However measurements for the description of
the subspecies of E, c¢ollina were taken from pressed material, In
well-pressed material there seems to be little difference in
corolla size from boiled material.

The overall shape of the corolla is rict of diagnostic
importance at the level of section and subsection., It is however,
useful in separating the more distantly related sesction and
subsection., Generally closely related infrageneric taxa are connected

by a series of gradually changing forms of corolla.

* FAA - Formalin-acetic-alecohol mixture, consisting of 90
parts 70% ethanol : 5 parts 100% glacial acetic acid :
5 parts formalin (4% formaldehyde).
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The type of corolla characteristic of Sect, Buphrasia
as illustrated in Wettstein (1896: pl, 2) is the basic type
which occurs throughout much of the range of distribution of
Luphrasia. Corollas of this type are two-lipped, with the tube
directed oblicuely away from the axis; the tube is cylindrical
in the basal parts and distally expanded laterally arnd ventrally.,
The upper lip is hooded and more or less porrect with the lobes
recurved sharply so that they are directed upwards and approximately
lie in the same plane (i.e. they face forward). The lower lip
spreads from its base away from the base of the upper lip; it is
concave from above at its base, Similarly shaped corollas found
in Sect. Malesianae (Du Riebtz 1932b: fig. 3,8; van Royen 1971: fig.
2), Subssct. Humifusae, (van Royen 1971: fig. 1, 1972: fig.
15,16), Subsect. Pauciflorae (Salmon 1967: pl. 368,369,371,

475; wvan Royen 1972: fig. 11,12) and Subsect. Striatae (pl. |

’

FZ) of Sect. Striatae, Sect. Novaezeelandiae (Salmon l.c.:
pl. 370,372), Sect, Paradoxae (Skottsberg 1921: pl., 15,20) and
Sect. Cuneatae (Salmon 1l.c.: pl, 366,367; Hodgson & Payne 1971:
pl, facing p. 222). From dried material the corollas in the
Specimens seen i Subsect. Humifusae seem to be commonly more widely
spreading from the upper 1lip than is shown in the illustrations
gquoted above,

There are a rumber of types of corolla divergent from
this basi¢ form in the genus in the southern hemisphere.

In Australla the corollas of Sect. Scabrae (pl. 3)
are the most divergent. They are characterized by a porrec’. flat
lower 1lip which lies against or hardly spreads from (except in
£, caudata in distal regions) the upper 1lip., The lower side is
broadly gfooved and flat or slightly convex from above. The upper

lobes are sharply reflexed, but are at a sharp angle to each other
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because they are more or less appressed against the side of
the hood.

The corollas of Sect. Lasiantherae (pl. 2 ), E.

gcollina (pl. L) and pessibly E. bella of Sect. Australes are
intermediate between that found in Sect. Scabrae and the basic
type described above, In these thes upper corclla lobes are
directed forward and lies in the same plane and the lower lip,
although initially porrect, is spreading in the distal regions.

The lower side is flat and sometimes brcadly grcoved. It appears

that sometimes, however, for example in E, lasianthera and K. collina
9 9 D

ssp. glacialis, the lower lip and tube may be concave from above.
Because these characters have been discerned from fixed material
and photographs, which are inadequate for determining the
characteristics of the lower side, study of living material is
required to verify these differences.

In the New Guinea perennials (Sect. Striatae Subsect,
Humifusae and Subsect. Pauciflorae) and the New Zealand annuals

of Sect. Anapospermae the corolla tube is sometimes very long

relative to the two lips, Ixcept in E, disperma of the latter

sectlion and possibly E, scutellarioides of Subsect. Pauciflorae,

plants with a relative tube length mere typical of the genus ocour
in each of the species,

Firally, Sect., Trifidae diverges from the rest of the
gerus by the production of some remarkable corclla types. Some

members of the section, for example L., antarctica (Vallentine

& Cotbtort 1921: pl. 45), differ wery little from the basic corolla
shape although by the arrangement and equal size of the upper and
Llower lobes the corolla appears almost regular when viewed from
the front. Similarly Wettstein (1896: pl. 6, fig. 472,473) has

illustrated I, chrysantha and E, flavescens in which the lower
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corolla lip is abruptly reflexed such that the corolla lobes
are in the same plane, In another illustration (pl. 6, fig.
482) he depicts E, meiantha with a very long porrect hood and a
minute lower lip reflexed from its base., This section clearly
shows the greatest divergence from the basic type and the greatest
diversity.

A character zometimes important at all levels of class-
ification is the shape of the corolla lobes. Sect. Huphrasia
Sect, Atlanticae (ex Wettstein 1896), Sect. Malesianae and Sect.
Striatae Subsect. Humifusae of the northern hemisphere and tropics
always have emarginate lobes, Throughout the remainder of the
genus in the southern hemisphere and in Sect. Striatae Subsect,
Pauciflorae in New Guinea the lobes vary from obtuse to emarginate,
sometimes within populations, Occasionally a specles or subspecies
may be characterized by consistently emarginate lobes, but in other
cases in the same sectlon or subsection a taxon may have acute,
obtuse or truncate lcbes,

b, Colour and coloration

The "ground" colour of the corolla (i.e. excluding
striations and yellow rectar guides) is of limited diagnostic
value, at least in Australia., It is useful, however for
separating the yellow-flowered species, namely E. scabra and

E, orthocheila in Sect, Scabrae, and E, cockayniana in Sect.

Novaegeelandiae from related species with corollas with a

ground colour of white to purple or violet. In Sect, Fuphragia
the presence of a yellow corolla is apparently not diagnostic

at the species level (e.g. B, minima Jacq. et DC.: Pugsley 1930,
Yeo 1972). The loss of purple striations in the Australian
members of Fuphrasia (see below) has probably led to an increased

incidence of nou-white corcllas., (olours vary from white to
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maroon or pirk to violet or blue. A particular taxon may
vary through all or part of this rasnge, and may show different
ranges of variation in different geographical regions, Elsewhere
in the genus the ground colour is usually white, although some-
times lilac or purple ccrollas may occur. This is somebimes
diagnostic at the species level in Sect. Euphrasia (Yso l.c.).

The purple- to violet-striated corolla with a yellew blotch
on the lower lip and two yellow blotches in the tube is apparently
characteristic of much of the genus (pl. 1 ), although data are
lacking for many species outside Australia. Yeo (1968) has given
an identical account of the basic corolla coloration in the genus
from his wide experience of Sect. Huphrasia. References to this
type of coloration are alsc found in Ashwin (1961) for New Zealand
species and van Royen (1972) for a number of the New Guinea species.
However, in each case 1t seems that while the yellow blotch is
considered always present, there 1s less certainty about the
incidence or distribution of the striations. From my own observe
ations of the Australian taxa in the field and of the extra-
Australian members from colour photographs, specimen annotatlons
and well-preserved herbarium material it seems certain that there
is a wide variation, potentlally of diagnostic importance at least
at the specific and infraspecific level, in the pattern and extent
of both the yellow blotches and violet to purple striations. Little
emphasis has been placed on these characters in past classifications
in the genus., The following paragraphs are an outline of the
variation in corolla coloration as far as can be determined.

The basic type of corolla coloration which is common in
Euphrasia consists of up to 3(5) purple or violet striations on
each lobe, with those on the upper lips extending from the hood,

a yellow blotch on the lower 1ip, and two smaller blotches in



the tube at the point of insertion cf the antericr filamerts,
Scmetimes the striations on the lower 1ip may be absent or
shortened, or only the middle one may be apparent. In Sect.
Striatae Subsect. Striatae such varilation is of diagnestic
importance. Generally in the subsection the lower 1ip is

extensively striated (pl. 1 ). However, E. semipicta and

I, gibbsiae ssp. pulvinestris are distinguished from the

other members of the subsection by the limited occurrenss ard
distribution of the striations.
The other Australian species show divergence from the

basic type of corolla coloration. In Sect. Lasiantheraes, E, alsa

has the basic coloration (pl. 12) but E, lasianthera has a dis-

tinctive divergent type., The corollas of this latter species

(pl. 2, 12 ) are very open, and prominently and extensively
striated. A yellow blotch is absent from the lower lip, Instead,
occupying a central position in the flower and high-lighted by
the radiating striations are two small but distirctly demarcated
yellow blotches, one at the base of each antericr filament., Ths

coloration of E. eichleri, which is morphologically intermsdiate

between E. alsa and E, lasianthera, is nct known.

Sect,. Australes and Sect, Scabrae differ apparentliy from
the rest of the genus by the complete and consistent absence of
striations on the corolla. They also diverge in characters
involving the yellow corolla blotch., E, collina, the highly
polymorphic member of Sect. Australes is variable in the presencs
or absence of the yellow blotches., The subspecies which consistently

occur in alpine regions, namely ssp. diversicolcr, ssp. Jlapidosa

and ssp. glacialis, the alpine populations of ssp. diemenica
(q.v.: Note 1) and ssp. tetragona cof lowland areas always have a

yellow blotch on the lower lip and two others deep in the throat
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(sometimes the blotches are continucus). The yellow blotches

are apparently completely lacking from ssp. deflexifolia and

possibly ssp. Speciocsa. In all the other subspecies the incidence
of the yellow blotches is varied. They are usually present in
ssp. collina, Their presence or absence varies on a geographical
basis in ssp. osbornii (q.v.: Note 1) and ssp, paludosa (see

E. collina: Intraspecific Variation Sect. IIb 2)., In Sect.
Scabrae the nectar guides on the lower lip of at least E, caudata

(pl. 3) and E, ciliolata consist of a yellow to red streak down

the middle of the lower lip, This seems to be unique in the genus,
Outside Australia the sections and subsections sach show
a greater or lesser divergence from the basic type of coloration.
In Sect. Euphrasia the basic type is found in Subsect. Euphrasia
(Yeo 1968,1972; Sell & Yeo 1970). The species of Subsect.
Alpicolae have the normal distribution of yellow blotches, but
have a distinctive and possibly unique deep purple blotch on
elther side of the hood Jjust above its base and alsc at the
point of insertion of the anterior filaments (Pugsley 1936;
Yamakei Color Guide 1967: pl. on p.40; Takeda 1959: pl. 65
no. 35,36). Subsect. Japonicae has the normal yellow blotch on
the lower 1lip (Takeda l.c.; pl. 65 no., 34) but I have been unable
to determine other details on ccloration. Sect, Cuneatae (Hodgson
& Payne 19713 Salmon l.c,: pl, 366,357; Skottsberg 1921: pl,
15,20) and Sect, Paradoxae apparently have the basic coloration.
The only record of coloration in Sect. Malesianae is that of

Stapf (1894) for E. borneensis, which is identical to the basic

type,
Data on corolla coloration in Sect. Striatae Subsect.
Humifusae and the New Guinea species of Sect. Striatae Subsect.

Pauciflorae from tpecimen labels, well-reserved herbarium material
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and van Royen {1972) indicate that in at least mos®t of the
representatives the coleoration is more or less of the basic type.
However, sometimes the purple striations on the hood; where they
may often be confined; are replaced by a purple spread of

colour all over the hood. The New Zealand members of Subsect.
Pauciflorae also have a basic corolla coloration (Salmon 1967:

pl. 368,369,371) although the yellow areas are continuous and occur
well back towards the base of the tube. This may be related to the
fact that-the mouth of the corolla, at least in I, revoluta, is
directed upwards rather than horizontally as normally occurs in
Fuphrasia.

E. zelandica of Sect. Novaezeelandiae 1s apparently

divergent from the basic coloration type. While there is the
typical yellow blotch on the lower lip (Salmon l.¢.: pl. 370),

it is evident from herbarium material that there 1s often a broad
purple streak along the midline of the hood, sometimes with a similar
streak on either side alceng the edge of the hood. Purple striations
often appear to be absent elsewhere oa the corolla., The other
species of the section apparently lack this type of coloration.
However, E, dyeri and E, disperma and possibly all species of

Sect, Anagospermae possess 1t, This emphasizes the close re-

lationship between E. zelandica and these species,

Sect, Trifidae may also have a somewhat divergent

coloration, E, antarctica apparently has a more or less basic

type of yellow coloration distributed about the join of the
lower lip with the tube (Vallentin & Cotton 1921: pl. 45), but
it has a single purple striation down the midline of each lobe
(verified by Skottsberg 1913). Apparently nowhere else in the
genus are the striations consistently single on each lobe, It is

not known whether this 1s a characteristic of the whole section
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or just E, antarctica.

It seems clear that in the variation in coloration
throughout the genus there are a number of characters possibly
diagnostic at the level of section ard subsection, and certainly
useful in clarifying morphological relationships between species,
These can only be recognized if collectors of Fuphrasia record

details of the characters described above,

¢. Corolla indumentum

The distribution of the indumentum on the inner and outer
surfaces of the corolla is somewhat variable and furnishes
characters of diagnostic importance at the level of species and
below. The composition of the indumentum in relation to whether
or not both glandular and eglandular hairs are present and in what
proportion also varies with the region on the corolla and, within
limits, from plant to plant. Much attention has been given in this
study to producing detalled accounts of the variability of the
corolla indumentum on the various parts of the corolla, in the
hope that diagnostic characters might be discovered. The density
and length of the glandular and weak eglandular hairs were
described in the terms used for indumentum on the calyx, bracts,
rachises, leaves and axes (see Indumentum).

Consistencies seen in the corolla indumentum of the
Australian species are:

i. the dense eglandular indumentum on the outer surface of the
hood and extending to a greater or lesser extent onto the
tube,

ii. the small or large patch of glandular hairs on the oubter sur—
face extending from the region about the lateral clefts
towards the point of insertion of the anterior filaments,

iii. +the dense patch of long eglandular hairs on the inner surface
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of the hood at the base of the sinus {or cleft) between
the two upper lobes,
iv, the glabrous nature of both the inner and outer surfaces

of the very base of the tube.
These regions may vary in the incidence of the hair type not cited
as consistently present. In all other regions the indumentum is
variable in its incidence and composition. Of particular
diagnostic importance is the presence or absence of an indumentum
on the external surface of the lobes (for the lower lobes best
seen in mature buds), the presence or absence of an indumentum
on the inner surface of the tube, the presence or absence of hairs
lining the margins of the lobes, and the presence or abseunce of
hairs at the base of the lower lip,

The indumentum of the corollas of the extra-Australian
members of the genus has not been investigated, although it is noted
that Sell & Yeo (1970) mention that the inner surface of the
throat, is "papillose-hairy", presumably on the basis of their
combined experience of the North American and European members

of Sect. Buphrasia.

9. ANDROLCIUM

The length and indumentum of both the anterior and the
posterior filaments; the length, breadth and indumentum of the
aMhmﬁ(em&ththewmm)mﬁ1helag%1mﬂshmeofﬂm
posterior pair of anther awns have been described for all species.
All except the indumentum of the filaments have been found to be
of diagnostic importance, some more so than others,

Measurements of the stamens have been taken from the
lowermost flowers of the main inflorescence, There is some decrease

in size of the filaments and anthers in successively formed flowers.
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However, even when the anthers are much-reduced from those in
the lowermost flowers, the posteriocr pair of anther awns
apparently remains a similar length (see E, collina: Intra-
specific Variation Sect, IIb 2).

In the major part of Luphrasia the arrangement of the
stamens is very constant. The stamens are didynamous, The anthers
are fused along thelr narrowest sides in a U-shaped configuration,
with the two peosterior anthers quite free from each other, but
connected with the two anterior anthers, which are themselves fused.
The cluster of anthers is enclosed in the hooded upper lip and the
anther awns project from the base of each c¢ell into the mouth of
the corolla. The posterior pair of awns projects further than the
other awns intoc the mouth as it is situated closer to the lower
lip (being nearest the join of the two lips) and is longer than the
other awns,

The members of Sect, Trifidae and E, disperma of Sect.

Anagospermae are the only exceptions to this situation. 1In

both, the anthers are free, In E, disperma and some species of
Sect, Trifidae the anthers occur at different levels ard still
lie under the hood., However, in other members of Sect. Trifidae
the anthers are at the same level and are exserted from the corolla,
The length of the two sets of filaments seems to be directly
related to the length of the hood. These characters are distinct
between related species in several cases,
The size of the anthers is also diagnostic at the specific
and infraspecific level. The length of the anther is measured
from the apex tc the point where the awns arise; which is taken to
be the point on the cutward-facing surface of the anther where the
colour abruptly changes from the light brown, orange or deep

purple of the main body of the anther to the white cr yellow of the
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awn (this is slightly higher than the actual point where the

attenuation begins: see fig. 2).

The indumentum of the anthers is of major dlagnostic
importance. Throughout most cf the genus the anthers are com~
pletely glabrous but for dense hairs which line the slits of the
inrer surface, This is typical of Sect. Euphrasia, apparently
Striatae (pl. 1). Sect. Australes, Sect. Scabrae and Sect.

Lasiantheraeg which are confined to Australia, have an anther

indumentum wnique in the genus. Not only do the anthers have
hairs, which are probably longer and denser than anywhere elss
in the genus, lining the dehiscence slits, but they are almost
always hairy on the outer surface., This indumentum on the outer
surface is composed of straight or flexucse eglandular hairs
identical to those occurring along the slits. It is usually
very dense and long. However, sometimes the indumentum may be
sparse and short, as sometimes in I, collina ssp. glacialls

or on the anterior pair of anthers of the annuals., On rare

occasions in some btaxa, for example I, scabra and E, collina ssp.

lapidosa and ssp. diemenica, the anthers may be completely
glakreus on their cuter sarface. In the remaining portion of
the genus there 13 a trend towards the complete loss of hairs
rom the anthers,

Sect, Trifidae is distinctive in the genus for its
completely glabrous anthers, Although no arnatomical studies

ms certain that the lcss of fusicn of the

@
b

have been made, 1% sec
anthers, a characteristic of almost all the rest of the genus, is
lirked with the loss of the halrs lining the uppermost parts of

the dehiscence slits, L. disperma of Sect. Aragospermas, ths

only other member of the genus with free anthers, also has come

pletely glabrous anthers. Sect. Paradoxae, Sect. Novaezeelandiae
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and Sect., Anagospermaes link that part of the genus characterized

by hairy anther slits with Sect, Trifidae with its completely

glabrous anthers, K, formosissima (Sect. Paradoxae) has fused
anthers which bear a few hairs within the slits. The anthers of

Sect. Novaszeelandiae are also fused, bubt show a transition from
3

the type with densely hairy slits {(E, cockayniana, E. cheesemanii)

to very sparsely halry slits (E, ausbtralis, E. zelandica),

The anther awns of Euphrasia are with one excsption
alike in merphology. They usually are very narrow and sharp

(pl.l-4). However, the posterior awns of E, phragmostoma are

remarkable, not only in their extreme length but also in the
broadened, somewhat twisted, erosulate tip (pl. 4).

The length of the posterior pair of anther awns has been
found to be of diagnostic importance at the specific and infra-
specific level throughout the genus in Australia, The length
appsars to be independent in some cases of the size of the corolla
(measured, for example, by the length of the upper and lower lips).
Thus in similarly sized corollas in B, collina ssp. paludosa, ssp.
collina and ssp. diemenica, the range of variation in the length
of the posterior anther awns in the first is =ignificantly shorter
than in the other two subspecies. In other cases however, such

as in Sect. Lasiantherae, the increase in the size of the corolla

is correlated with an increase in the length of the posterior
pair of anther awns.

As has been pointed out by Du Rietz (1932b, 1948b),
Bentham (1846) was incorrect in desecribing the anther awns of
all southern members of the genus, except E, cuneata, as being
egual, Du Rietz (1932b: p. 530) considered that "subequally
mucronate" anthers were found in (apparently) all the South

Americen species (Sect. Trifidae), all species now belonging to
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Sect, Anagospermae, E, monroi, K. papuana and I, striata now

in Sect. Striatag and E, merrillii of Sect, Malesianas. In no

case however, have I seen any taxon which consistently has

equal anther awns. In some taxa the difference in length may

by only slight, but it nevertheless exists. The longer posterior
anther awns in the taxa with free anthers, E, disperma (Sect.

Anagospermas) and Sect. Irifidae, are apparently of a vestigial

natire (see floral biclogy).

Unfortunately time did not permit an intended study of
the variation in pollen morphology in Euphrasia (and the other
temperate Australian gerera of Scrophulariaceas). Microscope
slides of pollen for study under the light microscope were prepared
by the Department of Biogeography and Geomorphology, Australian
National University, Canberra (designated as A.N.U.), which
retained the main slide. A duplicate preparation was lodged in AD.
The vouchef specimens of the pollen slides are cited in the text
as a reference for any future work on the slides. Species of all
Australian sections of the genus except Sect. Cuneatae are
represented. A brief survey of the pollen was made which showed
little obvious infrageneric variation., It is stressed, however,
that the survey was confined to Australian material orly.
Differencss in size, surface texture, the nature and number of the
apertures and also the cohesive properties of the grains clearly
exist between genera., These differences seem to be correlated with

Wettsteints (1893) tribal diwvisions of the Scrophulariaceae.

10, GYNOECIUM

The few characters of the gynoecium which show variation
in Buphrasia are the indumentum of the ovary, the ovule number, and
the shape and size of the stigma, Although the shape of the

capsule varies considerably the shape of the ovary seems to show
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little variation.

The indumentum of the ovary is identical to that on the
capsule and is discussed in its treatment.

The number of ovules has been found to be of diagnostic
importance at the level of the species and below, In the
Australian annuals there 1s an increase in owvule number as the
climatic preferences of each taxon change from alpine through
subalpine to montane and lowland (Table 1). The significance
of this is discussed under the treatment of seeds.

Generally the number of seeds appears to have been used
as a diagnostic character by previous workers in the genus rather
than the ovule number (Wettstein 1896, Pugsley 1930, 1936).

Du Rietz (1932b) found that E, borneensis differs from F philippin-

ensis and B, merrillii by its fewer ovules and seeds, but in

discussing the relationships with the Formosan, Japanese and
Norwegian species, he compared seed numbers., This is probably
because none of Takeda (1910), Nakai (1913) or Joergensen (1919)
considered the ovule numbers. The use of seed number as a
dlagnostic character is rather dangerous as the variation in it is
not only determined by the number of owvules., In the Australian
specles there is great variation in the proportion of ovules
which develop into mature sesd. The failure of seed to develop
is influenced by a number of factors which are not genetically
determined, as it is dependent on the pollination and subsequent
fertilization processes being successful.

The number of ovules seems to be of particulsr diagnostic
importance in the New Zealand annuals (Ashwin 1961). There is
apparently a progressive reduction in ovule number as the habit
becomes more procumbent and the corolla lengthens in size

(see Chapter 4). Counts of the ovule number are too few, however,
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to be certain of this trend (Ashwin l.c.). From a few samples
of ovule numbers in each section it seems that the Australian
species have the highest number. However, because of the possible
variation in these secticns between taxa from different climatic
zones and the lack of sufficlent material to obtain an adequate
cover of the wvariation, it was not consldered in gauging the
differences between the sectlons and subsections.

The size of the stigma is of great importance at the
sectional level as it 1s the one character which divides the
northern members of the gerius as a whole from all southern members.
In the tropics it separates Sect. Malesianae from Sect, Striatae.
Care ,should be taken in measurements from flowers in which
fertilization has taken place as the stigma soon shrivels,
Although described in some cases as capitate or capitulate the
stigma is probably always bilobed with the lobing often obscure

elther by its small size or the reduction of the upper lobe.

11. CAPSULES:

The overall shape and size, indumentum, and shape of the
apex of the capsule in lateral view are of diagrostic impertance,
usually at the level of specles or below, but sometimes at the
level of section or subsection,

Measurements have besn made on the capsules at the lowest
nodes of the main infructescence. Capsule size is often greatly
reduced higher up the rachis; the last capsules formed are
uswally well below the last-formed flowers.

Apart from the remarkable bicornute capsules which occur
in a single species of Sect., Atlanticae (not seen; described in

Pugsley 1936) and Sect. Anagospermae, the capsule shape varies

within rather narrow limits. The variability in the capsule

shape is a product of the shape in lateral view; the median
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view 1s apparently consistently cvate to elliptic and usually
caudate or acuminate. Capsule shape Ims been described excluding
the persistent base of the style which always tops the capsules.

Although there is not a great diversity of capsule
shapes in the genus, apparently nc section or subsection encompasses
the whole range of variation in shape. Broadly obovate or ob-
cordate capsules occur throughout Sect. Striatae Subsect. Humifusas,

sect. Novaezeelandiae and apparently 3ect. Trifidae. The species

of Sect. Anagospermae without the bicornute capsule are probably

also of this type, although little fruiting material has been seen
(see also Ashwin 1961), Sect. Cuneatae, Sect, Malesianae and Sect.
Striatae Subsect. Pauciflorae (especially the New Guinea species)
have some species with capsules of this type, and others (e.g.

E, merrillii and E, lamii) which are oblong with obtuse to

emarginate apices. Australian members of the genus and Sect.
FParadoxae have oblong to ovate-elliptic capsules, In the latter
the apex is obtuse to shallowly emarginate, but the former shows
a wide variaticn., Some Australian taxa have oblong capsules with
shallowly emarginate apices, cothers have narrow-ovate o ovate-
caudate capsules with obtuse to acute apices. Most, however,
fall between these extremes. Although capsules of only a few
species in Sect. Buphrasia have been seen, it appears that the
broadly obovate type of capsule is absent.

From the survey of the variation in capsule shaps it is
clear that Du Rietz's (1932b, 1948b) notion of an "acuminate"
type of capsule, which he considered to be restricted to arnd con-
sistent throughout the Australian and South American species, is
a misconception. Although he did not state from what aspect he
was describing the capsule, he could only have been referring to

the lateral view, as the shape in the median view is more or less
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constant throughout the germus, It seems that his mistake
arose mainly from the fact that he saw little or no fruiting
material of any of the several Australian species with capsules
broadly obtuse or emarginate in lateral view. He could not have
included the base of the style in his description of the capsule
apex as otherwise a number of the species of other sections
{such as Sect, Euphrasia) would have been termed "acumirate!.

The distribution and density of the capsule indumentum is
a useful character in Australlia for the separaticn of the species
and infraspecific taxa. In Sect. Euphrasia it is one of the

characters used to separate Subsect., Anpustifoliae from Subsect.

Ciliatae (Pugsley 1930, 1936; Sell & Yeo 1970; Yeo 1972).

12, BSEEDS
Seed number and size are very useful diagnostically at
the level of species and below in the Australian taxa. Sell &

Yeo (1970) state that (in Sect, Buphrasia) "seed size tends to
be proporticnal to capsule size and inversely proportional to
the number of seeds in the capsule". This does not hold in the
Australian spscies,

Measurements of the capsules and *the seed were made at
the same time. Although the seed number is tc some extent genebic-
ally determined, it 1s less reliable diagnostically than the
related character of ovule number, because ovules do not consistently
develop into seed (see Gynoecium).

In the Australian annual species (Sect, Scabrae and

Sect, Lasiantherae) there is a clear correlation between the

number of ovules, the seed size and the climatic range of each
taxon (Table 1). The fewest ovules and largsst seed are found

in alpine areas, while the highest ovule numbers and smallest
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seeds occur in the three lowland and montane species, A
similar relationship is found in the Australian perennials.
L, striata of alpine and subalpine areas has larger seed and
fewer ovules than its close relative B, semipicta of lowland
windswept moorland, There is a similar tendency for the seed
size in the alpine. subspecies of E, collina to be larger than
that of the subspecies of montane and lowland regions. Ssp.
lapidosa of the exposed fjaeldmark of the highest alpine areas
is one exception; 1its seed size is somewhat intermediate
between the two extremes, but tends more to the size of the
lowland subspecies. Within ssp., paludosa (q.v.: Note 2) there
1s an increase in seed size with increasing altitude, Although
sampling of ovule number is insufficient to make a definite
statement on the variation in ovule number in E. collina, the
ovule number in the three subspecies in the alpine region of
the Snowy Mountains of New South Wales appsars to be significantly
smaller than that for lowland subspecies, such as ssp, tetra ona,
S5p. osbornii, ssp. collina and ssp. paludgsa. 1t is impossible

to speculate on the meaning of this variation withoul further

w

genetic and ecological studies.

13. CHROMOSOME NUMBER
With the exception of two counts, one of n=1l for

E, mirabilis of New Guinea (Borgmann 1964: "E, rechtiflora") and

the other of n=44 for L, antarctica from the Falkland Islands
(D.M. Moore fide Yeo 1968), studies of chromosome numbers in
Fuphrasia have been confined to Subsect. Ciliatae and Subsect,

Angustifoliae of Sect. Luphrasia in the northern hemisphere

(e.g. Yeo 1954, 1970). The current knowledge of chromosome

numbers in Sect. Euphrasia is summarized in Yeo (1972) and placed
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in abbreviated form in Table 3. The notion that diploid numbers

n=11) are confined to Ser. Glandiflorae as initially sugseshted
{23

by Yeo (1954, 1966, 1968: as "Ser. Hirtellae") has been disproved
by Yeo's (1970) discovery that E, alpina Lam also has a diploid
chromosome number,

oince Fuphrasia shows a comparatively higher degree of
morphological diversity in the southern hemisphere and in view of
the promising chromosomal data from the northern hemisphere,
material from Australian members of the genus has been investigated
for chromosome rumbers, The results were intended to supplement

morphological data in an evolutionary appraisal of the genus,

a. lMethod

Bud material from plants in the fileld was used exclusively.
Young inflorescences were fixed immediately after collection in
a mixture of 3 parts ethanol:l part acetic acid, transferred to
70% ethanol after approximately 24 hours, and stored, wherever
possible, in ice until transfer to temperates of below 0°C. The
material was studied up te 18 months after collection.

In the fixed material it was found that pollen mother
cell meiosis was confined to one or two consecutive bud pairs
in each inflorescence, These buds were about 2mm long and
usually about five to seven nodes above the youngest open flowers.
Preparations were made of the combined contents of all four
anthers from a single bud; within these preparations the
variation in the stage of meiosis which could be attributed partly
to the differences between anthers was not sufficient to warrant
the extra time involved in selecting single anthers.

Difficulties were experienced in obtaining preparations
sultable for accurate determination of chromosome numbers.

These difficulties have been described by Yeo (1954) in Euphrasia
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and Heckard (1968) in the Ngrth American genus Castilleja,
another member of the semiparasitic Tribe Rhinantheas. They
involved poor differentilal staining of the chromosomes against
the cytoplasm, as well as overlap of chromosomes in a high
percentage of well-spread pollen mother cells at late prophase
to anaphase of the first melotic division, the best stages for
study. Because of these difficulties most of the counts cited
(Table 3) are only approximate,

To arrive at a consistent technique for studying the
chromosomes of Iuphrasia, variations in acid hydrolysis and a
variety of stains were tested with little initial success,
Hydrolysis of inflorescences in 1N hydrochloric acid at room
temperature for 3-~10 or more minutes had little effect on the
spreading of the chromosomes and often reduced the cytoplasm-
chromosome constrast. T[urthermore it may have contributed to the
observed variability of staining in acetic-orcein, although
different samples of orceirn are known to vary in staining
properties (Dyer 1963), Carmfine gave more consistent staining
in hydrolysed material than the orcein in both acetic and pro-
pionic aclds, FPropionic acid was used as a solvent in preference
to acetic acid because of reports (Dyer 1963) of its more consistent
staining and reduced uptake of stain by the cytoplasm.

The use of lactic acid in acetic and propionic acid
stains has been shown to reduce cytoplasmic staining considerably
without affecting the staining of the chromosomes in a wide
range of material (Dyer 1963; Cooperrider & Morrison 1967) and
Cooperrider & McCready (1970) have used the stain successfully
irn a chromosome survey of the genus Chelone, a non-parasitic

member of Scrophulariaceae, However, neither lactic-aceto-

carmine nor lactic-propiono-carmine were satisfactory in the
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present study. Cytoplasmic staining was much reduced but
there was a corresponding decrease in uptake of stain by the
chromosomes.

The technique finally arrived at was recommended by
Dr, B.A. Barlow (pers. comm. 1972), Standard anther squash
techniques (Darlington & La Cour 1969) were employed using a
light propiono-carmine stain of concentration of 1% carmine
(or slightly less) in 45} propionic acid; no iron mordant or
acid hydrolysis was found necessary. Melotic figures were
studied with the aid of phase contrast illumination and permanent
slides were made by Conger & Fairchild's quick-freeze method
(Darlington & La Cour 1969) using "ERuparal" as a mountant.
This technique was not entirely satisfactory but was sufficient
to give an approximate indication of the number of chromosomes

in the Australian species.

b. Results

The results of the study and a summary of existing
knowledge of the chromosome numbers in the genus are displayed
in Table 3. The chromosome numbers for the Australian species
cover representatives of all sections in Australia except Sect.
Guneatae, which is only indirectly related to the rest of the genus
in Australia,

Unfortunately, insufficient time and material were
available to bring this study to its desired conclusion, Because
of the problems of overlap and poor staining properties described
above, in almost all cases only a tentative estimate of chromo-
some number (cften only a range of values) could be supplied.
Howsver, it is fairly certain that the haploid chromosome number
of . alsa is n=27, while E, caudata clearly has a chromoscme

number of n=27 or 28 or both, with some evidence for abnormalities
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TABLE 3: A survey of the present knowledge of chromosome numbers

in Euphrasia, with the source of information in extra-

Australiar taxa, and the voucher specimen (in AD) for

Australian material,

Sect, Buphrasia
Subsect. Ciliatas

Ser. Grandiflorae

. rostkoviana Hayne

ssp, rostkoviana
E. rivularis Pugsley
E, anglica Pugsley
I, vigursii Davey

E. hirtells Jordan ex Reuter

A1l other series: c. 12 species

E. alpina Lam,

Subsect., Angustifoliae

B. salisburgensis Funk

Sect. Striatae
Subsect., Pauciflorae

E. mirabilis

Subsect. Striatae
E. striata
L. hookeri

Sect. Australes

. crassiuscula

ssp. eglandulosa

L, collina

ssp. paludosa

ssp. collina

8sp. tetragona
ssp. trichocalycina

ssp. diversicolor

S58p. glacialig

n=11
n=11
n=11
n=11

n=11
n=c.l11l

N=22

n=11

n=22

n=11

n=c.20-30
n=c,25-30

n=c¢.28-33
n=c .28

n=c.28
n=¢,45-60

n=c.28-30
n=c¢.30

n=c 28-30
[2r])=c.56

n=¢ .4 5-60
n=c¢,45-60

(Yeo 1972)
(Yeo 1954)
(Yec 1954)
(Yeo 1972)

(Yeo 1954)
(Yeo 1970)

(Sell & Yeo 1970;
Yeo 1954, 1970,
1972)

(Yeo 1970)

(Yeo 1972)

(Borgmann 1964)

Barker 1060
Barker 1212

Barker 1590
Barker 1593

Barker 1489
Barker 1504

Barker 1439, 1440
Barker 1374

Barker 14,38
Barker 1438 (tapetal
cell mitosis)

Barker 1685
Barker 1685

coveooosas CONL,
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TABLE 3 (continued):

Sect. Scabrac

L. caudata n=27,28, Barker 1649
27II+21,
25TT+2IT1T
Sect. Lasiantherse
E. alsa n=27 Barker 1696
E. lasianthera n=c.,(5~60 Barker 1536

Sect, Trifidae

E, antarctica n=.4, (D.M. Moore fide
Yeo 1968)




77
at meiosis (see below). Sketches of the meiotic configuration
of these species at diakinesis (E. caudata) and anaphase I

(E, caudata and E, alsa) are shown in pl. 13-14.

estimates of chromosome number are sufficient to show that the
Australian specles studied appear to differ in chromosome number

from the rest of the genus and, unlike previous records, their

number is not a multiple of 11l. Only &. antarctica of Sect.

Trifidae has a higher number and this 1s apparently an cctoploid
based on n=11l., The counts of the Australian species clearly

show two levels of ploidy, with E, ccllina ssp. paludosa apparently

showing both. There is also some suggestion of an aneuploid
series ranging between n=27 and approximately n=33, but this
apparent variation between taxa may in fact reflect a capacity
for the chromosome complement to vary in different individuals
of a population. This is suggested by the variable estimates

of chromosome number from apparently good spreads of chromosomes

in E,_crassiuscula ssp, gglandulosa., The variation in this species

may be a product of its possible hybrid origin (see Chapter 4).
There is some evidence that there are abnormalities in

the chromosome complement of E, caudata, at least in the population

Barker 1649. Within the one flower scme meiotic figures

apparently showed 28 bivalents and others 27 bivalents with two

univalents and possibly 25 bilvalents and two trivalents. Thesse

are illustrated in pl. 13 and 1. Similar abrnormalities might

explain the variation in E. crassiuscula ssp. eglandulcsa.
P P aNAu LG8

It is [elt that the interpretation of these preparations
would be facilitated by comprehensive study of the karyotypes

in the genus.
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IV. FLORAL BIOLOGY

The flowers of Huphrasia are clearly adapted to ercss-
pollination by insects. With few exceptions the process of flower
development important to pollination is identical to that
reviewed by Yeo (1966) for Sect. Buphrasia. The stigma in the
newly opened flower is placed forward and often below the stameas
or well above them, depending on the type of flower (see below).
The corolla continues to elongate while the style remains the
same length, causing the stipgma to come into contact with the
anthers, and self-pollination to occur if there has been no
successful cross-pollination. fven in relatively tiny flowers
such as those of L. dyeri this occurs. However, as has been
found in the small-flowered Luropean annuals (Yeo 1966), other

species such as I, cockayniana and £, australis may be mainly

gself-pollinated. The relative frequency of fertilization caused
by cross~ and self-fertilization is not known. However, in the
Australian species 1f cross-pollination faills to fertilize all
ovules the "insurance" that self-pollination will occur insteaa
is not complete. Usually several to many ovules fail to be
fertilized. This may be related to the fact that the flowers are
apparently protogynous and the stigma may lose its receptivity

by the time it comes into contact with the anthers. In the
fGuropean species Yeo (1966) has described how the larger-flowered
specles are essentially adapted to out-crossing, while the smaller-
flowered species are strongly adapted to self-pollination as the
dehiscing anthers and stigma have come into conbact with each
other by the time the flower opens. In the small-flowered annual,

&, antarctica, of Sect. Trifidae, "when the flower opens, the anthers

stand exactly above the stigma, which is fully developed before

the flower is opened. It is inevitable that pollen falls upon
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the stigma" (Skottsberg 1913: p. 51). As was observed by
Skottsberg (l.c.) the style is extended well past the anthers
in the newly opened flowers of the other species of Sect.

Trifidae for which material was seen, The stigma is finally
situated below the anthers apparently by the elongation of the
corolla as described above,

The flowers of Fuphrasia can be divided into two general
types. One is distinctly bilabiate, with a large lower lip, with
anthers which are fused together and rigidly held to the upper
side of the mouth under the hood and with the stigma initially
placed well in front of, and often below, the level of the anthers,
The other is bilabiate, sometimes erect, but tending to be
falsely actinomorphic by the upper and lower lobes being sharply
reflexed and more or less equal, with a short lower lip and large
upper lip, and often a long tube, The stamens are free and appear
to take up more room in the mouth and tube than in the other type.
The stigma is initially directed well above or in front of the
anthers.

The first type of flower is characteristic of most of the
genus including all specles except the South American species and
B, disperma of New Zealand. It is clearly adapted to pollination
by bees, as described by Faegri and van der Pijl (1971), although
other insects may perform this function less frequently. In this
flower type the structure of the anthers, which have rigid awns
protruding into the corolla mouth and anther slits opening downwards,
ensures that an insect entering a tube to gather nectar knocks
pollen onto its upper parts, The awns of the posterior pair of
anthers are clearly most functional in this process as they are
longer than the other awns and nearer the tube, It is nct known

whether the difference in length of these awns between taxa of
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this corolla type has any significance in pollination. It does
not seem to be always related to variation in size of the corolla
mouth (see Androecium). However, the remarkably long anc oddly

shaped posterior awns of L, phragmostoma may suggest some

unusual pollinator.

The Australian species of Euphrasia have this type of
flower and all those seen in the field were found to be pollinated
mainly by native bees. One or two native bees were collected
whenever they were seen visiting flowers of Euphrasia. In all sites
the bees visited flower after flower in a population, They entered
the tube, apparently to feed on nectar and crawled over the anthers
to gather pollen, Their attraction for the flowers of Euphrasia
was well-illustrated when a plastic bag containing three copiously
flowering plants of E, collina ssp, osbornii (Whibley 4155) was
found to contain about twenty native bees hidden within the flowers.
Bees have also been seen visiting flowers of Huphrasia in the
northern hemisphere, but according to Yeo's (1966) observations
their interest was mainly confined to gathering nectar rather than
pollen.

Dr. T. Houston of the South Australian Museum has kindly
identified these visitors (see Table L ). It seems remarkable
that out of the large variety of native bees (probably about
3000 species) which oceur in Australia (Michener 1970), only three
genera, each from a different family, were found in the eleven
collections made, totalling 28 bees (excluding the unidentified

bees from Whibley 4155). Lasioglossum predominated in these

collections. Leioproctus and Lasioglossum appear to show no

preferences for any one flower colour and coloration in Euphrasia.

Thus Lasioglossum was found in striated and non-striated flowers,

and flowers with or without yellow blotches. In the South



TABLE 4: An enumeration of the native bees collected from populations of Fuphrasia in Australia, with corolla

coloration of the flowers visited. (Insect determination by courtesy of Dr. Terry Houston.)
Corolla coloration: Tuphrasia
Fuphrasia population [Presence (+) or absence (=] collection Native bee
Striations Yellow blotch  (Barker) Genus, subgenus, species and sex
B. collina ssp, osbornii - - 858 Lasioglossum (Chilalictus) lanarium &<
861
863
869
1346
E. colling ssp. deflexifolia - - aL2 Lasioglossum (Austrevylaeus) sp. Q¢

asioglossum (Lasioglossum) sp. Q&
p- @

E. striata % + 99/, Lasioglossum (Austrevylaeus) sp. ?Q(sane as 942)
[E. collina ssp. diemenica - + -

also in same locality]
5. lasianthera + + 1498 Losioglossum (Chilalictus) sp. Q@

Lasioglossum (Parasphecodes) sp. ©
p ks

Exonesure (Exoneurs) sp. QQ

E. lasianthera + + 1535 Leioproctus (Leioproctus) sp. QY

Lasioplossum (Parasphecodes) sp. Qg(me as 1498)

|
+

. collina ssp. diversicolor 1665 Leioproctus (Leioproctus) sp. Q " (same = 1535

Families and subfamilies of the native bees -

Leioproctus = Colletidae: Paracolletinij lasioglossum = Halictidae: Halictinae; Exoreura = Xylocopidae: Ceratininae
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Australian gatherings from E, collina ssp, osbornii in widely-
spaced areag, one in the Mt. Lofty Ranges and the other from
Yorke Peninsula, only one species was collected. However,
although in this case there may be some oligo-relationship
between the bee and the particular taxon (the sample is too low

to determine this), elsewhere several species of Lasioglossum

may visit the one species of Fuphrasia.
Unfortunately at no time were native bees found visiting

the flowers of the two annual species, E, alsa and E, caudata

(one striated and the other non-striated). Both diverge from the
perennials which have been observed with pollinators in floral
characters, which might signify different pollinators. E, alsa

has the smallest flowers of the Australian species, but may
nevertheless be cross-pollinated by insects as the stigma initially
projects out in front of the anthers, while E. caudata differs

in its closed and elongated corolla mouth (pl. 3 ) and narrow
nectar guide.

Corollas of this first type are usually purple-striated
and have yellow nectar guides. Yeo (1968) considers that in
Fuphrasia these are guides to the presence of pollen as they are
placed on the lower lip below the anthers. However, it is
probable that the yellow colour in the tube has no relation to
pollen and serves as a guide to the nectary. The yellow blotches
and purple striations are lacking from some species of Euphrasia
in Australia., This méy be related to the fact that Australian
native bees can recognize suitable flowers without such nectar
guides (Dr. T. Houston, pers. comm, 2.iv.1973). The myrtaceous
plants, Which provide the major source of nectar and pollen
for these bees (Michener 1970), lack such stripes and yellow areas.

Thus, the significance of the prominent pair of yellow blotches in
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the centre of the flowers of E, lasianthera is obscure.

Whereas the native bees seem to be the most prevalent
visitor to the flowers of Euphrasia, several other flying
insects were seen visiting them. Among these were several

species of butterflies. Graphium macleayanus was recognized

visiting E, crassiuscula ssp, crassiuscula. It alternated

between the flowers of HKuphrasia and those of other plants., The

variant of I. collina related to ssp, diversicolor on the

Cobberas was also visited by a butterfly. A "hover-fly"
(Syrphidae) was seen visiting flowers of E, collina ssp, collina
(Barker 982). Butterflies and hover-flies have also been
observed visiting the flowers of the same type in the northern
hemisphere (Yeo 1966).

It is uncertain whether the obvious differences between the
second floral type and the one described above reflect a general
change in pollinator. The type is found only in Sect., Trifidae

and L, disperma of Sect, Anagospermae. It seems possible that the

flowers are adapted to pollination by butterflies or moths,

This certainly seems so for the extremsely long and narrow tubed
flowers of L, disperma. In some of the species of Sect., Trifidae
the mouth of the flower opens downwards because of the longer
upper lip and very short lower lip. These seem indicative of a
type of flower pollinated by moths as described by Faegri and van
Pijl (1971). Only field studies can show to what extent the

different floral morphology in Sect, Trifidac and Sect. Anagospermae

has been paralleled by change in the nature of the pollinator,
and whether such characters as the glabrous anthers have any
significance in the pollination process., The lack of hairs along
the slits may enable the pollen to be dispersed in larger masses.

It seems unlikely that the anther awns would have much significance
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in these flowers, although they remain long in some species,
On two of the anthers it has been found that one of the awns
is always longer than the other. These are clearly a vestige of
the posterior pair of awns in the bilablate bee-pollinated flower

frem which this flower type has almost certainly evolved,



CHAPTER 4

THE ORIGIN AND DIVERSIFICATION OF EUFHRASIA

A, PAST HYPOTHBSIS

The means by which Huphrasia attained its distribution in the
temperate regions of both hemispheres with its greatest diversity in
the southern hemisphere and a series of "connecting species" on the
isolated mountain peaks of Malesia has been the subject of much
speculation.

This short review deals only with works in which the site of
origin and evolution in all or part of Euphrasia were specifically
discussed. A consideration of the large number of biogeographical
hypotheses concerning the means by which distributions of the kind
found in Euphrasia have originated has been well-summarized by several
authors with the necessary expertise (van Steenis 1934,1935,1936,1962,
1964,1971; Burbidge 1960; Darlington 1965; Schuster 1972; Raven
& Axelrod 1972: and many others).

The biogeographical problems posed by the distribution of
Buphrasia were referred to by J.D. Hooker (1859b) in the Introductory
Essay to his "Florae Tasmaniae". In commenting on the remarkably many
Buropean features of the-Australian flora (p.xciv), of which Euphrasia
was listed as one of the many genera occurring in both parts of the
world, Hooker, who believed that Darwin's newly proposed theory of
natural selection would eventually account for this anomaly, was led to
state:

"In one respect this is by far the most difficult subject to
treat of to the satisfaction of many persons interested in the

study of the distribution of plants; for situated as Australia
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is, at the antipodes of Iurope, the presence in it of many
forms common to both, whether generic or specific, afford
g0 strong an argument in favour of there being many centres of
creation for each vegetable form, that I cannot expect the
belisvers in that doctrine to follow me far'!,

Hooker (p.xzviii) proposed that partially submerged former
mountain chains could have provided a means of dispersal between Japan
and Australia. Supporting this he cites the existence of Zuphrasia
onn "the lofty mountain Kinl Balou in Borneo"; this material probably
came from Sir Hugh Low's 1851 expedibion (see Stapf 1894: p.69) to
the mountain.

Stapf (1894) in his work "On the Flora of Fount Kinabalu"

s

commented that his newly described species L, borneensis was "nearly

allied to . collina [i.Br. The Rew Zealand species are also allied".

i

Occupying an intermediate locality was B, brownii (= 1. papuana

&

Schlecht.) on the Owen Stanley Range in New Guinca, The boreal members
of the genus were only distantly related. Although not mentioning
Buphrasia specifically, Stapf considered that it was impossible to
account for a large proportion of the boreal and austral elements by
means of long distance dispersal via various natural or biological
vectors. He belleved thal there must have been a time when the high-
Jand vegetation of lMb. Kinabalu was connected directly with similar
vegetation in New Guinea and Australia and continental Tast Asia.
This may have been facilitated by a fall in sea-level of about 500m
which would make the necessary land connections, and an extrcme
glacilation which would depress the line of vegetation.

In his discussion of the evolution of Buphrasia, Wettstein
(1896) proposed that the genus had a common origin with its close

relatives in the Tribe [thinantheae, namely Bartsia, Bellardia,

Odontites, Orthantha (now regarded as a synonym of Odontites: Webb




1972), Faventucsllia and Oy

rix. He considered

thatl the perennial speciss of fuphrasia Sect. Trifidae and Bartsia

of South America were certainly closely related but their divergence

cecurred leng ago, while the species of Zuphrasis in the northern

henids

1ere had a common origin with Bellardia, Odontites, Orthantha,

Parentucellia and Omohalothrix. On account of the overall morpholog-

ical similarities between these genera he concluded that all the
genera had come from a commen basic type ("Grundtypus") similar in

morphology to the present-day genus Bartsia., He postulated that the
present-day palearctic genera had a common origin from a large widely-
scatlered polymorphic ancestor ("Formenkreiss") with its various

groups being morphologically and geographically isolated by environ-
D-L O P [+53 et (553 &) J :y

mental events. wettstein believed that 3iphonidium and Anagosperma of

New Zealand, which he treated as gencra distinct from duphrasia, wers

derived from their definite relatives, L. repens and . zeclandica, which

also cccur in Now Zealand.

Conicerning the course of evolution in Buphrssia he vwrote (p.49,

50: translated from the German):

"It follows from what has been said before that the nresent
genus Guphrasia comprised two cvolutionary lines which are
derived in different directions from the same Basic Type
These two lines are also morphologically clearly distinct
from each other, one of them being the South American section
"Irifidae”, the other the Australian and northern circumpolar
extratropical section "Eueuphrasia. The theoretically con-
structable centre of origin, which is very probable, for both
lines 1s situated on a presumed land mags, which formerly was
extended over a part of the present South Pacific Ocean
["Guedsee" |;  the radiation from this centre appears on the

one side the area of distribution of the South American Andes,
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on the other side that of New Zealand and the Australian
continent, and on anolher side that of East Asia which
undoubtedly became the origin for the species of the
northern hemisphere. Oince the separation of these areas

of distribution the species of the Andes evolved quite
separately, which is expressed in their very distinct morpho-
logical characteristics and is further demonstrated in the
fact that they show no close relationship to any single
species of the other regions. FEven the so often postulated

concordance between E, antarctica of the Andes and a New

Zealand or Australian species has proved non-existent. Certain
analogies between the South American and Australian species,
such as the division into annual and perennial species, the
occurrence of trifid leaves in E. repens of New Zealand, the

similarity in the calyx and fruit structure between E., zelandica

and B, antarctica, I would prefer to regard as adaptation to

andlogous envirommental conditions than as indications of a
common origin."
Skottsberg (1921) proposed that by its type of perennation and

habit L. formosissima of the Juan Fernandez Islands (see Chapter 3) may

represent the most primitive type of Buphrasia known. Wettstein (1921)
in the same work believed that the species was morphologically inter-
mediate between E. cuneata of New Zealand and E, insignis and its related
species in Japan. He found it remarkable that the Juan Fernandez
species, so near to the South American continent, was not morphologically
related to the species of that continent.

Du Rietz (1932b) in his discussion of the taxonomic and
phytogeographic relationships of the Philippine and Borngan species of
Huphrasia stated that:

"the tropical species of FEuphrasia occurring on the high mountains
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of new Guinea, Borneo, Luzon, and Formosa [discovered since

Wettstein's time] thus obviously form a natural connection

and gradual transition between the austral and boreal parts of

the genus .......[p. 530]. Some characters found in this tropical

population are not yet known in any austral or boreal species of

EuEhrasia uuuuuu p.[531] The occurrence of such endemic characters

ooooooo , together with the gradual transition between the boreal

and austral populations formed by this tropical population,

strongly supports the assumption that this population is not

only [?] the result of accidental colonization of isolated

tropical mountains by species from the main distribution areas

of the genus in the north and south, and the subsequent transform-

ation of these species into the present tropical species, but

that these tropical species are really remains of the old bridge

once forming a more continuous connection between the boreal and

the austral populations .... The Euphrasia-population of Australia

and New Zealand is clearly intermediate between the boreal

population and South American one, containing a most remarkable

mixture of boreal and South American characters together with

many endemic ones. This fact, together with the entire lack of

such relations between the Euphrasia-populations of North and

South America, clearly proves that the only connection between

the South American Euphrasia-population and the boreal one must

have gone along the Trans-Antarctic bridge to Tasmania and New

Zealand and from there along the Papuan-Malayan bridge to Japan

and the Asiatic continent".

Du Rietz (l.c¢.) felt that the boreal relationship of E. formos-

issima was overrated by Skottsberg and Wettstein; he showed that the
species is '"nearest related to the New Zealand Euphrasia-population,

though some characters could possibly indicate a direct relationship
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also with the population of Borneo and New Guinea". e later (Du
ftictz 194Eb) stated that the Juan Fernandez species was best placed
between the species of Australia and New Zealand (Sect, Australes)
and those of the South American continent (Sect. Irifidae).

AT no stage does Du Rietz postulate which part of the genus
contains the more primitive characters. His references to the
transition between the northern Australian and South American popul-
ations were given no direction. He did say, however (Du Rietz 19482),
that the "austral populations of Euphrasia are the last remmants of
a much larger Tertiary population once inhabiting the Antarctic
continent and stretching itself along now disappeared land bridges
to the homes of the present austral populations of the genus".

Van Steenis (1962: p.259) proposed a hypothesis of evolution
similar to that of Wettstein's. (His belief that Wettstein and all
who followed him proposed a northern origin for Euphrasia is incorrect.)
He stated:

"The genus finds its largest morphological diversity in New
Zealand and New Guinea, with semi-frutices, etc., to which

the very uniform habit of the northern hemisphere species stands
in marked contrast. The fact that from the northern hemisphere
a host of species have been described does mean little; many of
them are, undoubtedly, microspecies due to racial segregation.
It is far more important in my opinion that from New Zealand

two other allied genera have been described, viz. Siphonidium

and Anagospermae which, rightly merged with Zuphrasia by Du Rietsz,

provide evidence that morphological potentialities in the
southern hemisphere exceed those in the Holarctis; besides there
is a large development in the alpine zone of Malaysia with
subligneous forms, a habit unknown in the northern hemisphere.

For this reason I am tempted to believe that Buphrasia is orig-
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inally a South West Pacific genus, which has spread from there
to the northern hemisphere and has been successful because of
its capacity to create hardy, microtherm spccies".

Dawson (1963) in his paper on the "Origins of the New Zealand
alpine flora" placed Zuphrasia among the large number of New Zealand
genera with a suggested origin ip the northern hemisphere.

In his paper on "Speciation of Euphrasia in Kurope" Yeo
(196€) believes, on the basis of chromosome configurations of hybrid
forms, that the present European members of the genus must have evolved
from three well-differentiated diploid species or groups. "Because
of the numerous interfertile species, many of them endemic to
comparatively small areas, the genus Iuphrasia gives the impression
of having undergone rapid and recent evolution in Europe, which may
well be still continuing". Yeo supported the premise that Australian
species of Euphrasia, especially the large-flowered perennials, are
the more primitive members of the genus by noting that the flower types
most resembling the basic type in Huphrasia (see Chapter 3) are also
found in Australia, in Qurisia (also of Scrophulariaceae) and

especially Prostanthera (Labiatae).

Van Royen (1971) stated without amplification that the
species of Fuphrasia from New Guinea, Ceram, the Celebes and Borneo
formed "part of the group of Euphrasia species that had its origins
clearly in the southern hemisphere'.

In his paper dealing with the biogeography of Nothofagus
of the southern hemisphere and tropics and Fagus, the other genus
in Fapgaceae Subfam. Fagoideae, of the northern hemisphere, van Steenis
(1971) compared the Fagoideae with Fuphrasia and other generic groups
which have similar bi-hemispheric areas of distribution. Both the

Fapoideae and fLuphrasia have their centre of diversity in the southern

hemisphere. Among many conclusions van Steenis (p. 94) makes the
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following points:
"The occurrence of ranges which are equiformal (homologous)
to that of Fagoideae and which show a similar bi-hemispheric
affinity either on family level... or on generic lecvel... is
assumed to point to an ancient synchronous development of
many unrelated groups in the plant kingdom, involving both
ligneous and herbaceous plant groups.
For the cradle of these lineages the 3ino-Milesian sub-
tropics and montane tropics represent a crucial region.
Among these lineages lluphrasia is exemplary in exhibiting
a remarkably unimpaired, ecological similar distribution and
speciation pattern to such an extent that it must be concluded
that this distribution is as ancient as that of Fagoideae,

liagnoliaceae/Winteraceae, and many other groups mentioned...

Although Euphrasia and many other lineages are morpho-
logically far more "advanced" in the taxonomic system as

compared with Fagaceae or Magnoliaceae/Winteraceae, they must

be of great antiquity and date back to the Cretaceous. .
We must obviously abandon the current view that morpho-
logically advanced groups are necessarily of young age."
According to Moore (1972) the perennial species of Buphrasia
in the northern hemisphere need not have evolved from the austral
perennial species as might be interpreted from Yeo (1968) and ven
Steenis (1962). He continued:

"It is also likely that the perennial Euphrasia diverged in the
north and south from the common ancestors and that they were
largely eliminated in North Temperate regions by the late
Tertiary or Quaternary climatic changes which permitted the
derived annual species to spread and hybridize there. This

would accord the possibility that the Southern Hemisphere can



serve as a reservoir of old types."

In their paper on "Plate tectonics and Australasian
paleobiogeography" Raven & Axelrod (1972), apparently unable to
find a suitable sequence of land connections with alpine and sub-
alpine environments to explain the bipolar distributions of high
mountain plants with an apparently northern origin, have used long-
distance dispersal to explain such distributions. They stated:

"Other groups migrated into the Southern Hemisphere by long-
distance dispersal across mountains uplifted in Malaysia and
New Guinea in the late Pliocene and Pleistocene; these

presumably include Veronica, Luphrasia, Poa, Carex, the

apioid Umbelliferae, and others that account for many bipolar

distributions. The rich secondary radiation of species of
some of these taxa in the newly formed subalpine and alpine
habitats of New Zealand has at times led to the unwarranted
assumption that they must possess great antiquity in
Australasia, although it agrees in rate with other examples
of adaptive radiation on islands. We suggest that all groups
reached New Zealand by the prevailing westerlies in the
Pliocene or more recently."

In his discussion of the systematic position and c¢lassification

of Euphrasia, Hartl (1972) believed that Bartsia, Odontites and

Luphrasia (regarded by him as doubtfully distinguishable at the generic

level) form a close-knit central group of the Tribe Pediculariinae

(referred to as Rhinantheae in this work) with Bellardia and Parentucellia

somewhat distantly related to the group. Odontites seemed to certainly
be the link in the three genera, although Bartsia and Euphrasia tend

to each other independently of Odontites. If only the northern
representatives of the group were considered, Hartl suggested that

Euphrasia would be at the end of the evolutionary line ("obere Ende
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der lleihe"), However, he refrained [rom coming: to this conclusion
until the relationships with the southern representatives of
Bartsia and Iuphrasia had been investipated. In spite of this he
suggested that the primitive stock of the genus may be Sect.
Australes which comprises a variety of robust forms. From this there
is on the one hand a link via Sect. Paradoxae with Sect. Trifidae
and on the other a connection with Sect. Atlanticae and Sect. Buphrasia
In comparison with this, the "monotonous" ("ein tonige") Sect, Iluphrasia
seemed to him to be a terminal link,.
In a paper on the "Evolution of subalpine and alpine plant
groups in New Zealand, haven (1973) repeated his earlier assertion
that Luphrasia reached Australasia via the mountains of Malaysia in
the upper Pliocene or later, and subsequently reached South America
by long-distance dispersal. He considered the seeds of Buphrasia
mizht be carried in mud caked on the feet of birds. On mainly geo-
logical evidence he stated that it was unlikely that alpine and sub-
alpine conditions existed in Australasia, southern South America and
even Antarctica until the late Pliocene-Pleistocene period when a
number of glacial cycles occurred. It was during this period that
the present mountains of New Guinea and elsewhere in Malesia,
Australia and Tasmania, and New Zealand were uplifted. On the basis
of evidence from the fossil pollen record produced by Muller (1970)
he stated:
"In evaluating the probable time of arrival of some other groups
of plants into Australasia, it is important to remember that
the major evolutionary radiation of sympetalous angiosperms
is a Tertiary phenomenon (Muller 1970). The genera of herbaceous
plants of this group with specialised pollination systems must
in most cases have evolved only in Neogene times. Orders such
as ocrophulariales and Lamiales were radiating in Paleogene

time, as were the groups of insects that pollinate them. There-
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fore, it is improbable that any genus of Tubiflorae with a
specialised pollination system was 1n existence when direct
migration across Antarctica was possible. In other words,
we must seek alternative explanations for the transantarctic

distributions of such plants when they occur."

B. SPECULATION ON THE ORIGIN AND DIVERSIFICATION OF EUPHRASIA

1. Means of dispersal

Although there has been a recent statement to the contrary
(Raven and Axelrod 1972; Raven 1973), there is no evidence that
Euphrasia can be dispersed over long distances. The genus is charac-
terized by small seeds with a characteristic many sulcate-scalariform
surface, They have no adaptations, such as appendages or a sticky
surface, which would facilitate dispersal by animals. It is also
unlikely that they are light enough to be dispersed by wind,Ridley
(1930) has cited examples from Sect. Eughrasia of dispersal by the
excreta of horses, cattle and reindeer; but there seems to be no
evidence that this has caused wide dispersal. The nature of the
present-day ranges of distribution, which are characteristic of taxa
at all levels throughout the genus, points to an inability of these
taxa to disperse across even the smallest disjunctions between regions
with apparently suitable ecological conditions. Examples of this are
seen in the distribution patterns of the Australian taxa, especially

the three species of Sect. Lasiantherae (fig. 14). There seems to be

no example of a species which is distributed across wide water barriers
although sections and subsections do cross such barriers (e.g.

Sect. Striatae, Sect, Malesianae, Sect. Euphrasia, Sect. Trifidase).
Species may occur on either side of narrower barriers of water or
apparently uninhabitable land. ©Such disjunctions in distribution are

seen in E, gibbsiae and the subspecies of E. collina in Australia and



in several New Zealand species occupying both the North and South
Islands. These can be readily explained by the spread of their
respective habitat types between the disjunct regions during glaciations
with their cooler conditions and drop in sea level. It seems clear
not only from field observation of sympatric taxa but also from the
high endemism in Buphrasia that endémics can either tolerate little
change in their habitat, such that any seed which might be long-
distance dispersed fails to become established, or that long-distance
dispersal does not occur at all, Whichever is the case it seems
certain that the present-day distribution of Euphrasia is a result of
dispersal over short distances into suitable habitats. Ais such it
can be a very useful indicator of links between now disjunct land-
masses,

2. Speculation of the origin of Luphrasia

The centre of origin of Buphrasia seems clearly to be among
its very close relatives, Bartsia and Odontites, in the northern
hemisphere, It is surprising that with all the various hypotheses
of the origin and diversification of Luphrasia, only Wettstein (1896),
(presumably) Dawson (1963) and Hartl (1972) have investigated and
at least attempted to use the number of genera which are closely
related to Euphrasia in relation to their postulates on the origins
of the genus. Both Wettstein (l.c.) and Hartl (l.c.) considered

Bartsia and Odontites to be very closely related to Buphrasia. Wettstein

also included Parentucellia, Bellardia and Omphalothrix among this

group of closely related genera, but Hartl regarded them to be more

distant morphologically from Euphrasia than Bartsia and Odontites

on the basis of their divergent seed characters, Only in the northern
hemisphere does Euphrasia occur in the same region as closely related
genera,

Postulates that the Australian, New Zealand and Malesian

Species represent the primitive stock of Ruphrasia are not convincing.
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Within the limits of luphrasia there is certainly a greater diversity
in the southern representatives. This has becn considered by a number
of workers, notably van Steenis (1962, 1971), to signify that the
"cradle" of fluphrasia lies in this region. However, the relatively
greater diversity of these southern representatives is diminished when
the northern reprssentatives of Euphrasia are expanded to include
thelr sympatric very close relatives, Bartsia and Odontites. This
seems euite feasible, especially as Hartl (1972) has questioned the
distinction of the three at the generic level., When adding to this
the fact that the greatest diversity of the hemiparasitic Tribe
Rhinantheae, to which these genera belong, occurs in the northern
hemisphere, while Malesia and temperate Australasia completely lack
representatives of the tribe but for Euphrasia, there seems to be no
morphological or chorological reason for postulating that Euphrasia
originated in Australasia and lalesia.:

The South American representatives of the genus (Sect, Trifidaé)
also appear to be of an advanced type, although this is less certain
because of the apparent lack of a modern taxonomic comparison between
the members of Bartsia and Euphrasia on that continent. Bartsia has its
centre of diversity in South America (IEdwin 1971; Hartl 1972),
where it is confined in the northern half of the continent (Hartl l.c.).
In contrast, Sect. Trifidae occupies the southern half of the continent,
Whether there is some overlap in the areas of distributions of the two
genera has not been ascertained. Nevertheless the general allopatry
of the two genera in South America makes it unlikely on distributional
grounds that South America is the area of origin of Euphrasia from a
Bartsia-like stock, when the two genera and Odontites are sympatric
throughout much of the northern hemisphere,

Morphologically Bartsia and Euphrasia seem more distinct

in South America than they are in the northern hemisphere. From

descriptions of Bartsia (Edwin l.c.) and descriptions (Wettstein 1.c.)



and material of Iuphrasia, the two gencra are clearly distinet in
leaf éhape, Bartsia apparently has the serrate, many-toothed
leaves which characterize many genera of the Tribe Rhinantheae,
including the majority of representatives of fuphrasia. In contrast
the trifid leaves of the South imerican species of Huphrasia are
apparently unique in the Tribe. Whether the anther and corolla
characters also diverge from Bartsia must await an investigation of
the two generé, At this stage, however, it seems likely that Bartsia
and Huphrasia are relatively very distinct norphologically compared
with the narrow distinction between the two genera in Furope, which
has been stressed by Hartl. Wettstein (1896) also implied that the
South American representatives of the two genera were very different
by postulating that they separated from a common stock in the distant
geological past,

Unless Euphrasia Sect. Atlanticae of the Azores shows as
great or greater similarity to other genera in Tribe Rhinantheae
than Sect. Euphrasia does, there seems no reason to postulate that
this represents a relict of a primitive stock, elsewhere extinct,
as postulated by Moore (1972). As Odontites (completely) and Bartsia,
as well as many other genera in Tribe Rhinantheae, contain annual
species, there seems no reason to doubt that the annual Sect. Euphrasia

represents a primitive stock,

3. The diversification of Buphrasia from its postulated centre of origin
It will be seen that an evolutionary scheme can be formulated

based purely on morphological grounds and on an origin of Euphrasia

among Bartsia and Odontites, and other closely, but somewhat more

distantly related, genera of the Tribe Rhinantheae in the northern

hemisphere, with the species of Sect. Euphrasia considered to be

the primitive stock., In this scheme there is no evidence of mass

extincetion or gaps between infrageneric taxa. On the contrary almost



all 1links seem to exist today. The proposed scheme of evolution
based on such an origin does throw up a number of immense bio-
geographical problems, the most obvious of which are discussed
later.

A method for determining such an evolutionary scheme by a
modification of the means of determining "Wagner Trees" has been
described by Whiffin & Bierner (1972). This method requires only
a postulation of the centre of origin and no determination of primitive
and advanced stages for each character. As in all methods of deter-
mining evolutionary models, whether intuitive or mathematical, this
approach still suffers from unavoidable subjectivity in the selection
of characters. DMathematical methods such as this have the advantage,
however, of removing much subjectivity by treating every character,
as defined, as equal., The method of calculation of the evolutionary
tree is also somewhat subjective in the method of treatment of secondary
centres of diversification, i.e. other than that from the origin, which
may cause problems because of possible cases of parallel or convergent
evolution., Thus in one of their examples, Whiffen & Bierner have
treated individually complex phyletic lines which correspond to sections,
Such an approach has been used in speculating on evolution in the
Australian sections of the genus.

The characters and their various states which have been found
useful in separating the sections and any subordinate subsections are
listed in Table 5. The total number of characters for which each
pair of taxa has different states has been calculated from this table;
these are shown in Table 6. There are several cases where certain
characters are not known for all the infrageneric taxa. In such cases
the character states which might possibly pertain to such taxa have
been marked with "?", and the taxon is treated as having all such
character states for the purposes of computing the "Wagner Tree".

It is believed that the discovery of the true character states of



TABLE 5: The character states for each section and submecticy of
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TABLE 5 (conﬁga

UPPERMOST LEAVES (cont,)

Number of pairs of teeth

1, (0)1(2)

2, (1)2-6(more)
3, ¢.b6-many
Base

1, Attenuwate, abruptly
expanded into blade

2, Attenuate, gradually
expanded into blade.

3, Narrow cuneate to
truncate

Blade (defined Chapt.3)

1. Large cf. base and

teeth
2, Small ¢f, base and
teeth,
Distribution of teeth
1, Distal %—or less
2, Distal & or more

No, of main veins
produced from base

1, (1)3

2, 3(5)

3, 3=5 or more
FLOWERS

Oeccurrence

l, Sporadic along axes

2, Racemes usually with
less than 10

3, Racemes usually with
10-20

4. Racemes usually with
more than 20

I, Sect, Euphrasia
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TABLE 5 (cont,)s:

COROLLA

Striations

1,

2.

30

Present, but absent
along midline of hood

Present, at least
along midline of hood

Absent

Blotch on Lower lip

1.
2,

Present
Absent

Lower side

1,
2,

Concave from above

Flat or grooved

Lobes (lower)

1,
2

Emarginate

Acute or obtuse to
truncate

ANTHERS

Fusion

1,
2,

Fused

Fres

Area about connectives

1.

20

Glabrous

Hairy, at least on
posterior anthers

Slits

1.
2o
3,

Densely hairy
One or two hairs

Glabrous

I, Sect. Euphrasia
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TABLE 5 (cont,):

SEDTI L],
8BSy OS088 Uy
SEX0URLEA
BLPUE0BEIBAC

i - e

SRTBTISTY 3083 ‘IIIA
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SEJASTLUR T8BT

‘3083

‘IIX

908 °yT

[ Jy——
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SBENJTINY °39098q0g g
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‘108G ‘A

‘3098 °AT
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sEBoTUOdE [ °30898QNG°)

9BT[0JTISNIUY °3088qQng°g
SBIBTITT) °109sqng°y

eTsedyanyg

°g08g °I

STIGMA

-+ e e e e o e w=s =

+ + + +

1, 0,1-0,3mm long

++++ 4

- e am e == e W

2, 0,3=0,5mm long or

longer

CAPSULES

Lateral view (overall)

+ =+ 4+ + 4+ =+ =7

+ 4+

1, Oblong order

R TP P

? -+

2, Broad ovate order

Lateral view of apex

T+ o+

+ 4+ + + o+

+

1. Acute (acuminate) to

obtuse

?

+ 4+ + 4+

+ 4+ b=+ o+

2, Shallowly emarginate

to emarginate

3, Deeply cleft
CHROMOSOME NUMBER

.+_-...-.

a6 ee

1, n=11
2, n=22

3,

n=44

PP+ ++ 2?77

4, n=27-33

o n=45="60
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TABLE 64

Table showing the total number of absolute character

state differences betw
gubgection of Buphrasia.
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these taxa will reinforce rather than alter the "evolutionary
pathways" which have been determined.

wWhenever there is some overlap in the character states in
two taxa, they are treated as being identical, (Whiffin & Bierner
suggest that these may be given intermediate values of 3.) Thus
the "Wagner Tree" produced emphasizes similarities in taxa and is based
only upon absolute differences. It is felt that this should be done
for at least the infrageneric taxa.

For reasons outlined in the previous section Sect, Euphrasia
is taken to represent the primitive stock of Euphrasia. Subsect,
Ciliatae, which is the most widespread and diverse subsection of
Sect, Euphrasia, is used as the most primitive stock for the purposes
of this scheme. It contains the only know diploid chromosome number
(n=11) in the northern representatives of the genus: this seems
especially significant when it is considered that Odontites has a

chromosome number of n=10 or 20 in the European species (Yeo 1972)

and Bartsia alpina has a chromosome number of n=12,24 or 36 (Yeo l.c.).

Following the method of Whiffen.and Bierner (1972) the infra-
generic taxa have been listed in order of number of characters for
which they differ absolutely from Subsect., Ciliatae (Table 7) and a
"Wagner Tree" has been drawn up (fig. 4).

The evolutionary scheme as determined indicates that the
Malesian and southern members of the genus evolved in four or possibly
five evolutionary lines from a common stock, which originaﬁed directly
from Sect, Euphrasia of the northern hemisphere.

Sect. Malesianae of western Malesia and Taiwan represents the
evolutionary line from the common stock most closely related to Sect.
Fuphrasia. It differs only in its perennial habit and retains the
tiny stigma and consistently emarginate corolla lobes, which are found
only in the members of the genus in the northern hemisphere,

Sect, Cuneatae of Australasia also represents the end point of
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FIG. L: Postulated evolution of the sections and subsections of Euphrasia
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TABLE 7: The taxa listed in the order of magnitude of their differ-

ences from Sect, Huphrasia Subsect, Ciliatae

Sect. Euphrasia

Subsect. Ciliatae Datum taxon

Subsect. Japonicae 0
Subsect. Alpicolae

0]
Subsect. Angustifoliae 1
Sect. Atlanticae 1

2

Sect, Malesianae

n

Sect. Cuneatae

Sect, Novaezeslandiae

Sect, Striatae Subsect. Pauciflorae

Sect. Lasiantherae

Sect. Paradoxae
Sect. Scabrae

Sect. Anagospermas

Sect, Trifidae
Sect. Striatae Subsect, Humifusae

Sect, Striatae Subsect. Striatae

o o 0o N3 32w owvm W

Sect. Australes

an evolutionary line very close to Sect. [uphrasia. It may have
originated either directly from that section or from the common
ancestral stock from which the austral and tropical members of the
genus evolved. It differs absolutely from Sect. Euphrasia only by
its perennial habit and its large stigma, and also diverges by the
absence of consistently emarginate corolla lobes. As the last two

characters are found only among the New Guinea and south-temperate
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taxa, it seems more probable that it evolved from the common ancestral
stock from which these taxa originated.

The 1line of evolution in which Sect. Novaezeelandiae has

the most primitive characters 1s confined to New Zealand, South
America and the Juan Fernandez Islands. There is a clear-cut

line of evolution between thé present-day specles of Sect., Novaezeelandiae

and Sect, Anagospermae characterized by a progressive reduction in

ovule number, a gradual change from an erect to a prostrate habit, a
reduction in the number and an increase in the length of the leaf
teeth, an increase in the length or the corolla tube, and a reduction
in the pilosity of the anthers, which at the end of the line of
evolution, in E, disperma, are glabrous and free. The'South American
Sect. Trifidae has clearly evolved from the same ancestral stock as the

present-day members of Sect. Anagospermae as both sections are unique

in containing-species with deeply incised, few-toothed leaves and
glabrous free anthers. On the other hand Sect. Paradoxae of the Juan
Fernandez lslands has evolved from the immediate ancestors of Sect.

Novaezeelandiae. The latter is the only section other than Sect.

Paradoxae in the genus in which the branches may develop acropetally
on the stem.

The three subsections of Sect. Striatae represent an independent
line of evolution from the ancestral stock from which the austral and
Malesian members of the genus evolved, Subsect. Pauciflorae is the
most primitive of three and is widely distributed in both New Guinea
and New Zealand. The New Guinea representatives diverge by their
remarkable leaves with a large hooded apex and often tiny lateral teeth.
However, E, revoluta of New Zealand has similar leaves, while E, papuana
of New Guinea, which is known only from the type collection, may have
leaves resembling more the NeW'Zegland representatives (or even the
Australian members of the section). These two species form a link

between the representatives of the two countries. The New Guinea
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representatives tend towards Sect. Malesianae in the size of the
leaves and flowers and the robustness of the habit; those ol New
Zealand tend more towards the southern perennials, espécially Sect.
Cuncatae., On the basis of leaf shape and flower size and shape it
is certain that Subsect. Striatae of Tasmania, with a single outlier
in Victoria, evolved from ancestors of Subsect. Pauciflorae similar
to those now represented in New Zealand, while Subsect, Humifusae
of New Guinea and the Celebes originated from ancestors similar to
the New Guinea species of Subsect. Pauciflorae.

The present-day representatives of one line of evolution from
the common ancestral stock of the austral and tropical members of
Euphrasia are confined entirely to Australia, The;, all have hairy
anther backs, leaves with usually non-attenuated bases and chromosome
numbers based on x=c.27-30; they comprise both annuals and perennials,

Sect, Lasiantherae has retained the most primitive characters, notably

striated corollas, Sect. Scabrae and Sect. Australes are unique in the
genus by their nonstriated corollas, and the tendency for the lower side
of the corolla to be porrect, and flat or sometimes broadly grooved.
Evolution in these three sections is discussed further under the treat-
ment of the evolution of Euphrasia in Australia.

E, crassiuscula is regarded as a hybrid between Sect. Australes

and Sect, Striatae Subsect, Striatae. It is polymorphic in the presence
and absence of corolla striations and the incidence of hairs on the
anther backs, which are two major characters distinguishing the two
sections.

Thus it can be seen that if the premise that Sect. Euphrasia
(in particular Subsect. Ciliatae) is the primitive stock of Buphrasia
is correct, then a clear scheme of evolution showing the origins of
the present-day sections and subsections, based solely on morphology,
can be erected with no large gaps and little convergent evolution.

If the postulated scheme of evolution is similar to the evolutionary
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history of Duphrasia, one must propose that at some stage in the
past there were connections between the present-day alpine lo high
montane floras of furasia, the llalesian and Taiwan region, New Guinea,
new Zealand, south-east Australia and Tasmania, South America, and
the Juan Fernandez Islands,

The lack of long distance dispersal, the origin among genera
nainly confined to the northern hemisphere and the mainly alpine,
biogeographical problems if one accepts the view of the geological
and floristic evolution of the southern "Gondwanan" continents, as
portrayed in Raven & Axelrod (1972) and Raven (1973). Such problems
are also posed by at least some other genera of apparent northern
origin in the southern hemisphere, c.g. the 36 listed by Dawson
(1963) in the New Zealand alpine and subalpine flora. Ridley (1930:

p.692) has remarked that such genera as Viola, Ranunculus, Anemone

and Gentiana, which are cited in Dawson's list are unlikely to have
been dispersed over long distances to their isolated outposts on
the Malesian mountains.

Raven and Axelrod state that fustralasia, Malesia and southern
South America all gained their present high mountain tracts during the
late Pliocene-Pleistocene period apparently with subalpine and alpine
vegetation non-existent before this time, Yet their postulation of
the means by which Euphrasia (and probably other groups of northern
origin) attained their high diversity and widespread distribution by
long distance dispersal seems inconceivable upon the apparent facts
of the dispersal characteristics, ecological amplitude and distribution
patterns of the genus in the southern hemisphere and tropics. By the
time of the postulated arrival of Buphrasia in the southern hemisphere,
the Gondwanan continents had, on present geological evidence, severed
lend connections long before and were separated by wide tracts of

ocean. Huphrasia, it seems, cannot cross such tracts. There is not
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a single species of Euphrasia which has a range of distribution
btridging such disjunctions. The taxa cannot even bridpge gaps in
apparently suitable conditions of more than 30-40km, 1f Raven and
ixelrod's viewpoint of the means of migration of Buphrasia into the
southern hemisphere is taken as correct, one must make the incon-
ceivable postulation that the genus has somehow lost its means or
vehicle of long-distance dispersal. Migration routes of effectively
continuous (not necessarily all at once) tracts of probably cold
montane to alpine habitats must be looked for to account for the
migration of Buphrasia into the southern continents and Malesia from
its site of origin among its closest relatives in the northern hemis-
phere. The answer to the biogeographical riddle of Euphrasia and
other mainly alpine and subalpine genera of apparently northern origin
may lie in the geological history of the central Pacific Ocean which
is still being investigated. As yet there has apparently been no
consideration of the biogeographical implications of the present
investigations in the region.

L., The evolution of Euphrasia in Australia

The following schemes of evolution of the sections which oceur
in Australia are based on an appraisal of the morphology of the
various species, subspecies and varieties. The most primitive present-
day members of each of the three postulated independent lines of
evolution in Australia have been determined in relation to the scheme
of evolution of the sections and subsections of the genus proposed in
the previous section. If the postulated centre of origin of the genus
is found to be incorrect, the following schemes of evolution may have

to be modified.

Evolutionary line 1: Sect, Cuneatae

Sect. Cuneatae represents a distinct line of evolution in

Duphrasia, with uncertain origins (see previous section). However,
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the evolutionary relationships of ths three existing species ssoms

reasonably clear (fig., 5).

&

. durietziana

Sect. Huphrasia
OR

ancestral stock
of southern and

austral Luphrasia

. I, cuneata

B. phragmostoma

FIG. 5: Postulated evolution in Sect. Cuneatae

E. cuneata of New Zealand seems to be the most primitive member of
the section, and is intermediate morphologically between the two
Australian species. By its consistently emarginate corolla lobes
and general flower shape it tends more to Sect. Buphrasia than

to any of the large-flowered southern species. E. durietziana tends

more to the southern representatives of the genus by its often obtuse
corolla lobes and apparent flower shape., The flower shape of

L, phragmostoma has not been determined but it is apparently the

most advanced species of the section by its remarkable pair of
posterior anther awns.

The section is remarkable for the wide disjunction of its
three species. It is difficult to speculate on the meaning of these
disjunctions without a better knowledge of the ecological range cof
each species. Further investigation may show that the two Australian
species may require special conditions which have not been msintained
in the past and present in intermediate localities. Yet the Fact

=)

that the two Australian species are morphologically closer to E. cuneat

of New Zealand than to each other, may be of biogeographical importance,

Ivolutionary line 2: Sect, Striatae Subsect. Striatae

Sect. Striatae Subsect. Striatae constitutes a separate line
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of cevolution of Huphrasia in .ustralia (set section 3). The proposed
scheme of evolution (fig. 6) has been determined using wWhiffen &
Bierner's (1972) method of computing "Wagner Trees".

On the basis of the proposed scheme of evolution, the
present-day members of Subsect, Striatae are apparently the remnants
of two short lines of evolution, which have a common origin from
the stock resembling Subsect. Pauciflorae in New Zealand. E. gibbsiae
and B, striata are the species of the two lines of evolution which
are closest to this stock.

The "L, gibbsiae line" is apparently at present undergoing
active speciation. By'their high degree of endemism, narrow ecological
preferences, and apparently common presence of barriers to interbreeding
(see I, gibbsiae: Intraspecific Variation), the many subspecies of
&, gibbsiae clearly have the potential for further morphological
divergence into species. The present distribution of the subspecies
indicates that E. gibbsiae has been much more widely spread in the
past. The initial divergence which has led to the present-day poly-
morphy of E., gibbsiae may have arisen entirely through the shrinkage
(possibly occurring several times) of the wide area of distribution of
the species which almost certainly existed during the glacial periods
of the Pleistocene (Costin 1959; Raven 1963) when conditions were
cooler than today. In particular the presence of a single outlier in
the subalpine regions of the Baw Baw plateau in southern Victoria
seems to require such a wide past distribution of the species, It

probably represents (with E. crassiuscula ssp. eglandulosa: see below)

the last remnant of Subsect. Striatae which had dispersed over the
land-bridge postulated by Costin (1959) and Banks (1965) to have occurred
between Tasmania and mainland Australia during the Pleistocene
glaciations. This would require the existence of a continuous (not
necessarily simultaneous) distribution of subalpine vegetation

between the two regions. This has been considered feasible by
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Costin (L.c.).
E. hookeri has clearly evolved from . gibbsiae. However,
vith the existence of a form apparentl; intermediate between ssp.

comberi and Z, hookeri, the proposal in the scheme of evolution

that . hookeri evolved from the immediate ancestors of ssp. discolor

ssp. wellingtonensis, ssp. subglabrifolia and ssp. pulvinestris may

be incorrect.

The "E, striata line" shows little evidence of the speciation
which is apparently occurring at the present time in E, gibbsiae.
Although B, striata occurs in the subalpine zone and above and

L. semipicta occurs at sea level, the ecological conditions in which

the two species grow are similar. Both occupy heath areas which are
exposed to cold wet conditions during the summer. The wide disjunction
between the two areas of distribution was probably bridged by similar
vegetation types during the Pleistocene glaciations. It was probably

under such conditions that E, semipicta evolved.

E. crassiuscula seems clearly to be hybrid between Sect.

Australes and Sect., Striatae Subsect, Striatae., By its often shallowly
cleft and rounded leaves it resembles the New dealand members of
Subsect. Pauciflorae, such as E, monroi. Because of its lack of
affinities to any existing member of Subsect. Striatae, there are
grounds for considering that a complete line of evolution in the
subsection occupying the mountains of mainland Australia has become
extinct.

E. crassiuscula occupies the Bogong-Hotham mountain system,

vhich contains the highsst mountain in Victoria and is over a 100km
north of the only known occurrence of Subsect. Striatae on mainland
Australia. In between there are wide areas of mountains which are
apparently not high enouéh to support members of the subsection
even though, the altitude of the alpine and subalpine vegetation

decreases to the south. It seems possible that the parent spescies

\
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in Subsect. Striatue involved in the hybrid origin of ., crassiuscula

resembled ssp. eglandulosa, but had consistently striated corollas
and glabrous anther backs, which are diagnostic of the subsection,
but break down in ssp. eglandulosa. Of the two subspecies of

0

L. crassiuscula which vary in these characters, ssp. eglandulosa

tends to have prominently striated corollas and glabrous anther
backs., It occuplies the high range of altitudinal distribution.

Ssp. crassiuscula also varies in these characters, but tends to have

the hairy anther backs and non-striated corollas which characterize

Sect, Australes. It occurs at lower altitudes. (Ssp. Zlandulifera,

the remaining subspecies of E, crassiuscula always resembles Sect.

Australes in these characters and has clearly evolved from Ssp,

crassiuscula.) There is thus an altitudinal correlation in the

characters separating the two sections in the subspecies of

&, crassiuscula which vary in these characters. On the basis of these

observations it seems feasible that a series of taxa representing a
distinct line of evolution in Subsect, Striatae has become extinct in
the south-eastern highlands of Australia through the loss of suitable

habitats between glaciations.,

Evolutionary line 3: Sect. Lasiantherae, Sect. Scabrae and Sect.

Australes
This is the main evolutionary line of Buphrasia in Australia.
The lines of evolution between species and subspecies seem reasonably
clear, without having to resort to the use of mathematical methods of
determination.

Sect., Lasiantherae, the most primitive section in the line,

consists of three species which form a "linear" evolutionary series
(fig. 7). E. alsa retains the most primitive characters, with its
small ovule number, large seed size, yellow-blotched lower corolla lip

and small annual habit. E. lasianthera clearly terminates the line of
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evolution in the section, by its perennial habit and particulariy

by the absence of a yellow blotch on the lower corolla lip and the
presence of conspicuous pair of yellow blotches at the point of
insertion of the anterior filaments, a character which is apparently
unique in the members of the genus with striated corollas. L. eichleri

is morphologically intermediate between the two species,

E., lasianthera

E. caudata E, eichleri

ssp, nana
~N
\\‘\
~ E. alsa
~
~N
~
~
~
)

Ancestral common stock
of austral and tropical

Buphrasia

FIG, 7: Postulated evolution in Sect. Lasiantherae

The three species occupy successive disjunct mountain regilons in the
order of the proposed line of evolution. There is a gradual broadening
of the range of ecological preferences away from the most primitive
species. E. alsa is exclusively alpine, E. eichleri, the intermediate

species, occurs in subalpine and alpine areas, while E, lasianthera,

which terminates the line, extends from alpine areas into montane
forest. The ancestral stock from which the three present-day species
evolved must have encompassed the three mountain regions during the
glacial periods. The divergence of the species probably dates from
those times. The differences between the species are very large in
comparison to the differences betwsen related species in Buphrasia.

It is possible that intermediate forms have become extinct as the



mountains between the three disjunct regions lost their alpine
vegetation.

The evolutionary pathways (see fig. 8) in Sect. Scabrae
seem reasonably clear. E. caudata ssp. nana has characters closest

to Sect. Lasiantherae, from which the section clearly evolved., In

particular it is morphologically very close to E. alsa. In support
of the view that the two taxa have a close evolutionary relationship,

E. caudata ssp, nana is sympatric with E, alsa and since it also

occupies the alpine zone it is the only member of Sect. Scabrae which

extends into this region,

E. orthocheila
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FIG. 8: Postulated evolution in Seet., Scabrae
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The evolution of Ii. caudata ssp. caudata or its immediate
ancestor from the precursors of ., caudata ssp. nana seems to have
been a necessary step before the evolution of the other present-day

species in the section occurred. E. arguta, E, ciliolata and E. scabra

apparently evolved from such a stock. The first two species occur
well to the north of the range of distribution of E. caudata. The
land connections between the two regions which are necessary for the
evolution of these species probably occurred during the Pleistocene

glaciations, E. ciliolats is similar to E, caudata ssp, caudata by

its subalpine-montane distribution, while E, arguta (now probably
extinct) seems to have a lower climatic range, being absent from the
subalpine zone. Forms intermediate between E, arguta and I, caudata
ssp. caudata may occur in the Blue Mountains which lie between the
ranges of distribution of the two taxa (see E. arguta: Note 2),

i, scabra and li, orthocheila var. orthocheila make up a

short evolutionary branch characterized by yellow corollas, a short
glandular indumentum and densely setose capsules, Of the two, E. scabra
is the most closely related to L. caudata ssp. caudata and significantly
it is sympatric with that species. It also approaches the ecological

preferences of E. caudata ssp. caudata more closely than E. orthocheila.

Possible remnants of the ancestral connections between K, scabra
and B, caudata ssp. caudata occur in subalpine regions in the eastern
highlands of Viectoria (see L, scabra: Intraspecific Variation). The

many characters distinguishing the two taxa break down to some extent

in these populations, L, orthocheila var. orthocheila is confined to
northern and central New South Wales and.diverges from both these
species by its small capsules and flowers, and few-toothed leaves,

L, orthocheila var. peraspera is probably a stabilized hybrid

with B, ciliolata and E. orthocheila var. orthocheila the parent
NQ‘O %owﬁ w&\% s
taxa. The three taxa occur together in the Northern Tablelands of/
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L. orthocheila var..peraspera has the yellow corolla, small flowers,

.‘ | | .
small capsules, small seeds and short anther awns of var. orthocheila,

but has a non-glandular indumentum resembling E., ciliolata.

Sect, dAustrales gives the impression of undergoing active
speciation at the present time. It consists mainly of the highly
polymorphic E. collina, the fifteen formally described subspecies of
which are distributed in almost all possible vegetation types from
temperate lowland to high alpiﬁe regions.

The scheme of evolution in Sect, Australes is shown in fig. 9.

K. collina ssp. paludosa of the section is found to be morphologically

very close to I, ciliolata of Sect. Scabrae. The two differ mainly in

their life-span and associated habit characters. The corollas of

and a denser indumentum. The two taxa overlap in their distribution
and ecological range. It is even possible that they occur side by side
in the Barrington Tops area. There is apparently no similarly close
morphological connection between Sect, Australes and either of the
other two sections. Accordingly, it is proposed that Sect. Australes

originated from an ancestral stock similar to £, ciliolata and E. collina

ssp. paludosa.

The diversification from the primitive stock resembling E. collina

Ssp. paludosa and L, ciliolata apparently occurred in the sclerophyll

forests of south-eastern or eastern Australia, the present main areas
of distribution of the former species. The subspecies of L, collina
which appear to have directly evolved from this stock all occur, at

least partly, in these areas. The formation of E. crassiuscula

apparently by hybridization between E, collina ssp. paludosa and a

stock resembling E. crassiuscula ssp. eglandulosa also occurred in

this region (see under the treatment of evolution in Sect. Striatae
Subsect, Striatae). In the cool climatic periods of the Pleistocene

glaciations ssp, paludosa and at least its close relatives ssp, collina,
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Ssp. speciosa and ssp. muelleri probably spread into Tasmania and
South Australia, with the wider continuous distribution of their
habitats. The entry into Tasmania may have been across a land
bridge exposed by the fall in sea level during the glaciations
(Costin 1959, Banks 1965).

Relict occurrences (possibly now extinct) of ssp. muelleri
and ssp, paludosa in the Mount Lofty and Flinders Ranges of South
Australia provide evidence for such migration taking place. In
addition, there must have been some connection between the present—
day ranges of distribution of ssp. speciosa of south-eastern Australia
and ssp, osbornii of central South Australia as the two subspecies have
clearly evolved from a common stock.

The line in which ssp. collina is the most primitive appears
to be the only one which entered Tasmania. Non-glandular and
glandular forms resembling ssp. collina and the Grampians populations

of ssp. trichocalycina respectively must have reached the island and

diversified further. In the lowland sclerophyll forest-woodland
regions of northern and eastern Tasmania occur ssp. gunnii, ssp.

deflexifolia and a related, probably distinct taxon, all of which

have clearly evolved from the glandular stock. Ssp. diemenica is a
possibly monophyletic polymorphic group of forms which apparently
evolved by the spread of ssp. collina into the subalpine and alpine
regions of the island with parallel morphological changes. Possible
relicts of the ancestors of ssp. diemenica, or new forms evolved from
the subalpine and alpine populations of the subspecies, occur in
northern lowland Tasmania. An apparent clinal intergradation between
populations of ssp. collina and ssp. diemenica is also known., It is
similarly not known whether this is of recent origin or a remnant of
the evolution of ssp, diemenica.

Ssp. tetragona also appears to have evolved from the line in
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which ssp., collina is the most primitive. Its leaf shape in the
castern part of* its main mainland area of distribulion is very
similar to that of ssp. collina in the Grampians and, except for the
character of corolla pilosity, these populations are very difficult
to distinguish. This may be the region where ssp. tetragona originated,
since there is a clinal divergence in leaf shape towards the west,
Like many of its relatives in E. collina the subspecies has clearly
been more widely dispersed in southern Australia in the past. The
disjunction between the south-west Western Australian and South
Australian populations, those between mainland Australia and Kangaroo
Island and northern Tasmanla, and the possible relict occurrence on
Wilsons Promontory all seem amply explained by the bridging of the
present-day disjunctions during glacial periods aided in at least
come cases by the exposure of the intervening sea bed.

From the stock of glandular forms from which ssp. Speciosa
and ssp. osbornii of lowland and montane areas evolved there is an
evolutionary branch which has culminated in the formation of the
three subspecies in the alpine zone of the Kosciusko region of south-
castern Australia, There are present today a series of forms which

connect this group (in particular ssp. diversicolor), ssp. paludosa

and ssp. speciosa (see E, collina: Note 3), in the eastern highlands
of Victoria., These may be remnants of the morphological transition
from an ancestral stock intermediate between the present-day ssp.
speciosa and ssp, paludosa which was much more widespread during the

glacial periods. Ssp. diversicolor seems to represent the most

primitive member of the three alpine subspecies, although ssp, lapidosa
has retained the small seed size which was probably characteristic

of the ancestors of these subspecies. The former has the most widely
spread habitat and has the capacity to exist at lower altitudes in

subalpine regions, while the other two subspecies occur in very local
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specialized habitats.
The ancestors of the line of which ssp. speciosa is the most
primitive must also have once been spread as far north as the
Warrumbungles or Nandewar Ranges in northern New South Wales to

accommodate the apparent evolution of ssp. nandewarensis from that

stock. It is possible however, that ssp, nandewarensis has evolved,

independently of the ssp. speciosa line, from ssp, paludcgsa, which
occurs at least in the region of the Warrumbungles.

The origins of E, bella seem somewhat obscure., This Species
occurs in the mountains of the "Maclherson-tMacLeay Overlap" (Burbidge
1960), the region where temperate vegetation reaches its most
northern point in eastern Australia. i, bella diverges from E, collina
by the apparently primitive character of its narrow attenuate leaves,
Ssp. bowdeniae of the Blue Mountains of central New South Wales and
a related form (see f. collina: Note 5) from Tamworth, which is
located between the areas of distribution of E. bella and ssp.
bowdeniae, approach E, bella by their weak habit, lax racemes, and
a possibly reduced ovule number. These two forms of E. collina may
reprecsent the remnants of a morphological transition between
&, collina ssp. paludosa and E., bella. The attenuate leaves of the
latter species may either have originated by convergent evolution,

or be the product of hybridization with E., durietziana of Sect.

Cuneatae (or its immediate ancestors), which occurs a little to the
south of B, bella and has similar leaves. The latter explanation
seems the less likely in view of the many morphological differences
between the two species. It is also possible that the species
represents the remnants of the ancient stock from which Sect.
Australes evolved, in which leaf bases of the attenuate and non-
attenuate types occurred. This seems unlikely in view of the absence
of attenuate leaf bases elsewhere in the three sections which make

up this major line of evolution in Australia.
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In conclusion, it seems possible to eiplain the evolution
of the presente~day Australian taxa of Euphrasia and their geographical
and ecological distribution, entirely on the geological and floristic
events which occurred since the Paleocene~Pleistocene uplift of the
mountains in Australia (Raven & Axelrod 1972). There appears to
have been little extinction of intermediate forms whicﬁ cannot be
explained by climatic changes during this period., ZExcept in the
case of B, bella and Sect. Cuneatae there secems to be a remarkable
continuum of taxa grading from the most primitive to the very advanced
types. The wide disjunctions between the one New Zealand and two

Australian species of Sect. Cuneatae seem difficult to explain.
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CHAPTER 5

A REVISED INFRAGENERIC CLASSIFICATION OF LUPHRASIA

A, PREVIOUS INFRAGENERIC CLASSIFICATIONS

Although a number of botanists have discussed the infrageneric
classification of Euphrasia, only Bentham (1846), Wettstein (1896),
and Hartl (1972) have dealt with the classification on a world-wide
basis, The two earlier workers are the only revisers of the entire
genus. Lxcept for changes in rank, the addition of two small
morphologically and geographically isolated infrageneric taxa, and
the segregation of two monotypic genera in New Zealand, which were soon
reduced to synonymy, a basic framework of three large infrageneric taxa
has been maintained from Bentham's time.

Bentham (1846) divided the genus into three categories of
equal status, but with no clear indication of rank (see Sell & Yeo 1970).

His 8§ Semicalcaratae, characterized by "Antherae pilosae, mucronatae,

duarum breviorum posticarum loculus alter longius calcaratus..... Folia
inferiora crenata, floralia summa saepe acutius incisa vel dentata'', was
confined to the northern hemisphere except for one species in New Zealand
(E._cuneata). & Australes, distinguished by its "Antherae pilosae, omnes
Subaecualiter mucronatae....Folia apice paucicrenata rarius fere a basi
crenata', w;s restricted to "Australasia" (which is probably Australia, as
he cited only Australian species and localities). 8§ Trifidae of South
America, with one questionable recérd from the Himalayas, differed by

its "Antherae glabrae, aequaliter mucronatae....Folia sessilia cuneato-
trifida vel tripartita". Although the Himalayan plant resembled the

South American species in habit and leaf shape, Bentham only saw one

corolla and was doubtful even of its placement within the genus (he wrote
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Ui, ? plandulosa"). The specimen was later placed by Bentham and J.D.

Hooker (1876) in the related genus I'htheirospearmun.

J.D. Hooker (1879) described a new species, L. disperma, from
New Zealand which, together with K. repens, he placed in a new subgenus

Anagospermae. The subgenus was characterized by its 2-4 ovulate ovaries,

solitary flowers, prostrate habit and a remarkably long corolla tube. He
considered the subgenus might be worthy of recognition as a distinct genus
providing the capsules were found to be indehiscent.

Two years later on the basis of meagre material containing a
single flower, Armstrong (1881) described a new genus, Siphonidium,
from New Zealand, closely related to Luphrasia but differing "in the long
curved gibbous tube and bi-lobeéd stigma". He did not mention Hooker's
subgenus even though there is a distinct resemblance between the two
descriptions.

Wettstein (1895), having seen fruiting material of what he

considered to be L. disperma, elevated Hooker's Subgenus Anagospermae

to a genus distinct from Euphrasia and Siphonidium. He stated its

differences as follows:

"Genus differt ab Euphrasia tubo corollae elongato, labio corollae
superiore non excavato, antheris patentibus et glaberrimis,
imprimis vero loculis germinis uniovulatis et fructu bicorni
bispermo. A Siphonidio Armst. differt tubo corollino recto,
stigmate non bilobo, probabiliter etiam fructu et germine."

In the second edition of his "Manual of the New Zealand Flora"
Cheeseman (1925) was certain that Anagosperma and Siphonidium were
identical, and united them under the latter, earlier-published name.

In his detailed account of "The long-tubed New Zealand species of

Buphrasia (= Siphonidium Armstr.)" Du iiietz (1932a) showed that:

"there is such a gradual transition between Siphonidium and Euphrasia

sens. strict., that it is not possible at dur present stage of

knowledge to retain Siphonidium as a separate genus....it seems



even doubtful whether Siphonidium should be retained as a
subgenus or section."

Wettstein (1896) saw much more material of the extra-Furopean
members of Huphrasia than Bentham, but like his fellow-European botanist,
he knew nothing (except in his addendum) of the Formosan, Malesian and
New Guinea species, Notably he saw material of most of the New Zealand
species, whereas Bentham apparently only saw L, cuneata. His major
classification of the genus was similar to Bentham's. !He treated &

Semicalcaratae (which included all the northern hemisphere occurrences

in the genus) and &Australes (comprising all Australian and New Zealand
species, including B, cuneata) as subsections of Sect. Eueuphrasia,
which differed from Sect. Trifidae (Bentham's 8Trifidae p.maj.p.) in
leaf shape and the pilosity of the anthers. Subsect. Australes was

distinguished from Subsect. Semicalcaratae by the length of the posterior

pair of anther awns relative to the other six anther awns. Sect.
Trifidae and Subsect. Australes were divided into annual and perennial
groups which were not given formal taxonomic recognition. Wettstein also

divided Subsect. Semicalcaratae into three unranked groups, § Parviflorae,

§ Grandiflorae and § Angustifoliae on the basis of differences in the

time of elongation of the corolla tube relative to anthesis, the breadth
of the leaves and the indumentum of the capsule. Subsequent Iuropean
botanists (e.g. Joergensen 1919, Pugsley 1930,1936, 3ell & Yeo 1970,

Yeo 1972) have considered the character of the elongation of the corolla
tube to be of lesser, or even doubtful, diagnestic use (see Pugsley
1930: p.473 and 478).

The upgrading bs Joergensen (1919) %g Wettsteints sectibns and
subsections to subgenera and sections respectively has been followed in
all subsequent works on the genus up to Hartl's recent publication (1972:
see below). Joergensen's recognition of two subsections in Sect.

Eueuphrasia, namely Subsect. Angustifoliae (equivalent to Wettstein's
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% Angustifoliae) and Subsect. Ciliatae (covering mettsteiangParviflorne

and §(h%nﬁiflorae) on the characters of leaf shape and capsule indumentum,

which had been used by dettstein, has been universally accepted.

Joergensen refined the character of leaf shape by recognizing the apparently
reliable differences between the two subsections in the proximity of the
teeth along the margins. Subsect. Ciliatae has been progressively divided
into a number of series from Joergensen's time, especially by Pugsley (1930,
1936) and Sell & Yeo (1970). These series are distinguished by the
combination of a number of divergent but often overlapping characters, which
include habit, indumentum, leaf and bract shape, corolla size, and capsule
size and shape.

Pugsley (1936) erected two new subsections of Sect. Semicalcaratae,

Subsect. Japonicae and Subsect. Alpicolae, both confined to Japan, on
the basis of habit, leaf shape, calyx shape, corolla size and coloration,
and the indumentum on the corolla, anthers and capsule, In the same paper
he proposed two new sections. Sect. Atlanticae, endemic to the Azores,
was distinguished on the basis of its perennial life-span, rounded leaves
and deeply emarginate capsules. Yeo (1972) has recently modified the
diagnostic characters of this section, using the perennial life-span, more
numnerous leaf teeth and the large flowers to distinguish it from the rest
of the European and North American species. The distinctive capsule shape
described by Pugsley for one species of the section was found not to occur
in the other Azorean species,

Pugsley!s other new section, Sect. Paradoxae, was based on a

single species E, formosissima of the Juan Fernandez Islands off the west

coast of South America, The section was characterized by the unique
method of perennation and also by "the entire (not emarginate) lobes of
the lower 1lip of the corolla, ....its glabrate, unequally spurred anther-
cells and.... its scarcely retuse, setulose-edged capsules". Skottsberg

(1921), who described the species, and Wettstein (1921) had previousl
or J
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remarked on its isolated morphological chuaracteristics and its apparent
affinities to the Japanese and Australasian members of the genus.
There have been no major changes in the infrageneric classification
of Zughrasia in the northern hemisphere since Pugsley's works. Sell &
Yeo (1970) have correctly (Stafleu 1972: Art, 22) called the section to
which the annual species belong Sect, Luphrasia in place of bSect.

Semicalcaratae (Benth.) Joerg., as it is the section containing the type

species of the genus. In addition they have revised Pugsley's classification
of Subsect, Ciliatae at the level of scries.

filthough there has been little change in the classification of the
genus in the southern hemisphere and Malesia since lettstein's (1896)
monograph, the knowledge of the characters potentially useful in an infra-
teneric classification has been greatly increased by the work of Du Rietz
(1932a,b; 1948a,b). Du Rietz never published his proposed paper (sce
Du itietz 1932a: p.121) on the general subdivision of the genus. Considering
the depth and breadth of his work he did little formal taxonomic work.
He proposed on the basis of capsule shape two subsections, Subsect.

Australienses and Subsect. Novaezeelandiae (Du hietz 1948b), of (presumably)

Sect, Australes, covering the Australian and New Zealand species respectively.
He also divided the Australian species into four series, Striatae,

Collinae, Hookeriae and Scabrae. For this he used characters of life-

span, habit and leaf shape (Du Rietz 1948a,b: see Chapter 2).

Of major importance were Du Rietz's critical, lengthy discussions
of the relationships between the representatives of the genus in South
Lmerica, the Juan Fernandez Islands, Australia, Tasmania, New Zealand,
New Guinea, Borneo, The Philippines, Taiwan (Formosa) and Japan. Such
treatments often involved comparisons of individual species, He found
several characters to be useful in distinguishing groups of them. Among
these were the pilosity and colour of the anthers, shape of the corolla
lobes, leaf shape and habit. It is not clear whether he recognized the

importance of the free anthers characteristic of the South American species
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and . disperma of New Zealand, His term "patent anthers" seems to refer

more to the orientation of the cells of each anther in these species

(see Du Rietz 1932a: p.l118, especially in his comparison with fig. 1).
In descriptions of the long-tubed species of LEuphrasia in New Zealand

(E. disperma sensu Ashwin 1961) he referred to the anthers as "non
cohaerentes", Du Rietz also indicated the unworthiness of the length of
the posterior pair of anther awns relative to the other awns, used since
Bentham's time as a major character for distinguisliing between thé species
of the southern hemisphere and those of the northern hemisphere. He
considered that "subequally mucronate anthers" were characteristic of all
the South American species, some New Zealand species and E, striata of
Tasmania (Du Rietz 1932b: p.532).

Other than Du Rietz's work and Pugsley's formulation of Sect.
Paradoxae the only other treatment of the genus above species level in
the southern hemisphere has been that by Ashwin (1961), who gave a
synopsis of the main character differences in Euphrasia in New Zealand
without proposing any formal infrageneric classification, She divided
the perennial species into two main groups, one containing only E. cuneata
and characterized by much-branched inflorescences and small bracts, the
other with inflorescences simply racemose and with leaf-like bracts. This
latter group, which contained the six remaining perennial species, was
further divided on the indumentum of the calyx and the relative lengths of
the calyx clefts. The annuals were divided into two main groups on leaf

and habit characters., The species of the first group, E. cockayniana, E.

zelandica, K, australis, and [, cheesemanii, have leaves of the "ovate order,

crenate or toothed" with erect branches which never root. Those of the

second group, E, dyeri, E, repens, E. integrifolia and E. disperma have

mostly decumbent or prostrate branches, which sometimes root and leaves
either deeply divided or entire and of the lanceolate type. This second
group was further split into three on the basis of the same characters

of leaf and habit type.
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Hartl (1972) has recently revised the higher classification of
Luphrasis on a world-vide basis, of sirnificance is his treatment
of all Joergensen's (1919) and Pugsley's (1936) infrageneric taxa of the
rank of subgenus or section at the one level of section. Thus his major
classification of the genus is composed of five sections, Sect, Australes,
Sect. Paradoxae, Sect. Trifidae, Sect, Atlanticae and Sect. Luphrasia.

Pugsley's division of Sect. Semicalcaratae (Hartl's Sect. Euphrasia) into

four subsections has been followed without alteration to the somewhat
obscure diagnostic characters of the Japanese subsections. Sect. Australes
has been expanded to include the Malesian and Formosan species, which had
been previously unplaced in the infrageneric classification., He believed
that both Sect. Australes and Sect. Irifidae could be subdivided into o

number of subsections.

B. A DREVISED TINFRAGENZRIC CLASSIFICATION OF EUPHHASIA

l.: Introduction

The proposed classification of fuphrasia represents a radical
departure from the concepts in previous works. In these the genus has
been divided into three major groups of varying rank. These were
"Irifidae", covering the South American species, "Australes", encompassing
the occurrences in Australia and New Zealand and recently expanded to

include the Malesian and Formosan species (Hartl 1972), and "Semicalcaratae",

"Dueuphrasia" or "Luphrasia', representing the annuals of the northern
hemisphere and according to Bentham (1846) including E, cuneata of New
Zealand, which has otherwise been placed under "Australes". Two peripheral
sections, Sect. Paradoxae and Sect. Atlanticae, were proposed by Pugsley
(1936) and accepted in all subsequent publications.

In the proposed classification, with the exception of Sect.
Striatae (3 subsections distinguished on single characters) and Sect.,
Euphrasia (the L subsections recognized by Pugsley being retained), the

infrageneric groups recognized have been given equal status at the
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sectional level. The worthiness of the mouy series in Subsect, Ciliatao
hss not been considered. lach section is separated by only onc or two
distinct characters from at least one other section, although sometimes
there is guite remarkable divergencé of a transitional nature, away from

the most closely linked specles of related sections. The extremes of

these divergent lines, such as I, disperma in Sect. Anagospermae, or the

lack of recognition or knowledge of charactersin a particular group
elsewhere in the genus (e.g. the trifid leaves and subglabrous anthers,
which had been used to distinguish the South American speciss from the
rest of the genus, also occur in E, disperma which canhot so readily be
separated from the rest of the genus) has led to the major groupings of
the past.

There are a number of differences in usage of characters from
previous classifications, and several new ones have been discovered.
The characters are discussed in detail in the chapter dealing with
morphology (Chapter 3). The very obvious free anthers of the South
American species and E, disperma of New Zealand have surprisingly never
been used diagnostically before, except in the distinction of E, disperma
from its related species (Ashwin 1961). The presence or absence of corolla
striations, the presence or absence of hairs on the back of the anthers,
the number of main veins arising from the very base of the leaf, the
distinctive corolla shape of Sect. Australes and especially Sect.
Scabrae, and the size of the stigma are all characters which have
previously not been used in the infrageneric classification of BEuphrasia.
Some of them, however, have been used to a small extent at the species
level, In addition, other chracters have been refined in their definition.
The distinction between "petiolate" and subsessile leaves used by Pugsley

(1936) for E. formosissima and Ashwin (1961) for E. cuneata has not been

considered an accurate statement of the differences, The shape of leaf
bases have in this work been described adhering to a rigid terminology,

and their diagnostic value is not in the areas used previously., The depth
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of the leaf toothing has been treated ditfferently from the rathor vapuc
Lerminoloyy used by Du lilebz (19484) in which he soparated "dipdtale”
and "subdigitate" types from the rest of the genus. As an allernative
the size of the "blade", i,e, the area bounded by the tecth, apex and
base, which is terminated distally by the beginning of the convex part
of the margin, has been divided into small (much less than the area
delineated by the outline of the leaf) and large (much of the area
delinated by the outline of the leaf).

Two other characters used in the past to distinguish infrageneric
taxa have been found to be of little use at that level. In contrast to
the opinions of all previous workers on the infrageneric classification,
the posterior pair of anther awns has been found to be longer than the
other six awns in all the material seen. In some of the species with
very short awns the absolute difference in length is much smaller, but
the relative difference between the posterior pair of awns and the other
Six awns is as great as in some of the species with longer awns. The
absolute length of awns on particular anther cells is of diagnostic
importance at the species level, but not at higher levels. Similarly,
Du Rietz's opinion that the Australian and South American Species are
characterized by a unique "acuminate" capsule shape is a misconception

(see Chapter 3).

2. Conspectus of the newly proposed classification

NOTE: The extra-Australian species cited in the text are those
recognized in the most recent treatment of the genus in a particular
region. These are Wettstein (1896) for South America, Ashwin (1961)
for New Zealand, van Royen (1972) for New Guinea, Du Rietz (1932b) and
van Royen (1971) for Malesia and Formosa, Skottsberg (1921) for the
Juan Fernandez Islands and Yeo (1972) for the Azores. The species in
the remaining regions of the northern hemisphere have not been listed

in this conspectus.
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“here herbarium collections which are not types of a species have
been seen, this is designated by "t". 1If type material has been seen

this is designated by "T".

fuphrasia L.,Sp.P1.(ed )(1953)604; Benth.in DC.,Prodr.10(1846)552;
Wettst.in Engler & Prantl,Nat.Pflfam.IV3b(1893)100; Wettst.,Monogr.
Gatt.luphrasia (1896)9; Hartl in Hegi,T11.F1l.Mitteleur.(ed.2)6(1)
(1972)335
Siphonidium Armstr.,Trans.Proc.N.Z.Inst.13(1881)341

Anagosperma (Hook.f.)Wettst.,Ber.dtsch.bot.Ges.13(1895)242

DESCRIPTION:

Annual or perennial terrestrial herbs or undershrubs; single main

root branched laterally, the lateral rootlets connected to the roots of
other plants by haustorial swellings. Axes often with two bands or four
lines of eglandular hairs decurrent from between leaf bases, sometimes
hairy all round, sometimes glabrous in lower parts. Cotyledons entire,
fleshy, glabrous. Leaves decussate, appressed to axis at base, usually

then recurved, fleshy, but brittle when dry; abaxial surface with patches

of sessile glands symmetrical about midrib, confined to marginal rows or
extending over most of blade between veins; margins somewhat revolute,
usually shallowly to deeply incised, rarely entire; main veins submerged
below adaxial surface and topped by narrow grooves, prominent on abaxial
surface. Flowers single in simple, terminal sometimes spike-like racemes,
or solitary. Bracts similar in morphology to leaves below inflorescence,
but often differing slightly in shape and indumentum. Calyx zygomorphic,

campanulate or : cylindrical, slightly recurved, 4-lobed, with median
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clefts equal to or longer than lateral clefts. Corolla bilabiate, wilh
tube proximally cylindrical, distally cxpndaed and then divided into

hooded, 2-lobed upper 1ip, which usually encloses the anthurs, and three-
lobed lower lip, with at least outer surface and front of inner surface of
hood rilose. Stamens 4, didynamous, the posterior pair inserted higher

on the corolla tube than anterior pair; filaments straight or curved;
anthers free, or fused to each other along margins ihto a "U-shape"

with the posterior pair free from each other, with each cell clavate,
dehiscing introrsely by longitudinal slit widest towards anther base and
terminated in sharp awn, the posterior pair of awns longer than the other

six awns. Gynoecium: ovary 2-celled, slightly compressed laterally, with

a nectary at base on abaxial side; style filiform passing above or
(sometimes when anthers free) between anthers, setose in upper half;
Stigma capitate, oblong or unequally bilobed; owvules 2-200. Capsule

dehiscent loculicidally ?or (in Sect. Anagospermae p.p.) indehiscent,

L

with base of style persistent for short length; seeds 0-150, obliquely

L ellipsoid, longitudinally ribbed, scalariform betweern, whitish,

TYPTFICATION:
Linneaus (1753) included the currently recognized genera Odontites

his £, odontites, B, linifolia and T, lutea), Bellardia (his E. trixago
H J

and Parentucellia (his I. latifolia) under the genus Euphrasia in the

recognized place of first valid publication of the genus in the first
edition of Species Plantarum (see Stafleu 1972: Art. 13). Although not

investigated, the name Euphrasia apparently was confined to E. officinalis L.

and £, tricuspidata L. when the genus of Linnaeus!'s concept was divided

with Odontites, Bellardia and Parentucellia being removed. According to

Pugsley (1930) material of the two Linnean species of Euphrasia s, str. is
contained in the Linnean herbarium, "the sheet of the former showing three

Specimens, of which two are the glandular E. rostkoviana Hayne, and the
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NS . .
third™ an eglandular form that has been referred to &. nemorosa Pers.

but is more probably the Scandinavian E. curta I'r, &, tricuspidata is

represented by a single unmistakable example",

Britton & Brown (1913) selected Ii. officinalis as the generic

lectotype, but Smejkal (1963) rejected this, as he regarded £. officinalis

as a nomen ambiguum et cornfusum, and designated i, tricuspidata in its place

as the lectotype of Huphrasia.
Sell & Yeo (1970) have apparently disagreed with this approach.

They Have selected as the lectotype of E. officinslis the clement from

the type which corresponds to E, rostkoviana (see Yeo 1972). They have

rejected L, officinalis as a nomen ambiguum, but retain it, as lecto-

typified, as the lectotype of the genus. There is no discussion of their
reasons for rejecting Smejkal's earlier solution to the problem, but their
reasons probably lie with his apparently wrong interpretation of

Article 70 of the International Code of Botanical Nomenclature (Stafleu

1972).

DISTRIBUTION:

Buphrasia consists of probably more than 150 species distributed
widely in the northern temperate zone and occupying Australia, New
Zealand, South America and the Juan Fernandez Islands in the southern
temperate zone. Connecting these two areas of distribution are a
series of species which inhabit the summits of the highest mountains of
Malesia and New Guinea, (For maps see van Balgooy 1966: Map 53; Hartl

1972: fig. 168).

Now considered to be I, stricta Wolff ex Lehm. (Yeo 1972).



K&Y TO THE SECTIONS AND SUBSECTIONS oOF  DBUPHRASIA:
la. Anthers, at least posterior pair, hairy about connectives. Leaves
usually truncate to cuneate at base, rarely (Z. bella) attenuate,
with (1)3-7 main veins arising from base.
2a. Corolla striated.

VI. Sect. Lasiantherae

2b. Corolla lacking striations.
3a. Perennial. Branches on main floral axis developing in no
fixed sequence not consistently in consecutive nodes if
high above ground level. Upper corolla lobes ! coplanar,
facing forward.

VIII. Sect. Australes

3b. Annual. Branches on main floral axis developing basipetally
in consecutive nodes high above ground level from l-few nodes
below inflorescence. Upper corolla lobes angled sharply to
each other, facing to side.
VII. Sect. Scabrae
1b. Anthers glabrous about connectives. Leaves attenuate at base,
with (1)3(5) main veins arising from base.
La. Anther slits glabrous or with 1 or 2 tiny hairs along margins.
5a. Perennial.
ba. Leaves shallowly lobed, with (3)4(5) pairs of teeth. Anthers
fused, with slits very sparsely hairy. Corolla lobes obtuse.
X. Sect. Paradoxae
6b. Leaves deeply divided with 1(2) pairs of teeth. Anthers free,
with slits glabrous. Corolla lobes emarginate or
shallowly so.
XII. Sect. Trifidae
5b, Annual
7a. Leaves crenate to serrate. [Anthers fused.]

IX. Sect. Novaezeelandiae




7b. Leaves pinnatifid, trifid or entire.
8a. Flowers more than 10 in inflorescences. Anthers free.
Plant erect, with uppermost leaves of main floral
axis with 1(2) pairs of teeth.
£I1. Sect. TIrifidae
8b. Flowers less than 10 in inflorescences or sporadic along
axes. Anthers fused or free. Plants either erect with
uppermost leaves of main floral axis with 1-3 pairs of
teeth or prostrate with leaves entire or with 1 pair of

teeth,

X1, Sect. Anagospermae

Lb. Anther slits distinctly hairy.

9a. Stigma (0.2)0.3-0.5mm long or longer. Corolla lobes emarginate
to obtuse or acute,

10a. Annual.

I1X. Sect. Novaezeelandiae

10b. Perennial.
lla. Floral axes prostrate for entire length. Flowers sporadic
along axes.
V.B. Sect. Striatae
Subsect. Humifusae
11b. Floral axes, at least in distal parts, erect. Flowers in
terminal inflorescences,
12a. Plant tall. Braches or shoots on main floral axis(es)
developing in consecutive axils from l-few nodes below

inflorescence, in basipetal sequence.

IIT. Sect. Cuneatae
12b. Plant short or tall., Branches or shoots on main floral
axis(es) developing in sporadic axils, often only near

ground level, in no fixed seguence,
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13a. TFlowers in main inflorescence 2-8(12).
V.A, Sect. Striatae
Subsect. Paucifloraé
13b. Flowers in main inflorescence (7)10-24(36).
V.C. Sect. Striatae
Subsect. Striatae
9b. Stigma 0.1-0.3mm long. Corolla lobes emarginate.
lia. Perennial.
15a. Leaves with from 3(Wettstein 1896) "up to 12 teeth on
each side" (Yeo 1972). Flower "13-17mm long along
upper side" (Yeo l.c.). |
II. Sect. Atlanticae
15b. Leaves with 2-4 teeth along each side. Flowers ca.
6-10mm long along upper side.
1V. Sect. DMalesianae
14b. Annual.
L. Sect. Euphrasia
[For differences between sub-
sections see Pugsley 1936,

Yeo 1972, Hartl 1972.]

I. Sect. Luphrasia: Sell & Yeo,Bot.J.Linn.Soc.63(1970)203; Yeo,F1.

Europaea 3(1972)260
S Semicalcaratae Benth.in DC.,Prodr.10(1846)552,p.p.(as to E.

officinalis and E, tricuspidata)

?8S Trifidae Benth.in DC.,1l.c.554,p.p.(probably as to "E.? gland-
ulosa" from the Himalayas)
Sect. Eueuphrasia Wettst.in Engler & Prantl,Nat.Pflfam.IV3b(1€93)

100, p.p.(excl. E, grandiflora and species from southern hemis-

phere); Wettst.,Monogr.Gatt.Euphrasia (1896)68,p.p.(as to

Subsect. Semicalcaratae)




Dubsect. Semicalcaratae (Benth.)Wetlst.,Monogr.Gatt.fuphrasia

(1896)68; Du Rietz,Sv.Bot.lidskr.42(1948)361

sect. Semicalcaratae (Benth.)Joerg.,Berg.lus. Aarb.1916-17

Naturvid.ridekke 2(1919)5,p.p.(excl. the Azorean representatives;

as to lectotype) "Subgen. lueuphrasia Sect. Semicalcaratae";

Pugsley,J .Linn.Soc.Bot.48(1930)48k; Pugsley,J.Bot.(Lond.)7k

(1936)284

DESCRISTION:

Annual, Mein floral axis single erect stem, developing branches

: basipetally in consecutive nodes from the node below the inflorescence.
Uppermost leaves of main axis pinnatifid-serrate to crenate, with base
attenuate, abruptly (Subsect. Ciliatae, ? Subsect, Japonicae p.p.) or

rradually (Subsect. Angustifoliae, Subsect. Alpicolae) expanded into large

blade, with (1)2-6 teeth along distal ca. % - % of each margin; with

3 main veins arising from base of leaf, branched distally. Flowers 4-50
in racemes. (Corolla striated, with yellow blotch on lower lip, or (in
Subsect. Alpicolae) with purple blotches behind upper lip and in tube,
with lower side apparently concave from above, spreading from base of
lower lip; lobes emarginate. Anthers fused, glabrous around connectives,
hairy along slits. Qvary with stigma capitulate, 0.1-0.3mm long.

Capsules in lateral view usually emarginate, sometimes obtuse or

obliquely so. Chromosome number: n=11,22.

TYPIFICATION:

Subsect. Semicalcaratae (Benth.)Wettst.

Lectotype: E. officinalis L., nom, ambig. = (as to lectotype:

Sell & Yeo 1970) E. rostkoviana Hayne

The lectotype of Subsect. Semicalcaratae should come from among

the species which were included by both Bentham (1846) in his 8 Semi-

calcaratae and Wettstein (1896), who was the first to give Bentham's
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taxon a rank, in his Subsect. Semicalcaratze. This excludes @I. cuneata

of New Zealand from consideration as a possible lectotype since it was

v

omitted by wettstein from Bentham's original list, E. officinalis is

chosen as lectotype as it almost certainly must have been the most
abundant of the three Buropean species seen by Bentham. (It covered
a multitude of forms which are now considered to be distinct species.)

E. officinalis L, was originally (Linnaeus 1753) based on a

mixture of two speciles from which Sell & Yeo (1970) have selected a

lectotype (sce Buphrasia: Typification).

DISTRIBUTION:
Sect. Buphrasia is widespread over the Northern Hemisphere in
North America, Burasia, including the Himalayas, North-west Africa (see

Pugsley 1936: p.278) and Japan.

NOTE:

The section has been divided by Pugsley (1936) into four
subsections of which two, Subsect. Japonicae and Subsect. Alpicolae,
are apparently confined to Japan. The other two, Subsect. Ciliatae

and Subsect., Angustifoliae, are widespread in the whole area. I am

uncertain of the affinities of the Himalayan (cf. Pennell 1943) and
North African species. Furthermore, I am not aware of any work since
Pugsley's time on the infrageneric classification of the section except
that of Yeo (1972 and other papers) on the European species and Sell &
Yeo (1970) on the North American species, In both works Pugsley's

separation of Subsect, Ciliatae and Subsect. Angustifoliae was found

to be natural. Pugsley (1936) divided Subsect. Ciliatae into a number
of species. Sell & Yeo (l.c.) have made a number of modifications of
this and described several new ones, As I have seen little material of the

Japanese species I am not in a position to assess the worthiness of the



two subsections which are endemic in Japan. If the purple corclla
blotching is a constant character Subsect. Alpicclae may be worthy
of sectional status.
A. Subsect, Ciliatae Joerg. : !
Ca. LO species in Europe (Yeo 1972), 15 (including pcssible
introductions from Europe) in North America (Sell & Yec 1970),

and an undetermined number in Asia,

B. Subsect. Angustifoliae (Wettst.) Joerg. : 1

Ca. 6 species in Europe (Yeo l.c.) and one possibly intro-
duced species in North America (Sell & Yeo 1l.c.).
C. Subsect. Japonicae Pugsley : !
Undetermined number of species, endemic to Japan,
D, Subsect., Alpicolae Pugsley
Undetermined number of species, endemic to high mountains

of Japan.

II. Sect. Atlanticae Pugsley,J.Bot.(Lond.)74(1936)284; Du Rietz,Sv.
Bot.Tidskr .42(1948)360; Yeo,Fl.Europaea 3(1972)259
§ Semicalcaratas Benth.in DC.,Prodr.10(1846)552,p.p.{as to

L. grandiflora)

Sect. Hueuphrasia Wettst.,in Bngler & Prantl,Nat.pflfam,IV3Db

(1893)100,p.p.(as to §. grandiflora); Wettst. ,Monogr.Gatt,

Euphrasia (1896)68,p.o.(as to Azorean species of Subsect,

Semicalcaratac)

Subsect. Semicalcaratae (Benth.)Wettst,,Monogr.Gatt Euphrazia

(1896)68,p.0.(as to L, grandiflora)

Sect. Semicalcaratae (Benth.)Joerg.,Berg.Mas.farb.19146-17 Naturvid,
rackke 2(1919)5,p.p.(as to Azorean representatives; lectobyps

P

excl,) "Subgen. Bueuphrasia Sect. Sewicalcaratas!
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DS O PPTION
o material h.s b@en.seen on which to buse a description., The
major character of the bilobed capsule which Pugsley (1936) saw in

Al

. rrandiflora breaks down in the other member of the section, E. azorica,

which has an acuminate or cuspidate capsule (Yeo 1972)., By its perennial
life-span and leaves with the base shortly attenuate and abruptly
expanded into the blade (Wettstein 1896: pl.5 £.362-365) this section
approaches Sect. Malesianae. However, the capsule shape of the two
species of Sect. Atlanticae are not found in Sect. Malesianae, nor

are the leaves as many-lobed or the flowers as large in that section.

TYPIFICATION:

There is need for a lectotype to be chosen from the two species,

E. grandiflora and I, azorica, which were listed under the protologue of
the section, (Pugsley 1936). Since Pugsley described the capsule of this

section to be "profunde emarginata, fere bilobata', E. grandiflora seems to

be the better choice. This is especially so as most of the discussion and
his knowledge of the morphology was based on that species. However, the
lectotypification is left to someone more knowledgeable in the Azorean

species.

DISTRIBUTION:

The section consists of the two species of Kuphrasia which are
endemic in The Azores. They are apparently confined to the mountain
regions (Yeo 1972).

B. grandiflora Hochst.

E. azorica Watson
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I1T. ©Sect. Cuneatae Barker, sect. nov,

Sect. Hueuphrasia Wettst. in Ingler & Prantl,Nat.Pflfam.IV3b
(1893)100,p.p.(as to £, cuneata); UWebtst.,Monogr .Gatt,
Fuphrasia (1896)68,p.p.(as to Subsect. Australes p.p.)

Subsect. Australes (Benth.)Wettst.,Monogr.Gatt .Fuphrasia (1896
70,p.p.(as to &, cuneata)

Sect, Australes (Benth.)Joerg.,Berg.lus.Aarb.1916.-1917 Naturvid.

f

7y

r

raekke 2(1919)5,p.p.(as to some New Zealand cccurrences;
lectotype excl.)"Subgen. Bueuphrasia Sect,. Australes’:s Du
Rietz,Sv.Bot.Tidskr 42(1948)361,p.p.(as to some New Zsaland

ocourrences)

LATIN DESCRIPTION:

Herba perennis. Axis principalis floralis caulis erectus singularis

vel aliguot rami cauli similares, ramis in nodis continuis de l-aliquot
nodis infra inflorescentiam basipete crescentibus. Folla summa axis
principalis crenata, base attenuata, in laminam gredatim expensa, (1)2(3)

lobis secus %ﬂ% partes distales culusque marginis; 3 wvenis principalibus

ad basem folii, Flores 10-50 in racemis, Corolla striata, macula flava
in labio infero et in tubo, lato infero e base labii inferi de cuzulla
patentil; lobis emarginabls usque obtusis. Antherae conjunctae, circa
connectivas glabrae, secus rimas pilosae. Ovarium stigma oblique oblongs

usque inaequaliter bilobata, 0.3-0,7mm longa. Gap

ae in aspectu latsral’

I

%%

F

ovatae usque obovato-ellipticae, apice emarginato usque obtusc,

Chromosomatum numerus ignotus.

Holotypus: E, cuneata Forst.f.
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DEZCRIFTION:

Perennial, Ilain floral axis single crect stew or scveral

erect stem-like branches, with branches developing basipetally in
consecutive node, from l-few nodes below inflorescence. Uppermost
leaves of main axis crenalte with base attenuate, gradually expanded
3

e g0} =i
-3 of each margin;

J
%

into large blade, with (1)2(3) lobes along distal
with 3 mein veins arising from base of leaf., Flowers 10-50 in racemes.
Corolla striated, with yellow blotch on lower lip and in tube, with
lower side spreading from base of lower lip awa; from hood; lobes
emarginate to obtuse. Anthers fused, glabrous around connectives,
hairy along slits., Ovary with stigma obliquely oblong to unequally
bilobed, 0.3-0.7mm long. Capsules slipghtly compressed laterally,

in lateral view ovate to obovate-elliptic; apex emarginate to obtuse.

Chromosome number unknown.

TYPIFICATION:

Holotype: &, cuneata Forst.f.

DISTRIBUTION:

Sect. Cuneatac is confined to montane or subalpine regions of
Australia and New Zealand and consists of three spécies which are endeniic
to widely disjunct regions.

. cuneata Forst.f. : 17T

E. durietziana Barker : T

. phragmastoma Barker : 1T

IV. Sect. Malesianae Barker, sect. nov.

LATIN DESCRIPTION:

Herba perennis. Axes principales florales singularis usque

multi, erecti ascendentesve, ramos inordinatos in nodis sporadicis
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continuisve usoue l-aliouot nodos infra inflorescentiam crescentes.
IFFolia summa axis principalis crenata usque serrato-crenato, base breve
attenuata, in laminam amplam abrupte expansa, 2-/4 dentibus secus ca.

2

2.y partes distales cuiusque marginis; 3 venis principalibus ad

5 5

basem folii. Flores £2-20 in racemis interdum interruptis. Corolla ca.

6-10mm longa, striata in labio supero, labio infero e base de cucullo
patenti; lobis emarginatis. Antherae conjunctae, circa connectivas
glabrae, secus rimas pilosae. Ovarium stigma oblique capitulata vel
fere inaequaliter bilobata, 0.15-0.3mm longa. Capsulae in aspectu
laterali obovatae vel late obovatae, apice cbtuso vel non profunde ita,

saepe oblique latere ita. Omwomosamtum numerus ignotus.

Holotypus: I, philippinensis Du Rietz

DIESCRIPTTON:

Perennial, Main floral axes one to many, ascending or erect,

developing branches in no fixed sequence in occasional or consecutive
nodes high above ground level, up to l-few nodes below inflorescence,
Uppermost leaves of main axes crenate to serrate-crenate, with base
shortly attenuate, abruptly expanded into large blade, with 2-4 teeth
along distal ca. %-—% of each margin; with 3 main veins arising from
base of leaf. Flowers 2-20 in sometimes interrupted racemes. Corolla

striated (data on type of E. borneensis and from dried material of

B, merrillii and B. philippinensis) on upper lip, with lower lip spreading

from base away from hood; lobes emarginate, Anthers fused, glabrous
about connectives, hairy along slits. QOvary with stigma obliquely
capitulate or almost (unequally) bilobed, 0,15-0.3mm long. Capsules
in lateral view obovate or broadly so, laterally compressed; apex
in lateral view obtuse or shallowly emarginate, often obliquely or

broadly so. Chromosome number unkhnown.,
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MPIFTICATION:

Holotype: &, philippinensis Du itietz

DISTRTBUTION:
Sect. Malesianae occurs in the highest parts of the mountains of
Formosa, Luzon (The Philippines), Borneo (IMt. Kinabalu) and Ceram.

B . nankotaizanensis Yamamoto : T

. matsudae Yamamoto : T
E. merrillii Du Rietz : T

E, transmorrisonensis Hayata

E. philippinensis Du Rietz : T
E, ceramensis van Royen : I7T
L. borneensis Stapf : T

V. Sect. Striatae (Du Rietz)Barker, stat. nov.
Ser. Striatae Du Rietz,Sv.Bot.Tidskr.£§K19h8)113,359 BASTONYNM;
Willis,Muelleria 1(1967)147
S Australes Benth.in DC.,Prodr.10(1846)553,p.p.(as to E, striata and

E. alpina var. humilis); Pugsley,J.Bot.(Lond.)74(1936)276;

Sell & Yeo,Bot.J.Linn.Soc.63(1970)203
Sect. Bueuphrasia Wettst.in Engler & Prantl,Nat.Pfl1fam.IV3b(1893)

100,p.p.(as to E. cuspidata Hook. and probably one or two

N. Zeal, species)

Subsect. Australes (Benth.)Wettst.,Nonogr.Gatt.Buphrasia (1896)
68,p.p.

Sect. Australes (Benth.)Joerg.,Berg.Mus.Aarb.1916-17 Naturvid.
raekke 2(1919)5,p.p.(as to some Austral. and some New Zeal.
species; lectotype excl.)"Subgen. Eueuphrasia Sect. Australes";

Schlechter,Bot.Jb.59(1924)117
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Do CilPTTON

verennial. lLain floral axes of variable direction, developing

branches in no fixed sequence in occasional nodes. Uppermost occasional
nodes in no fixed sequence. Uppermost leaves of main axes crenate to
pinnatifid-serrate, otherwise variable. Flowers variable in number and
arrangement (see subsections). Corolla striated variably, with yellow
blotch on lower lip and in tube, with lower lip concave from above,
spreading from base away from hood; lobes variable. Anthers fused,
glabrous around connectives, hairy along slits. Ovary with stigma

variable in length but rarely less than 0.3mm long. Capsules variable.

Chromosome number variable. Variable characters: see under subsections.

TYPIFTCATION:
Ser., Striatae Du Rietz

Holotype: K. striata R.Br.

Although no type was cited by Du Rietz (1948a), the selection
is automatic as his series name was based upon the epithet of one of

the species described in the protologue (Stafleu 1972: Art. 22).

DISTRIBUTION:
Sect. Striatae, which contains three subsections, is distributed
over four widely disjunct regions, south-eastern Australia (including

Tasmania), New Zealand, New Guinea and the Celebes.

A.  Subsect. Pauciflorae Barker, subsect. nov.
Subsect. Australes (Benth.)Wettst.,lonogr.Gatt.Fuphrasia (1896)
70,p.p.(as to E. monroi; lectotype excl.)

Subsect. Novaezeelandiae Du Rietz,Sv.Bot.Tidskr.42(1948)361,p.p.

(lectotype excl.)



LATIN  DIAGNOSIS:

Subsectio nova Euphrasiae Sectionis Striatae differt a Sub-
sectione Striatae floribus paucis, a Subsectione Humifusae floribus
in racemis axibusque principalibus floralibus non prostratis.

Holotypus: L. revoluta Hook.f.

DIESCRIPTION:

Main floral axes either several to many and ascending with

simple erect parts, or single to few and erect with branches developing
with no fixed segquence high above ground level in occasional nodes.
Upvermost leaves of main axes crenate with base attenuate, abruptly or
‘radually expanded into small to large blade, with 1-2(3) teeth on
distal + - % of each margin, often (in New Guinea species and L. revoluta)
with large hooded apex and the small pair of teeth; with 1 or 3 main
veins arising from base. Flowers 2-8(12) in racemes. Corolla con-
spicuously striated, sometimes only on upper lip, with yellow patches

on lower lip and tube; lobes emarginate or obtuse. Ovary with stigma
obliquely capitate or unequally bilobed, (0.25)0.3~0.55mm long. Capsules
in lateral view broadly obovate or obcordate to oblong or obovate;

apex in lateral view obtuse or emarginate, often broadly so. Chromo-

some number: n=11 (known from only one Species, E. mirabilis: Borgmann

1964) .

DISTRIBUTION:
The subsection comprises the sole representatives of Sect.
Australes in New Guinea and New Zealand, where they are confined to

high montane to alpine zones.



New Guinea (after van Royen 1972)

E. mirabilis Pennell : ‘T E. culminicola Wernham . T

b e e L DL LS LT

L. scutellarioides Wernham ; VT E, lamii Diels : !\

E, spatulifclia Pennell & T L, versteegii (Diels) Du Rietz 5 T

L. papuana Schlechter & T

New Zealand (after Ashwin 1961)

K, revoluta Hook.f. 1 T E, laingii Petrie & \7T
E. drucei Ashwin + T L. townsonii Petrie ¢ 7T
E. monroi Hook.f. 7 \7T E. petriei Ashwin ¢ T

B. Subsect. Humifusae Barker, subsect, nov.

LATIN DIAGNOSIS:
Subsectio nova Luphrasiae Sectionis Striatae differt a Sub-

sectione Striatae Paucifloraeque axibus principalibus prostratis

floribusque sporadicis secus axes.

Holotypus: L. humifusa Pennell

DESCRIPTION:

Main floral axes several to many, prostrate and rocting at

occasional nodes, developing branches along whole length in no fixed
secuence, sporadically or in more or less consecutive nodes which are
free of flowers. Uppermost leaves of main axes crenate to serrate-
crenate, with base attenuate, abruptly or gradually expanded into small

blade, with 1(2) teeth, often small, on distal $ - £ of either side,

wino

often with large hooded apex; with 1 or 3 main veins arising from base,
Flowers sporadic in axils of leaves along axes, one at each node, develop-
ing acropetally. (Corolla purple on upper lip, from dyied material
sometimes striated faintly on lower lip (in E. callosa), possibly (in

E, humifusa: van Royen 1972) lacking striaticns, with yellow blotch

on lower lip (at least in B, callosa); lobes emarginate or shallowly so.




144
Lyary with stigma capitate or unequally bilobed, (0.2)0.3-0.5umn long.,
Qggéngg in lateral view broadly obovate, laterally compressed; apex
in lateral view broadly obtuse to shallowly emarginate. Chromosome

number unknown,

TYPIFICATION:

Holotype: F. humifusa Pennell

DISTRTIBUTION:

The section comprises three species, two from the alpine and
subalpine regions of New Guinea, and one from the summit of Mt. Loemust
in the Celebes.

B. humifusa Pennell : T
K, callosa Pennell : T

K, celebica van Royen : T

C. Subsect. Striatae (Du Rietz)Barker, stat. nov.
Ser. Striatae Du Rietz,Sv.Bot.TidSkr.Ag(l9h8)llB,359 BASTIONYM;
Willis,Muelleria 1(1967)147
SAustrales Benth.in DC.,Prodr.10(1846)553,p.p.(as to E, striata
and E, alpina var. humilis)
Subsect. Australes (Benth.)Wettst.,NMonogr.Gatt.Ruphrasia (1896)

70,p.p.(as to E. striata and E. hookeri; lectotype excl.)

Subsect. Australienses Du Rietz,Sv.Bot.Tidskr.42(1948)361,p.p.

(as to Ser. Striatae, Ser. Hookerae and "B, milliganii";

lectotype excl.)

Ser. Hookerae Du Rietz,Sv.Bot.Tidskr .42(1948)359("Hookeriae")

DESCRIPTION:
Main axes either several to many and ascending with simple

erect distal parts or single to few and erect with branches developing



high above ground level in occasional nodes, in no fixed sequence.
Upparmost leaves of main axes crenate to serrate with busc pradually
attenuate Lo cuneate, with blade small to larpe, toothed in distal

%—%(%), in Ser. Striatae with 1-2(5) teeth along each margin, in Ser.
Hookerae with (3)4-5(7) teeth along each margin; with 3{sometimes

in E., gibbsiae) 5 main veins arising from base. Flowers (7)10-24(36)

inl racemes. (Corolla conspicuously striated, sometimes only on lateral
lobes or on tube, hood and base of lower lip but hardly extending onto
lobes, with lower side concave from above, spreading from base of lower
lip away from hood. QOvary with stigma obliquely capitate to oblong or
unequally bilobed, 0.35-0.8mm long, Capsules in lateral view obovate

to ovate-elliptic, sometimes broadly so; apex in lateral view emarginate

to obtuse. Chromosome number: n=c.20-30.

TYPIFICATION:
1. Subsect. Striatae (see under Section)
2. Ser. Hookerae Du Rietz

Holotype: I, hookeri Wettst.

This is the sole representative of the series and hence the

holotype species.

DISTRIBUTION:

Subsect. Striatae is restricted to Tasmania, with an outlier
on the Baw Baw plateau of the eastern highlands of Victoria. In =2
mountainous region further north in Victoria is a polymorphic species,

E. crassiuscula, which varies in the characters distinguishing Subsect

Striatae from Sect. Australes. 1t is considered to be a stabilized

hybrid between the two sections.
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Ser. Striatae Uu Rietz

GL. striata R.Br. ¢ 1T

E. semipicta Barker : T

L. gibbsiae Du Rietz : 1T

Ser. Hookeraec Ju Rietz

vI. 3Sect

. hookeri Wettst. : T

. Lasiantherae Barker, sect. nov.

Sect. Trifidae (Benth.)Wettst.in Engler & Prantl,Nat.Pflfam.

IV3b(1€93)101,p.p.(as to Australian plants of B, antarctica;

type excl.)

[3ect. Lueuphrasia auct. non Wettst.,1l.c.100: Wettst.,Monogr.

Gatt.Euphrasia(1896)68,p.p.(as to Subsect. Australes p.p.)]

Subsect. Australes (Benth.)Wettst.,lMonogr.Gatt.Fuphrasia (1896)

70,p.p.(as to E. alsa)

Sect, Australes (Benth.)Joerg.,Berg.Mus.barb.1916-17 Naturvid.

raekke 2(1919)5,p.p.(as to some Australian occurrences;
lectotype excl.) "Subgen. Bueuphrasia Sect. Australes";
Du Rietz,5v.Bot.Tidskr .42(1948)361,p.p.(as to some Australian

occurrences)

Subsect. Australienses Du Rietz,Sv.Bot.Tidskr.42(1948)361,p.p.

Ser,

LATIN DES

(as to B, alsa)

Scabrae Du Rietz,ibid.360,p.p.(as to B, alsa); Willis,

Maelleria 1(1967)147,p.p.(as to K. alsa)

CRIPTION:

Herba annua perennisve, Axes principales florales vel (in

herbis annuis) caulis singularis erectus ramis paucis in nodis continuis

infra inflorescentiam basipete crescentibus, vel (in herbis perennibus)

rami multi ascendentes, proxime prostrati et saepe ramosi, distale intezri

erectique.

Folia summa axis principalis crenato-serrata usque pinnatifida,
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basce anguste cuneata usque truncala, lawmina mogna, (1)2-4(7) denlibus
2 ) e . e PR

cecus = - totae parltes culusque marginus; 3-7 venio principalibus
J

ad basem folii. Tlores (14)15-26(30) in racewis. Corolla manifesto
striata, sum vel sine macula flava in labio infero, labio infero ad
basem plus minusve porrecto, distale patenti; lobis plerungue
emarginatis, interdum obtusis. Antherae conjunctae, circa connectivas
et secus rimas pilosae. QOvarium stigma oblique capitata usque oblonga
vel inaequaliter bilobata, 0,3-0.7mm longa. Capsulae in aspectu
laterali ovatae usque obovatae, apice plerumque emarginato usque late

obtuso, raro acuto, Chromosomatum numerus: n=27 vel circa hic

duplex.

Holotypus: £, lasianthera DBarker

Du3CRIPTION:

Annual or perennial. Rain floral axes either (in annuals) a

single erect stem with few branches developing basipetally in consech-
tive nodes below inflorescence or (in perennials) many ascending
branches, initially prostrate and often branched, distally simple and
erect., Uppermost leaves crenale-serrate to pinnatifid, with
base narrow cuneate to truncate, with large blade, with (1)2-4(7)
teeth distributed over distal.%—entire length of each margin; with
3~7 main veins arising from base. Flowers (14)15-26(30) in racemes.
Corolla prominently striated, with or without yellow blotch on lower
lip, with lower side I flat crossways, with lower lip ks porrect near
base, spreading distally; lobes usually emarginate, sometimes obtuse.
Anthers fused, hairy about connectives and along slits. Ovary with
stigma obliqpely capitate to oblong, or unegually bilobed, 0,3-0.7mm
long. (Capsules in lateral view ovate to obovate, slightly compressed
laterally; apex in lateral view usually emarginate to broadly obtuse,

rarely acute. (Chromosome number: n=27 or ca. twice this.
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TYC IVTICATION:

Holotype: E, lasianthera Barker

DISTRIBUTION:

Sect. Lasiantherae is confined to three disjunct mountain

areas of south-east mainland Australia.
L. alszs FyM, : LT
i, eichleri Barker : IT

E, lasianthera Barker : IT

VII. Sect. Scabrae (Du Rietz)Barker, stat. nov.
Ser. Scabrae Du tietz,Sv.Bot.Tidskr.42(1948)360,p.p. (excl.
L. alsa) BASIONYM; Willis,Muelleria 1(1967)147,p.p. (excl.
E. alsa)
SAustrales Benth.in DC.,Prodr.10(1846)553,p.p.(as to E. scabra

and possibly HE, paludosa var. pedicularoides)

Subsect. Australes (Benth.)Wettst.,Mohogr.Gatt.Euphrasia (1896)
70,p.p.(as to E, scabra and E. arguta)

Sect. Australes (Benth.)Joerg.,Berg.Mus.Aarb.l916—l7 Naturvid.
raekke 2(1919)5,p.p.(as to some Australian occurrences;
lectotype excl.) "Subgen. Lueuphrasia Sect. Australes";

Du liietz,5v.Bot.Tidskr .42(1948)361,p.p.(25 to some

Australian occurrences)

Subsect. Australienses Du Rietz,Sv.Bot.Tidskr.42(1948)361,

p.p.(as to Ser. Scabrae, but excl, &, alsa)

DESCRIPTION:

Annuals, DMain floral axis a single erect stem, with branches

developing basipetally in consecutive nodes from 1-few nodes below
inflorescence. Uppermost leaves of main floral axis crenate to deeply

pinnatifid, with base narrow cuneate to rounded, with blade prominent,
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with 0-3(5) teeth over distal.%;entire length of each margin; with
3-7 main veins arising from base. [lowers (10)14-90 or more in racemes.
Corollas lacking prominent striations with (or ?without) yellow to red
patch on lower lip or completely yellow, with lower side : flat, broadly
grooved, with lower lip porrect at least at base, distally in region of
lobes sometimes spreading; lobes obtuse, sometimes shortly apiculate,
to emarginate. Anthers fused, hairy about connectives, at least of
posterior pair, and along slits. Ovary with stigma obliquely oblong to
capitate, or unequally bilobed, (0.2)0.35-1.1mm long, Capsules in
lateral view oblong-ovate to obovoid elliptic, often obliguely s0,

sometimes broadly so, slightly compressed laterally; apex in lateral
view emarginate to obtuse or acute, often obliquely so. Chromosome

number: n=27, 28, 271141, 25II+2I11.

TYPIFICATION:
Ser. Scabrae Du Rietz

Holotype: K. scabra I.Br.

Although no type species was cited by Du fiietz (1948b) E. scabra
must be considered the holotype since Du Rietz's series name was based

upon the specific epithet (Stafleu 1972: Art.22).

DISTRIBUTTION:
Sect. Scabrae is confined to the temperate lowland to alpine

regions of southern Australia and Tasmania.

i1, caudata (Willis) Barker : T I, arguta ii,Br. : IT
. scabra R.Br., : IT i, ciliolata Barker : T

%. orthocheila Barker : IT




150
VIIl. Ject. sustrales (Benth.)Joerg.,Berg.ius.larb.1616-17 Naturvid.
raekke 2(1919)5,p.p.(as to lectotype and some olher Austral,
and some New Zeal, species) "subgen. bucuphrasia Sect. Justrales';
Du Rietz,Sv.Bot.Tidskr .42(1948)361,p.p.(as to some Austral. and
some New Zeal, species
S .ustrales Benth.in DC.,Prodr.10(1846)p.p.(excl. &, alpina

var, humilis, L. striata, i. scabra and probably L. paludosa

var. pedicularoides) BASIONYN; Pugsley,J.Bot.(Lond.)74(1936)

276; Sell & Yeo,Bot.J.Linn.Soc.63(1970)203
sect. [ueuphrasia Wettst.in Ingler & Prantl,Nat.Pflfam.IV3b
(1893)100,p.p.(as to L., brownii,?p.p.); lettst.,Monogr.
Gatt.Buphrasia (1€96)68,p.p.(as to Subsect. Australes p.p.)
Subsect. Australes (Benth.)Wettst.,Monogr.Gatt.Buphrasia (1€96)

70,p.p.(as to perennials excl. i, cuneata, [, monroi,

G, striata, and 1i., repens)

Subsect. Australienses Du [ietz,l.c.36,p.p.(as to Ser. Collinae

s.lat., i.e. incl. L, paludosa, 5, muelleri, "E. collinoides"

and "LE. osbornii', excl, "I. milliganii")

Ser. Collinae Du Rietz,1.c.359; Willis,Muelleria 1(1967)147

DESCRIPTION:

Perennial. Main floral axes elther several to many and

ascending with distal erect parts simple or single to few and erect

with branches developing high above ground level in occasional nodes

in no fixed sequence. Uppermost leaves of main axes crenate to serrate-
pinnatifid, with base attenuate (E, bella) or cuneate to truncate
(E._collina), with blade large, with (0)1-6(8) teeth along distal.%
to whole of each margin; with 3-7 main veins arising from base,

Flowers (4)6-60(80) in racemes. Corolla lacking striations, and with

or without yellow spot on lower lip, with lower side flattened, some-



times foruwing o broad proove, with lower Lip L portect prroximadly,
distally in reglon of lobes spreadin;:. Anthers fused, olmost alwiay s
hairy about connectives, in a few subspccices of £, collina rarely
glabrous, hairy along slits. QOvary with stigma obliquely oblong to
capitate or unequally bilobed, 0,5-1.0mm long. Capsules in lateral
view ovate to obovate, sometimes broadly so, or shortly caudate,
rarely linear; apex shallowly emarginate to acute or obtuse, rarely

shortly broad acuminate. Chromosome number: n=c.28-33 or twice this.

TYPIFICATION:
1. OSect, Australes (Benth.)Joerg.

Lectotypus: L, alpina II.,Br. non lam., nom., illeg. = E. diemenica

Sprengel

fxcept for &, tetragona 11.Br. and B. striata i.Br,, the des-
criptions of which are rearrangements of Brown's (1£10) originals, the
other six species included by Bentham (1846) under Siustrales would
cualify equally as lectotypes. In considering the characters used by
Bentham to delimit SAustrales none of the species have the allegedly
"subequally mucronate anthers" wrongly attributed to this group by
Bentham (and other authors), while all bear hairs on the anthers to a
greater or lesser extent. The final choice was based on the fact that
Bentham saw much material of Brown's "I, alpina" and pleced it first in
the group.

2. Subsect., Australienses Du Rietz

Lectotypus: I. collina R.Br.

Any of the four species, I, collina, £, gunnii, &, striata

and &, gibbsiae, described in great detail by Du Rietz (1948a,b) would
have been candidates for lectotype. B, collina was chosen as it was

a type of one of the two Series, Collinae and Striatae, which erncompass

these four species. It also has capsules apparently corresponding to
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the "acuminate" type which was used by Du Rietz to distinguish the

subsection from his Subsect. Novaezeelandiaes (but see Chapter 3:

Capsules).
3. Ser. Collinae Du Rietz

Holotype: K. collina R.Br.

Although no type was cited, E, collina is automatically holotype

as the series name is based upon it (Stafleu 1972: Art.22).

DISTRIBUTION:

The section is spread throughout temperate southern Australia,
the entire area of which is covered by the one extremely polymorphic
species, E. collina. Also included in the subsection are two species
which are confined to small mountain regions; one of these, E. crass-
iuscula, intergrades with Sect, Striataq Subsect. Striatae, and is

probably a stabilized hybrid between species in the two sections,

. crassiuscula Gandoger : !IT
L, collina R.Br. : IT
E. bella Blake : T

IX. ©Sect. Novaezeelandiae (Du Rietz)Barker, stat. nov,

Subsect, Novaezeelandiae Du Rietz,Sv.Bot.Tidskr.42(1948)361,

p.p. BASIONYM
[Sect. Trifidae auctnon §Trifidae Benth.: Wettst.in Ingler &

Prantl,Nat.Pflfam.IV3b(1893)101,p.p.(as to E. antarctica in

New Zealand)]

[Sect. Bueuphrasia auct.non Wettst.in Engler & Prantl: ‘Wettst.
Vonogr.Gatt.Euphrasia (1896)68,p.p.(as to Subsect. Australes
p.p.)]

Subsect. Australes (Benth.)Wettst.,Monogr.Gatt,Tuphrasia (1896)

70,p.p.(as to E. zelandica and B, bergerenii)
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(o

4

sectb. sustrales (Benth.)Joerg.,,Borg.us.darb.1916-17 Naturvid.
rzekke 2(1919) ¢, p.p.(as to some New Yealand occuirencds;

lsctotype excl.) "3Subgen. wueuphrasia Cect, Australeg!

TN NI YT NPT T
DSt T BRWITA

sennual,  badn floral axis a single erect stem, with branches

developing possibly acropetally or in no fixed sequence in the few
consecublive nodes aveilable from 1-few nodes below inflorescence.
Uppermost lesves of main axis crenate to crenate-serrate, with base
~ttenuate, gradually or = rapidly expanded into large blade, with
2-5 teeth distributed over distal i—entire marging  with 3 main veins
arizing from base, Flowers 6~1, in racemes. Corolla either con-

spicuously striated, with yellow patches or (in E. cockayniana)

co.pletely yellow, with lower lip spreading from base away from upper

lip; Jlobes obtuse to acute or (in E. cockaynisna) shallowly emarginate.
Antiners fused, glabrous about connectives, very sparsely to dencely
hairy along slits. Ovary with stigma obliquely capitate to linear,
or unequally bilobed, 0,3-0.6mmn long. (apsules in lateral view broadly
obovate to shallowly obcordate, greatly compressed laterally; apex

in lateral view broadly obtuse to emarginate. Chromosome number unknown

TYPIFICLTION:

subsect. [lovaezeclandiae Du Rielz

7

Lectotypus: K. zelandica Wettst.

Du Rietz (1932;1948a,b) clearly saw material of #. revoluta,

=

"

monroi, &, laingii, I. townsonii and 2. cuneata amony the porennials

of New Zealand, and all the annuals., His Subsect. iovaezeelandize was

stated to comprise all the New Zealand species (Du fiietz 1948b),

Possibly the species he saw most material of was E. zelandica ijettst.

Because it has the typical capsules of the New Zealand and tropical

species, referred to as "emarginate or truncate" by Du ilietz and
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providing the basis for his distinction of Bubsect., hovaczuclandiae

from Subsect. Australiences (bul soc Chapter 3:  Capsules it
s b ’

has been selected as lectotype.

DLSTRIBUTION:

sect. Novuezeelandiae is confined to the montane to alpine

zones of the North and South Islands of New Zealand (ex Ashwin 1961).

L. cockayniana Petrie : IT 5. australis retrie : 1T

L, cheesemanii Jettst, : 7T E. zelandica ‘iettst. : 1T

L. Sect. Paradoxac Pugsley,J.Bot.(LQnd.)2&(1936)284; Du Rietz,3v,

Bot.Tidskr.42(1948)360

DESCRIPTTON:

ferennial., DMain floral axis a single erect stem, with branches
?

developing in all nodes apparently in an acropetal Sequence, with
growth continuing from some apices in later years, Uppermost leaves
of main axis crenate, with base attenuate, abruptly expanded into

~

lerge blade, with 3-5 lobes along distal % - 2 of each margin; with
3 main veins arising from base. Flowers ca, 10-15 in racemes.
Corolla striated on upper and lower 1ip, with yellow blotches on
lower lip and in tube, with lower side concave from above, spreading
away from hood from base of lower lip; lobes obtuse. LAnthers fused,
glabrous cround connectives, slightly hairy on slits. Ovary with
stipma obliquely capitate or oblong, ca. O.4mm long. Capsule in
lateral view (?obovate) or broadly So, laterally compressed; apex

in lateral view shallowly emarginate, Chromosome number unknovm.




TYPTFTCATION:

Holotype:; 1. formosissima Zkottsb.

This was the only species cited for the section in the

protologue (Pugsley 1936).

DISTRIBUTION:
Oect. Paradoxae is monotypic and restricted to the Juan
Fernandez Islands. It is apparently confined to the alpine zone,

E, formosissima Skottsb. : T

XI. Sect. Anagospermae (Hook.f.)Barker, stat. nov.

GBuphrasia Subgen. Anagospermae Hook.f.,Ic.PI.13(1879)65,t.1283

BASTONYM

Anagospermae (Hook.f.)Wettst.,Ber.dtsch.bot.Ges.%2(1895)2A2;

tettst.,Monogr.Gatt.Duphrasia (1896)10; Cheeseman,Man.N.Z.
F1.(ed.1)(1906)557

Siphonidium Armstr.,Trans.Proc.N.Z.Inst. 13(1881)341; Wettst.
in Engler & Prantl,Nat.Pflfam.IV3b(1€93)101; Wettst.,Monogr.
Gatt.Buphrasia(1€96)10; Cheeseman,lan.N.Z.F1.(ed.1)(1906)
558; Cheeseman,Man.N.Z.F1.(ed.2)(1925)8L4

Sect. Hueuphrasia Wettst.,in Ingler & Prantl,Nat.Pflfam.IV3b
(1893)100,%p.p.(probably as to one of the fowr New Zealand
species); Wettst.,Monogr.Gatt.Euphrasia (1896)70,p.p.(as to
Subsect. Australes p.p.)

Subsect. Australes (Benth.)Wettst.,Nonogr.Gatt.Euphrasia (1896)

70,p.p.(as to E. repens and E. dyeri)

Sect. Australes (Benth.)Joerg.,Berg.Mus.Aarb.1916-17 Naturvid.
raekke 2(1919)5,p.p.(as to some New Zealand occurrences;
lectotype excl.) "Subgen. Buecuphrasia Sect. Australes"

Subsect. Novaezeelandiae Du Rietz,Sv.Bot.Tidskr.,2(1948)

361,p.p.(as to some New Zsaland occurrences)
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DESCRIPTION

fnrual,  Main floral axes usunlly several branches cibher

initially prostrate and gradually ascending or completely prostrate,
sometimes (Z. dyeri p.p.) a single I erect stem, with branches
developing ks acropetally, sporadically or in consecutive axils,

Leaves elther entire and narrow-acuminate (£. integrifolia) or

pinnatifid, with base narrow cuneate or gradually attenuate, pinnatifid
to pinnatifid-serrate with only a small blade, with 1-3 teeth
distributed over distal 3-2 of each margin; with 1-3 main veins arising
from base, Flowers 2-6 in racemes or (especially in prostrate plants)
sporadic. Corolla (at least often) with striations on the midline of
hood and sometimes either side (whether on lobes and incidence of
yellow spot unknown), with lower lip spreading from base away from
hood; lobes obtuse to truncate. Anthers fused or (&. disperma) free,
flabrous around connectives, glabrous or with a few hairs along slits,
Ovary with stigma narrow oblong, unequally bilobed, 0.35-0,.8mm long.
Capsules laterally compressed, obovate to obcordate or bicornute in
lateral view; apex in lateral view broadly obtuse to very deeply

emarginate, Chromosome number unknown.

IYPTIFTCATION:
1. Subgenus Anagosperma Hookf.

Holotype: I, disperma Hoof.f.

2. GSiphonidium Armstr.

Holotype: Siphonidium longiflorum Armstr.

These were the only species cited in the protologues

(Hooker 1879, Armstrong 1881, respectively).

DISTRIBUTION:
The section, which contains four species (sensu ishwin 1961),

is endemic to the montane and wet coastal regions of the South Island
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of New Zealand,

HOTT:
dettstein (1695), in elevating J.D. Hooker!'s Luphrasia

Subgen. Anagospermae to generic level, incorrectly stated in several

places that Hooker had given it the status of section.
E. dyeri Wettst, : IT
E. repens Hook.f. : IT

L. integrifolia Petrie : IT

&, disperma Hook.f. ; T

LT, Sect. Irifidae (Benth.)Wettst.in ingler & Prantl,Nat,Pflfam,

T

IV3b(1€93)101,p.p.(excl. &, antarctica in Austral. and New

Zeal.); lettst.,Nonogr.Catt.Buphrasia (16896)70; Du hietz,
5v.Bot.Tidskr .42(1948)114,361
8 Trifidae Benth.in DC.,Prodr.10(1846)554,%p.p.(excl. "E. 7 gland-
ulosa"; but material n.v.) BASIONYM; Sell & Yeo,Bot.J.
Linn.So0c.63(1970)203
Subgen. Trifidae (Benth.)Joerg.,Berg.Mus.Aarb.l916—l7 Naturvid.

raekke 2(1919)5

DESCRIPTION:

annual or perennial. Main floral axes elther several to many

and ascending, with branches developing in consecutive nodes up to
several to many nodes below inflorescence, simple above, ‘or single and
erect with branches developing in no fixed Sequence in consecutive

nodes from l-few nodes below inflorescence. Uppermost leaves of main
axes deeply divided, with base attenuate to cuneate-attenuate, gradually
expanded into small blade, with 1(2) pairs of teeth distributed over
distal %‘g of leaf; With 3 main veins arising from base of leaf.

Flowers ca. 10-30 in racemes. Corolla striated with yellow area on
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lower lip, with lower side apparently concave from above, with lower
lip spreading from base away from hood;  lobes emarginate, often
shallowl; so, Anthers free, glabrous around connective and along slits,
Ovary with stigma obliquely subcapitate, ca. 0.3-0.5mm long. Capsules

in lateral view broadly obovate, greatly compressed laterally; apex

in lateral view broadly obtuse. Chromosome nurber: n=4) (known for a

single species: loore 1967 fide Yeo 1968).

TYPIFTICATION:

Holobype: L. trifida Poeppig in Benth.

Under Article 22 of the International Code of Botanical
Nomenclature (Stafleu 1972) 5, trifida, which was described in the
protologue (Bentham 1846), is automatically the type of §Trifidae

Benth.

DISTRIBUTION:
{
From Wettstein's (1896) monograph of the genus, the section
is confined to the Andes mountains and their surroundings in the

southern half of South America from a latitude of about 98'S in an

apparently continuous "line" to Fuegia. E. antarctica also occurs

on the Falkland Islands to the east of Fuegia (Skottsberg 1913;
Vallentin & Cotton 1921). The map in "Pacific Plant Areas! (van
Balgooy 1966) shows the northernmost occurrence to be about 10
degrees to the south. The section is poorly represented in its
northernmost occurrence in Peru (Edwin 1971) by a single species,

L. pubescens, apparently only represented in herbaria (K,B,P;: n.v.)

by the type material collected by Dombey (Bentham 1846, Vettstein 1.c.,
fdwin 1971). There is clearly need for verification of the

occurrence of the section (and the genus) in Peru.
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Annuals (after Wettstein 1896)

antarctica Benth, ¢ 1IT

pubescens Benth.

B,
E, perpusilis Phil,
E.
E.

meiantha Clos : 1\
E. philippi Wettst.
Perennials (after Wettstein 1896)

E. andicola Benth.

I, trifida Poepp.

E. spectabilis Phil,

E. chrysantha Phil. ¢ 12D

. flavescens Phil.

B
I, subsxserta Benth.

. debilis Wettst,

B
E, intricata Phil.
E

. muscosa Phil,
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CHAI'TUR 6

A T.XONOKIC REVISION OF HUPHRASIA IN AUSTRALTIA

A, Introduction

The classification of Huphrasia in Australia has had to be
completely restructured. Wettstein (1896), who published the last
revision of the genus in Australia, recognized twelve species and
proposed no formal infrageneric or infraspecific taxa. In the proposed
classification, seven of his twelve species have been reduced to
synonymy.

Suphrasia in Australia consists of five sections with seventeen
species, seven of which are newly described and one is an upgrading of
status. Five species, in particular &. gibbsiae with nine subspecies
and £, collina with fifteen subspecies, are polymorphic., The difficulties
in the taxonomy of Huphrasia in Australia encountered by previous
taxonomists (see Chapter 2) were mainly caused by the complexities of

. collina, which encompasses a large proportion of the Australian

populations of Fuphrasia. E. collina as defined in this revision is

more or less equivalent to Mueller's (1865) "I, brownii". Clines and

a limited amount of hybridization occur within the species. Contrary
to the belief of some of the more recent workers on the genus (see
Chapter 2) interspecific hybrids are rare. All taxa have limited geo-
graphical and ecological ranges. The recognition of the variants which
have been giveﬁ the rank of subspecies as "microspecies", which has been
done elsewhere in the genus (Sell & Yeo 1970), is considered unwarranted

because it would camouflage the well-defined species in Australia.



B. Classification

Luphrasis L.

For synonymy, description, typification and distribution,

see Chapter 5: p.l1l27.

KEY TO THE SECTIONS AND SUBSECTIONS OF HUPHRASIA 1IN AUSTRALIA:

la. Anthers glabrous about connectives, [Perennial, ]

2a,

eb.

Bganches or shoots on main floral axis(es) developing in
basipetal sequence in consecutive axils from 1-few nodes

below inflorescence.

I. Sect. Cuneatae
(p. 162)

Branches or shoots on main floral axis(es) developing in
no fixed sequence, not consistently in consecutive nodes if

high above ground level, often only near ground level,

IT. Sect, Striatae
(p. 176)

1b., Anthers, at least posterior pair, hairy about connectives,

3a.

3b.
La,

Lb.

Corolls striated.

ITI. Sect. Laslantherac
(p. 268)

Corolla lacking striations.

Perennial, Branches or shoots on main floral axis developing
in no fixed sequence, not consistently in consecutive nodes
if high above ground level. Upper corolla lobes = coplanar,
facing forward.

V. Sect. Australe

(p.369

[}

Sy

Annual. Branches or shoots of main floral axis developing
basipetally in consecutive nodes high above ground level from
1-few nodes below inflorescence., Upper corolla lobes angled
sharply to each other, facing to side.

IV. Sect. Scabrae
(p. 300)



1.

1b.

Sect. Cuneatae Barker

I'or synonymy, latin and english descriptions, typification and

distribution, see Chapter 5: p.137.

TO THE AUSTRALIAN SPECIES OF SECT. CUNSATAE.

Posterior pair of anther awns needle-shaped, much shorter than
anthers. Calyx, bracts and upper leaves non-glandular. Corolla
8.5-11mm long; lower lobes externally glabrous for most part,
usually shallowly to deeply emarginate, rarely truncate. Capsules
glabrous or with a very few setae at apex. Uppermost leaves of
main axes 5.4-9,2mm long. Main inflorescences with ca. 30-50 or
more flowers.

1. E. durietziana

Posterior pair of anther awns distally flat, twisted or erosulate,
as long as or longer than anthers, Calyx, bracts and upper leaves
glandular hairy. Corolla ca. 14~-20mm long; lower lobes externally
hairy, shallowly emarginate to obtuse, Capsules densely setose.
Uppermost leaves of main axes 9-1imm long. DMain inflorescences

with few (?ca. 12) flowers.

2. E. phragmostoma
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1. Euphrasia durietziana Barker, species nova

[, brownii auct. non FvM.(nom. illeg.): Hodgson &

Payne,Field Guide Austral.Wildfl.(1971)222,t.col. ]

LATIN DIAGNOSIS:

Species nova Fuphrasiae Sectionis Cuneatae a E. cuneata

et E. phragmostoma differt capsulis subglabris, lobisque inferis

corollae extra subglabris; etiam a E. cuneata differt calyce
scaberulo, seminibus minoribus et axibus rhachidibusque saepe

glandulosis, a E. phragmostoma aristis postremis antherarum acerosis,

quibus sunt loculis multo brevioribus, calycibus, bracteis foliisque
superis non-glandulosis, corollis minoribus, foliis summis axium
primorum floralium brevioribus, inflorescentiisque primis floribus
pluribus.

Holotypus (tab. 15): B.R. Paterson s.n., 28.ii.1958.

Ebor Falls. NSWliz2é3gs.

DESCRIPTION:

Perennial herb or undershrub, 25-50cm or more tall, with

several or many ascending or erect foliose branches arising from
ground level and terminated by inflorescence.

Stem not seen; main floral branches 19-30cm high to base

of inflorescence, simple for (0)1-2(4) nodes below inflorescence,
i.e, for 0.05-0.24 of height of inflorescence above ground level;
upper 4-10 internodes as long as or longer than upper leaves, the
longest internode 1.2-2.5 times length of upper leaves; branches
developing basipetally in consecutive nodes, with all nodes, except
often for node below inflorescence, developing shoots; axes in
upper parts with dense very short to short eglandular hairs all

around or in two rows decurrent from between leaf bases, sometimes

mixed all around with very sparse to moderately dense, very short
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to moderately long glandular hairs, lower down with sparser shorter
eplandular indumentum in two rows apparently lacking plandular
hairs, near base usually glabrous, sometimes (¢iilliams 1i.1963:

Hi) bearing moderately dense, long glandular hairs.

Cotyledons not seen

Leaves: uppermost stem leaves 5.4~9.2mm long, £.3-5,4mm

broad, obovate to spathulate, somdtimes narrowly so, crenately
lobed, with sessile gland patches confined to distal 0.6-0.75 of
lower surface, otherwise glabrous; base narrow attenuate-cuncate
to attenuate, often subpetiolate; lobes (1)2(3) along each margin,
blunt, usually obtuse, sometimes acute, confined to distal 0.,26-
0.60 of leaf, with longest lobe 0.3-0.8mm long; apex 1.2-1.5mm
long, 1.1-2.3mm broad, bluntly broad obtuse to acute; leaves lower
down increasingly longer and more attenuate, glabrous or sometimes

(Williams -.i1,1963) with sparse moderately long glandular hairs.

Inflorescences racemes, I dense in bud, sparse to moderately
dense in flower and fruit, those of stems with ca. 30-50 or more
flowers, with lowest 1-4 nodes bearing single flowers or only with
undeveloped buds; pedicels at lowest node 1-3mm long, shorter
higher up; rachis bearing moderately dense to dense, very short
to short eglandular hairs, usually all around, sometimes in two
rows with slightly sparser hairs between, often mixed all around
with moderately dense to dense, very short to moderately long

glandular hairs; apical bud cluster initially cylindrical to ovoid,

sometimes narrowly so, ca, 2-2.5mn long, hidden by or hardly
emergent from corollas of uppermost flower pair after flowers at
initial ca. 10-15 or more nodes have reached anthesis.

Bracts at lowermost node similar in size, shape and indumentum
to uppermost leaves, toothed apparently at all nodes, shorter than
or equal to calyx except rarely at lower 1-2 nodes.

Calyx L4.2-6.5mm long, externally minutely scaberulous along
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ribs, densely so at base, sparsely to moderately densely so towards
apex, internally glabrous; lobes blunt or sharp, acute to shortly

narrow acuminate; lateral clefts 0,6-1.3mm deep, shorter than

median clefts, which are 1.3-3,5mm deep,

Corolla &.5-1lmm long along upper side, "white or slightly
yellowish, with dark lines [= striations] on corolla" (Williams
x1.1960) with presence of yellow spot unknown (but possibly
referred to in above quotation); tube 5,5-8mm long, with base
narrow c¢ylindrical, distally near point of insertion of anterior
filaments, at a point 4,5-6mm from base, expanded laterally and
abaxially, glabrous at very base, otherwise externally covered by
short to moderately long eglandular hairs, dense on adaxial and
lateral surfaces, sparse or absent on abaxial surface, with a few
short glandular hairs behind lateral cleft, internally with dense,
short to moderately long eglandular hairs all around; hood 2,5~
4.2mm long [excluding lobes ca. 3.,5mm broad, including lobes ca.
L.5-5mm broad]| externally covered by dense short eglandular hairs,
internally glabrous but for dense patch of long to very long
eglandular hairs behind sinus; upper lobes emarginate to obtuse,
«labrous with cleft between 1.2-2.2mm deep; lower lip 6.5-9.6mm
long, 9-19mm broad, externally glabrous or with Sparse to moderately
dense, moderately long eglandular hairs at base, sometimes extending
for a short distance onto lobes, which are otherwise glabrous;
lower lobes usually shallowly to deeply emarginate, rarely truncate,
with clefts between 3,3-4,7mm deep.

Stamens with filaments sometimes glabrous, sometimes with
eglandular hairs, either a few at base or dense over basal half,
the anterior pair ca. 4.5mm long, the posterior pair ca., 2-2.5mm long;
anthers 1.4-2.1lmn long, 0.8-1.0mm broad, with area surrounding
connectives glabrous, with slits lined sparsely to densely with

moderately long to long eglandular hairs, with awns smooth and
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sharp, those of the posterior pair 0,3-0,4(0.6)mm long, longer
than other three aswns,

Ovary in lateral view ovate-oblong to obovate-oblong,
sometimes broadly so, laterally compressed, in median view narrow
ovate-caudate to linear, glabrous or with a few short setae at
apex; apex in lateral view shallowly emarginate to truncate,
sometimes obliquely so; ovules 20-35.

Capsules (only 3 mature ones seen) ca. 5-bmm long, in
lateral view ovate to elliptic or oblong to obovate-elliptic,
1.8-3.4mm broad, laterally compressed, in median view linear or
linear-elliptic to narrow ovate caudate, glabrous or with a few
tiny setae at apex; apex in lateral view emarginate, sometimes
obliquely so; seeds 8-22, ellipsoid to ovoid, often narrowly or
obliquely so, (0,9)1.1-1.5(1.6)mm long, 0.4~0.bmm broad.

Chromosome number: Unknown

Plates: 11, 15

Figures: 10

TYPIFICATION:

Holotype (pl. 15): B.R, Paterson s.n., 28.ii.1958. Ebor

Falls., Among granite. NSW126388 (ex NE).

The holotype consists of a single entire plant in good
condition, but unfortunately loose in its folder. Buds, flowers
and a few mature fruits are present,

It is possible that duplicate material exists in NE,
However, since the herbarium was almost completely destroyed
by fire a few days before this collection was made (Paterson
1960, Gray 1961), the collector may have decided to send her one
specimen to NSW at that time. This seems very likely as
Paterson (1l,c.) did not retain any of the duplicates of a collection

of Acrotriche aggregata R.Br. in NE, made on 26.ii.1958, but
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c¢istributed them to other herbaria.
The extent of natural vegetation in the type locality is
not known. This would have been a uscful guide to the probability

of populations of L. durietziana still occurring there. However,

there is much natural vegetation in the region of Peint Lookout
(Morcombe 1969), which is near Ebor Falls, and recent collections
of the species have come from there. It seems likely, therefore,

that the species still occurs in the type locality.

DISTRIBUTION (Fig. 10):

L. durietziana is endemic to the montane and possibly the

subalpine zones of the Northern Tablelands (sensu Anderson 1961)
of New South Wales.
It may occur as low as 900m and reaches 1600m in the summit

areas of the highest mountains in the region,

ECOLOGY :

In the Point Lookout-Ebor Falls area E. durietziana has

been recorded from wet (Hore-Lacy 185) or dry (Williams; both
collections) scleropghyll forest and "tall woodland margin

(E[ucalyptus] rubida-E. obligua)" (Winterhalder NE). At Wallangarra

which is at a lower altitude Boorman (NSW10931), in a reference
clearly applying also to the annuals of the region (he refers to
flowers being pure white, pale yellow or pink), states that it is
"A fairly common bog-plant more especially in cold regions".
Anon. 1 was also collected from "rather moist places". There are
several references to granite on labels, while the collection
Williams ii.1963 came from "Loamy soil on colluvium".

Flowering occurs approximately between November and May,
but probably extends outside of this range as the one November

collection bears some capsules and the only May collection is in



bud and flower.

NOTES

1. L£. durietziana is most closely related to 1, cuncata Forst.

f. of New Zealand, which is distinguished by its densely setose
capsules, lower corolla lobes externally hairy all over, the
complete absence of glandular hairs from the rachis, externally
glabrous calyx (except at base of median cleftfband larger seeds.

The many differences between E, durietziana and I. phragmostoma

are detailed in the key to the Australian species of Sect.

Cuneatae.

2. IE. durietziana shows variation in the incidence of glandular

hairs on the rachis and the upper part of the axis., It is impossible
to determine on the material available whether the variation occurs
between populations constant in this character, in which case
taxonomic recognition would be warranted, or consistently within
populations. The collection Boorman NSW10931 contains material

from apparently several plants which vary in the incidence of the

glandular hairs on the rachis.

3. This biogeographically intercsting species is named after the
late Professor G. Einar Du Rietz who contributed greatly to the
elucidation of the taxonomic and biogeographic complexities of

Euphrasia in the Southern Hemisphere and Tropics.

SPECIMINS EXAMINED:

New South Wales

Anon, 1, s.dat. Guy Fawkes, New England - head of Clarence
River. MEL4L1426. —- Anon, [Herb. Weber] s.n., s.dat., Liverpool
plains, HBG. -- Boorman s.n., -.v.1914. Wallangarra. NSW10931,G.
-- Davis per F,A, Rodway s.n., 31.1i.1941. Ebor Falls, 50m N.E.
of Armidale. NSW22266. -- Department of Agriculture, Leeton 6,
20.1.1963. 30 miles east of Glen Innes., NSW126389, —- Hore-Lacy




185, 30.iv,1961. Pt. Lookout. NE. —- McKie 2308, 20.1i.1940.
foint Lookout, New England Natl. Park. 50 miles i of ;rmidale.

lZW1l0930,BISH. —- Paterson s,n., 2€,11,1958. DIbor Falls,

N3W126388(holotlype). —- Williams s.n., -.xi1.,1960. 2 miles SW of

Point Lookout. NE. -- Williams s.n., -,11.1963. Upper Wright's

Lookout track, near Point Lookout. NE  -- Winterhalder s.n.,
24.1.,1961. Near Pt. Lookout. NE.




2, Buphrasia phragmostoma Barker, spccies nova

LATIN DIAGNOSIS:

Species nova fluphrasiae Seclionis Cuneatae a E, cuneata

et £, durietziana differt calycibus, bracteis foliisque superis

glandulosis, longitudine formaque singulari aristarum postremarum

antherarum, et lobis inferis corollae truncatis vel nonprofunde

erarzinatis usque obtusis; etiam a B, durietziana differt

corollis maioribus, capsulis dense setosis, foliis sumnis axium
primorum floralium longioribus, inflorGSCeny%i%sque primis
floribus paucioribus,

Holotypus (tab. 15): Rev, J. Bufton 8, 1893. Marion Bay

Tasmania. DMEL4L1727.

DESCRIPTION (based on material from two plants):

Erect foliose perennial (?herb) or undershrub, probably

over 25cm tall, with many ascending or erect branches arising
high above ground level from other branches or stem.

Stem of unknown nature; main floral branches probably

over 20cm high to base of inflorescence, simple for 0-9 nodes
below inflorescence, i.e. probably for little of the height of
the inflorescence above ground level; wupper 0(2) internodes as
long as or longer than leaves, the longest internode %-l% times
length of upper leaves, remaining shorter than leaves lower dovin;
axes in upper parts bearing two rows of dense short eglandular
hairs decurrent from between leaf bases, with somewhat sparser
eglandular indumentum between, sometimes mixed with dense, long
to very long glandular hairs, with indumentum somewhat sparser and
shorter lower down.

Cotyledons not seen.

Leaves: uppermost leaves of main floral branches ca. 9-14mm
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long, 5-7mm broad, spathulate, crenate to serrate~crenate,
with sessile pland patches on specimeris seen confined approx—
imately to distal 0,5-0.6 of undersurface, otherwise bearing
moderately long to long glandular hairs,sparse and confined to
base or dense all over, mixed with short to moderately long
eglandular hairs moderately dense on upper side, sparse on lower
side; Dbase narrow long attenuate, subpetiolate; lobes 2 alohg
each margin but probably more variable, confined to distal ca.
0.3-0.4 of leaf, bluntly obtuse or acute, the longest tooth ca.
O.2-1.2mm long; apex ca. 1.0-2.2mm long, ca. 3.0-3.8mm broad,
bluntly broad obtuse or shortly broad acuminate; leaves lower
down of similar size bul sometimes for relatively shorter
subpetiolate base, with similar indumentum; leaves on young shoots
small subpetiolate, with 1 lobe along each margin.

Inflorescences racemes, moderately dense to dense in

flower, with several (? ca. 12) flowers; pedicels at lowest
node ca, 2-3.5mm long, shorter higher up; rachis with indumentum

similar to that on upper part of axis; apical bud cluster:

initial shape and development unknown.

Bracts: lowermost bracts similar in shape, size and
indumentum to uppermost leaves,

Clalyx ca, 7-8.5mm long, externally covered by sparse to
dense, short eglandular hairs mixed with sparse to dense, short
to long glandular hairs, internally bearing a dense mixture of
short to moderately long glandular and eglandular hairs; lobes

bluntly acute or obtuse; lateral clefts ca., 0.5-1.0mm deep,

much shorter than median clefts, which are ca, 3.2-4.2mm deep.

Corolla (3 studied) ca, 14-20mm long along upper side,
with colour unknown but probably with purple or indigo striations
on lobes; tube ca. 7.,3-12mm long, narrow-cylindrical, abaxially

and somewhat laterally expanded below point of insertion of anterior
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filaments which is ca. 4,5-8mm from base of corolla, externally
covered all around by dcnse moderately long to long eglandular
hairs, sometimes mixed with moderately long glandular hairs on
distal abaxial parts, with patch of glandular hairs behind lateral
cleft, internally covered all around by dense long eglandular
hairs; hood ca. 6,5-7.7mm long, [?ca. 6,5-7.5mm broad (including
lobes), ?ca. 4.5-6mm broad (excluding lobes)], externally covered
by dense lon,. eglandular hairs, sometimes mixed with sparse to
dense, moderately long to long glandular hairs, internally with
dense long eglandular hairs between bases of filaments and a little
distally, and dense patch of very long eglandular hairs behind
sinus, glabrous in between; upper lobes obtuse to shallowly
emarginate, with rear surface covered by sparse short glandular
hairs, with margins ciliolate with moderately dense mixture of
short moderately long glandular and eglandular hairs, with cleft
between ca. O;5—l.On;¥+ lower lip ca. 7-€.5mm long, ca. 9-1lmm
broad, concave from above, downturned from base such that at
right angles or more to upper side, externally covered by moderately
dense mixture of moderately long to long eglandular and glandular
hairs, with margins ciliolate with similar indumentum, internally
glabrous except at base of lip; lower lobes truncate or shallowly
emarginate to obtuse,

Stamens (2 studied) with filaments glabrous but for densely
setose base of anterior pair, the anterior pair ca. 6,5mm long;
the posterior pair ca. 3.2mm long; anthers 2.3-2.6mm long, 1.2-1,8&mm
broad, with area about connectives glabrous, with slits lined by
dense long eglandular hairs, with posterior pair of awns 2.7-3.2mm
long, in distal part flattened or twisted with margins erosulate,
with apex acute, with anterior awns 0,1-0,3mm long, smooth and

sharp.
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Ovary (2 studied) in lateral view ovate-elliptic,
compressed laterally, in median view narrow acuninate-elliptic
to ovate-caudate with very few [? to dense] short setae in
apical region; apex in lateral view broadly acute or obtuse,
often oblique; ovules ca. 60-70. |

Capsulcs (few seen) ca, 7-10mm long, in lateral view
ogovate—élliptic, ca, 3-4mm broéd,_in median view narrow elliptic-
acuminate, or covered in upper %a% by sparse/génse setae 0,2~

0.3mm long, apex obtuse; seeds not seen.

Chromosome number: Unknown.

Plates: 4, 11, 15

Figures: 10

TYPIFICATION:

Holotype (pl.15): Rev. J. Bufton 8, 1893. Marion Bay

Tasmania, A distinct variety I think of Euphrasia Brownii
- on mountain top. MEL41727.

The holotype is in very good condition and consists of a
large leafy fragment, bearing meny branches and shoots and buds,
flowers and a few capsules without seed. A small fragment with
a flower and another, possibly of part of the Stem,are also
present,

It is imperative that material from the Marion Bay area be
found as knowledge of the extent of variation in all characters

of this distinctive species is required.

DISTRIBUTION (Fig. 10) AND ECOLOGY:

E, phragmostoma is known from only two localities which both
occur in the region of the Tasman and Forestier Peninsulas in the
South-east of Tasmania. It is possible that the species is con-

fined there as the region bears mountains reaching between 600-
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1000m high (Davies ed. 1965: Map 5), which are isolated from the

high mountains to the west, and has a higher rainfall than
surrounding lowland regions (Davies ed. 1965: Map 2). The
larion Bay collection (Bufton 8) labelled "on mountain top" may
have come from such an area. The other specimen (Bufton 7) was
"found on coast" at Port Arthur. Montane vegetation often
reaches sea level in this area and thus the species may be
restricted to this habitat. It is likely that this species may
still survive as large tracts of montane and coastal vegetation
exist in the region,

Data on flowering times are unavailable.

NOTES:
1. The distinctive foliose, much branched habit, the petiolate
leaves and the posterior anther awns which are unique in the genus

set the two specimens of E, phragmostoma collected to this time

so greatly apart from the other known Tasmanian species that it is
certain that they belong to a distinct species. It is hoped that
the publicity gained by its formal recognition will help lead to
the fruition of the search for the highly desirable further

collections of this remarkable species.

2. L. phragmostoma is the sole member of Sect. Cuneatae in

Tasmania and is distinctive in the section and the genus by the
remarkable length and shape of its posterior anther awns (pl. &)
which apparently jut out over the lower corolla lip and serve
to hinder the entry of nectar-gathering pollinators (hence the
specific epithet, literally meaning "screened mouth").

. cuneata Forst.f.,which is endemic to New Zealand, is the

species of Sect, Cuneatae most closely related to E, phragmostoma,

approaching it by its densely setose capsules and posterior anther
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awns, which are longer than in L. durietziana, the third

species of the section. 1t differs however by its non-glandular
indumentum, its emarginate corolla Jlobes and its shorter posterior

anther awns (only about half the length of the anthep cells,

whereas those of E. phragmostoms - equal them) with a shafp tépering
b cylindrical tip. The characters distinguishing E, phragmostoma
from its counterpart from northern New South Wales, E, durietziana,

are shown in the key to the species of Sect. Cuneatae in Australia.

SPECIMENS EXAMINED:

Tasmania
Bufton 7, 1892. Port Arthur, found on coast. MEL, —
Bufton 8, 1893. DMarion Bay - on mountain top. MEL(holotype).
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IT. Sect. Striatae (Du Rietz)Barker Subsect, Striatae

For synonymy, description, typification and distribution,

see Chapter 5: p.l4l.

HOTIES:

1. L. crassiuscula (q.v.: Intraspecific Variation) varies in the

characters of anther back indumentum and corolla coloration, which are
the main characters used to distinguish the two sections, Sect. Australes

and Sect, Striatae Subsect. Striatae, to which it has the closest

affinities. It seems likely that it is a stabilized hybrid between
species of the two sections. It has been included in Sect. Australes

because it is closest related to the present-day species of that section,

Because E, crassiuscula ssp. eglandulosa usually has the conspicuously
striated corollas and glabrous anther backs of Sect., Striatae it has been

included in the key to the species of Subsect. Striatae.

2. Three plants apparently linking L., hookeri with the other species

of Subsect. Striatae have been collected from Mbt, La Perouse in south-
western Tasmania (F.A. Rodway NSW22280 p.p.). The plants resemble

B. hookeri in size, their apparently single-stemmed habit with small
imbricate leaves, their small corollas and their very short glandular
indumentun confined mainly to the margins of the bracts and calyces,
Only in their leaves, the margins of which are recurved but not coherent,

do they differ from E. hookeri. From E. striata and 3, semipicta they

differ by their glandular inflorescence and habit, while from L. Zibbsiae
they differ in flower size and habit. A search for identical plants on
Mt. La Perouse should be made to determine whether these plants represent
an undescribed species or a hybrid between E, hookeri and another species
of Subsect, Striatae
SPECIMEN EXAMINED:

I'.A. Rodway s.n., -.xi1.1899. La Perouse. Tas. NSW22280(p.p.).
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3. Two collections from South Port, collected by Stuart and placed
under his number 1744, approach E, scmipicta by their glabrous-backed

leaves
anthers, erec¢t stems branched well above ground level%with one tooth

along each margin and the absence of glandular hairs from the calyces,
bracts, rachises, leaves and axes. Unfortunately the presence of
striations on the corollas is not able to be discerned. The material

differs in corolla shape from the known representatives of E, semipicta

on the Tasman Peninsula, namely by the smaller upper lobes (the cleft
between them is ca. 0,5-0,.6mm deep), a smaller lower lip (ca. 2.0-3.7mm
long, ca. 5-6bmm broad) and a contrastingly long tube (ca. 6-7mm long).
In addition the seeds are larger in the Stuart collections (1.1-1.4mm
long) and the one count made of both ovule number (80) and seed number
(43) falls on the lower part of the range of variation for typical

E. semipicta.

A search for further material in the South Port region must be
made to determine the true meaning of these differences. It is uniikely
that these plants are hybrids as pollen from a flower of each collection
is almost entirely functional in appearance (Appendix 1: P5168,273).
Rather the specimens may represent an undescribed species with a unique
corolla shape, the leaves of E, striata and the habit of E, semipicta,
and intermiediate between the two species in seed size and ovule and
seed numbers,

SPECIMENS EXAMINED:

Tasmania
[Stuart 17447, -.xii.1855. South Port. MELLAL37(p.p.). ——
Stuart 1744(p.p.), -.x11.1856. South Port. LEL4L1L50(p.p.).

L. The fragment in Scott MELL1790 almost certainly represents a new
species or a most unusual monstrosity of unknown origin., It seems
unlikely that it is of hybrid origin as it is clearly divergent from

all known Australian species. The plant is unique because of its
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leaves with a very narrow attenuate base and = large bluntly broad
acute to obtuse apex extending well past a pair of short bluntly
obtuse lobes, Among the Australian species it approaches E. striata
of Subsect. Striatae in leaf shape, although the apex of i, striata is
somewhat shorter relative to the lobes, The leaves rosemble most
closely those of the New Guinea species of Sect, Striatae Subsect.
Pauciflorae. The glabrous anther backs of.ﬁhé‘fISWérs of the fragment
ally it with both these subsections, although the calyces, bracts and
rachis are covered by a dense, long [0.3-0,4mm] glandular indumentum,
which is unknown in the New Guinea species.

SPECIMEN EXAMINED:

Tasmania

Scott s,n., s.dat. Without locality. MEL41790

KEY TO THE SPECIES OF SECT. STRIATAE SUBSECT. STRIATAR:

la. Leaves and bracts with margins of apex and teeth recurved so
greatly that they cohere along entire length, with sessile
glands lacking on underside,

Ser. Hookerae
6. I. hookeri

1b. Leaves and bracts with margins of apex and teeth recurved but
clearly separated, with sessile gland patches apparent on
underside,

Ser. Striatae



2b.

3b.

Calyces; bracts, 2nd at least upper leaves lined by long
woolly eglandular hairs. Inflorescences bearing ca. 20-40
flowers; apical bud cluster conical, shbacute. Sesdile
gland patches confined to distal (i)2 or more of lower

surface of uppermost leaves,

17, K. crassiuscula

[see Sect. Striatae: Note 1]
Calyces and bracts bearing short straight eglandular hairs
on margins, leaf margins lacking them, Inflorescences
bearing (6)10-20(26) flowers; apical bud cluster spherical
to conical or ellipsoid, broadly rounded. Sessile gland

%'- %(%) of lower surface of upper-

patches confined distal
most leaves.
Bracts, outer surfaces of calyces and often uppermost
leaves, sometimes almost all leaves bearing glandular hairs.
Corolla with hood (4.0)4.2-5.0(5.4)mn long; lower 1lip (6.8)
7.8-10.8(11.2)mm long, (13)14.5-17.5(20)mm broad. [Corolla
partially to extensively striated. Stem reduced or con-
spicuous. Apices of capsules broadly acute to truncate to
emarginate in lateral view. -Ovules (38)52(71). Seeds (5)
30(66), (0.8)1.1~2.0(2.2)mm long. ]
3. L., gibbsiae
Bracts, outer surfaces of calyces and leaves lacking
glandular hairs; rarely with calyces bearing one or two

tiny glandular hairs. Corolla with hood 2,3-i.2mm long;

lower lip 5.8-8.0mm long, 9.6-15.5mm broad.
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Lb,
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Corollas prominently and : equally red-purple striated on
all three lower lobes, Stem usually reduced; branches
ascending, branched and rooting in prostrate regions,
simple in erect parts. Hairs lining anther slits 0.05-
0.15mm long. Apices of capsules emarginate to broadly
obtuse in lateral view., Ovules 25-60, JSeeds ca. 7-33,

—— .

(0.8)1.2-1.8(2.0)mn long.____ : |

k. E. striate

Corollas with lateral lobes red-purple striated, with
lowest lobe finely blue-striated or lacking striations.
Stem censpicuous, bearing inflorescence in first year,

then dying back to uppermost branches; branches ascending,
arising from stem above ground level. Hairs lining anther
slits 0.2-0.4mm long., Apices of capsules broadly acute

to truncate in lateral view. Ovules 80-120. Seeds ca.

4L8-78, (0.5)0.7-0.9(1.0)mm long.

5. L. semipicta
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3. Duphrasia gibbsiae Du Rietz,5v.Bot.Tidskr.42(2)(1948)104,

£.6,3,4,5,6,t.3.4: 42(4)(1948)351,362; Curtis,Stud,Fl1,
Tasm.(1967)531; Willis,Muelleria 1(1967)147,p.p.(as to
Tasmanian occurrences and f. subglabrifolia in Victoria);
Cochrane,Fuhrer,lotherham & Willis,F1.P1.Vict.(1968)204;
Harris,Alp.Pl.Austral.(1970)138,p.p.(excl, "f. comberi"
in Victoria); Willis,Hdbk.P1,Viet.2(1973)573,p.p.(as to

f. subglabrifolia).

I, kingii Curtis,Stud.Fl.Tasm.(1967)650,530

[E. gibbsiae Du Rietz,3v,Bot.Tidskr.24(1932)532, nomen
nudum; Comber,Field Notes Tasm,Pl.coll.H.F.Comber
1929/30(1931)32(non vidi) ]

[E. brownii Fvl.,Fragm.Phyt.Austral.5(1865)89,p.p.(as to

var. psilantherea p.p.) nom.illeg.; ?Spicer,Hdbk.P1,

Tasm.(1878)77,p.p.(probably as to some plants with
"streaked" corollas); ?Rodway,Fl,Tasm.(1903)143,p.p. ]

[E. striata auct.non R.Br.: Benth.,Fl.Austral.,(1868)521,
p.p.(as to Stﬁart 1745, Milligan MELLIAS51 p.p.,Mueller
MELL1539); Jettst.,Monogr.Gatt.Buphrasia (1896)252,p.p.
(as to Oldfield W36919,W36922) ]

[E._collina auct. non R.,Br.: Wettst.,Monogr.Gatt Euphrasia
(1896)254,p.p.(as to Labillardiere G)]

[E. milliganii Du Rietz,Sv.Bot,Tidskr.42(1948)358,362, nomen

nudum; Willis,Muelleria 1(1967)148]

DESCRIPTION:
Perennial herb of variable habit, with axes and rachises and
partly leaves, bracts and calyces red-brown,

Cotyledons not seen.

Inflorescences but for lowermost 0-1(3) nodes dense racemes,

although buds often undeveloped at lowermost nodes; stem inflorescence
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or, if stem reduced, branch inflorescences producing (10)14-
24(36) flowers; rachis with variable indumentum; internodes
hardly elongating after anthesis, such that, except sometimes at
wider~-spaced lower internodes, capsules usually extending past base
of calyx above; pedicels of lowermost flowers 1,0-2.5(L4.0)mm

long, shorter towards apex; apical bud cluster (excluding buds at

widely spaced lower nodes if any) usually ellipsoid to spherical,
rarely acutely conical, initially ca. 1-2,5mm long, becoming
hidden by or hardly emergent from corollas of uppermost flower
pair dafter flowers at first 1-3(4) nodes have reached anthesis,

Bracts similar to uppermost leaves, but with variable
indumentum.

Calyx (5.0)6.0-10.0(10.8)mm long, with indumentum on outer
surface variable, with inner surface of teeth and distal half of
tube covered by sparse to dense, usually short to moderately long,
rarely long eglandular hairs, usually all over, sometimes confined
to distal parts, mixed with usually moderately dense to dense,
rarely sparse, usually short to moderately long, rarely long
glandular hairs, usually all over, sometimes restricted to proximal

parts; teeth shu. iy to bluntly acute; lateral clefts (1.7)2.2-

4.0(5.0)mm deep, shorter than median clefts which are (2,4)3.3-

6.,0(6.5)mm deep.,

Corolla (9.8)11.6(13.0)mn long along upper side, white,
lilac, deep lilac, purple or blue, with yellow to orange blotch
behind lowest lobe and deep in tube at base of anterior filaments,
with red-purple, purple or indigo striations confined almost entirely
to tube and hood or with 3-5 striations extending well out onto
each of some or all lobes; tube (5.3)7.0(8.5)mn long, narrow
cylindrical, abaxially and laterally broadened near point of

insertion of anterior filaments which are (3.0)4.5(6.8)mn from
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base of corolla, externally glabrous at base, on distal, adaxial
and lateral surfaces from at least base of anterior filaments
covered by usually dense long, rarely moderately dense, moderately
long eglandular hairs, glabrous below aboubt base of anterior
filaments, on abaxial surface glabrous further forward with widened
part bearing moderately dense to dense, short eglandular or glandular
hairs or mixture of both, with small dense patch of short glandular
hairs about lateral cleft, internally glabrous at base, distally
covered by moderately dense to dense, short to moderately long
eglandular hairs about filaments and below, sometimes also between
them, sometimes glabrous along midline of adaxial side; hood
(4+0)4.2-5,0(5.4)mm long, (3.8)4k.0-~5.0(5.5)mn broad (excluding
lobes), (5.,8)7.0-9.4(10.2)mn broad (including lobes), externally
covered by dense, moderately long to very long eglandular hairs,
sometimes with sparse to dense, short glandular hairs on sides,
internally usually glabrous but for dense long eglandular hairs
sometimes mixed with sparse to dense, short glandular hairs in sinus
region, sometimes with dense long eglandular hairs along midline
above tube, rarely covered by spa;se short glandular hairs denser
along midline; upr7or lobes coplanar or almost so, obtuse to truncate,
sometimes praemorsely so, to emarginate, glabrous on front surface
and margins, on rear surface usually glabrous or with a few short to
moderately long glandular hairs, sometimes mixed with eglandular
hairs at base, sometimes covered by moderately dense, short to
moderately long glandular hairs, sparser or absent distally, rarely
with moderately dense, moderately long eglandulsar hairs in distal
half, with cleft between (0.9)1.4-3.0(3.3)mmn deep; lower lip (6.8)
7.8-10,8(11.2)mm long, (13.0)14.5-17.5(20,0)mm broad, concave from
above, downturned from base such that more than perpendicular to

upper side, externally usually covered by very sparse to dense, short
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to long eglandular hairs, often mixed with sparse to moderately
dense, short to moderately long glandular hairs, rarely glabrous,
internally and on margins glabrous except rarely for eglandular
hairs lining margins; lower lobes broadly obtuse to truncate to
emarginate, sometimes praemorse, with clefts between (3,3)3.8-
6.0(6.4)mm deep.

Stamens with filaments glabrous, the anterior pair A4.5-5.7
(6,2)mm long, the posterior pair (1.7)2.2-3.3(3.4)mm long; anthers
(1,0)1.3-2.0(2.2)mm long, (0.8)1,0-1.5(1.7)mm broad, with area
about connectives usually glabrous, very rarely bearing a few
moderately long flexuose eglandular hairs, with slits lined especially
towards awns by dense, very short to long eglandular hairs, with
posterior pair of awns (0.25)0.3-0,5(0.6)mm long, longer than awns
of other three pairs.

Ovary in lateral view usually broad oblong to broad elliptic,
sometimes ovate, rarely obovate-elliptic, often oblique, hardly
compressed laterally, in median view ovate to elliptic-ovate, glabrous
usually except for very sparse to dense, moderately long to very
long setae, confined to upper'% m % or very apex; apex in lateral
view usually broadlv obtuse to truncate rarely broadly acute, often

oblique; owvules (38)52(71).

Capsules (6)6,5-10(11)um long, in lateral view obovate to
elliptic, (3)3.5-4.5(4.6)mm broad, laterally compressed, in median
view narrow ovate to elliptic, sometimes glabrous, sometimes
bearing a few short to long setae at apex or moderately dense setae
ovVer upper % - 3, short to moderately long at apex, short lower
down; apex in lateral view emarginate to truncate or broad obtuse,
often obliquely so; seeds (5)30(66), obovoid, oblong or ellipsoid,
often obliquely so or flattened, (0.8)1.1-2.0(2.2)mm long, (0.4)0.5-

1,0(1.1)mm broad.
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Chromosome number: Unkrncwn .,

Other characters very variable (habit, stem, branches,

leaves, bract indumentum, external indumentum of calyx): see
descriptions of infraspecific taxa.
Plates: 1, 5, 16, 17

Figures: 1112

TYPIFICATION:

Holotype: L.S.Gibbs 6502, -.xi.1914. Lake Fenton, on rocks in

open. 3500'. Flowers white, veined mauve., BM(p.p.).

Isotype: K. Illustration: Du Rietz 1948a pl.3, f.2,

The holotype consists of a large part of a plant in full
flower with six floral branches, It is mounted with a small
fragment of a floral branch from the collection Gibbs 6601; this
belongs to one of the subspecies of E, gibbsiae with glabrous
leaves (cf. Du Rietz 1948a p,109) but unfortunately the specimen
was not available at the time when an accurate identification
could have been made, The isotype contains a single entire floral
branch in full flower.

The populations of ssp. gibbsiae which still occur in the
region of Lake Fenton are in little danger as they occur in a

National Park.,

DISTRIBUTION (Figs. 11-12):

E. gibbsiae is widespread in the alpine and subalpine areas
of central, southern and western Tasmania and in the southern and
western lowland areas of the island where rainfall is extremely
high, The species extends into the eastern highlands of Victoria
where it is known only from the subalpine areas of the Baw Baw
plateau.

It ranges in altitude from sea level to at least 1550m.
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The nine subspecies are more restricted in their geographical
and altitudinal distributions (for details, see under treatment

of distribution for each species).

ECOLOGY:

E, gibbsiae occupies a wide spectrum of habitats, ranging
from coastal heath and button-grass moorlands in lowland areas
to alpine heath and blanket bog or cushion plant expanses on the
highest summits, Nine subspecies are strongly ecotypically defined
within this range (for details refer to ecological treatment under
each subspecies),

The period of flowering of the montane species is limited
to a definite period of two or three months, but the two lowland
subspecies, ssp. psilanthera and ssp. kingii, may flower over a

longer period (for details see under respective subspecies),

INTRASPECIFIC VARIATION:

E, gibbsiae is highly polymorphic and consists of nine
geographically and ecotypically separated subspecies. In the
initial desecription of the species Du Rietz (1948a) referred to
its extreme polyu.. oiism and recognised from a small number of
specimens several forms which are identical to some of the sub-
species of the present work. However his prediction that several
species may be discovered within E, gibbsise as delimited by him
has not been realised,

Pure populations

Distribution (figs. 11-12) and ecology of the pure popule
ations of each subspecies are discussed under the treatment of the
subspecies concerned, UWhile E. gibbsiae encompasses wide geographical,
ecological and altitudinal ranges, the subspecies are much more

restricted. Except for the occurrence near Mt, Field East of a
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population with affinities to ssp, subglabrifolia which is other-

wise endemic to the Baw Baw plateau in Victoria (see ssp. sub-
glabrifolia: Note), all subspecies apparently have non-disjunct
ranges of distribution. Large discontinuities in distribution
seem to have arisen because the intervening areas have been
inadequately botanised in the past rather than from a lack of
suitable habitats.

Except for ssp. wellingtonensis and possibly ssp. sub-

glabrifolia (if the Mb. Field population proves to be taxonomically
distinct) which appear to be completely isclated, the range of
distribution of each subspecies coincides with that of at least

one other subspecies. Observations of ecological preferences

and the ability to retain genetic integrity have been made in

these areas of overlap, and it has been found that morphological
differences usually are retained but sometimes break down.

a. Subspecies for part of their range pgeographically sympatric,

but ecologically allopatric with no known morphological

intergradation.

Ssp, pibbsiae and ssp, pulvinestris are ecotypically

differentiated in the western portion of the Mt. l'ield massif.

Generally ssp, pulvinestris sxclusively occuples the extensive
p

areas of blanket bog cushion plants in the summit regions, while
ssp. gibbsiae occurs in the tall alpine heath, or low heath where
clumps of "pineapple grass" (Astelia sp,) predominate. The
collections Barker 1168-1169 come from the one area of overlap

of populationsof the two subspecies observed. Betwesn pure
cushion plant and open low heath occurs an ecotone consisting of
cushion plants mixed with fine grass. In this ecotone plants of
both subspecies were found growing side by side, but no morphol-

ogical intermediates were observed. Apparently there is some
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sterility barrier between the two subspecies, since they were
flowering simultanecusly,
In the eastern portion of the Mbt., Field massif a form

related closely to ssp. subglabrifolia (g.v.: Note: Barker 1187)

occurs on the banks of shallow rivulets (ca. sm deep) running
across a broad low subalpine heathland. Populations of ssp,
gibbsiae (Barker 1184) and intergradations between ssp. gibbsiae
and ssp, comberi (Barker 1189) occupy the surrounding ridges in
snowgum woodland., However no spatial cverlap was observed and
morphological distinctions were retained, the internodes of ssp.

aff. subglabrifolia being much longer, and its glandular indumentum

much more restricted. Flowering apparently was more or less
simultaneous.

Three subspecies of E, gibbsiae occur in the vicinity of
Cradle Mt. Ssp. gibbsiae (Barker 1205, 1216, 1218B) and ssp.
discolor (Barker 1206, 1218A) both occupy the upper slopes of the
mountain. There are no obvious ecological differences except that
ssp. gibbsiae may inhabit more sheltered areas in tall heath or
among doleritic boulders., Near the very summit of Cradle Mt., the
two subspecies we . found growing either together or in close
proximity, although there is some doubt on the exact locality
details (see ssp. discolers Note 2). No morphological inter-
mediates were observed, and since flowering occurred simultaneously,
there must be some barrier to interbrseding. The third subspecies,
ssp. microdonta, apparently grows in button-grass moorland in the
broad valleys well below the habitats of the other two subspecies,
L, gibbsiae has never been recorded from the slopes between even
though the Cradle Mt., region is relatively well-botanised. This
spatial separation between ssp, microdonta and the cther two

subspecies, together with a difference in flowering period (in
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accordance with altitudinal differences) should give little
opportunity for interbreeding even if it is possible,

b, Subspecies geographically and ecologically sympatric with

morphological intergradation questionable,

Ssp. comberi and ssp, gibbsiae both occcur in subalpine
and alpine areas of the Mt., Field massif. The collection Barker
1184 from near Mt, Field East consists mainly of ssp, gibbsiae
but contains three fragments of ssp. comberi probably from a
single plant, The collection Telford 2233 from Mbt, Field West
also contains a mixture of both subspecies, 1% was possibly
collected from the wide area of alpine heath above Clemes Tarn
along the track to Mt, Field West, between the altitudes of
1250m and 1310m, Plants of ssp. gibbsiae and ssp. comberi were
found growing side by side over this entire area {(Barker 1173-
1175). The specimens of ssp. gibbsiase have the typically dense
long glandular indumentum on the lower leaves and at least the
distal prostrate parts of the axes, as well as higher up, Those
of ssp, comberi also have a typical glandular indumentum generally
confined to the inflorescernce and the leaves immediately below
it (Barker 1174(2), 117%, 1173A), although it rarely extends to
the leaves lowermost on the distal erect parts of the branches
(Barker 1174(2) p.p.); glandular hairs are absent from the ertire
axis and sometimes also the rachis. Intermediates, which for
example might have had short glandular hairs extending well down
the axes but absent from the prostrate or ascending parts, were
not observed. Plants from each subspecies were tested for pollen
sterility (Appendix 1). Both ssp. gibbsiae (PS141, 154-158) and
ssp, comberi (PS143-145) showed almest entirely normal pollen. The
plants in Barker 1174(2) with glandular hairs on the leaves well

down the branches were similarly tested. Two fragments (PS151, 153)
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possibly from the same plant showed a high percentage of empty
sterile pollen, The other four plants tested (PS142,149,152,
163,16)) showed normal poller,

Because the distinction of the two subspecies is based
almost entirely on a single character difference, i,e., the
distribution of glandular hairs on the vegetative parts, and as
no range of intermediate types of ilndumentum distribution are
apparent, it is impossible to determine from the above evidence
whether the two subspecies interbreed or if there are strong
barriers preventing this, Certainly there is ample opportunity
for interbreeding as both taxa occur together over a wide area
and flower simultaneously. If interbreeding does ccecur it is
possible that the two indumentum types which separate ssp.
gibbsiae and ssp. comberi arc controlled by a simple dominant-
recessive effect at a single gene locus, since there is no
transitional range of indumentum types, A detailed genecological
study of the populations of the two subspecies in the Clemes Tarn
ares is required and may assist in determining the true nature of
the differences bhetween them,

c. Subspecies puogrephically sympatric, ecologically allopatric,

with morphological intergradation along an ecotone,

The two subspecies which are widely spread in south-western
Tasmania, ssp, comberi of alpine and subalpine areas and ssp,
kingii of lowland areas, apparently intergrade along ecotones
betwesen their two habitats. Such an ecotone was observed in the
Hartz Mountains National Park along the track to Mount Snowy (Barker
1197, 1191, 1193, 1194). A morpholegical study of these collections
is dmpaired by the general lack of flewering material. The two
subspecies apparently can be distinguished on flower colour, with

the corollas of ssp. comberi being consistently white and those
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of ssp, kingii varying from white to deep purple or blue. They
can also be distinguished by their distinct habits, and by the
shape of the capsule apex, although this has not been investigated
fully (see ssp. kingii: DNote 1).

At the highest locality collected from, ssp. comberi was
found growing in "cushion plants, or amongst stems of prostrate
woody plants in doleritic flat alpine moorland" (Barker 1194).

The plants had the typical clusters of decumbent or ascending
branches arising from the reduced stem or other branches at

ground level, and simple higher up, They also bore broad, emarginate
to broadly obtuse capsules., In the lowest locality in snowgum
woodland grew plants (Barker 1197) resembling ssp. kingii in their
tendency towards erect branches, (although no stem was apparent),
the frequent occurrence of shoots and branches in the axils high
above ground level, and the narrower broadly obtuse capsules., On
the slopes connecting these two localities occurs alpine heath.
Forms intermediate between the two subspecies occurred in this
area in openings-between shrubs, but it is unlikely that these
intermediates are sterile hybrids as seed set appears normal,
Rather the intermediates appear to be part of a cline or hybrid
swarm with fully fertile hybrids along an altitudinal and ecotonal
gradient. It is probable that the "c¢line" continues to lower
elevations in the area where pure populations of ssp, kingii may
be found, Similar "clines" may also occur on the Snowy Range
(Bdwards AD97347079) and elsewhere in south western Tasmania,

Except for one abnormal plant3€ the six specimens tested of the

* A single anomalous specimen with long glandular hairs occurrin
sparsely well down a floral branch axis in the collection Edwards
AD97347079 has a rather high pollen sterility count of 43%
Appendix 1: PS162). It may either be a monstrosity or a hybrid
between plants of the intergradation between ssp, comberi and ssp,

kingii and an unknown parent (?ssp, gibbsiae) with glandular
hairs occurring well down the axes,
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Edwards collection, contained pollen almost entirely normal in
appearance (Appendix 1: PS159-161, 165-167), Thus there is
no evidence of any sterile hybrids from either the seed or pollen
set in intergradations between the two subspecies,

The existence of these intergradations between ssp,
comberi and ssp, kingii must cast some doubt on the genetic basis
of their distinguishing characters, An experimental study
involving the raising of seedlings of one subspecies in the
habitat of the other would help to determine whether they are
solely environmental modifications., If the characters were
shown to have no genetic basis there would then be no grounds

for recognising ssp, comberi and ssp. kingii as distinct taxa.

SPECIMENS EXAMINED FROM A MIXED POPULATION OF SSP,
GIBBSIALE AND S3F., COMBERI:

Tasmania

Barker 1173 & 11734, 19,1.,1971. Mt. Field Nat. Park;
along track to Mbt, Field West between ca. LOO and 1200m west
of Clemes Tarn. AD., -- Barker 117,(1), 1174,(2) & 1175, 19,i,1971,
Mt. Field Nat. Park; ca. 4OOm west of Clemes Tarn on the track
to Mt., Field West, AD., -- Barker 1184, 21,i.,1971. Mt. Field
Nat, Park; on slopes of Mt, Field East immediately above Windy

Moor, ca, %km south-west of summit, AD., —- Telford per Canning
2¢33, 2,11,1969. WMt, Field National Park (Mt, Field West)., CBG.

SPECIMENS INTERMEDIATE BETWEEN SSP, COMBERI AND SSP. KINGIT

Tasmania

Barker 1191, 23.1.1971. Hartz Mountains National Park; ca,
lkm south of hut near car park‘at end road into Park, on the track
to Mt, Snowy. AD. =- Barker 1193, 23.i,1971. Hartz Mountains
National Park; ca. likm from the hut near the car park at the end
of the road into the Park; above the tarns on the Mount Snowy
track, AD., -- Barker 1197, 23.i,1971. Hartz Mountains National
Park; ca, 100m from hut near the car park at the end of the road
into the Park; beside the track to Mt., Snowy. AD. -- Edwards S.N.,
27.x11.1970. Snowy Range. From L. Skinner to 3m below L., Skinner,
AD97347079.
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KEY TO THE INFRASPECIFIC TAXA OF L, GIBBSIAE:

la,

1b.

Glandular hairs on inflorescernce parts and over all vegetative
parts excluding roots and old parts of axes, rarely absent
from prostrate parts of axes if present. [Corolla white,
with striations usvally extending well out onto lobes,
rarely confined to tube and hood. ]
2s. Plant with single erect stem bearing
branches above ground level.
b, ssp. psilanthera
2b, Plant with many branches arising fron the
base of the stem or prestrate parts of other branches,
3a. Glandular hairs (0,1)0.3-0.4(0,7)mm long on distal
prostrate parts of axes. Uppermost leaves of floral
branches with (1)2(5) teeth along each margin, (4)6-
9(1l)mm broad. Floral branches (3)5-9(12)cm high to
base of inflorescence. Anthers (1.5)1.7-1.9(2,0)mm
long,
a. 8sp. gibbsiae
3b. Glandular hairs 0,05-0.2mm long on distal prostrate
parts of axes. Uppermost leaves of floral branches
with 1-2 teeth along each margin, (2,5)4L~6(7)mm broad.
Floral branches (1,5)3~6(10)em high to base of in-
florescence. Anthers (1.2)1.4-1.6(1.8)mm long,

¢. s$8p. wellingtonensis

Glandular hairs usually confined to inflorescence, sometimes
extending onto upper vegetative parts, sparse or absent from
uppermost parts of axis, lacking from axis lower down and

from axe