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PREFACE

HE origin and scope of the present book will be found
fully indicated in the Introduction, so that it is not
needful to refer to them here. One change in the original
scheme of the work has been made during its passage through
the press, viz. the inclusion of an additional chapter from the
pen of Prof. F. O. Bower dealing with the life of the late
Sir Joseph Hooker. Our veteran botanist passed ,away on
Dec. 10, 1911, in his 95th year, and in him botany loses its
outstanding personality as well as its principal link with the
past. The history of botany in this country during the
Victorian period, when it comes to be written, must of necessity
be woven around the life of this great man.
For the excellent index to the book the reader is indebted
to Dr E. de Fraine, whose care and good judgment in this
matter will be fully appreciated.

October, 1912
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2 INTRODUCTION

last chapters. In the former Prof. Vines has linked together
Morison and Ray, the founders of Systematic Botany in this
country, whilst in the last Prof. Bayley Balfour has expanded
what was originally intended as a sketch of his father, the late
Prof. J. Hutton Balfour, into a very interesting account of his
precedessors in the Edinburgh chair from the year 1670 almost
down to the present time.

The subjects treated, the authors and the order of arrange-
ment are as follows :—

Subject Born | Died Author

*Robert Morison 1620 | 1683 ;
.John Ray 1627 | 1705 Prof. S. H. Vines, F.R.S.
*Nehemiah Grew 1641 | 1712 | Mrs Arber
«Stephen Hales 1677 | 1761 | Francis Darwin, F.R.S.

John Hill 1716 | 1775 | T. G. Hill
*Robert Brown 1773 | 1858 | Prof J. B. Farmer, F.R.S.
*Sir William Hooker 1785 | 1865 | Prof. F. O. Bower, F.R.S.
*The Rev. J. S. Henslow 1796 1861 | The Rev. Prof. Geo. Henslow
John Lindley 1799 | 1865 | Prof. Frederick Keeble
*William Griffith 1810 | 1845 | Prof. W. H. Lang, F.R.S.
eArthur Henfrey 1819 | 1859 | Prof. F. W. Oliver, F.R.S.
*William Henry Harvey 1811 | 1866 | W. Lloyd Praeger

The Rev. Miles Berkeley 1803 | 1889 | George Massee

Sir Joseph Gilbert 1817 | 1901 | Prof. W. B. Bottomley
William Crawford Williamson| 1816 | 1895 | Dr D. H. Scott, F.R.S.
Harry Marshall Ward 1854 | 1905 | Sir William Thiselton-Dyer,

K.C.M.G., F.R.S.
The Edinburgh Professors 1670 | 1887 | Prof.l.BayleyBalfour,F.R.S.

» Was the subject of a lecture in the University Course

The first three chapters deal with the founders of British
Botany, MORISON and RAY in the sysematic field, GREW,
the plant anatomist, and HALES the physiologist. These are
pioneers and the names of Ray, Grew, and Hales must always
remain illugtrious in the annals of Botanical Science.

JOHN HILL, with all his versatility, belongs to ancther plane,
but his incluson here is judtified on historical grounds, by the
prominent part he played in making known the method of the
great Swedish systematist Linnaeus, a method which took deep
root and gave an immense stimulus to systematic sudies in this
country.
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In ROBERT BROWN we have the greatest botanist of his day,
for thirty years keeper of the Botanical Department of the
British Museum. It is doubtful if any greater intellect than
Brown's has ever been devoted to the service of Botanical
Science.

SIR WILLIAM HOOKER was the first Director of Kew, and
under his genial administration the foundations of that great
institution were most truly laid. Born under the star of
Linnaeus, his own researches lay in the systematic field—more
especially among the Ferns and Bryophytes.

J. S. HENSLOW was for many years Professor of Botany at
Cambridge, but it is his life as Rector of Hitcham in Suffolk
that finds special prominence in the interesting Memoir which
formed the subject-matter of his son's lecture. The account
given of his educational methods will be read with interest in
these days when " Nature Study " has been sprung on the world
as a new thing.

JOHN LINDLEY was a man of the most amazing energy and
his scientific output was prodigious. Though he attained high
distinction in many fields of Botany, being an accomplished
Systematist and Palaeobotanist, probably his greatest service
was on the scientific side of Horticulture. Considering the scale
of production, the work of Lindley maintains a remarkably high
level. It isrecorded of him that he never took a holiday till he
reached the age of 52. His was the dominant personality in
Botany of the early and mid-Victorian era.

WILLIAM GRIFFITH had the energy and power of endurance
of Lindley, under whose influence he came. Trained to the
practice of medicine he took service under the East India
Company where he was able to devote the priceless intervals
between his official duties to botanical travel, collecting, and the
morphological investigation of Indian plants. The results of
his brief but remarkable career are embodied mainly in his
voluminous illustrated notes which were published posthumously
in 1852. The name of Griffith has been happily linked with that
of Treub, his brilliant successor in our own times.

ARTHUR HENFREY belonged to a very different type. Com-
pelled by ill-health to the life of a recluse, his short life was

1—2



4 INTRODUCTION

mainly devoted to making known in England the great* dis-
coveries of the Hofmeisterian epoch. To Henfrey belongs the
credit of being the first of our countrymen to recognise the full
significance of the new morphology, the general recognition of
which, however, he did not live to sse  Henfrey was an ex-
tremely competent all-round Botanist whose singleminded
devotion to his subject should not be allowed to fall into
oblivion.

WILLIAM HENRY HARVEY is a representative of a numerous
dass among the followers of Botany in this country. A man
of great personal charm and high culture, he was attracted into
the subject from the love of collecting. His secial fidd was
that of the Marine Algae, in which he sood unrivalled. Harvey
was an exquisite delineator of the seaweeds of which he was 0
enthusagtic a sudent. The memoir, based on his journals and
letters, which was published shortly after his death, is a book
well worth reading for its intimate sketches of the naturalists of
his day and the vivid notes on his extended travels in the
colonies and esawhere.

MILES JOSEPH BERKELEY, like his contemporary Harvey,
was a cryptogamic botanist. He was a voluminous contributor
to the systematic literature of the Fungi over a period of fifty
years, as well as being a pioneer in the fied of plant pathology.
The systematic collections accumulated during his long life form
one of the glories of the Kew Herbarium.

SIR JOSEPH HENRY GILBERT'S outlook on plants was
entirely different from that of any of the foregoing. He re-
garded the plant essentially as the chemical offspring of the
environment to which it was exposed. His life was devoted
to the study of soils and crops in conjunction with Sir John
Lawes. To thexe dassic investigations carried out at Rotham-
ged, Gilbert brought the trained skill of the chemigt.

WILLIAM CRAWFORD WILLIAMSON was a great all-round
naturalist of the Victorian period whose work as a Zoologist
gained him high distinction long before his attention became
serioudy concentrated upon his famous studies into the structure
of the fossl plants of the Coal Measures. Though thee re-
searches were pursued without any marked contemporary
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encouragement, at any rate until the closng years of his life,
the field in which Williamson was so enthusiastic a pioneer
has since his time been generally recognised as of the firs
importance—more especially in its bearing upon the pedigree
of the vegetable kingdom. To-day, no branch of Botany has
more recruits or is more vigorously pursued in this country than
that of Palaeobotany, and so long as the sdence remainswill the
memory of Williamson be green.

HARRY MARSHALL WARD beongs to a generation younger
than any of the foregoing. His student days coincided with the
renaissance of Botany in England in the seventies of the lagt
century, and coming under the influence of Huxley, Thiselton-
Dyer, Vines and cthers, Ward early revealed himsdf as an
ardent investigator. For twenty-five years he devoted his
remarkable energies to a sries of connected researches bearing
broadly on the nutrition of the Fungi and allied organisms with
especial reference to the reationships between hos and paraste.
The notice of his career which appears in this volume is from
the pen of Sir William Thiselton-Dyer. Recently printed in
the Obituary Notices of Fellows of the Royal Society, we are
indebted to the courtesy of the author and of the Council of the
Royal Society for permission to include it here.

In a book like the present, the work of a large number of
distinct contributors, it is evident that no continuous or homo-
geneous treatment of the history and progress of Botany in this
country is possble. Judged even as a series of essays or sudies
of representative men, The Makers of British Botany will not
excape criticism, so long as special reference to the work of
Priestley, Cavendish and Sdn£bier finds no place in its pages not
to mention such obvious omissions as Knight, Daubeny and
Bentham. These omissons have not been deliberate and it will
no doubt be possible to repair them should a second edition of
thework be called for. The case of Charles Darwin is different.
Apart from the work for which he is most famous, Darwin was
a great investigator of the movements of plants and of the
biology of flowers. As this aspect of Darwin's work has received
adequatetreatment in the recent centenary volume published by
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the Cambridge University Press’, it has not seemed necessary on
the present occasion to traverse the ground again.

The reader of The Makers of British Botany will judge, and
we think rightly, that Botany has had its ups and downs in this
country. At the end of the seventeenth century England was
contributing her full share to the foundation and advancement
of the subject. In thefield of Systematic Botany Ray, at any
rate, left his permanent influence as a taxonomist, whilst in
Plant Anatomy, the offspring of the newly invented microscope,
Grew divided the honours with his brilliant contemporary
Malpighi. A few years later Stephen Hales was carrying out
the famous experiments which are embodied in his Vegetable
Staticks, entitling him to be justly regarded as the Father of
plant physiology. Notwithstanding so admirable a beginning,
the next century was almost a blank. The essay on John Hill
sarves to illustrate the sterility of this period. The dominant
influence in Botany in the eighteenth century was that of
Linnaeus, whose genius as a taxonomist gave the most wonderful
impulse to the study of Botany that it has ever received. Shorn
of its accumulated dead-weight of nomenclature, the simplified
Botany of Linnaeus took deep root in this country and here for
a century it reigned supreme as a source of inspiration. Fed on
unlimited collections of plants from all parts of a growing
Empire, it is hardly surprising that a great British school of
Systematic Botany led by Robert Brown, the Hookers, Lindley
and Bentham should have arisen. What is remarkable is the
almost exclusive persistence of this branch of Botany for more
than a generation after the establishment and recognition of
other departments on the continent of Europe. Whilst we
made a shrine for the Linnaean collections, so far as we were
concerned Grew and Hales might never have lived; even the
rational and scientific morphology created by Hofmeister in
the forties of last century failed to deflect us from our course!

It was only in the later seventies that the New Botany came
to England, whither it was imported from Germany. For a
while, as was to be expected, our Universities were kept busy

1 Darwin and Modern Science,
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in training students in the modern work and in the conduct of
investigations in the fields thus opened. With acclimatisation
certain distinctive brancheswhich may be regarded as character-
istic have come to the front. These include more especially the
study of anatomy in its phylogenetic aspects with which is
closely linked that of the palaeozoic fossils, so richly represented
in some of our coal-fields as to constitute a virtual monopoly.
The present wide-spread revival of interest in palaeobotany is in
no small measure attributable to Williamson, who, in spite of
discouragement, kept thesubject alive till the modern movement
was firmly enough established to take up his work. Another
productive field has been that of the nuclear cytology of both
higher and lower plants, whilst physiology, especially on the
chemical side, has attained pre-eminence. On present indications
it is to be expected that in the near future physiology will
receive much more attention than hitherto, partly as an in-
evitable reaction from the field of pure structure, and partly
because of its fundamental importance in relation to agriculture.
Nor is this the only branch that should be greatly stimulated by
the forward movement in Agriculture that is now just beginning
to be felt. The science of plant breeding, too long neglected by
the countrymen of Darwin, has been pursued with much success
for a decade, and has already reached the " producing stage" in
respect of new and improved races of agricultural plants.

The youngest branch of Botany is Ecology or the study of
vegetation in relation to habitat—particularly soil in its widest
sense.  This department deals with the recognition and distri-
bution of the different types of plant community in relation to
topography and the factors—chemical, physical and biologic—
which determine this distribution. Ecology has the great merit
of taking its followers into the field, where they are confronted
with a wide range of problems not hitherto regarded as strictly
within the province of the botanist. At the same time it exacts
the most critical acquaintance with the minutiae of the taxo-
nomist, so that a new sphere of usefulness is opened to the
systematise Ecology should have a great part to play in
helping to break down the frontiers which have too long tended
to separate Botany from the other sciences, and the maintenance
of which is not in the true interests of the subject.



ROBERT MORISON AND JOHN RAY
1620—1683 1627—1705

BY SYDNEY HOWARD VINES

Early sygems of dassfication—Theophrasus—the Herbaligss—Cesalpino's
De Plantis—Caspar Bauhin's Pinax Theatri Botanici—M ORISON —
narrative—Botany at Oxford—the garden established—Jacob Baobart
the dder—Morison's Historia Plantarum—completion by the younger
Bobart—personal char acteristics—M orison'sworks—the Praeludia—the
Hallucinationes—the Dialogus—principles of method in his Plantarum
Umbelliferarum Distributio Nova—posthumous publication of Sysem—
indebtednessto Cesalpino—Linnaeus estimate of M orison—RAY —nar -
rative—first attempt at a Sysem—quarre with Morison—the Methodus
Nova—Dicotyledones and Monocotyledones—Linnaeus criticisns—
later Sysems—the French school—Morison and Ray compared.

THE literature of Botany can be traced back to a quite
respectable antiquity, to the period of Aristotle (B.C. 384—322)
who seems to have been the first to write of plants from the
truly botanisa'ponictertawin Unfortunately, his special treatise
on plants—fempia wepl purdy—-is lost; and although there are
many botanical passages scattered throughout his other writings
(which have been collected by Wimmer, Phytologiae Aristotelicae
Fragment, 1836), yet none of them gives any indication of what
his ideas of classification may have been. An echo of them
is perhaps to be found in the works of his favourite pupil,
Theophrastus Eresius (B.C. 371—286), who among all his fellows
was the most successful in pursuing the botanical studies that
they had begun under the guidance of the master. Theophrastus
left behind him two important, though incomplete, treatises on
plants, the oldest that have survived : the more familiar Latin
titles of which are De Historia Plantarum and De Causis
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THE HERBALISTS 9

Plaritarum. The latter is essentially physiological, touching
upon agriculture to a certain extent: the former is mainly
morphological, structural, descriptive, and it is here that the
first attempt at a classfication of plants is to be found. In
writing the Historia, Theophrastus was endeavouring, as a Greek
philosopher rather than as a botanist, to " give account of' plants;
and in order to do s0 he found it necessary to arrange them in
some kind of order. Seizing upon obvious external features, he
distinguished {Lib. I. cap, 5) and defined Tree, Shrub, Under-
shrub and Herb, giving examples; adding, however, that the
definitions are to be accepted and understood as typical and
general, " for some may seem perhaps to deviate" from them.
Simple as was this mode of arrangement, Theophrastus further
smplified it in the course of his work, by treating trees and
shrubs as one group, and undershrubs and herbs as the other.

It may seem, at first sight, singular that a lecture purporting
to discuss the state of systematic botany in England during the
17th century should begin with a reference to the botany of the
Greeks. The explanation is that the elementary classfication
introduced by Theophrastus perssted throughout the 17th
century ; the use of the groups Trees, Shrubs, and Herbs came
to an end only in the 18th century, with the advent of Linnaeus.
It ssems almogt incredible, but it is a fact, that the lapse of the
nearly 2000 years that separated Theophrastus from Morison
marked no material advance in the stence of cassfication.
Botanical works, when they were something more than com-
mentaries on Theophrastus or Dioscorides, took cognizance of
little dse than the properties, medicinal or otherwise, of plants,
and their economic uses

A growing perception of the essential resemblances observable
among plants can be traced, however, in the later Herbals, as
they became less medical and economic and more definitely
botanical. Thus, in the well-known work of Leonhard Fuchs
(Fuchsius), De Historia Stirpium Commentarii, 1542, the plants
are described in alphabetical order, without any reference to
their mutual relation. But in Kyber's edition of Jerome Bock's
(Tragus) De Stirpium Nomenclature gc, Commentariorum Libri
Tres, published in 1552 (with a preface by Conrad Gesner), there
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is an attempt at a grouping of plants, though no principle's are
enunciated and no names are given to the groups, which resulted
in the bringing together of labiate, leguminous, gramineous and
umbelliferous herbs. The Cruydtboeck of Rembert Dodoens
(Dodonaeus), 1554, marks much the same stage of progress,
whereas the Nova Sirpium Adversaria of Pierre Pena and
Matthias de I'Obel (Lobelius), issued in 1570, is a distinct step
in advance. Here some idea is incidentally given of the prin-
ciples that have been followed in the arrangement of the plants,
but still no name is attached, as a rule, to the resulting groups.
The work begins with an account of the herbaceous plants
which, in modern terminology, are monocotyledonous: and at
the end of the section (p. 65) de |I'Obel thus explains what he
has done :—" Hactenus compare nd0 quot potuimns plantarum
genera, quarum effigies et naturae ordinis consequUtione ita sibi
mutuo haererent, ut et facillime noscerentur et memoriae manda-

rentur, a Gramineis, Segetibus, Harundinibus, ad Acoros, | rides,
Cyperos, hincque Asphodelos bulborum tuniceorum Caepaceorumve
naturam praetervecti  sumus'.  Cruciferous, caryophyllaceous,

labiate and umbelliferous herbs are also segregated to some
extent in the course of the work : and the leguminous herbs are
brought together into a definite group, "Altcrum Frugum genus
nempe graminis Trifolii et Lcguminnm,” which is really the origin
of the modern N. O. Leguminosae: though afew altogether foreign
species, such as species of Oxalis, Anemone Hepattca, Jasminum
friiticans L., and species of Thalictrum, are included among the
trifoliate forms, and Dictamnus Fraxinella among the "Legu-
minosa." The Sirpium Histonae Pemptades Sex sive Libri
XXX of Dodoens, published in 1583, shows considerable progress
in classification as compared with his Cruydtboeck of 1554, more
particularly in the recognition, apparently for the first time, of
umbelliferous plants as a distinct group in a chapter headed De
Umbelliferis  Herbis.

Possibly these attempts to introduce some sort of system
into Botany may have been inspired by the teachings of Conrad
Gesner, that universal genius, who lived about this time (1516—
1565). Though but fragments of his botanical writings have
survived, it is clear from the much-quoted passage in a letter
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of his dated Nov. 26, 1565 (Epistolae Medicae, 1577, p. 113)
that he too was seeking for the basis of a natural system of
classification and that he thought he had found it in the flower
and the fruit:—"Ex his enim notis (a fruc tu, semine and flore)
potius quamfoliis, stirpium naturae et cognationes apparent"
Evidently at this period classification was in the air, and at
length it began to precipitate and to crystallise in the work of
Andrea Cesalpino (Caesalpinus: 1519—1603), Professor in the
University of Pisa, whose De Plantis Libri XVI, published in
1583, is one of the most important landmarks in the history of
systematic Botany. Here for the first time a system is pro-
pounded which is based definitely upon morphological observation.
Cesalpino turns to the " fructification,” that is the flower and the
fruit, for his distinguishing characters. " Enitamur igitur,” he
says {Lib. l.cap.xiv.), "expropriis quaefructificationis gratia data
sunt, plantarum genera investigare" ; and he goes on to point
out that the observable differences here depend on number,
position and form of the parts —" ad organorum constituticmem
tria maximc faciant, scilicet, partiumHumerus, situs ct figura."
These principles he illustrates as follows :(—the flower being the
outermost covering of the fruit, asingle flower may cover asingle
seed, as in the Almond : or a single seed-receptacle as in the
Rose : or two seeds, as in the Umbelliferae : or two seed-recep-
tacles, as in the Cress: or three seeds as in the genus Tithymalus
{Euphorbia); or three receptacles, as in the Bulbaceous plants
(petaloid Monocotyledons): or four seeds, as in Marrubium : or
four receptacles, as in Euonymus: or many seeds as in the
Cichoriaceae : or many receptacles, as in the Coniferae. The
feature of the relative position of the parts which he especialy
emphasizes is whether the flower is inserted upon the top of the
fruit {i.e. is epigynous): or is inserted lower around the fruit
(hypogynous or perigynous). Moreover, the form of the seed, of
the seed-receptacle, and of the flower, is to be taken into account.

The practical application of these principles led to a classifi-
cation of plants which, though of course imperfect, wes at least
agood beginning. Following Theophrastus, Cesalpino divided
plants into two main groups, (1) Trees and Shrubs, (2) Under-
shrubs and Herbs: each of these groups was then subdivided
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according to the nature of the fruit and of the flower. It will
be observed that Cesalpino, as was customary at that time,
designated as " seeds" all indehiscent one-seeded fruits, such as
nuts and the varieties of achene. The following abstract will
suffice to give an adequate idea of the results obtained. The
author's own words are given as nearly as possible.

ARHOREAE : Seminibus saepius solitariis:
Glandiferae: e.g. Quercus.
Vasculiferae : Fagus, Castanea.
Nuciferae : Juglans, Carpinus, Carylus, Ulmus Tilia, Acer, &c.
Pericaipio tectee ; flore in scde fructus : Prunus, &c.
flore in apice fructus : Viburnum, Aesculus, &c.
Seminibus pluribus:
Flore carentcs : Fitus.
Flos in sumrao fructus : Mar us, Sambucus, Hedera, Rosa, &c.
Flos in sede fructus : Vitis, Arbutus, Cornus, &c.
Sedes sennnis multiplex tecta ¢ ommuni corpore : Pyrus, Citrus.
N » insliquam producta: leguminous plants.
" .  bipartita: Nerium, Syringa, Populus, Betula, Salix, &c.
" . tripartita. Buxus, Myrtus.
N » Quadripaitita: Vitex, Euonymus.
N .,  tecta propiio corpore : coniferous plants.
HKRHACEAK : Solitariis Seminibus:
Semina nuda, papposa: Valeriana.
Semina pencarpio obducta : Daphne, Jasmimim.
Flos in summo fructus : Osyris, Valerianella.
Flos in s=de fructus, semen calyce exceptum : Urtica, Chenopodiaceae,
Polygonaceae, Gianuneae, Cyperacese, Typhaceae.
Solitariis Pericarpiis:
Flos extenus situs (Pomum): Cucurbitaceae.
Flos inferius situs (Bacca): Solanaceae, Ruscus, Arum, Actaea, &cC.
Solitariis Vasculis:
Legumina: leguminous herbs.
Capsulae . Caiyophyllaceae, Pnmulaceae, Gentianacese, &cC.
Binis Seminibus: (Genus Ferulaceum) Umbelliferae.
Binis Conceptaculis:
Semina solitariain singulis aveolis : Rubiaceae.
»  plura, flore contmuo : Scrophulariacese, &c.
N » Moarein foliolaquaternadiviso : Cruciferae.
Triplici Principio, non-Bulbosae:
Semina nuda : Thalictrum.
»  Solitariaiin tribus alvedlis : Euphorbiaceae.
»  plurain tribus aveolis : Convolvulaceae, Campanulaceae, & c.
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Triplici Principio, Bulbosae:
Flos inferius sedet : bulbous Liliaceae.
Flos in summo fructus : Amaryilidaceae.
Bulbaceis ascribi desiderant : other Liliaceae, Iridaceae, Orchidaceae.
Quaternis Seminibus: Boraginaceae, Labiatae.
Pluribus Seminibus in communi sede: most Compositae.
Lactescentes :  Cichoneae.
Acanacege : Cynarese, Dipsacus, Eryngium, &c.
Pluribus Seminibus Flore communi:
Semina plene nuda. acheniferous Ranunculaceae and Rosaceee, &c.
Aut conjunctis icceptaculis . e.g. Aristolochia, Nymphaea, Pafiaver,
Cidus.
Aut disjunctis receptaculib : e.g. Sedum, Veratrum, Helleborus, Del-
phinium, Du tamnus.
Flore fructuque carentes: Cryptogams.

In spite of its inherent imperfections and of errors of obser-
vation, the method succeeded in bringing together a considerable
number of the plants dealt with, into groups which are still
regarded as natural. For instance, among the trees and shrubs,
the leguminous genera, and the coniferous genera, respectively,
are so brought together: and among herbs, the leguminous,
umbelliferous, cruciferous and composite genera. Moreover,
though many of Cesalpino's sections consist of what seems to
be a heterogeneous assemblage of plants, yet they include groups
of closely allied genera, representing several of the natural orders
of more modern times, which his method was incapable of dis-
tinguishing. With all its shortcomings, the method produced a
classification of plants which has proved to have been natural in
no slight degree.

The very numerous botanical works which were published in
the century after the appearance of Cesalpino's De Plantis afford
evidence that his system of classification did not meet with an
enthusiastic reception. Though his plant-names were generally
quoted, his arrangement was entirely ignored : in fact the very
idea of classification seems to have gradually faded out of the
minds of botanists, whose attention was more and more engrossed
with the description of the new species that the rapid extension of
geographical discovery was bringing to light. This condition of
the science iswell illustrated by the most authoritative systematic
work that the 17th century produced, the great Pinax Theatri
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Botanici (1623) of Caspar Bauhin (1560—1624), a work which
contains about six thousand plant-names, and was the product
of forty years' labour. It might be expected that in such a work,
specia attention would have been paid to classification, that at
least the best available system would have been used: as a matter
of fact, the arrangement adopted is far inferior to that of
Cesalpino and may be described as simply haphazard for the
most part. The general lines of it are indicated by the following
enumeration of the contents of the twelve Books of which
the work consists ; the modern equivalents of his plant-names
being given.

SUMMARY OF THE ARRANGEMENT ADOPTED IN BAUHIN'S Pinax.

Liber 1. (iramineae, Juncacese, Cyperacese, Typhaceae, Ephedra, Equi-
setum, Hippuris, Asphodelus, some Iridaceae, and Zingiberaceae.

Liber I'l. De Bulbosis; bulbous Monocotyledons, including Orchids with
Orobanche, Monatropa, and Lathraea.
Liber I''l. Olera et Oleracea; most Cruciferae, Polygonacese, and Cheno-

podiaceae, with some of the Compositae.

Liber 1V. Other Compositae ; Delphinium, Fumaria ; the Umbelliferae
(s0 named) ; Valeriana.

Liber V. Some Solanaceae, Papaveraceae, and Ranunculaceae ; Gentiana,
Plantago, Pyrola, Salice, Sarracenia, Nymphaea, Trapa, Sagittaria,
Arum, Asarum, and some Compositae.

Liber VI. Viola; Cheiranthus, Matthiola, Alyssum, Hesperis; some Caryo-
phyllaceae; Polygala, Specularia, Glaux, Linum, Cuscuta, most Labiatae
and Scrophulanaceae ; Primula, &c.

Liber VI1. Lysimachia, Epilabium, Oenothera, Lythrum, some more La-
biatae, Scrophulanaceae, and Caryophyllaceae ; Boraginaceae ; some
Compositae ; Alisma; Scabiosa; Hypericum; Crassulacese; Aloe;
Euphorbia.

Liber VIII. Various climbing plants; Convolvulus, Smilax, Humulus,
Vitis; Clematis, Lonicera, Hedera ; and Cucurbitaceae: aso Apocy-
nacese, Asclepiadaceae, some Liliaceae, Malvaceae, Rosacese, Legu-
minosae, with other genera scattered among them, as Aristolochia,
Dentaria, Paeonia, Geranium.

Liber 1X. Rubiacese; Rata, Thalictrum; the remainder of the Legu-
minosae.

Liber X. Cryptogams in general : with a few scattered Phanerogams such
as Drosera, Oxalis sensitiva, L. (Herba viva Joliis polypodii); Mimosa
pudica (Herba Mimosa foliis Foenugraeci sylvestris); Lemna ; and
the remaining Compositee, the Thistles, with Eryngium, Dipsacus, and
Acanthus.
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Liber 'XL Trees and Shrubs: Leguminous and Rosaceous; aso Rhus,
Laurus, Fraxinus, Juglans, Castanea, Fagus, Quercus, Corylus, Tilia,
Ulmus, Betula, Alnus, Populus, Acer, Platanus, Ricinus.

Liber X I'1. Mespilus, Crataegus, Berberis, Ribes, Sambucus, Ficus, Opttitia,
Morus, Arbutus, Laurus, Daphne, Cistus, Myrtus, Vaccinium, Buxus,
Olea, Salix, Ligustrum, Phillyrea, Rhamnus, Rubus Rosa, Tamarix,
Erica, Coniferous plants, palma.

There was but one author, during this period, who made any
material contribution to the science of classification, and that
was Joachim Jung of Hamburg (1587—1657). Jung is best
known by his lsagoge Phytoscopica (1678, ed. Vaget), the most
philosophic and scientific treatise on plants that had appeared
since the time of Aristotle, which is the foundation upon which
the whole superstructure of plant-morphology and descriptive
botany has since been erected. But it was in his De Plantis
Doxoscopiae Physicae Minores (1662, ed. Fogel) that he expressed
his views on systematic Botany. He did not propound a system
of his own, but he sought to arrive at the principles upon which
a classification should be based, with the logical result that he
rejected the time-honoured Theophrastian division of plants
into Trees and Herbs. Though Jung failed to produce any
immediate impression upon the Botany of his time, he powerfully
influenced the great developments which took place in the
eighteenth century. It so happened that Ray, as he mentions
in his Index Plantarum Agri Cantabrigiensis (1660), had obtained
through Samuel Hartlib a MS. of the whole or part of Jung's
hagoge, which seems to have impressed him so much that he
included many of Jung's morphological definitionsin the glossary
appended to the Index; and he subsequently embodied the
hagoge in the first volume of his Historia Plantarum (1686).
It was from Ray's Historia that Linnaeus learned the morpho-
logical principles and terminology of Jung which were the basis
of his own work in descriptive Botany, and rendered possible
the elaboration of his system of classification. But, in spite of
Jung, the venerable division of plants into Trees and Herbs con-
tinued to hold its own for a time. As will be seen, it was still
adhered to by Morison and by Ray, even after it had been
shown to be quite untenable by Rivinus (Introduetio Generalis
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in Rent Herbariarri) in 1690, and did not finally disappear until
the time of Linnaeus.

It was just when systematic Botany had falen back to its
lowest level that Morison appeared upon the scene. He had
been born at Aberdeen in 1620, and had there graduated Master
of Artswith distinction by the time he was eighteen years old.
His further studies in the natural sciences were interrupted by
the Civil War, in which he took part on the Royalist side, being
severely wounded in the battle of the Brig of Dee (1644). He
fled to France, and there resumed his preparation for a scientific
career with such success that he obtained, in 1648, the degree of
Doctor of Medicine at the University of Angers. From that
time onwards he devoted himself entirely to the study of Botany,
which he pursued in Paris under the guidance of Vespasian
Robin, Botanist to the King of France. In 1650 Morison was
appointed by the Duke of Orleans, on Robin's recommendation,
to take charge of the royal garden at .Blois, a post which he held
for ten years. The Duke of Orleans, shortly before his death
early in 1660, had occasion to present Morison to his nephew
King Charles 1l who was about to return to his kingdom. Soon
after the Restoration, the King summoned Morison to London ;
and in spite of tempting offers made to induce him to remain in
France, Morison obeyed the summons and was rewarded with
the title of King's Physician and Professor of Botany with
a stipend of two hundred pounds a year. During his tenure of
these offices Morison found time to complete his first botanical
work, the Pracludia Botanica, which was published in 1669; the
same year in which he was appointed Professor of Botany in
the University of Oxford.

A few words may be devoted, at this point, to the rise and
progress of Botany in that University. In theyear 1621, Lord
Danvers (afterwards Earl of Danby), thinking " that his money
could not be better laid out than to begin and finish a place
whereby learning, especially the Faculty of Medicine, might be
improved," decided to endow the University with a Physic
Garden, such as was aready possessed by various Universities
on the Continent. With this object, he gave a sum of £250 to
enable the University to purchase the lease of a plot of ground,
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about five acres in extent, situated " without the East Gate of
Oxford, near the river Cherwell." A great deal of labour had to
be expended upon the land after it had been secured : it was so
low-lying that, as Anthony Wood says, "much soil was conveyed
thither for the raising of the ground to prevent the overflowing
of the waters" at the expense of Lord Dan vers, who aso caused
to be built what Baskerville describes as " a most stately wall of
hewen stone 14 foot high with 3 very considerable Gates thereto,
one whereof was to the cost of at least five hundred pounds.”
The work proceeded but slowly, in consequence of the troublous
times through which the country was passing, so that it was not
completed until 1632. Even then the actual installation of the
garden was delayed. About 1637 the Earl of Danby seams to
have arranged with the well-known John Tradescant to act as
gardener, but there is no evidence that Tradescant ever dis-
charged the duties of the post: moreover, he died in the following
year. Very shortly after this, though the exact date is not known,
the Earl appointed Jacob Bobart to take charge of the Garden.
Jacob Bobart was a German, born at Brunswick about the year
1599. He was an excellent gardener: under his care the garden
flourished so well that the catalogue which was published
in 1648 anonymously, though doubtless drawn up by Bobart,
enumerated no less than 1600 species of plants in cultivation.

It had been the intention of Lord Danby to provide the
University not only with a Physic Garden and a Gardener, but
asowith a Professor of Botany. For this purpose he bequeathed
certain revenues : " but so it was that the times being unsettled,
and the revenues falling short, nothing was done in order to the
settling of a Professor till 1669." When the establishment of
the Professorship had become possible, the University pro-
ceeded to elect Morison the first Professor of Botany, being
influenced by the reputation which his recently published
Praeludia Botanica had secured for him. Thus, after the lapse
of nearly half a century, was Lord Danby's design completely
realised.

Morison's chief occupation at Oxford was the preparation of
his long promised magnum opus, the Historia Plantarum Uni-
versalis Oxonicmis. It was planned on a most extensive scale,

0. B. 2
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and proved to be a laborious and costly undertaking. Morison
impoverished himself in the preparation even of the one volume
of it that appeared in his lifetime, though his many friends
provided the cost of the 126 plates of figures with which it is
illustrated, and the University advanced considerable sums of
money. The work was to have been issued in three parts: the
first part was to be devoted to Trees and Shrubs, and the other
two parts to the Herbs. The volume published by Morison in
1680, and described as Pars Secunda, deals with only five out of
the fifteen sections into which he classified herbaceous plants,
although it extends to more than 600 folio pages. In the
preface he gives as his reason for beginning with the Herbs
rather than with the Trees and Shrubs, that he wished to
accomplish first the most difficult part of his task let, in the
event of his death before the completion of the Historia, it
should fall into the hands of incompetent persons. He did not
live to finish his great undertaking. In November, 1683, he was
in London on business connected with it: as he was crossing
the Strand near Charing Cross, he was knocked down by a
coach, and was so severely injured that he died on the following
day. He was buried in the church of St Martin-in-the-Fields.

His unfinished work did not, as he feared, fall into incom-
petent hands. It was entrusted by the University to Jacob
Bobart the younger, who on the death of his father in 1679, had
succeeded him as Keeper of the Physic Garden, and who aso
succeeded Morison as Horti Praefectus, but not as Professor
Botanices, the Professorship remained in abeyance for nearly
forty years. After much difficulty and delay, a second and
final instalment of the Historia, the Pars Tertia, dealing with
the remaining ten sections of herbaceous plants, was published
in 1699, as a folio of 657 pages with 168 plates. The material
at Bobart's disposal wes fairly abundant, consisting of Morison's
MS. of four more of his sections of Herbs, with notes upon the
remaining six sections. But even s, the task of completion
was a laborious one, for it involved the incorporation of
references to the very many descriptions of new plants that
had been published since Morison's death: it has been generally
admitted that Bobart discharged it with commendable skill.
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The Pars Prima, that was to have been devoted to Trees
and Shrubs, was never written. All that exists to represent it,
is a stout MS. volume in the Library at the Botanic Garden,
Oxford, apparently in Bobart's hand-writing, containing a classi-
fication and an enumeration of the species of trees and shrubs,
which may possibly have been written with a view to publi-
cation.

A most interesting feature of Bobart's Pars Tertia is the
Vita Roberti Morisoni M.D. with which the book opens, written
by one of Morison's intimate friends, Dr Archibald Pitcairn. It
is the source of all the available information regarding Morison
up to the time of his coming to Oxford ; after that time much
may be gathered concerning him from the records of the Uni-
versity. It is dso a loya defence of Morison and his system of
classification against the criticisms to which, even then, he had
been subjected. It concludes with a persona account of Morison,
in which he is described as being " vigorous in body, having
a mind trained to every kind of study, of ingenuous manners,
calling a spade a spade, eager for true knowledge, a despiser of
filthy lucre, considering the public advantage rather than his
private gain." A portrait of him, here reproduced, forms the
frontispiece to the volume.

Such was the life of the man whose botanical works are now
to be considered : works that are not nearly so numerous as they
are considerable, as will be seen from the following enumeration
and brief description of them.

Praeludia Botanica, 1669 : a small 8vo volume of about 500
pages, which consists of the following parts :

(pp. 1 —347) : Hortus Regius Blesensis A uctus.

(PP~ 351—459)" Hallucinationes Caspari Baudiini in
Pinace, item Animadversiones in tres Tomos Universalis
Historiae Johannis Bauhini.

(pp. 463—499). Dialogus inter Socium Collegii Regii
Greshain dicti et Botanographum Regiam.

Plantarum Umbelliferarum Distribntio Nova, per Tabulas
Cognationis et Affinitatis, ex Libro Naturae observata et detecta,
1672.

Plantarum Historiae Universalis Oxoniensis Pars Secunda,

2—2
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sen Herbarum Digtributio Nova per Tabulas Cognationis et Affi-
nitatis ex Libro Naturae observata et deteda, 1680.

The three distinct treatises of which the Praeludia Botanica
consists were written probably at different times, though pub-
lished simultaneously in 1669. The first of them is an alpha-
betical catalogue, comprising about 2600 species, of the plants
in the Royal garden at Blois when under Morison's care: 260 of
the species arc marked as new, and are fully described in an
appendix. But the chief interest of the Hortus Regius Blesensis
Audits lies in the dedication to King Charles I1. Morison here
narrates how, whilst at Blois, he had framed a system of classifi-
cation; how the King's Uncle, the Duke of Orleans, had
promised to undertake the publication of a book to illustrate
the system on an adequate scale, and how the sudden death of
the Duke in 1660 had destroyed all such hopes; and he ends
by appealing to the King to give him the patronage that he so
much needed. " Quod si annuere hoc mihi digneris? he wrote,
" polliceor Bntanniam vestram cum met ho do exadissma {quae est
naturae ipsius) imposterum, in re Botanica gloriari posse, quem-
admodum Italia, Gallia, Germania, superiori saeculo, sine methodo,
in Scientia Botanica gloriatae sunt." But the King does not
appear to have been moved by this dazzling promise. Morison
evidently did not suffer from any lack of confidence in himself
or in his method, of which he speaks on a previous page of the
dedication, as " methodus nova a natura data, a me solummodo
(citra jactantiam) observata: a nullo nis meipso in hunc usque
dien deteda, quamvis mundi incunabilis sit coeva," language
which can hardly be described as modest. And yet, curiously
enough, Morison gives not the slightest indication of the
principles of this altogether new and original method of classifi-
cation.

The second treatise, the Hallucinationes, is a searching and
acute criticism of the published works of the brothers Bauhin :
of the Pinax of Caspar, and of the Historia of John.  Though
he acknowledges in the preface the great value of their botanical
labours, Morison did not fail to set out in detail the mistakes
that they had made in both classification and nomenclature, and
to make corrections which were, for the most part, justified.
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Probably it was the critical study of the works of the Bauhins
that led Morison to frame a system of classification of his own.

The third and last treatise is the Dialogus. a dialogue
between himself, as Botanographns Regius, King's Botanist, and
a Fellow of the Royal Society, on the theme of classification.
Here again Morison asserts the superiority of his own method :
" Methodum me observasse fateor: estquc omnium quae unquam
adhuc fuerunt exhibitae, praestantissma et certissima quippe a
natura datal' But he still fails to give any definite account of
it: all that he says amounts merely to this, that the " nota
generica” is not to be sought in the properties of a plant, nor in
the shape of its leaves, as had been suggested by earlier writers,
but in the fructification, that is, in the flower and fruit (essentiam
plantarum desumendam..a flooum forma et seminum conforma-
tione).

The mention of a system of classification based on the form
of the leaf evoked from Botanographus a pointed allusion to a
book recently published by a Fellow of the Royal Society in
which such a classification had been used, with the following
severe comment: " Ego tantum confusum Chaos: illic, de plantis
legi, nee quicquam did ici, ut monstrabo tibi et lapsus et confusionem,
alias" The book so criticised was the encyclopaedic work
edited by Dr John Wilkins, Bishop of Chester, and published by
the Royal Society in 1668, entitled, "Au Essay towards a Real
Character and a Philosophical Language," to which John Ray
had contributed the botanical article * Tables of Plantsl This
criticism was the beginning of the unfriendly relations between
Morison and Ray, of which some further account will be given
subsequently.

Another point of interest in the Dialogus is the definite
assertion (p. 488) that Ferns are ' perfect' plants, having flower
and seed (quia habentflores, qui fugiunt quas obtutum, et semina
quas pulvisculum in dorso alarum), an assertion which was
repeated with even greater emphasis in Morison's preface to his
edition of Boccone's Icones et Descriptions Rariorum Plantarum
etc. (Oxon. 1674), in opposition to the views of earlier writers,
Cesalpino in particular. Cesalpino had, it is true, said of the
group in which he had placed the Ferns and other Cryptogams,
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"quod nullum semen molitur" {De Plant is, p. 591): but he had
added, in the same paragraph,—"ferunt enim in folio quid, quod
vicem seminis gerit, ut Filix et quae illi affinia sunt". It is a
question if Morison was much nearer the truth than Cesalpino.

It is in the preface of his Plantarum Umbelliferarum Distri-
bute Nova (1672) that Morison first gave a definite statement
of the principles of his method, in the following terms: " Cum-
que methodus sit omnis doctrinae anima: idcirco nos tarn in hac
tunbelliferarum dispositioue, quam in universali omnium stirpium
digestione, quam pollicemur, notas genericas ct essentiales a semini-
bus ear unique similitudine petit as, per tabulas cognatioms et affini-
tatis disponentes stirpes exhibebimus. Differentias au tem specificas
a partibus ignobilionbus, scilicet radice, foliis et caulibus, odore,
sapore, colore desumptas adscribemus, singulis gcneribus singulas
accerscudo species: it a species diver sa facie cognoscibiles, sub
generibus intermediis:  genera intermedia sub supremis, notis suis
essentialibus et semper eodem modo sese habentibus distincta mili-
tabunt. Hie est or do a na turn ipsa stirpibus ab initio datus, a me
primo jam  observatusT

It is not necessary to discuss in detail the merits of Morison's
work on the Umbclliferae. It will suffice to say that it was
published as a specimen of the great Historia that he had in
preparation—trigesimam operis quod intendimus partem—so that
the learned world might have some idea of what they were to
expect from the completed work " quemadmodum aiunt ex ungue
leonem"; and further, that it was the first monograph of a
definite group of plants, and is remarkable for the sense of
relationship between the genera that inspires it. The Umbelli-
ferae constituted Scctio 1X among the fifteen sections in which
Morison distributed herbaceous plants.

At length, in 1680, appeared the Pars Secunda of the Plan-
tarutn Historia Universalis Oxoniensis in which work Morison's
long-expected method of classification was to be exhibited and
justified. However in this respect it proved to be disappointing:
partly because it was so limited in its scope, dealing with but
five of his fifteen Scctiones of herbaceous plants: and partly
because it did not contain any complete outline of his system.
It is most singular that, although he wrote so much, Morison
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should have died without having published any more definite
information concerning his system of classification than what
has been here cited.

Morison's influence did not, however, cease with his death ;
his tradition was maintained by the publication in 1699 of the
Pars Tertia of the Historia, under the editorship of Bobart.
This volume threw some welcome light upon Morison's system,
inasmuch as it completed the description of the herbaceous
plants, and gave a clear statement, in the form of a Botanologiac
Summariiim, of the classification resulting from the application
of Morison's principles to these plants. But, even 0, the revela-
tion of the system still remained incomplete, in the absence of
any account of the trees and shrubs.

It was not till nearly forty years after Morison's death, not
until Bobart too was dead, that a full statement of Morison's
method was published. In 1720 there appeared a Oxford a
small tract of but twelve pages, the Historiae Naturalis Scia-
graphia, containing an account of a complete system of classifi-
cation, which agrees in all essentias, so far as herbaceous plants
are concerned with that adopted by Morison and by Bobart in
their respective volumes of the Historia : and, as regards trees
and shrubs, with that in the MS. volume by Bobart which has
been already mentioned. The tract is anonymous, but the
matter that it contains is Bobart's work, whether it was written
by himself or by some one who had access to his papers. This
classification may be accepted as being essentialy that of
Morison, though somewhat modified by Bobart, who had un-
doubtedly been influenced by Ray's systematic writings which
had appeared meanwhile. It is of such interest that it may be
reproduced here, somewhat compressed, with an indication of
the modern equivalents of the groups.

I. ARBORES.
Coniferae semper virentes : most coniferous genera
, folus deciduis : Larix, Alnus, Betula.
Glandiferae: Quercus.
Nuciferae: Juglans, Fagus, Corylus, Lanrus, &c.
Pruniferae : Pruuus, Olea, &c.
Pomiferae: Pyrus, Citrus, Punica, Ficus, &c.
Bacciferae : Taxus, Juniperus, Morus, Arbutus, Sorbus, &c



24 ROBERT MORISON AND JOHN RAY

Siliquosae: Cercis, and other leguminous trees.
Fructu membranaceo: Acer, Carpinus, Tilia, Fraxinus, Ulmus.
Lanigerae non Juliferae: Platanus, Gossypiutn.
Juhferae et Lanigerae: Populus, Salix.
Sui generis Arbor: Palma.
Il. FRUTICES.
Nuciferi: Staphylea.
Pruniferi: Cornus.
Bacciferi, foliis deciduis: Viburnum, Rhus, Rosa, Rides, &c.
N semper virentes: Ruscus, Phillyrea, Myrtus, Buxus, &c.
Leguminosi: Genista, Cytisus, Colutea.
Binis Loculamentis : Justicia, Syringa.
Capsulis tetragonis: Philadelphus, Tetragonia.
" pentagonis: Cistus.
Multicapsulares : Spiraea, Erica.
Lanigeri: Salix, Tamarix, Nerium.
111, SUFFRUTICES.
Scandentes capreolis: Vitis, Bignonia, Smilax.
N viticulis: Lonicera, Jasminum, Solatium, &c.
" radiculis: Hedera.
IV. HERBAE.
Sectioi. Scandentes; Bacciferae: Bryonia, Tamus, &c.
Pomiferae: most Cucurbitaceae.
Campanulatae: Convolvulaceae.

Sectio ii. Leguminosae, Papilionaceae siliquls bivalvibus:
Leguminous herbs.
Sectio iii. Siliqguosae Tetrapetalae Bicapsulares: Cruciferae

(with Veronica and Polygala).
hisce adjiciuntur quaedam : Chelidonium, Fumaria, Epi-
lobium, &c.
Sectio iv. Hexapetalae Tricapsulares:
Radicibus fusiformibus; Asphodelus, Anthericum.
" tuberosis; Crocus, Gladiolus, Iris.
N bulbosis ; Narcissus, Hyacinthus, Allium.
N squamatis; Lilium.
Sectiov. A Numero Capsularum et Petalorum Dictae:
tricapsulares. campanulatee ; Campanulaceze.
N pentapetalae ; Hypericum, Viola.
bicapsulares monopetalac; Scrophulariaceae.
quadricapsulares tetrapetalae; Rutacese.
quinquecapsulares pentapetalae; Geraniaceae.
pentapetalae emolhentes ; Malvaceae.
N unicapsulares; Caryophyllaceae, Primulaceae.
N seminibus triangularibus; Polygonaceae.
N " nigris splendentibus; Chenopodiaceae.
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SecPovi. Corymbiferae: (Compositae in part)
floribus aureis; Artemisia, Tanacetum.
rubris; Adonisannua L.
albis; Bellis, Anthemis, Achillea, &c.
. lanthinis; Xeranthemum, Scabiosa, Globularia.
Sectiovii. Plosculis Stellatis: (the rest of the Compositae)
lactescentes non papposae; Cichorium.
N papposae; Lactuca, Sonchus, Hieracium.
papposae non lactescentes; Senecio, Aster, Doronicum, &c.
N capitatae; Cynareee.
Sectio viii. Culmiferae seu Calamiferae: Gramineae, Cyperacese,
Typhaceae.
Sectioix. Umbelliferae.
Hisce adnectuntur Plantae Stellatae ; Rubiacese.
Sectio x. Tricoccae Purgatrices: Euphorbiaceae.
Sectioxi. MonopetalaeTetracarpae GaleataeetVerticillatae:
Labiatae.

Hisce adjiciuntur Galeatae non verticillatae; Verbena, Euphrasia.

Et Verticillatae non Galeatae; Urtica.

Sequuntur Monopetalae tetracarpae asperifoliae; Boraginaceae.

Sectio xii. Multisiliqguae Polyspermae et Multicapsulares:

multisiliquae; folliculate Ranunculaceae, Sedum, &c.

multicapsulares; Papaver, Nymphaea, Orchidaceae, Aristolochia, Oro-

banche, Pyrola, &c.
Sectio xiii. Bacciferae: some Solanacese, Sambucus, Cornus, Ruscus,
Arum, &c.
Sectio xiv. Oapillares Epiphyllospermae: Filices and Ophio-
glossaceae.
Sectio xv. Heteroclitae seu Anomalae: consds of
(a) Certain Phanerogams. eg. Piper, Acanthus, Apocynum,
Cuscuta, Reseda, Sagittaria, Alisma, Lemna, Drosera.
(b) Pteridophyta other than Ferns: Equisetum, Pilularia, Lyco-
podium.
(c) Bryophyta, Algae, Fungi.

This then is the Morisonian method,—or at least the nearest
available approximation to it—in its entirety. The effect of its
application to the Vegetable Kingdom can hardly be accepted
as a sufficient justification of the superlatives with which its
author had introduced it. Of course it is not reasonable to judge
this method, or any other method of the past, by the standard
of botanical knowledge as at present existing: it can only be
fairly judged from the standpoint of its author. What has to
be considered is (1) the soundness of the principles adopted,

"

n
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and (2) the consistency in the application of those principles.
The conclusion to be drawn from such a consideration of the
foregoing table is that Morison was more fortunate in his theory
than in his practice. In spite of his statement that the " nota
generica" should be taken from the fructification, many of the
Sectiones are based upon quite other characters : such are (among
the Herbs) the Scandentes, the Corymbiferae, the Culmiferae.
Had Morison adhered more closely to his own principles, the
results would have been more in accordance with his sanguine
anticipations. such a heterogeneous group as Sectio V, for
instance, would have been impossible. It was, perhaps, on
account of its inconsistency that Morison's method never came
into general use athough it was adopted enthusiastically by
Paul Amman, Professor at Leipzig, in his Character Plantarum
Naturalis (ed. 1685); and, with some modifications, by Christo-
pher Knaut, Professor at Halle, in his Enumeratio Plantarum
circa Halam Saxonum sponte provenientium, 1687, as well as by
Paul Hermann, Professor at Leyden, in his Florae Lugduno-
Batavi Flares (ed. Zumbach), 1690.

Morison's writings evoked severe contemporary criticism,
more on account of their manner than of their matter. His
constant reference to the " Hallucinationes' of Caspar Bauhin
especially, was considered to be offensive even if warranted, for
every botanist admitted a debt of gratitude to the author of the
Pinax. Equally resented was Morison's oft-repeated statement
that he had drawn the principles of his classification, not from
the works of other writers, but from the book of Nature alone.
It was urged against him that he had failed to do justice to his
predecessors, particularly to Cesalpino: and it must be admitted
that there is unfortunately some truth in this allegation.
Morison's indebtedness to Cesalpino is suggested by the fact
that the nature of the fruit, and in a secondary degree that of
the flower, was the basis of both their methods. From a com-
parison of the two systems, as set out in this lecture, their
fundamental resemblance can be traced through the many
differences of detail. Since Morison does not quote Cesalpino
in his books, it might be inferred that possibly he had not read
him. But there is convincing evidence to the contrary. There
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is the fact that Morison's preface to the Historia contains a
sentence taken verbatim, without acknowledgment, from the
dedication of Cesalpino's De Plantis.  Further, there is in the
Library at the Oxford Botanic Garden a copy of the De Plantis
containing many marginal notes which could not have been
written by any one but Morison. The explanation of the
position is probably this, that Morison regarded his classification
as so great an advance upon that of Cesalpino, that he did not
think it necessary to acknowledge what still remained of the
.earlier writer's work: but in any case his omission to mention
Cesalpino was a grave error of judgment.

At this point it may well be asked, what are Morison's actual
merits if, as it appears, he borrowed the leading principles of his
classification from his predecessors? The most satisfactory
answer to this question is that which is provided by those who
lived and wrote at times but little removed from his own. Thus
Tournefort, in his Elemens de Botanique (1694: p. 19) speaking
of the work of Cesalpino and of Colonna, said—"Peut-etre que la
chose seroit encore a faire s Morison.. .ne sdtoit avise de renouvel-
ler cette metode. On ne sauroit asses louer cet auteur; mais il
semble gu' il se loue lui-meme un peu trop: car bien loin de se con-
tenter de la gloire d'avoir execute une partie du plus beau projet

qgue Von ait jamais fait en Botanique, il ose comparer ses dccou-
vertes a celles de Cristoffe Colomb, et sans parler de Gesner, de
Cesalpin, ni de Columna, il assure en plusieurs endroits de ses

ouvrages, qu'il n'a rien apris que de la nature meme!' Later, in his
Ingtitutions Rei Herbariae (1700, p. 53) Tournefort expressed
the same opinion in somewhat different words:—"Legitima igitur
constituendorum generum ratio Gesnero et Columnae tribui debet,
eaque forti in tetiebris adhuc jaceret, nis Robert us Morisonus...
earn quasi ab Herbariis abalienatam renovasset, instaurasset, et
primus ad usus quotidianos adjunxisset, qua in re summis laudibus
excipiendus, longe vero majoribus si a suis abstinuisset."

The estimate formed of him by Linnaeus is clearly stated in a
letter addressed to Haller probably about theyear 1737. "Morison
was vain, yet he cannot be sufficiently praised for having revived
system which was half expiring. If you look through Tourne-
fort's genera you will readily admit how much he owes to
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Morison, full as much as the latter was indebted to Cesalpino,
though Tournefort himself was a conscientious investigator.
All that is good in Morison is taken from Cesalpino, from whose
guidance he wanders in pursuit of natural affinities rather than
of characters' (sse Smith's Correspondence of Linnaeus, vol. ii.
p. 281). If only Morison had frankly assumed the role of the
restorer of a method that had been forgotten, instead of posing
as its originator, his undoubted merits would have met with
their just recognition, and his memory would have been free
from any possible reproach.

Before Morison's method of classification could have come
into general use, there was a rival system in the field, which was
destined to achieve success, and in its course to absorb all that
was good in Morison's: this was the system of John Ray.

Ray was born at Black Notley, near Braintree, Essex, on
Nov. 29, 1628 ; so that he was not much junior to Morison.
He studied and graduated with such distinction at the University
of Cambridge, that he was in due course elected a Fellow of,
and appointed a Lecturer in, his College (Trinity). Here he
remained until 1662, when he resigned his Fellowship on his
refusa to sign the declaration against 'the solemn league and
covenant' prescribed by the Act of Uniformity of 1661. After
leaving Cambridge he spent some years travelling both in
Britain and on the Continent; and eventualy settled at his
birth-place, Black Notley, where he died on Jan. 17, 1704-5.

During his residence in Cambridge, Ray devoted much of his
time to the study of natural history, a study which afterwards
became his chief occupation. The first fruit of his labours in
this direction was the Catalogus Plantarum circa Cantabrigiam
nascentium, published in 1660, followed in due course by many
works, for he was a prolific author, botanical and zoological as
well as theological and literary, of which only those can be
considered at present which contributed materially to the deve-
lopment of systematic botany.

The first such work of Ray's was his contribution of the
Tables of Plants to Dr John Wilkins's Real Character and a
Philosophical Language, published in 1669, which has already been
mentioned in the course of this lecture (p. 21). The following
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is a summary of Ray's first attempt at a system of classification.
He begins by distinguishing Herbs, Shrubs, and Trees. Pro-
ceeding to the detailed classification of Herbs, he divides them
into Imperfect " which either do want or seem to want some of
the more essential parts of Plants, viz. either Root, Stalk, or
Seed," the Cryptogamia of Linnaeus; and Perfect " having all
the essential parts belonging to a Plant." The Perfect Herbs
are arranged in three main groups according to (1) their leaves,
(2) their flowers, (3) their seed-vessd, each group being sub-
divided in various ways.

HERBS CONSIDERED ACCORDING TO THEIR LEAVES:

With long Leaves: Frumentaccous, " such whose seed is used by men for
food, either Bread, Pudding, Broth, or Drink" (Cereals): or Non-
Frumentaceous (other Grasses, Sedges, Reeds).

Gramineous Herbs of Bulbous Roots (Bulbous Monocotyledons).
Herbs of Affinity to Bulbous Roots (other Monocotyledons).

Herbs of Round Leaves (eg. Petasites, Viola, Pinguicula, Droserd).

Herbs of Nervous Leaves (eg. Veratrum, Plant ago, Gentiana, Poly-
gonum).

Succulent Herbs (Sedum, Saxifraga).

" Herbs considered according to the Superficies of their Leaves, or their
Manner of Growing " :

more rough (eg. Borago, Anchusa, Echium):

less rough (eg. Pulmonaria, Symphytum, Heliotropium):

stellate leaves (e.g. Asparagus, Galium).

HERBS CONSIDERED ACCORDING TO THEIR FLOWERS: "having no seed-
vessel besides the Cup which covers the flower" :

Herbs of Stamineous Flowers, "whose flower doth consist of threddy
Filaments or Stamina, having no leaves besides the Perianthium : or
those herbaceous leaves encompassing these stamina, which do not
wither or fall away before the seed is ripe"; and not of grassy leaves,
may be distributed into such whose seeds are

Triangular (Polygonaceae);

Round: "distinguishable by sex, of male and female; because from
the same seed some plants are produced which bear flowers
and no seeds, and others which bear seeds and no flowers"
(eg. Cannabis, Humulus, Mercurialis): not distinguishable by
sex (eg. Chenopodiaceae, Urticaceae, Resedaceae).

Herbs having a Compound Flower not Pappous )

Pappous Herbs \ (Composite,
Umbelliferous Herbs (Umbelhferae, with Valeriana).
Verticillate Fruticose Herbs (

Verticillate Not Fruticose Herbs S (-2aPiataey:
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Spicate Herbs (a curious medley, including Dipsacus, Eryngium, Echinops,
Agrimonia,  Circaea, Poterium Sanguisorba, Polygonum Persicaria,
Trifolium stellatum, T. arvense, and Potamogeton angustifolium).

Herbs bearing Many Seeds together in a Cluster or Button
{eg. Geum, Potentilla, Anemone, Ranunculus, Adonis, Malvd).

HERBS CONSIDERED ACCORDING TO THEIR SEED-VESSEL:

Of a divided Seed-vessel, which may be called Corniculate (Paeonia,
Dictamnus, Delphinium,  Aquilegia, Aconitum,  Geranium,  Scandix).

Of an entire Seed-vessel:

Siliquous: Papilionaceous Climbing Herbs )
(p apllionaceae).

Papilionaceous Herbs not Climbing ) (papmonacease).
Not papilionaceous (mostly Cruciferae).
Capsulate: bearing Flowers of Five Leaves (Caryophyllaceae, Hyperi-
caceae, Euphorbia, Linum, Lysimachia, Ruta, Nigella).
whose flowers consist of three or four Leaves (some Cruci-
ferae, Epimedium, Papaver, Verbena, Satice, Veronica).
Campanulate Herbs:
climbing (most Cucurbitaceae and Convolvulaceae):
erect (Campanulaceae, some Solanaceae, Digitalis).
Not campanulate (Primulaceae, Scrophulariaceae, Acan-
thaceae, Aristolochia,  Vinca).
Bacciferous herbs: may be distinguished according to their Qualities:
Esculent fruit: more pleasant (Strawberry),
less pleasant (Tomato).
Esculent root (Potato):
Malignant: of simple leaves (Nightshade, Mandrake),
of compound leaves (Herb Christopher, Paris).
Or Manner of Growth:
being climbers {Bryonia, Tamus, Smilax):
not climbers (Physalis Alkekengi, Cucubalus, Sambucus
Ebulus),
OF SHRUBS.
l. Bacciferous Spinous Shrubs of Deciduous Leaves
(the genera Rubus and Rosa, Gooseberry, Sloe, Barberry,
Rhamnus, Lycium).
IL Bacciferous Shrubs of Deciduous Leaves, not Spinous
(Vine, Currant, Bilberry, Viburnum, White Beam, Cornus,
Prunus Padus, P. Mahaleb, Diospyros, Honeysuckle, Pepper,
Daphne, Euonyvius, Privet, Saliiornia).
I'1'l. Bacciferous Sempervirent Shrubs
(Rhamnus Alaternus, Phillyraea, Arbutus, Daphne Laureola,
Ruscus, Chamaerops humilis, Laurustinus, Juniper, Myrtle,
lvy, Mistletoe).
IV. Siliquous Shrubs
(Lilac, Cytisus, Colutea, Ulex, Genista, Mimosa).
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V. . Graniferous Deciduous Shrubs
(Vitex, Spiraea, Tamarix, Jasminum, Althaea, Elaeagnus,
Clematis, Ampehpsis).
V1. Graniferous Evergreen Shrubs
(Cistus, Oleander, Rosemary, Phlomis fruticosa, Erica, &c).

OF TREES.

. Pomiferous Trees (Apple, Pear, & c, Sorbus, Fig, Pomegranate,
Orange, Lemon, Banana).

I'l. Pruniferous Trees (Peach, Plum, Cherry, & c, Olive, Date, Jujube).

I'1'l. Bacciferous Trees (Mulberry, Elder, Sumach, Celtis, Bay, Yew,
Holly, Box, &c).

IV.  Nuciferous Trees (Walnut, Almond, Hazel, Castanea, Beech, Coco-
Palm, Coffee, Cocoa, Cotton).

V. Glandiferous and Coniferous Trees (Oak, Alder, Larch, Cedar,
Pine, Spruce, Cypress).

V1. Trees bearing their Seeds in Single Teguments or Coverings
(Carob, Tamarind, EIm, Hornbeam, Maple, Poplar, Willow,

Lime, Plane).

VII. Trees considered according to their Woods or Barks (Lignum
Vitae, Snakewood, Sandal-wood, Log-wood, Cinnamon, Cin-
chona, &c).

VIII. Trees considered according to their Gumms or Rosins (Myrrh,

Gum Arabic, Copal, Benzoin, Liquidatnbar, Camphor).

Such is the classification of which Morison spoke so slight-
ingly in the Dialogus. though the character of the leaf is not
made so much of as his criticism implied. There is no need to
dwell upon the strained relations that arose between Ray and
Morison ; it may suffice to say that Morison laid himself open
to the charge of jealousy, and that Ray never forgave the criti-
cisms, both written' and oral, that Morison had made on him.
Those who are interested in the unfortunate quarrel will find an
account of it, with a most loyal apology for Morison, in Blair's
Botanical Essays (1720). Ray may certainly be acquitted of
plagiarism which is suggested by Blair, for he had no opportu-
nity of studying Morison's system in its entirety: since, as
already explained, it was not published in a complete form until
the appearance of the Sciagraphia in 1720, long after Ray's
death. When Ray wrote the Tables of Plants for Dr Wilkins,
not even the Preludia Botanica had been published: the only
work that he produced after the publication of both parts
of Morison's Historia was the last edition of his Methodus
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Plantarum (1703) which displays principles of classification of
which Morison had no conception.

The Tables of Plants does not illustrate any very definite
principles. It was a tentative production, written to order: in
fact, it appears (as explained in the preface to his Methodiis
emendata, 1703) that Ray, in writing it, was not free to follow
what he really believed to be the order of Nature. It is interest-
ing, however, as being the first systematic work published in
England. The classification is based, to some extent, upon
the character of the fruit, a principle borrowed, probably not
from Morison but directly from Cesalpino. Before long it was
superseded by a much more comprehensive and ambitious
attempt, the Methodiis Plantarum Nova, issued in 1682, two
years after Morison's Historia {Pars Secunda).

Ray's Methodiis Plantarum Nova, 1682.

DE HERBIS.
Genus i. Imperfectae, flore et semine carentes: Algae, Fungi,
ii. Seminerninutissimo: Bryophyta, most Pteridophyta.
iii. Acaules Epiphyllospermae, vulgo Capillares: Filices.
iv. Flore imperfecto, sexu distinctae: eg. Humulus, Can-
nabis, Spinachia, Urtica.
V. , imperfecto, sexu carentes: eg. Chenopodium,
A khemilla, A rtemisia.
vi. , imperfecto, Monospermae, semine triquetro :
Polygonaceae.
vii. , composito, Lactescentes: Compositae, Cicho-
rieae.
viii. , discoide, Papposae: Compositae, most Asteroi-
deae and Senecionideae.
ix. , discoide nudo, Papposae: Compositae, Eupa-
torium,  Scnecio,  Gnaphalium.
X. , composito discoide, Corymbiferae: Compositae,
some Anthemideae.
Xi. , discoide nudo, Corymbiferae: Compositae, the
rest of the Anthemideae.
Xii. , ex flosculis fistularibus, Capitatae: Compositae,
Cynareae.
Xiii. »  composito, Anomalae : Dipsacus, Scabiosa, Echi-
nops, Armeria.
Xiv. ,  perfecto, seminibus nudis singulis: Valeriana,
Thalicirum, Satice, Agrimonia, &c.
xv, xvi. Umbelliferae.
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Genus  xyjii. Stellatae dictae: Rubiacese.
xviii. Asperifoliae: Boraginaceae.
xix, xx. Verticillatae: Labiatae.
xxi, xxii. Semine nudo, Polyspermae: acheniferous Ranuncu-
lacese and Rosaceae, Malvaceae.
xxiii. Pomiferae: Cucurbitaceae.
xxiv. Bacciferae: eg. Smilax, Bryonia, Tamus, some Sola-
nacese, &cC.
Multisiliquae seu Corniculatae: folliculate Ranuncu-
lacese, Sedum, Dictamnus, &c.
~ Flore monopetalo uniformi : e.g. Hyoscyamus, Gentiana,
XXV Convolvulus, Campanula.
X);()\(I\I/Illl Flore monopetalo difformi: eg. Impatiens, Arislolochia,

most Scrophulariaceae.

XXiX, XxX, Xxxi. Flore tetrapetalo uhiformi siliquosae: Cruciferae.

XXXii

XXxI11-vi.
XXXVii.

XXxVIII.

xl, xli.

xlii.
xliii-v.
xlvi.

xIvii.

DE ARBORIBUS.
Genus

Flore tetrapetalo uniformi, Anomalae: eg. Palaver,
Ruta, Plantago, Veronica.

Flore papilionaceo: Leguminosae.

Flore pentapetalo aut polypetalo, foliis conjugatim dis-
positis: Caryophyllaceae, Cistaceae, Hypericaceae.

Flore pentapetalo aut polypetalo, foliis nullo aut alterno
ordine dispositis: e.g. Portulaca, Viola, Reseda, Ger-
anium, Linum.

Flore pentapetaloide, Anomalae: eg. Primula, Ascle-
pias, Erythraea, Verbascum.

Culmiferae: Gramineae.

Grammifoliae non culmiferae : Cyperaceae, Juncacese.

Radice bulbosa: bulbous Monocotyledons.

Bulbosis Affines: eg. Iris, Alog, Orchidaceae, Araceae,
Cyclamen.

Anomalae et sui generis: e.g. Potamogeton, Nymphaea,
Callitriche, Trapa, Stratiotes, Sagittaria, Cuscuta,
Adoxa, Polygala.

Pomiferae : Pyrus, Mespilus, Citrus.

Pruniferae: Primus, Cornus, Olea, Pahna.
Bacciferae: eg. Myrtus, Laurus, Buxus, Arbutus, llex,

Juniperus, Taxus.
Nuciferae: e.g. Juglans, Corylus, Quercus, Castanea, Fagus.
Coniferae: Pin us, Cedrus, Abies, Cupressus, Larix, Be tula,
Alnus.
Lanigerae: Platanus, Tamarix, Salix, Populus.
Siliquosae: leguminous trees, Syringa.
Vasculis seminum membranaceis et Anomalae:  Ulmus,
Fraxinus, Carpinus, Tilia, Acer.

vl
viii.
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DE FRUTICIBUS.
Genus i. Bacciferi sempervirentes: e.g. Vaccinium, Ruscus, Hedera,

Viscutm, Juniperus.

li. N foliis deciduis, non spmosi: e.g. Vitis, Lonicera,
Cornus, Sambucus.

. il N foliis deciduis, spinosi: Crataegus sp., Rides 5.,
Rosa, Berberis, &c.

iv. Seminibus nudis, aut vasculis siccisinclusis: e.g. Vitex, Rhus,
Spiraea, Erica.

v. Floribus papihonaceis: e.g. Acacia, Genista, Cytisus, Colutea.

vi. Suffrutiscentes: a miscellaneous collection of species.

»

"

A comparison between the classification of the Method us
Nova and that of the Tables of Plants shows that whilst he left
the Trees and the Shrubs almost unaltered, Ray remodelled his
arrangement of the Herbs. Whereas, in the Tables, he had
proceeded along three distinct lines of classification indicated
by the characters of leaf, flower, and seed-vessel respectively, all
regarded as equally important; in the Methodus, the leaf-
character is subordinated to those of flower and fruit, and these
are not kept distinct but are combined; a fundamental change
of principle which is no doubt to be attributed to Morison's
criticisms on the Tables. As Ray put it in his Preface: Metho-
dus haec differentias sumit a similitudine et convenientia partium
praecipuarum, radicis puta, floris et gus calicis, seminis gusque
conceptaculi.  Theresult is that many of the sub-divisions consist
of groups of plants which are really natural, the precursors of
several of the recognized Natural Orders of Phanerogams ; such
as Polygonaceae, Chenopodiaceae, Compositae, Umbelliferae,
Rubiaceae, Boraginaceae, Labiatae, Cucurbitaceae, Scrophularia-
ceae, Cruciferae, Leguminosae, Gramineae. The principles
adopted were capable of yielding even better results, had they
been more rigorously applied and had the investigation of the
plants been more minute. For instance, in generaxxi and xxii,
with alittle more attention to floral characters, the Ranuncula-
ceous might have been separated from the Rosaceous genera,
and all of them from the Malvaceae: similarly in generaxxvi—
XXviii, the Scrophulariaceous, and possibly also the Campanula-
ceous genera, might have been segregated. One of the principal
achievements is the recognition of the group Stellatae (Rubia-
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cese) as independent of, but related to, the Umbelliferae. For
this, as well as other features, Ray was indebted to Cesalpino
(conf. p. 11), as he acknowledges in his Preface. Nor does Ray
fail to acknowledge his obligations to Joachim Jung, and to
Morison whose Preludia and Historia he cites.

But if Ray's Methodus Nova owed something to Morison's
Historia (Pars secunda), at a later stage the Historia {Pars
Tertia) was even more indebted to the Methodus Nova. It is
striking to observe how many of the groups constituted in the
Pars Tertia and in the Sciagraphia (see p. 23) agree with
those of Ray. It is this close association, amounting almost to
mutual dependence, of the systems of these two botanists,
that makes comparative criticism of them an impossibility.
Their relative position may, in fact, be summed up in the state-
ment that both of them adopted the principles of Cesalpino, and
that Ray eventually proved to be more successful than Morison
in their application.

The Methodus Nova is something more than a system of
classification. The systematic part of the work is preceded by
five Sectioneswhich are morphological essays bearing the follow-
ing titles: 1. De Plantarum seminibus observations quaedam
generates. | 1. De Foliis Plantarum seminalibus dictis: |11. De
Plantula seminali reliquisque semine contentis: 1V. De Floribus
Plantarum, eorutnque partibus et differentiis. V. De Divisione
Plantarum generali in Arbores, Frutices, Suffrutices et Herbas.
Beginning with the last, it is a discussion of the propriety of
retaining the old Theophrastian sub-divisions: Ray agreed with
Jung (see p. 15) that they are popular rather than accurate
and philosophical, but he retained them on the ground of
expediency. The fourth Sectio is an outline of the morphology
of the flower based upon Jung's Isagoge which Ray had received
in MS. from Dr John Worthington who had obtained it from
Samuel Hartlib, as is explained in the Preface.  The first three
Sectiones are of peculiar interest: they give an account of Ray's
observations upon seeds and seedlings, with quotations from
Malpighi's recent work on the same subject {Anatomes Planta-
rum, Pars Prima, 1675 ; Pars altera, 1679), recognizing the
fact that the seedlings of some plants have two seed-leaves or

3—2
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cotyledons (as Malpighi first called them), those of others only
one, a fact which came to be of great systematic importance.

The classification of the Methodus Nova was maintained by
Ray in his Historia Plantarum (t. i, 1686), as well as in both
the first (1690) and second (1696) editions of his Synopsis
Methodica ~ Sirpium  Britannicarum, somewhat improved and
more compact in form. His ultimate views were expressed in
the Methodus Plantarum emendata et aucta, published in 1703
not long before his death. In many respects this final form of
his system is a great improvement upon that of 1682 ; more
especially in the adoption of the number of the seed-leaves as a
systematic character. Ray, it is true, limited the application of
this character to herbaceous plants, as he had not brought him-
self to give up the old categories of Herbs, Shrubs and Trees :
nevertheless, he founded in this work the groups of Dicotyledones
and Monocotyledones which persist, though materially altered as
to their content, to the present day.

Ray's Methodus Emendata et Aucta, 1703.
DEHERBIS. FloreDestitutae.

Genus i. Submarinae: Algae, &c.
" ii. Fungi.
B ili. Musci: Bryophyta with Lycopodium.
" iv. Capillares: Filices.

Herbae sui generis: Ophioglossum, Pilularia, Salvinia,
Salicornia, &c.

Floriferae. Dicotyledones.
v. Flore stamineo: e.g. Urticaceae, Polygonaceae, Cheno-
podiaceze, &c.

» Vi-ix. Flore Composite seu aggregato: Compositae, with Dipsa-
cese, Eryngium, Globularia.

" X. Flore simplici, semine nudo solitario: eg. Valeriana,
Mirabilis,  Agrimonia.

N Xi. Umbelliferae.

. Xii. Stellatae: Rubiacese.

. Xxiii. Asperifoliae: Boraginacese.

. Xiv. Verticillatae: Labiatae.

" Xv. Semine nudo, Polyspermae: e.g. Alisma, Ranunculus,
Potentilla.

»  Xvi. Pomiferae: Cucurbitaceae.

» Xvii. Bacciferae: Bryonia, Tamus, Arum, Polygonatum, Sola-
num, &c.
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Genus xviii. Multisiliquae: folliculate plants, e.g. Delphinium, Ascle-
pias, Sedum.
" xix. Vasculiferae Flore monopetalo : (capsulate Gamopetal ag).
Regulari; Campanulaceae, Primulaceae, Malvaceae,
Gentianaceae, &c.
Irregulari; Scrophulariaceae, Aristolochia, Acanthus,
&c.
N xX. Tetrapetalae Siliquosae et Siliculosae: Cruciferae.
Anomalae ; Papaver, Euphorbia, Epilobium, &c.
" xXi. Flore Fjipilionaceo, sive Legurninosae.
" xXii. Pentapetalae Enangiospermae sive Vasculiferae : (capsu-
late Polypetalae), e.g. Caryophyllaceae, Cista-
ceae, Hypericaceae, Geraniaceae, Violaceae.

Monocotylcdones.
Genus xxiii. Graininifoliae Tricapsulares, radice bulbosa, tuberosa,
fibrosa:
Flore fructus basi cohaerente; Liliaceae.
Flore surnmofructui insidEnte ; Iridaceae, Amaryllidaceae.
Bulbosis Affines: Cyc/amen, Orchidaceae, Zingiberaceae.
xxiv. Graminifohae Flore stamineo; Gramineae, Cyperacese,
Typhaceae.
XXv.* Anomalae aut Incertae Sedis: eg. Nymphaea, Trapa,
Epimedium, Sarracenia, Piper, &c.

DE ARRORIBUS ET FRUTICIBUS: A. Flore a Fructu remoto:
(diclinous or dioecious plants).
Genus i. Coniferae: Abies, Pwus, Cedrus, Cupressus, Larix, Betula,
Alnus.
,, ii. Non-Coniferae:
Floribus racematim disposttis stamineis. Buxiis, Pi-
stacia.
" in fasciculos congestis: Empetrum.
Juliferae: nuciferne:/ug/ans, Corylus,Carpinus, Quercus,
Fagus.
piluliferae: Platanus.
lanigerae: Populus, Safix.
Bacciferae : Juniperus, Taxus, Morus.
B. Flore Fructui contiguo:
Genus i. Umbilicatae; flore summo fructui insidente.
Pomiferae: Pyrus, Sorbus, Rosa, Punica, &.c
Bacciferae, Polypyrenae: Ribes, Satnbucus, Hedera, &c.
N Monopyrenae: Viburnum, Cornus, &c.
» 1. Non - U mbilicatae ; flore basi fructus cohaerente:
Pruniferae: Prunus, Olea.

"

»
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Pomiferae: Citrus.
Bacciferae, Monopyrenae: Viscum, Daphne, Rhamnus

sp.
" Polypyrenae: eg. Vitis, Rubus, Ligustrum,
Berberis, &c.
Genus iii. Fructu sicco, non Siliquosae: eg. Acer, Fraxinus, Tilia,

Ulrnus, Rhus, Syringa.
" iv. Siliquosae Flore non papilionaceo: Cassia, Mimosa, Cera-
tonia, Nerium, &c
" v. Siliquosae Flore papilionaceo: papilionaceous plants.
vi. Anomalae* Ficus.
Foliis Arundinareis: Monocotyledons; Palmaceae, Dracaena, Bam-
busa.

There can be no doubt that Ray was more fortunate than
Morison in the impression that he produced upon contemporary
botanists and upon those who immediately succeeded them.
This, for instance, is what Tournefort said of him (E le mens de
Botaniquc, 1694, p. 19): " Monseur Ray sans faire tant de bruit
a beaucoup mieux rduss que Morison. Sa modes tic est louable, ct
VHistoire des Plantes quiil nous a donnee est une Bibliotheque
Botaniquc, dans laquclle on trouve non seulement tout ce que les
atiteurs out dit de meilleur sur chaque plante; mais encore les
caracteres des genres y sont designee d'une maniere assez com-
mode..."  In the Classes Plantarum (1738) Linnaeus gave a
somewhat formal approval of Ray's work : " Magna sunt opera
J. Raji iu Sicntia Botanica, qui constantia summa, omnia, quae
beneficio seculi  innotuerant  de plautis, mauu plus quam ferrea
descripsitr  But perhaps a more genuine opinion is that ex-
pressed by Linnaeus in the letter to Haller from which his
estimate of Morison has already been quoted (see p. 27): "You
are here justly aware, that when the System of Ray was spoken
of as perfectly natural, all botanists must have been blind, unless,
like Dillenius, they hoped for a professorship, or were compelled,
by the authority of the English, to give to Ray supreme honours.
What was he? Undoubtedly an indefatigable man in collecting,
describing, etc.; but in the knowledge of generic principles, less
than nothing, and altogether deficient in the examination of
flowers. | beg of you to compare the first edition of his
Methodus with the second and third, where he has learned to
take everything from Tournefort. | know not why the dis-
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coveries of Caesalpinus have escaped all observation, whilst
everything has stupidly been ascribed to Ray" (Smith's Corre-
spondence of Linnaeus, ii. p. 280—1). This rather severe criticism
does not, however, ssem to have prejudiced Haller against Ray,
for in the former's well-known Bibliotheca Botanica (vol. i. p. 500,
1771), in speaking of the rapid progress of Botany in the latter
part of the seventeenth century, he adds—" Multa pars horum
incrementortmi  dcbetur Johanni Ray.  Vir pins et modest/ts,
V. D. M. maximus ab hominum memoria botaniciis, ea felicitate
usus est, ut totos quinquaginta annos dilecto studio e licuerit
impendere”

Ray's system also became more popular than that of Morisoii,
and was in general use in England until the latter half of the
eighteenth century, when it was gradually superseded by the
Linnean method which was first applied to English botany in
Dr J. Hill's Flora Britannica (1760).

Ray was never engaged in teaching any branch of natural
history. Had there been, in his day, a Chair of Botany in the
University of Cambridge, he would, no doubt, have occupied it:
however, the professorship was not established until 1724, twenty
years after his death. He might very well have been chosen to
succeed Morison at Oxford: but, for some unstated reason, the
professorship there was kept in abeyance for nearly forty years
after the death of Morison.

As has been explained, Morison and Ray revived the for-
gotten labours of Cesalpino. The immediate result of the
publication of their systems was to stimulate their colleagues
on the continent of Europe to a noble emulation: there was
scarcely a botanist of note who did not elaborate a system of
his own. After suffering from too little work in the direction
of classification, botany now began to suffer from too much :
one dfter the other, system followed system in rapid succession.
Those, for instance, of Christopher Knaut (1687), Paul Hermann
(1690), Boerhaave (1710), Rivinus (1690—1711), Ruppius (1718),
Christian Knaut (1716); and, in France, of Tournefort (1694,
1700), and of Magnol (1720). Then came the Methodus Sexualis
of Linnaeus (Systema Naturae, 1735). The effect of the general
adoption of Linnaeus' most useful but artificial method was the
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temporary arrest almost everywhere, except in France, of the
quest of the natural system. Though this was the effect of
the introduction of his method, it was not at all the intention
of Linnaeus: for in his Classes Plantarum (1738, p. 485) he
said, " Prithum et ultimum in parte Systematica Botanices quae-
situm est Methodus Naturalis". On the same page of that work
he laid down, in a series of aphorisms, the principles upon which
alone the construction of such a method can be successfully
attempted; and he gave speciad emphasis to this one, that the
ciassificatory characters should not be taken from a single
structure but from all: " necuna vel altera pars fructificationis,
sed solum simplex symmetria omnium partium." It was just
because they had failed to formulate this principle that the
earlier systematists,—whether Fructists, as Cesalpino, Morison,
Ray, Knaut and Hermann; or Corollists, as Rivinus and
Tournefort; or Calycists, as Magnol—were not more success
ful, and that their systems, even the Methodus emendata of Ray,
were more or less artificial.

It was in France that the carving out, as it were, of the
Natural Orders from the solid block of genera was carried on
with the greatest success This process had become much less
difficult since Tournefort had begun to constitute genera in the
modern sense of the term. Before his time the word " genus "
had been applied indiscriminately to every kind of plant-group
(see the systems of Cesdlpino and Ray, pp. 12, 32): the
largest groups were the summa genera; the smaller, the genera
subalterna or infima.  Tournefort limited the application of
the term to the smallest groups of species, designating by the
term Classe the largest groups which he subdivided into Sections
(Elemens de Botanique, 1694). It was Linnaeus {Classes Plan-
tarum, p. 485) who introduced the term Ordo to designate the
subordinate groups of the classes.

Tournefort himself succeeded, by means of his corollist
method, in distinguishing for the first time the following
Sections, describing their flowers by terms which are now
familiar as the names of natural orders; Flore Labiato, Cruci-
formi, Rosaceo, Caryophyllaceo, Liliaceo, Papilionaceo, Amentaceo;
though these sections do not ail exactly agree with the modern
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Natural Orders of similar designation. A remarkable, if not
altogether successful, attempt in the same direction was Adan-
son's Families des Plantes (1763), based upon the sound Linnean
principle, " qu'il ne peut i avoir de Methode naturele en Botanickey,
que celle qui considere Vensemble de toutes les parties des Plantes"
The number of species and varieties known in his day amounted
to something over eighteen thousand: these, reduced into 1615
genera, he grouped into fifty-eight families. Several of those
had been already more or less well defined; but most of them
were entirely original, and not a few of them persist to the
present day, though Adanson is not credited with all that are
his due. His lack of method in naming his families, to say
nothing of the fantastic nomenclature of his genera, made it
necessary for other names to be preferred to his. Still some
familiar names of natural orders are attributable to him, such
as Hepaticae, Onagrae, Compositac, Caprifolia, Borragines, Por-
tulacae, Amaranthi, Papavera, Cisti, though most of them have
since undergone some change in their termination. In addition
to these, there are several which would have been credited to
Adanson, had it not so happened that they had also been
suggested by Bernard de Jussieu : such are, Palmae, Aristo-
lochiae, Myrti, Campanulae, Apocyna, Verbenae, Thymeleac, Ge-
rania, Malvae, Ranunculi. Adanson was the first to publish
these names (1763): but Bernard de Jussieu had made use of
them as early as 1759 in laying out the Trianon Garden at
Versailles, though they were not actually published until 1789,
when all the 65 orders devised by him were included in the
Genera Plantarum secundum Ordines Maturates disposita of his
famous nephew Antoine Laurent de Jussieu. Here at last was
a fairly complete natural system, consisting of one hundred
natural orders arranged in fifteen classes, within the three great
subdivisions, Acotyledones, Monocotyledones, Dicoty led ones, con-
stituting the framework of that which is accepted at the present
day. It has undergone many modifications, of which the first
and most important were those effected by A. P. de Candolle
{TheorieEltHnentaire, 1813), who, while he improved upon Jussieu
in various ways, made the unfortunate, but happily unsuccessful,
attempt to substitute " Endogenae” for " Monocotyledoncs' and
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" Exogenae" for "Dicotyledones" The system has proved itself
capable of expansion to accommodate all the new genera and
natural orders that have since been established: it has justified
itself as a natural classification in its susceptibility to develop-
ment in precision as well asin extent, and in that it has survived
the many experiments made upon it during the first century of
its existence.

The glory of this crowning achievement belongs to Jussieu :
he was the capable man who appeared precisely at the psycho-
logical moment, and it is the men that so appear who have
made, and will continue to make, all the great generalisations
of science. Jussieu's achievement, like other great scientific
achievements, would have been impossible without the labours
and failures of his predecessors, of which some account has been
given in this lecture. He himself attributed much of his success
to the work of Tournefort, but it is clear that he owed at least
as much to Ray: if he learned from the'former the systematic
importance of the gamopetalous and of the polypetalous corolla,
he gleaned from the latter the value of the cotyledonary charac-
ters upon which are based his three primary subdivisions of the
Vegetable Kingdom.

It has been necessary to go beyond the strict limits of the
history of British Botany in order to make it clear to what
extent and at what period our two distinguished fellow-country-
men contributed to the development of the natural system of
classification. Enough has been said to establish the importance
and the opportuneness of their contributions: if Pisawasglorified
by the birth of Systematic Botany, and Paris by its adolescence,
Oxford and Cambridge were honoured by its renascence. The
question concerning the respective merits of Morison and Ray
finds perhaps its most satisfactory answer in the words of
Linnaeus {Classes Plantarum, 1747, p. 65):—" Quamprimum
Morisonus artis fundamentum restaurasset, eidem mox suam
superstruxit methodum Rajus, quam dein toties reparavit, usque
dum in ultima senectute emc?idatam et auctatn emitteret": Morison
relaid the foundation upon which Ray built. AsLinnaeus points
out, Ray enjoyed the advantage of a very long period of pro-
ductive activity: in the thirty-four years that separated his
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Tables* of Plants from his Methodus Emendata et Aucta, he had
time to revise and remodel his system. Morison, on the con-
trary, was prevented by unfavourable circumstances from begin-
ning the publication of his Method until late in lifef, and he was
not permitted to se more than a fragment of it issue from the
press.

It is probable that Ray was more truly a naturalist than was
Morison: for in addition to his works on Method, he published
not only his Catalogus Plantamm circa Cantabrigiam nascentium
(1660), but also a Catalogus of British plants (1670, 2nd ed.
1677), amost the earliest work of the kind, only preceded by
William How's Phytologia Britannica (1650), which developed
into the first British Flora arranged systematically, the Synopsis
Methodica Stirpium Britannicarum (1690, 2nd ed. 1696). Morison
published nothing on field-botany; his volume of the Historia
contains, it is true, occasional mention of plants found in or near
Oxford, but the finder of them seems always to have been the
younger Bobart Ray included in the Synopsis a list of plants
that had been communicated to him by Bobart, with whom he
seems to have been intimate, and expressed his indebtedness to
Bobart's botanical skill.

But whether the palm be bestowed upon the one or the
other, the fact remains that both were men of exceptional
capacity, and that both did good work for British Botany,
raising it to a level which commanded the respect and admira-
tion of the botanical world; from which, as the succeeding
lectures of this course will show, it was not allowed to sink.
What Linnaeus said of Morison may be applied equaly to
Ray,—" Roma certe non uno die, nee ab uno condebatur viro. llle
tamen faces extinctas incendit, a quibns ignem mutuati sunt subse-
quentes, quibns datum ad lucidum magis focum objecta rimare"
{Classes Plautarum, p. 33).
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Malpighi—Grew's bona fides vindicated—The Anatomy of Vegetables
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NEHEMIAH GREW, who, with the Italian botanist Marcello
Malpighi, may be considered as co-founder of the science of
Plant Anatomy, lived in stirring and troubled times. His life"
extended from 1641 to 1712; that is to say, he was born the
year before King Charles | proclaimed war upon the parliamentary
forces, and he lived through the Protectorate, the reigns of
Charles 11, James |1, William and Mary, and the greater part
of the reign of Queen Anne. He came of a stock remarkable
for courage and independence of mind. His grandfather, Francis
Grew, is described as having been alayman, originally of good
estate, but "crush'd” by prosecutions for non-conformity in the
High Commission Court and Star Chamber. Francis Grew
had a son Obadiah, who was a student of Balliol, and entered
the Church. When the Civil War broke out, he sided with the
parliamentary party, but was by no means a blind adherent
of Cromwell, with whom he is said to have pleaded earnestly
for the life of King Charles . In 1662 Obadiah Grew resigned

! Diet. Nat. Btog., edited by Leslie Stephen and Sidney Lee, vol. xxIII. 1890.



Plate 1V

NEHEMIAH GREW (1701)

Portrait of Nehemiah Grew &fter the portrait by R. White which is
reproduced in the Cosmologia Sacra, 1701
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his living, being unable to comply with the Act of Uniformity.
Twenty years later, as a man of seventy-five, he was convicted
of a breach of the Five Mile Act, and imprisoned for six months
in Coventry Gaol. But though by this time his sight had failed,
his spirit was indomitable. Whilst in prison, he dictated a sermon
every week to an amanuensis, who read it to severa shorthand
writers, each of whom undertook a number of copies; it was
then distributed to various secret religious meetings, at which
it was read. Nehemiah Grew was Obadiah's only son, and it is
a curious fact that the year 1682, which witnessed the father's
imprisonment, was the year in which the son published his
magnum opus, The Anatomy of Plants, prefaced by an Epistle
Dedicatory to "His most sacred Majesty Charles IL" So far
as one can gather, Nehemiah Grew's career seems to have been
singularly unaffected by the political crises that took place
around him. The deliberate style of his writing certainly
suggests a studious and unruffled life. He was an undergraduate
at Pembroke Hall, Cambridge, and afterwards took his doctor's
degree in medicine at Leyden, at the age of thirty. He seems
to have been successful in his profession, and we learn from the
sermon® preached at his funeral that he died suddenly, whilst
still actively engaged in his practice. In the words of the
sermon, " It was his Honour and Happiness, to be Serviceable
to the last Moments of Life."

Before turning to Grew's botanical work, it may be worth
while to refer very briefly to his writings on other subjects,
showing as they do the remarkable versatility of his mind. He
produced a series of chemical papers, and also pamphlets on the
method of making sea-water fresh, and on the nature of the sdts
present in the Epsom wells. In 1681 appeared his Musceum
Regalis Societatis, a catalogue raisonne' of the objects in the
Museum of the Royal Society, with which were bound up some
contributions to animal anatomy. The Catalogue is a bulky
volume, and it is hard to forbear a smile on reading that Grew
dedicated it to one Colwall, the founder of the Museum, in order

! Enoch's Translation. A Funeral Sermon Upon the Sudden Death of Dr
Nehemiah Grew, Fellow of the College of Physicians. Who died March 25th, 1712
Preach'd at Old-Jewry. By John Shower. London. 1712.
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that the Royal Society " might always wear this Catalogue, as
the Miniature of [his] abundant Respects, near their Hearts."
As we should expect, this Catalogue is far more discursive than
such a work would be if it were drawn up at the present day,
though Grew takes credit to himself for not " medling with
Mystick, Mythologick, or Hieroglyphick matters." He manages,
however, to introduce some general remarks which are of interest.
He redlises, for instance, that it is possibleto group living creatures
in a way which has some significance, and that it is the business
of the biologist to discover this grouping. He blames Aldro-
vandus for beginning his history of quadrupeds with the horse,
because it is the most useful animal to man, and points out that
Gesner's arrangement, which is purely alphabetical, is even less
satisfactory. " The very Scade of the Creatures," he concludes,
"is a matter of high speculation." It is tempting to quote
largely from the Catalogue, but | will confine myself to one
other remark of Grew's which is perhaps particularly applicable
to-day, when the quotation of authorities is apt to become
amost an obsesson: " | have made the Quotations," he says,
"not to prove things well known, to be true;...as if Aristotle
must be brought to prove a Man hath ten Toes."

Grew's last work was the Cosmologia Sacral, a folio volume
occupied with a defence of Christianity, and an explanation of
the author's views on the nature of the Universe. There is a
copy in the British Museum, the earlier part of which is crowded
with marginal and fly-leaf notes, in some casss initialled or even
signed in full by Samuel Taylor Coleridge. One cannot help
recalling Charles Lamb's humorous complaint that books lent
to Coleridge were apt to be returned " with usury; enriched with
annotations tripling their value.. .in matter oftentimes, and almost
in quantity not unfrequently, vyingwith theoriginals." Coleridge
seams to have accepted Grew quite seriously as a thinker. In
one of his manuscript notes we read, " It is from admiration of
Dr N. Grew, and my high estimate of his Powers, that | am
almost tempted to say, that the Reasonings in Chapt. | | | ought
to have led him to the perception of the essential phcenomenality
of Matter." That these reasonings did not so lead him, must,

t 1701
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I think, be attributed to the fact that Grew was above all things
a naturalist, and Coleridge a philosopher, and that between the
two an intellectual gulf is often fixed.

After this somewhat lengthy introduction, it is more than
time to turn to our main subject,—the study of Nehemiah
Grew's work as a botanist.

Botanical science was in a decidedly decadent condition
when Grew entered the field. The era of the herbal was closing.
The last English book of any importance which can strictly be
included under this head, Parkinson's Theatrum Botanicum, was
published the year before Grew was born, and a lull in this
kind of work followed. It is true that Culpeper's Herbal
appeared later, but this bombastic work was of no botanical
value. It was reserved for Morison and Ray to open a new
era in British Systematic Botany. At the same time, fresh
inspiration was being breathed into the science from quite a
different quarter. The herbdists studied plants primarily with
a view to understanding their medicinal properties. Nehemiah
Grew aso approached Botany in the first instance from the
medical standpoint, but it was his knowledge of anatomy which
opened his mind to the possibility of similar work, with the
bodies of plants, instead of those of animals, as the subject.
He tells us that he was impressed by the fact that the study
of animal anatomy had been carried on actively from early
ages, whereas that of vegetable anatomy had been scarcely so
much as contemplated. " But considering,” he continues, "that
both came at first out of the same Hand, and are therefore the
Contrivances of the same Wisdom; | thence fully assured my
sdf, that it could not be a vain Design, though possibly unsuc-
cessful, to seek it in both."

Grew was drawn to the study of plant structure at the age of
twenty-three, and seven years later he produced his earliest work
on the subject, The Anatomy of Vegetables Begun, which was
published by the Royal Society in 1672. It will be remembered
that the Royal Society was then quite in its youth, its first
beginnings only dating back to about 1645 By a curious
coincidence,—recalling the classic case of Darwin and Wallace

! Life of Robert Boyle by Thomas Birch, p. 83, 1744.
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at the Linnean Society,—on the very day that Grew presented
his treatise in print, the Secretary of the Royal Society received
Marcello Malpighi's manuscript dealing with the same subject.
Priority can however be fairly claimed for the Englishman, since
he had submitted his treatise to the Society in manuscript earlier
in the year. This question of priority, and aso the question
whether Grew was guilty of plagiarism from Malpighi'swritings,
has been much discussed at different times. Schleiden® in par-
ticular brought forward charges of the most serious nature
against Nehemiah Grew's good faith. These accusations were,
however, dealt with in detail in a pamphlet by Pollender in
1868, and shown to be groundless—Schleiden's information
about the circumstances being wholly inaccurate. There is
now practically no doubt that Grew was an independent worker,
and was only definitely indebted to Malpighi, in so far as he
himself acknowledges it. In the preface to the second treatise,
for instance, he mentions the Italian botanist, and remarks in
speaking of the " Air-vessels'—" the manner of their Spiral
Conformation (not observable but by a Microscope) | first
learned from Him, who hath given a very elegant Description
of them." If Grew had been a wholesde plunderer from
Malpighi's writings, he would scarcely have been likely to have
acknowledged indebtedness on a specia point. It must be con-
fessed, however, that judging by present-day standards of scientific
etiquette, Grew should have referred more fully to the works® of
the Italian author, in his final book, The Anatomy of Plants.

The Anatomy of Vegetables Begun contains more that is of
interest from a morphological than from a strictly anatomical

1 M. J. Schleiden, Grundzuge der wissenschaftlichen Botanik, Vol. 1. p. 198,
1842. The incorrect statement that Grew was Secretary of the Royal Society at the
time that Malpighi's manuscript was received by that body, is aso repeated in the
English translation of Schleiden's work [Schleiden's Principles of Scientific Botany,
translated by Edwin Lankester, London, 1849, p. 38].

2 Aloys Pollender, Wem gebuhrt die Prioritat in der Anatomie der Pflanzen dem
Grew oder dem Malpighi ? Bonn, 1868.

% Marcellus Malpighi, Anatome Plantarum, 2 pts, London, 1875 and 1879 (se
aso Marcellus Malpighi, Die Anatomie der Pflanzen, Bearbeitet von Al. Mobius,
Leipzig, 1901. In this little book the more important parts of Malpighi's work are
translated into German, and a number of the figures reproduced).



Plate V

Plate from Anatomy of Vegetables Begun, 1672
Figs. 1—4, Bean Seed; 1, Bean opened out; 2, Same to
shew 'seminal root'; 3, 'Lobe' cut across; 4, 'Plume’
cut across. Fig. 5, Gourd and Lupine Seeds. Figs. 15,
16, 19, Anatomy of Burdock
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standpoint, according to the modern sense of the terms. In
botanical language, the meaning of the word anatomy has
become restricted since Grew's time, until it is now often used to
denote microscopic detail alone. Grew devotes a good deal of
space to the study of seed structure, dealing chiefly with such
features as can be observed with the naked eye (Pl. 5). He
invented the term "radicle" for the embryonic root, and used the
word " plume" for the organ which we now speak of in the dimin-
utive as the plumule. The cotyledons he called " lobes" but he
recognised that they might in some cases appear above ground
and turn green, becoming in his terminology " dissimilar leaves."
He took the Bean seed as his principal type, and described it
with the lucid picturesqueness which is so characteristic of his
writing. It is, he says', " cloathed with a double Vest or Coat:
These Coats, while the Bean is yet green are separable and
easily distinguished. When 'tis dry, they cleave so closely
together, that the Eye, not before instructed, will judge them
but one; the inner Coat likewise (which is of the most rare
contexture) so far shrinking up, as to seem only the roughness
of the outer, somewhat resembling Wafers under Magquaroons.
At the thicker end of the Bean, in the outer Coat, a very small
Foramen presents it self:...That this Foramen is truly permeable
even in old setting Beans, appears upon their being soak'd for
some time in Water: For then taking them out, and crushing
them a little, many small Bubbles will alternately rise and break
upon it."...The Plume "is not, like the Radicle, an entire Body,
but divided at its loose end into divers pieces, all very close set
together, as Feathers m a Bunch ; for which reason it may be
called the Plume. They are so close, that only two or three
of the outmost are at first seen: but upon a nice and curious
separation of these, the more interiour still may be discovered....
In a French Bean the two outmost are very fair and elegant.
In the great Garden-Bean, two extraordinary small Plumes,
often, if not always, stand one on either side the great one now
describ'd." These two "extraordinary small plumes" are, in
other words, the structures which we should now describe as
buds in the axils of the cotyledons. Grew also notices that two

! The order of the paragraphs cited is slightly altered from that of theoriginal-
0. B. 4
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simplified leaves are borne next above the cotyledons, or, as he
expresses it, the " Plume" is " cooped up betwixt a pair of
Surfoyls."

Grew deals aso with the vernation of leaves, and methods of
bud protection. He shews that their position and folding gives
"two general advantages to the Leaves, Elegance and Security,
<. in taking up, o far as their Forms will bear, the least room ;
and in being so conveniently couch'd, as to be capable of receiving
protection from other parts, or of giving it to one another; as
for instance, First, There is the Plain-Lap, where the Leaves
are all laid somewhat convexly one over another, but not plaited,;
being to the length, breadth and number of Leaves most agree-
able; as in the Buds of Pear-tree, Plum-tree, etc. But where
the Leaves are not thick set, as to stand in the Plain-lap, there
we have the Plicature; as in Rose-tree, Srawberry, Cinquefoyl,
Burnet etc.” Grew refers aso to rolled vernation, distinguishing
between the " Fore-Row!" and the " Back-Rowl." He thus
remarks on the hairy covering characteristic of young leaves :—
" the Hairs being then in form of a Down, awayes very thick set,
thus give that protection to the Leaves, which their exceeding
tenderness then requires; so that they seem to be vested with
a Coat of Frieze, or to be kept warm like young and dainty
Chickens, in Wooll."

In the year following the publication of The Anatomy of
Vegetables Begun, Nehemiah Grew produced a second treatise,
under thetitle",Anldea of a Phytological History Propounded.
Together with a Continuation of the Anatomy of Vegetables,
Particularly prosecuted upon Roots. And an Account of the
Vegetation of Roots Grounded chiefly thereupon.” In the
dedications of his books Grew often reveals much of his own
personality, and of his attitude towards science, although such
revelations are apt to be mingled with the curious "conceits,"
and extravagant flattery, characteristic of thetime. For instance
he dedicated this particular work to the President and Fellows
of the Royal Society, and after addressing to them some apolo-
getic remarks about his own performance, he takes heart of
grace from the thought that "how unpromising soever the Stock
may be, yet the Fruit cannot but be somewhat matured upon
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whichYou are pleasd to shine It shews how strong the
influence of fashion can be, when we find such bombast coming
from the pen of a man who, only a few lines earlier, has written,
with the perfection of simplicity, " Withal, | looked upon Nature
as a Treasure so infinitely full, that as all men together cannot
exhaust it; so no man, but may find out somewhat therein, if he
be resolved to try."

The most important part of this treatise is the account of the
comparative structure of roots, towhichwewill return later, when
discussing Grew's anatomical conceptions. With regard to the
position of the plant in the soil, he held somewhat mystical
views. He believed that the " air-vessals," or tracheal elements,
tended to draw the plant upwards, and the roots to pull it
downwards. He says, for example, that the upper part of the
roots of most seedlings ascend, because the first leaves being
large and standing in the open air, "the Air-vessels in them
have a dominion over the young Root, and so yielding them-
selves to the sollicitation of the Air upwards, draw the Root in
part after them."

In 1675 appeared Grew's third botanical work, The Com-
parative Anatomy of Trunks, which dealt with stem structure,
as the previous work dealt with root structure. Thereis, in the
British Museum, a particularly interesting copy of this book,
which is elaborately annotated in manuscript. From internal
evidence it seems almost certain that this is the author's copy,
corrected in his own handwriting’. Some, though not by any
means all, of the corrections are identical with the alterations
found in the 1682 edition. Above the first plate is written
"vide ye Book Interleavd," and we may perhaps hazard the
guess that in this copy we have Grew's first suggestions, whilst
those which hefinally adopted in the second edition were inserted
in the interleaved copy whose whereabouts, if it still exists, is
unknown at the present time.

Pl. 6 shews a typical page from the annotated copy. At

! By thecourtesy of the Council of the Royal Society, | have been able to compare
these annotations with certain manuscript letters of Nehemiah Grew's preserved in the
Society's Library. This comparison confirms the view that the annotations are in
Grew'sown handwriting.

4—2
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the foot we find the note "Air-Vessels out of Parenchyma,
transformed, as Caterpillars to Flys," shewing that Grew had
arrived at some idea of the formation of vessdls. The whole
section of the book to which this page belongs is very much
remodelled in the 1682 edition, but the analogy just quoted is
introduced and Grew proceeds accurately to describe the origin
of vessels. " And as the Pith it sdf, by the Rupture and
Shrinking up of several Rows of Bladders, doth oftentimes
become Tubulary: So is it also probable, that in the other
Parenckymous Parts, one single Row or File of Bladders evenly
and perpendicularly piled ; may sometimes, by the shrinking up
of their Horizontal Fibres, all regularly breakone [sic] into another
and so make one continued Cavity!'

| have passed over these three treatises in a somewhat
cursory fashion, because Nehemiah Grew's botanical work is
perhaps better studied in his final pronouncement on the sub-
ject,—a folio volume published in 1682 under the title of "The
Anatomy of Plants. With an Idea of a Philosophical History
of Plants. And several other Lectures, Read before the Royal
Society.*  This work consists of second editions of his three
earlier treatises, largely rewritten, with a great deal of additional
matter, including a section on the anatomy of flowers, and many
new figures. Some of the plates are excellent, and especially
remarkable for the way in which Grew shews the anatomy in
drawings which represent the organ in three dimensions (PI. 7).
He himself laid great stress on this. In his own words, " In the
Plates, for the clearer conception of the Part described, | have
represented it, generally, as entire, as its being magnified to
some good degree, would bear....So, for instance, not the
Barque, Wood, or Pith of a Root or Tree, by it self; but at
least, some portion of all three together; Whereby, both their
Texture, and also their Relation one to another, and the Fabrick
of the whole, may be observed at one View!" One cannot help
wishing that botanists of the present day would more often take
the trouble to illustrate their papers on this principle.

It is as a plant anatomist that Grew is chiefly famous, and
it is important to try ta realise exactly how far his conception
of the anatomical structure of plants has been confirmed by
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more€' ‘recent research. In appraising his work it must be
remembered that he was essentially the pioneer of the science.
It is true that some observations on plant anatomy occur in
Robert Hooke's Micrographia, which was published six years
before Grew sent in his first manuscript to the Royal Society ;
but Hooke never really attempted to make a systematic study of
the subject. He had succeeded in greatly improving the micro-
scope, and his chief interest was in applying his instrument to
all kinds of bodies, vegetable and otherwise. Cork, charcoal,
pith, etc., came under his observation, and to some extent he
understood their structure. Grew acknowledges indebtedness
to "the Learned and most Ingenious Naturalist M Hook" and
tells us that some of the results which Hooke obtained, inspired
him to study certain of his plants again with a better microscope.
For instance Hooke was able to see smaller pores in wood than
Grew had been able to detect, but, with better glasses, he con-
firmed the accuracy of Hooke's observation. However, although
Hooke must certainly be credited with priority in the discovery
of the fact that plant tissues are characterised by a cellular
structure, his botanical work, considered in its entirety, is of very
slight significance compared with that of Grew.

Grew's clearest account of plant cells is perhaps to be found
in his description of foot parenchyma, which he compares to
"the Froth of Beer or Eggs' or to "a fine piece of Manchet,'"
or again, to "a most curious and exquisitely fine-wrought
Sponge." He quotes with approval Hooke's description of
Elder-Pith as " an heap of Bubbles? It would be unsafe how-
ever to conclude that he had really arrived at what is known as
the Cell Theory. His conception of the nature of plant tissues
was not by any means that of the modern botanist. He believed
the cell-walls to consist of interwoven fibres, which were con-
tinuous from cell to cell. Hedid not consider that these fibres
were invariably wrought together in such a fashion as to enclose
bladder-like spaces, or cells; in some cases he held that the
tissue was non-cellular, consisting simply of interwoven fibres.
It was these hypothetical fibres, rather than the cells, which he

! Manchet=a loaf of fine wheaten bread. {An Etymological Dictionary of the
English language. W. W. Skeat. New ed. 1910.)
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regarded as of fundamental importance. His idea, which is
somewhat confusing, is perhaps best understood from his com-
parison of plant structure with pillow lace. The "most unfeigned
and proper resemblance we can," he writes, " at present make of
the whole Body of a Plant, is, To a piece of fine Bone-Lace, when
the Women are working it upon the Cushion, For the Pith,
Insertions’, and Parenchyma of the Barque, are all extream Fine
and Perfect Lace- Work: the Fibres of the Pith running Hori-
zontally, as do the Threds in a Piece of Lace; and bounding the
several Bladders of the Pith and Barque, as the Threds do the
several Holes of the Lace; and making up the Insertions without
Bladders, or with very small ones, as the same Threds likewise
do the close Parts of the Lace, which they call the Cloth- Work.
And lastly, both the Lignous and Aer- Vessels, stand all Perpen-
dicular, and so cross to the Horizontal Fibres of all the said
Parenchymous Parts;, even as in a Piece of Lace upon the
Cushion, the Pins do to the Threds. The Pins being dso
conceived to be Tubular, and prolonged to any length; and
the same Lace- Work to be wrought many Thousands of times
over and over again, to any thickness or hight, according to
the hight of any Plant. And this is the true Texture of a
Plant."

Grew thus visualised the inner structure of the plant as a
textile fabric, and the analogy between vegetable substance and
woven threads ssems to have been constantly present in his
mind. The same idea also occurs, for instance, in the dedication
of his magnum opus, where he says, " one who walks about with
the meanest Sicky holds a Piece of Nature's Handicraft, which
far surpasses the most elaborate Woof or Needle- Work in the
World."

The notions at which Nehemiah Grew arrived on the subject
of the vascular anatomy of plants were more advanced than his
ideas on the ultimate nature of the tissues. There is no doubt
that the comparison with animal anatomy, which was constantly
in his mind, was on the whole helpful, though it led to some
errors.  The following paragraph, which occurs in the Cosmologia
Sacra, seems to be an instance in which the analogy with the

! Medullary rays.
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animelkingdom, helped him to take a broad view. " In the
Woody Parts of Plants, which are their Bones; the Principles
are so compounded, as to make them Flexible without Joynts,
and aso Elastick. That so their Roots may yield to Stones,
and their Trunks to the Wind, or other force, with a power of
Restitution. Whereas the Bones of Animals, being joynted, are
made Inflexible."

In plants, as in animals, Grew looked for "vessdls" and dis-
covered by means of a simple experiment that continuous tubes,
worthy of being called by this name, existed in the outer parts
of the root, whereas the pith consisted of closed chambers. He
cut a fresh root transversely, and then gently pressed the side of
it with hisfinger nail. He was able to detect the vessals with the
naked eye, and he observed that where they occurred, sap oozed
out under pressure, but was sucked in again when the pressure
was removed. The pressure also expressed a certain amount
of sap from the pith, where vessels were absent, but here the sap
was not sucked in again when the root was no longer squeezed,
shewing that the liquid had only been forced out by the wound-
ing of the cells. Had they been open tubes like the vesss, the
release of the pressure would have caused the sap to disappear.
Grew recognised that the vascular tissue of the root is centrally
placed, whereas in the stem it is circumferential, and he points
out that this difference is connected with the diverse mechanical
needs of the two organs. It should aso be noted that he dis-
covered that concentration of the vascular system is characteristic
of climbing plants, the wood, in his own words, standing " more
close and round together in or near the Center, thereby making
a round, and dender Trunk. To the end, it may be more
tractable, to the power of the external Motor, what ever that
may be: and dso more secure from breaking by its winding
Motion". He observed the radial arrangement of the xylem in
the root, and offered an explanation of it, which is however
scarcely free from obscurity. " Some of the more Ethereal
and Subtile parts of the Aer, as they stream through the Root,
it should seem, by a certain Magnetisme, do gradually dispose
the Aer- Vessels, where there are any store of them, into Rays"
Amongst other deta® of root anatomy Grew discovered that
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all the tissues outside the central cylinder sometimes peel off
when the root becomes old, or as he says, "the whole body
of the Perpendicular Roots, except the woody Fibre in the
Centre, becomes the second skin." Turning to stem structure,
we find that he understood the difference in origin between stem
buds and adventitious roots. The stem bud, he writes, "carries
along with it, some portion of every Part in the Trunk or Salk;
whereof it is a Compendium" The adventitious root, on the
other hand, " always shoots forth, by making a Rupture in the
Barque, which it leaves behind, and proceeds only from the
inner part of the Salk® He describes the vascular bundles
of the stem as "fibres" perforated by numerous "pores'. It
would be a mistake, however, to suppose that he had no under-
standing of their structure, at least as regards the xylem, for
he goes on to say that " each Fibre, though it seem to the bare
eye to be but one, yet is, indeed, a great number of Fibres
together; and every Pore, being not meerly a space betwixt
the several parts of the Wood, but the Concave of a Fiber!"
He noticed the medullary rays, for which he uses the expressive
term "Insertions." "These Insertions’ he says, "are likewise
very conspicuous in Sawing of Trees length-ways into Boards,
and those plain'd, and wrought into Leaves for Tables, Wainscot,
Trenchers, and the like. In all which,...there are many parts
which have a greater smoothness than the rest; and are so
many inserted Pieces of the Cortical Body; which being by those
of the Lignous, frequently intercepted, seem to be discontinuous,
although in the Trunk they are really extended, in continued
Plates, throughout its Breadth."

Nehemiah Grew was interested in the process of secondary
thickening, but he only arrived at a dim notion of how it took
place. He grasped, however, the important point that in a tree
trunk the meristematic zone lies near the surface, "the young
Vessels and Parenchymous Parts' being formed annually " be-
twixt the Wood and Barque” He describes how, " every year,
the Barque of a Tree is divided into Two Parts, and distributed
two contrary ways. The outer Part falleth off towards the Skin;
and at length becomes the Skin it self...The inmost portion
of the Barque, is annually distributed and added to the Wood;
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the Parenckymous Part thereof making a new addition to the
Insertions within the Wood; and the Lytnphaducts a new addition
to the Lignhous pieces betwixt which the Insertions stand. So
that a Ring of Lymphceducts in the Barque this year, will be
a Ring of Wood the next; and so another Ring of Lympheeducts,
and of Wood, successively, from year to year." Exactly what
Grew meant by the term " Lymphaeduct” is not always clear.
In some cases he seems to refer to the phloem and cambium by
this name, and in other cases to the perimeduliary zone. The
annual rings in Oak, Elm, Ash, etc. came under his observation,
and he remarks that the difference between the Spring and
Autumn wood, as we should now call it, arises from the fact
that "the Aer-Vessels that stand in the inner margin of each
annual Ring, are all vastly bigger, than any of those that stand
in the outer part of the Ring?

Grew did not enter into the minuter details of histology,
except in his description of the spiral trachcids, to which, as we
have seen, his attention was first called by Malpighi's observa-
tions. He speaks of the spiral as formed of "Two or More
round and true Fibres, athough standing collaterally together,
yet perfectly distinct. Neither are these Single Fibres them-
salves flat, like a Zone; but of a round forme, like a most fine
Thred." He makes the curious statement that the direction of
the spiral is constant, being " in the Root, by South, from West
to East: but in the Trunk, contrarily, by South, from East
to West"

Although it is as an anatomist that Nehemiah Grew is best
known, his grasp of external morphology is perhaps even more
remarkable. His work on seed structure has aready been
quoted. He seems to have quite readily detected the true
nature of modified stems. He examined for instance the thorns
of the Hawthorn, and saw that their structure was axial. In
his own words, they " are constituted of all the same substantial
Parts whereof the Germen or Bud it self [is], and in a like pro-
portion : which aso in their Infancy are set with the resemblances
of divers minute Leaves? It should be recalled that Albertus
Magnus, the great scholastic philosopher, writing in the thirteenth
century, distinguished between thorns and prickles, and noticed
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transitions between the former and leafy branches’. There is
no reason to suppose, however, that our author was acquainted
with the work of Albertus. Grew realised the nature of Bulbs,
and points out that "the Srings only, are absolute Roots;
the Bulb, actually containing those Parts, which springing
up, make the Leaves or Body, and is, as it were, a Great Bud
under ground.”

Nehemiah Grew was interested in plant physiology, although
the state of chemical and physical knowledge at the time did
not allow of his advancing so far in this, as in the morphological
side of the subject. His turn of mind, too, appears to have
naturally led him to the study of form rather than that of function.
As regards the absorption of water, his idea was simply that
the roots sucked up water like a sponge, because the parenchyma
was of a spongy nature. He supposed that the liquid was
rendered purer by being strained through the skin, which, accord-
ing to whether it was of a texture resembling brown paper,
cotton, or leather, would produce a different effect upon any
solution passing through it. His explanation of the ascent of
the sap had really much in common with the "Kletterbewegung”
theory propounded by Westcrmaier? almost exactly two hundred
years later. Grew argued that " considering to what height and
plenty, the Sap sometimes ascends; it is not intelligible, how
it should thus ascend, by virtue of any one Part of a Plant,
alone; that is neither by virtue of the Parenchyma, nor by virtue
of the Vessals, done” He pointed out that the parenchyma
might suck up aliquid for a short distance, and aso the vessls,
like "small Glass-Pipes immersed in Water, will give it an
ascent for some Inches; yet there is a certain period, accord-
ing to the bore of the Pipe, beyond which it will not rise" To
account for the rise he supposes that the vessds and parenchyma
work together, the turgidity of the surrounding parenchyma
cells both compressing the vessls, and thus causing the liquid
in them to ascend, and also actually forcing some of their own
contents into them.

* Ernst H. F. Meyer, Geschichte der Botanik, vol. iv. p. 60, 1857.
2 M. Westermaier, "Zur Kenntniss der osmotischen Leistungen des lebenden
Parenchym's." Ber. d. deutsch. bot. Gesellsch. Bd 1. p. 371, 1883.
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Grew performed afew experiments, especialy in the direction
of plant chemistry. Thiswas a natural lineof work for adoctor,
since the extraction of various vegetable substances had long
been practised in medicine. He noticed, amongst other points,
that the green infusion obtained by treating a plant with olive
oil would, at least in the case of certain aromatic plants, appear
of a green colour in a small drop, but of ared, or deep yellow,
when a quantity of it was held up against a candle. In other
words, Grew seems to have observed the characteristic fluorescence
of chlorophyll.

He was interested also in the subject of geotropism, and
succeeded in proving that there is an innate tendency for the
root to grow down and the stem to grow up; and that it is
not merely a cae of the root seeking the soil, and the stem
the air. His directions for performing the experiment are as
follows:—" Take a Box of Moulds, with a hole bored in the
bottom, wide enough to admit the Salk of a Plant, and ¢t it
upon stilts half ayard or more above ground. Then lodg in
the Mould some Plant, for Example a Bean, in such sort, that
the Root of the Bean standing in the Moulds may poynt upwards,
the Salk towards the ground. As the Plant grows, it will
follow, that at length the Stalk will rise upward, and the Root
on the contrary, arch it self downward. Which evidently shews,
That it is not sufficient, that the Root hath Earth to shoot into,
or that its Motion is only an Appetite of being therein lodged,
which way soever that be: but that its nature is, though within
the Earth aready, yet to change its Position, and to move
Downwards. And so likewise of the Trunk, that it rises, when
a Seed sprouts, out of the Ground, not meerly because it hath
an Appetite of being in the open Aer; for in this Experiment it
is so already; yet now makes a new Motion upwards."

Although Grew cannot be called a great experimenter, he
frequently took the easier course of throwing out suggestions
for such work. " The generation of Experiments" he describes
as " being like that of Discourse, where one thing introduceth
an hundred more which otherwise would never have been
thought of." Amongst other proposals he recommends that
trial should be made of growing plants in common water, snow
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water, milk, oil, wine, ink, etc.,, or in any of these with solid
bodies, such as nitre and salt, dissolved in them. He points
out that the effect both on the plant and on the liquid should
be noted. The solid body should be weighed before solution,
and then, after the experiment is over, the liquid should be
evaporated and the solid again weighed.

Another instance in which he suggested an experiment,
apparently without carrying it out, was in relation to the move-
ments of the stems of non-climbing plants. He seems to have
anticipated the nineteenth century discovery of nutation amongst
plants other than climbers, though he stopped short of actually
proving it. In his account of the Motions of Trunks he remarks,
" The Convolution of Plants, hath been observed only in those
that Climb. But it seems probable, that many others do
aso wind;..Whether it be so, or not the Experiment may
easily be made by tying a Thred upon any of the Branches;
setting down the respect it then hath to any Quarter in the
Heavens: for, if it shall appear in two or three Months, to have
changed its Situation towards some other Quarter; it is certain
proof hereof." He noticed that some plants twine " by South
from East to West" and others " from West to East" and attri-
buted this to their being respectively under the influence of the
sun and the moon.

Whenever Grew's notions of plant physiology depended
upon chemistry, they became, according to our modern idess,
extremely difficult to follow. He held, among many other curious
beliefs, that sats obtained from any plant have a tendency to
crystallise out in a form resembling that plant, and adds, as
an illustration from the animal world, " though | have not seen
it my sdf, yet | have been told by one that doth not use to
phancy things, that the Volatile Salt of Vipers, will figure it self
into the semblance of little Vipers'.

The mystical belief that characteristic " principles" permeate
all things, finds expression in his idea that the " frost flowers,"
sometimes to be seen on a window pane, are evidence that the
air is impregnated with " Vegetable Principles"” Another fact,
which he brings forward in support of the same view, is that
the ground or water, when exposed for some time to air,
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turns green. His explanation, in this latter case, was not far
from the truth, for, as we now know, the greenness is due to
the vegetation of minute algae, which, in their dormant state,
may be carried from place to place by the wind.

It is usual to regard Ecology as a very recent development
of botanical science, but Nehemiah Grew seems to have been
alive to the importance of the ecological standpoint,—though he
did not describe it by this name. He writes "The proper
Places also of Plants, or such wherein they have...a Spontaneous
growth, should be considered. And that as to the Climate;
whether in one Colder, Temperate, or more Hot. The Region;
Continent, or Island. The Seat; as Sea, or Land, Watry, Boggy,
or Dry; Hills, Plains, or Vallies; Open, in Woods, or under
Hedges; against Walls, rooted in them, or on their Tops; and
the like."

Grew's most interesting contribution to science was, perhaps,
his publication of the fact that the flowering plants, like animals,
shew the phenomena of sex. He never, however, actually proved
this contention in an experimental way. At the timethat his
earliest work* was published, he was frankly puzzled by the
stamens, or, as he calls them, the " Attire." He recognised
their use to insects, to whom flowers serve, in his own words,
as "their Lodging and their Dining-Room." He also fully
realised their value to man as increasing the beauty of the
blossom, but he was broad-minded enough to feel that these
must be secondary uses, and that " the primary and private use
of the attire" remained to be discovered. Ten years later, in
the second edition of his work, he tells us that it was suggested
to him in conversation by Sir Thomas Millington that the
stamens were the male organs. It seems probable that, although
Grew gives Millington the credit for this discovery, he had really
arrived at it independently, for he tells us that when Millington
made .the suggestion, he "immediately reply'd that [he] was of the
same Opinion ; and gave him some reasons for it, and answered
some Objections, which might oppose them."

Besides his belief in the male nature of the stamen, Nehemiah
Grew came to some rather mysterious conclusions as to their

! The Anatomy of Vegetables Begun, 1672.
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serving to draw off the redundant part of the sap, not needed to
produce the seed. He aso used the word "attire" for the florets
of the Compositae, but qualified it by calling the stamens the
" semina attire/' and the florets of compound flowersthe " florid
attire." He says that " every Flower with the Florid attire" (or,
as we should now say, " every composite flower ") " Embosomes,
or is, a Posy of perfect Flozvers." He recognised the "globulets "
(pollen grains) as being of the same nature as those in the
anthers of simple flowers. He describes the disk florets with
remarkable accuracy, but falls into the error of supposing that
the pollen grains are in some cases originally produced by the
style and stigmas, which he calls the " Blade," and which he did
not recognise as part of the female organ. His figures make it
clear that he mistook the stylar hairs for little stalks organically
connecting the pollen grains and the style. In other cases how-
ever, he observed that the pollen grains occurred on the inner
side of what we now know as the staminal tube.

Grew enters into considerable detail as regards the structure
of flowers, and it is only possible to mention here a few of the
points to which he draws attention. He observed the frequent
occurrence of capitate glandular hairs, which he describes as
"like so many little Mushrooms sprouting out of the Flower"
their heads sometimes exuding a " Gummy or Balsamick Jnyce?
He describes the varieties of aestivation of the floral leaves, and
notes that, in the Poppy, the large size and fewness of the petals
prevents their being folded into a compact body by any of the
ordinary methods. " For which reason, they are cramb'd up
within the Empalement' by hundreds of little Wrinckles or
Puckers;, as if Three or Four Fine Cambrick Handcherchifs
were thrust into ones Pocket?

We have said something about Grew's work on seeds in
dealing with his first treatise. He was always much interested
in this subject, and returned to it again in his later work. He
mentions the mucilaginous testa possessed by many seeds, but
which only becomes noticeable when they have been moistened.
That of "Nasturtium Hortense" he describes as very large, "even
emulous of the inner Pulp surrounding a Gooseberry-Seed." He

! Calyx.
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suggests, that the value of putting a Clary seed into the eye
to bring out a foreign body, which may have lodged there, is
due to the presence of the mucilaginous coat. The same seed
is still, | believe, used for this purpose, under the name of "eye
seed."  Grew understood the difference between seeds with, and
without endosperm, and gives perfectly clear representations of
such albuminous seeds as Ricinus, He describes the cotyledons
of the Dock as being immersed in the endosperm, "as in a Tub
of Meal or alittle pot of pure refin'd Mould, necessary for the
first Vegetation of the Radicle?

Grew naturally reckoned the spores of Ferns among seeds
The seed-case of the llarts-tongue is, he says, "of a Slver
Colour...of a spherick Figure, and girded about with a sturdy
Tendofi or Spring, of the Colour of Gold:... So soon as...
this Spring is become stark enough, it suddenly bresks the
Caseinto two halfs, like two little cups, and so flings the Seed?
of which "ten Thousand are not so big as a white Pepper
Corn".

To give any kind of short summary of Grew's botanical
work is well-nigh impossible. Some men are remembered for
individual discoveries, and in such casss it is not difficult to
give a precis of their contributions. But Nehemiah Grew is
remembered because, contemporaneously with Malpighi, he
actually created the science of plant anatomy,—a subject which,
before his day, was practically non-existent. Modern botanists,
conscious how small an addition to the fabric is now regarded
as a satisfactory life-work, must stand amazed and somewhat
humbled before the broad and sound foundations laid by this
seventeenth century physician. It is no less than two hundred
and forty years since Grew sent in his first treatise to the
Royal Society, so it is scarcely wonderful that a number of his
results have been rejected in course of time. It is far more
remarkable that so many of his conclusions—and those the
more essential ones—have been merely confirmed and extended
by later work. Great however as were his actual contributions
to botanical knowledge, they were perhaps less important than
the far-reaching service which he rendered in helping to free
biological thought from the cramping belief that the one and
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only object of the existence of the organic world was.for the
use and pleasure of man. Grew believed that the " Outward
Elegancies of Plants" might be for the purpose of giving delight
to the human race, but he was the first to point out that as the
" Inward Ones, which, generally, are as Precise and Various as
the Outward," are so seldom seen, their purpose can hardly be
for this, but must be for the benefit of the plants themselves,
" That the Corn might grow, so; and the Flower, so, whether or
no Men had a mind, leisure, or ability, to understand how."
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STEPHEN HALES
1677—1761
BY FRANCIS DARWIN

An error corrected—Haies scientific contemporaries—Physiology or Physics
—Hales the Founder of the experimental method in Physiology—His
style—Cambridge days— T eddington— Vegetabl e Sati cks—Experiments
described — Transpiration — Root Pressure — Assimilation — Practical
application to greenhouses—Distribution of growth first measured—
Haies other activities—Sachs' tribute.

IN attempting to give a picture of any man's life and work
it is well to follow the rule of the Dictionary of National
Biography, and begin with the dates of his birth and death.
Stephen Hales was born in 1677 2"d died in 1761, having had
experiences of the reigns of seven sovereigns.

The authorities for the life of Hales are given in my article
on him in the Dictionary of National Biography. Botanists in
general probably take their knowledge of the main facts of his
life from Sachs History of Botany. It is therefore worth while
to point out that both the original and the English translation
(1890) contain the incorrect statement that Hales was educated
at Christ's College, Cambridge, and that he held the living of
Riddington, whereas he is one of the glories of Corpus, and
was perpetual curate of Teddington. These inaccuracies how-
ever are trifles in relation to the great and striking merits of
Sachs History, a work which to my thinking exhibits the
strength and brilliance of the author's mind as clearly as any
of his more technical writings. Sachs was no niggling bio-
grapher, and his broad vigorous outlines must form the basis of
what anyone, who follows him, has to say about the Botanists
« of apast day.

0. B. 5
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To return to Haies birth: it is of interest to note how he
fits into the changing procession of lives, to see what great men
overlap his youth, who were his contemporaries in his maturity,
and who were appearing on the scientific stage as he was
leaving it.

Sir Isaac Newton was the dominant figure in English science
while Hales was developing. He died in 1727, the year in
which Hales published his Vegetable Saticks, a book, which
like the Origin of Species, appeared when its author was
50 years of age; Newton was at the zenith of his fame when
Haleswas a little boy of 10—his Principia having been published
in 1687. And when Hales went up to Cambridge in 1696 he
must have seen the great man coming from his rooms' in the
N.E. corner of the Great Court of Trinity—that corner where
Newton's and other more modern ghosts surely walk—Macaulay
who used to read, pacing to and fro by the chapel?, and
Thackeray who, like his own Esmond, lived " near to the famous
Mr Newton's lodgings." In any case there can be no doubt
that the genius of Newton cast its light on Hales, as Sachs has
clearly pointed out {Hist. Bot., Eng. Tr., p. 477). Another great
man who influenced Hales was Robert Boyle, who was born
1627 and died 1691. John Mayow again, that brilliant son of
Oxford, whose premature death at 39 in 1679 was so heavy
a blow to science, belongs to the same school as Hales—the
school which waswithin an ace of founding a rational chemistry,
but which was separated from the more obvious founders of that
science by the phlogiston-theory of Becchers and Stahl. | do
not find any evidence that Hales was influenced by the phlogistic
writers and this is comprehensible enough, if, as | think, he
belongs to the school of Mayow and Boyle.

The later discoverers in chemistry are of the following dates,
Black 1728—1799, Cavendish 1731—1810, Priestley 1733—
1804, Schede 1742—1786, Lavoisier 1743, guillotined 1794.

1 |n 1699 Newton was made master of the Mint and appointed Whiston his
Deputy in the Lucasian Professorship, an office he finally resigned in 1703 (Brewster's
Life of Newton, 1831, p. 249).

2 "There, if anywhere, his dear shade must linger," Trevelyan, Life and Letters
of Lord Macaulay, 1 volume edit. 1881, p. 55.
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These were all born about the time of Haies' zenith, nor did
he live! to see the great results they accomplished. But it
should not be forgotten that Haies' chemical work made more
easy the triumphant road they trod.

| have spoken of Hales in relation to chemists and physicists
because, though essentially a physiologist, he seems to me to
have been a chemist and physicist who turned his knowledge to
the study of life, rather than a physiologist who had some
chemical knowledge.

Whewell points out in his History of the Inductive Sdences’
that the Physiologist asks questions of Nature in a snse
differing from that of the Physicist. The Why? of the Physicist
meant Through what causes? that of the Physiologist—To
what end ? This distinction no longer holds good, and if it is
to be applied to Hales it is a test which shows him to be a
physicist. For, as Sachs shows, though Hales was necessarily a
teleologist in the theological sense, he always asked for purely
mechanical explanations. He was the most unvitalistic of
physiologists, and | think his explanations suffered from this
cause. For instance, he seems to have held that to compare
the effect of heat on a growing root to the action of the same
cause on a thermometer® was a quite satisfactory proceeding.
And there are many other passages in Vegetable Saticks
where one feds that his speculations are too heavy for his
knowledge.

Something must be said of Haies' relation to his prede-
cessors and successors in Botanical work.  The most striking
of his immediate predecessors were Malpighi 1628—1694, Grew
1628—1711, Ray 1627—1705, and Mariotte (birth unknown,
died 1684) ; and of these the three first were born one hundred
years before the publication of Vegetable Staticks.  Malpighi and
Grew were essentially plant-anatomists, though both dealt in
physiological speculations. Their works were known to Hales,
but they do not seem to have influenced him.

! Black's discovery of CO.,, however, was published in 1754, seven years before
Hales died, but Priestley's, Cavendish's and Lavoisier's work on O and H was later.

21837, Ill. p. 389.

® Vegetable Saticks p. 346.
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We have seen that as a chemist Hales is somewhat of a
solitary figure, standing between what may be called the periods
of Boyle and of Cavendish. This is even more striking in his
Botanical position, for here he stands in the solitude of all great
original inquirers. Wemust go back toVVan Helmont, 1577—1644,
to find anyone comparable to him as an experimentalist. His
successors have discovered much that was hidden from him, but
consciously or unconsciously they have all learned from him the
true method and spirit of physiological work.

It maybeurged that in exalting Hales | am unfair to Mal pighi.
It may be fairer to follow Sachs in linking these great men to-
gether and to insist on the wonderful fact that before Malpighi's
book in 1671, vegetable physiology was still where Aristotle left
it, whereas 56 years later in 1727 we find in Haies' book an
experimental science in the modern sense

It should not be forgotten that students of animal physiology
agree with botanists as to Haies greatness. A writer in the
Encyclopcedia Britannica speaks of him as " the true founder of
the modern experimental method in physiology."

According to Sachs, Ray made some interesting observations
on the transmission of water, but on the whole what he says on
this subject is not important. There is no evidence that he
influenced Hales.

Mariotte the physicist came to one physiological conclusion
of great weight'; namely, that the different qualities of plants,
eg. taste, odour, etc., do not depend on the absorption from the
soil of differently scented or flavoured principles, as the Aristo-
telians imagined, but on specific differences in the way in which
different plants deal with identical food material—an idea which
is at the root of a sane physiological outlook. These views
were published in 1679% and may have been known to Hales.
He certainly was interested in such ideas, as is indicated by
his attempts to give flavour to fruit by supplying them with
medicated fluids. He probably did not expect success for he
remarks, p. 360: " The specifick differences of vegetables, which
are all sustained and grow from the same nourishment, is

! Sachs, Geschichte, p. 502. Malpighi held similar views.
2 |bid., p. 499.
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[sic] doubtless owing to the very different formation of their
minute vessals, whereby an almost infinite variety of combina-
tions of the common principles of vegetables is made" He
continues in the following delightful passage: "And could our
eyes attain to asight of the admirable texture of the parts on which
the specific differences in plants depends [sic] what an amazing
and beautiful scene of inimitable embroidery should we behold ?
what a variety of masterly strokes of machinery ? what evident
marks of consummate wisdom should we be entertained with ?"
To conclude what has been said on Haies' chronological position
—Ingenhousz, the chief founder of the modern point of view on
plant nutrition, was born 1730 and published his book On
Vegetables etc. in 1779. So that what was said of Haies
chemical position is again true of him considered in relation
to nutrition ; he did not live to see the great discoveries made
at the close of the 18th century.

Thereisin hiswriting a limped truthfulness and simplicity,
unconsciously decorated with pretty 18th century words and
half-rusticities which give it a perennial charm. And inasmuch
as | desire to represent Hales not merely as a man to be
respected but also to be loved, it will be as well to give what
is known of the personal side of his character before going on to
a detailed account of his work.

He was, as we have seen, entered at Corpus Christi College,
Cambridge, in June, 1696. In February, 1702—3, he was admitted
a fellow of the College. It was during his life as a fellow that he
began to work at chemistry in what he calls " the elaboratory in
Trinity College. Theroom isnow occupied by the Senior Bursar
and forms part of the beautiful range of buildings in the bowl-
ing green, which, freed from stucco and other desecration, are
made visible in their ancient guise by the piety of a son of
Trinity and the wisdom of the College authorities. 1t was here,
according to Dr Bentley, that " the thieving Bursars of the old
set embezzled the College timber'” and it was this room that was
fitted up as "an elegant laboratory" in 1706 for John Francis

! Quoted by Caroe, in his paper read before the Cambridge Archaeological Society
on King's Hostel etc., and "Printed for the Master and Fellows of Trinity Coll."
in 1909.
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Vigani, an Italian chemist, who had taught unofficially in the
University for some years and became the first Professor of
Chemistry at Cambridge in 1703.

Judging from his book, Medulla Chymiae, 1682, Vigani was
an eminently practical person who cared greatly about the proper
make of a furnace and the form of a retort, but was not cum-
bered with theories.

Hales vacated his fellowship and became minister or perpetual
curate of Teddington® in 1708—9 and there he lived until his
death, fifty-two years afterwards. He was married (? 1719) and
his wife died without issue in 1721.

He attracted the attention of Royalty, and received plants
from the King's garden at Hampton Court. Frederick Prince
of Wales, the father of George | I | , is said to have been fond of
surprising him in his laboratory at Teddington. This must
surely be a unique habit in a prince, but we may remember
that, in the words of the Prince's mock epitaph, "since it is
only Fred there's no more to be said." He became Clerk of the
Closet to the Dowager Princess and this " mother of the best of
Kings" as she calls herself put up his monument in Westminster
Abbey. Hales had the honour of receiving the Copley Medal
from the Royal Society in 1739, and Oxford made him a D.D.
in 1733.

Some years ago | made a pilgrimage to Teddington and
found, in the parish registers, many interesting entries by his
hand ; the last in a tremulous writing is on November 4th,
1760, two months before he died. He was clearly an active
parish priest. He made his female parishioners do public
penance when he thought they deserved it: he did much for
the fabric of the church. " In 1754 he helped the parish to
a decent water supply and characteristically records, in the
parish register, that the outflow was such as to fill a two-quart
vessdl in * three swings of a pendulum beating seconds, which
pendulum was 39 +2/10 inches long from the suspending nail to
the middle of the plumbet or bob'." Under thetower he helped

! He aso held the living of Farringdon in Hampshire where he occasionally
resided.
% Dict. Nat. Biog.
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to build (which now serves as a porch) Stephen Hales is buried,
and the stone which covers his body is being worn away by the
feet of the faithful. By the piety of a few botanists a mural tablet,
on which the epitaph is restored, has been placed near the grave.

Horace Walpole called Hales " a poor, good, primitive
creature” and Pope' (who was his neighbour) said " | shall be
very glad to sse Dr Hales, and always love to se him, he is so
worthy and good a man." Peter Collinson writes of "his
constant serenity and cheerfulness of mind."; it is dso re
corded that " he could look even upon wicked men, and those
who did him unkind offices, without any emotion of particular
indignation; not from want of discernment or sensibility; but
he used to consider them only like those experiments which,
upon trial, he found could never be applied to any useful
purpose, and which he therefore calmly and dispassionately laid
aside.”

Haies work may be divided into three heads :

I.  Physiological, animal and vegetable;

I'l. Chemical;
I'1'l. Inventions and miscellaneous essays.
Under No. I. | shal dea only with his work on plants.

The last heading (No. 111.) I shal only refer to slightly, but
the variety and ingenuity of his miscellaneous publications is
perhaps worth mention here as an indication of the quality of
his mind. It ssems to me to have had something in common
with the versatile ingenuity of Erasmus Darwin and of his
grandson Francis Galton. The miscellaneous work also exhibits
Hales as a philanthropist, who cared passionately for bettering
the health and comfort of his fellow creatures by improving
their conditions of life.

His chief book from the physiological and chemica point of
view is his Vegetable Saticks. It will be convenient to begin
with the physiological part of this book, and refer to the
chemistry later. Vegetable Saticks is a small 8vo of 376 pages,
dated on the title-page 1727. The "Imprimatur Issac Newton
Pr. Reg. Soc." is dated February 16, 1767, and this date is of

1 With a certain idleness Pope reduces him to plain Parson Hale, for the sake of
a rhyme in the Epistle of Martha Blount, 1. 198.
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some slight interest, for Newton died on March 20, and Vegetable
Sta ticks must have been one of the last books he signed.

The dedication is to George Prince of Wales, afterwards
George | I I . The author cannot quite avoid the style of his
day, for instance: " And as Solomon the greatest and wisest of
men, deigned® to inquire into the nature of Plants, from the
Cedar of Lebanon, to the Hyssop that springeth out of the wall.
So it will not, | presume, be an unacceptable entertainment to
your Royal Highness," etc.

But the real interest of the dedication is its clear statement
of his views on the nutrition of plants. He asserts that plants
obtain nourishment, not only from the earth, " but also more
sublimed and exalted food from the air, that wonderful fluid,
which is of such importance to the life of Vegetables and
Animals,” etc. We shall see that his later statement is not so
definite, and it is well to rescue this downright assertion from
oblivion.

His book begins with the research for which he is best
known, namely that on transpiration. He took a sunflower
growing in a flower-pot, covering the surface of the earth with
a plate of thin milled lead, and cemented it so that no vapour
could pass, leaving a corked hole to allow of the plant being
watered. He did not take steps to prevent loss through the
pot, but at the end of the experiment cut off the plant,
cemented the stump and found that the " unglazed porous
pot" perspired 2 ozs. in 12 hours, and for this he made due
allowance.

The plant so prepared he proceeded to weigh at stated
intervals. He obtained the area of the leaves by dividing them
into parcels according to their several sizes and measuring one
leaf? of each parcel. The loss of water in 12 hours converted to
the metric system is 1.3 ¢.C. per 100 sq. cm. of leaf-surface ; and
this is of the same order of magnitude as Sachs result’, namely
22 c.c. per 100sg. cm.

 The original reads "deigned not," an obvious slip.

2 This he does by means of a network of threads ¥4 inch apart. pfeffer, Pflanzen-
physiologic, ed. i, i. p. 142, recommends the method and gives Haies as his authority.

3 PflanZenphysiologie, 1865 (Fr. Trans. 1868), p. 254.
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He goes on to measure the surface of the roots’ and to
estimate the rate of absorption per area. The calculation is
of no value, since he did not know how small a part of the
roots is absorbent, nor how enormously the surface of that part
is increased by the presence of root-hairs. He goes on to
estimate the rate of the flow of water up the stem ; this would
be 34 cubic inches in 12 hours if the stem (which was one
square inch in section) were a hollow tube. He then allowed a
sunflower stem to wither and to become completely dry, and found
that it had lost f of its weight, and assuming that the % of the
"solid parts" left was usdess for the transmission of water he
increases his 34 by % and gives 451/3 cubic inches in 12 hours as
the rate. But the solid matter which he neglected contained
the vessels and he would have been nearer to the truth had he
corrected his figures on this bass. The simplest plan is to
compare his results with those obtained by Sachs® in allowing
plants to absorb solutions of lithium-salts. If the flow takes
place through conduits equivalent to a quarter of a square inch
in area, the fluid will rise in 12 hours to a height of 4 x 34 or
136 inches or in one hour to 28-3 cm.®> This is a result com-
parable to, though very much smaller than, Sachs result with
the sunflower, viz. 63 cm. per hour.

The data are however hardly worth treating in this manner.
But it is of historic interest to note that when Sachs was at work
on his Pflanzenphysiologie, published in 1865, he was compelled
to go back nearly 140 years to find any results with which he
could compare his own.

We need not follow Hales into his comparison between the
" perspiration " of the sunflower and that of a man, nor into his
other transpiration experiments on the cabbage, vine, apple, etc.
But one or two points must be noted. He found* the " middle
rate of perspiration” of a sunflower in 12 hours of daylight to
be 20 ounces, and that of a " dry warm night" about 3 ounces;

! He gives it as 15.8 square inches, the only instance | have come across of his
use of decimals.

2 Arbetten, 11 p. 182.

3 See Sachs Pflanzenphys. 1865 (Fr. Trans. 1868), p. 257, where the above

correction is applied to Haies' work.
* Vegetable Staticks, p. 5.
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thus the day transpiration was roughly seven times the nocturnal
rate. Thisdifference may be accounted for by the closure of the
stomata at night.

Hales of course knew nothing of stomata, but it is surprising
to find Sachs in 1865 discussing the problem of transpiration
with hardly a reference to the effect of stomatal closure.

Haies' notes another point which a knowledge of stomatal
behaviour might have explained, viz. that with "scanty watering
the perspiration much abated," he does not attempt an explanation
but merely refers to it as a " healthy latitude of perspiration in
this Sunflower."

In the course of his work on sunflowers he notices that the
flower follows the sun, he says however that it is " not by
turning round with the sun," i.e. that it is not a twisting of the
stalk, and goes on to call it nutation which must be the locus
classicus for the term used in this sense.

An experiment? that | do not remember to have seen quoted
elsewhere isworth describing. It is one of the many experiments
that show the generous scale on which his work was planned.
An apple bough five feet long was fixed to a vertical glass tube
nine feet long. The tube being above and the branch hanging
below the pressure of the column of water would act in concert
with the suck of the transpiring leaves instead of in opposition
to this force.  He then cut the bare stem of his branch in two,
placing the apical half of the specimen (bearing side branches
and leaves) with its cut end in a glass vessel of water, the basal
and leafless half of the branch remained attached to the vertical
tube of water. In the next 30 hours only 6 ounces dripped
through the leafless branch, whereas the leafy branch absorbed
18 ounces. This, as he says, shows the great power of perspira-
tion. And though he does not pursue the experiment, it is
worthy of note as an attempt like those of Jartse® and others to
correlate the flow of water under pressure with the flow due to
transpiration.

It is interesting to find that Hales used the three methods of

1« Vegetable Satickss, p. 14. °Vegetable Saticks, p. 41.
% Janse in Pringsheinis Jahrb. xvm. p. 38. The later literature is given by

Dixon in Progressus Rei Bot. |11., 1909, p. 58.
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estimating transpiration which have been employed in modern
times, namely, (i) weighing, (ii) a rough sort of potometer,
(iii) enclosing a branch in a glass balloon and collecting the
precipitated moisture, the well-known plan followed by various
French observers.

He (Vegetable Staticks, p. 51) concluded his balance of loss
and gain in transpiring plants by estimating the amount of
available water in the soil to a depth of three feet, and calcu-
lating how long his sunflower would exist without watering.
He further concludes (p. 57) that an annual rainfall (of 22 inches)
is "sufficient for all the purposes of nature, in such flat countries
as this about Teddington.”

He constantly notes small points of interest, eg. (p. 82) that
with cut branches the water absorbed diminishes each day and
that the former vigour of absorption may be partly renewed by
cutting a fresh surface'.

He also showed (p. 89) that the transpiration current can
flow perfectly well from apex to base when the apical end is
immersed in water.

These are familiar facts to us, but we should realise that it is
to the industry and ingenuity of Haies that we owe them. In
a repetition (p. 90) of the last experiment, we have the first
mention of a fact fundamentally important. He took two
branches (which with a clerical touch he calls M and N) and
having removed the bark from a part of the branch dipped the
ends in water, N with the great end downwards, but M upside
down. In this way he showed that the bark was not necessary
for the absorption or transmission of water?. | suspect that
one branch was inverted out of respect for the hypothesis of
sap-circulation. He perhaps thought that water could travel
apically by the wood, but only by the bark in the opposite
direction.

Later in his book (pp. 128 and 131) he gives definite argu-
ments against the hypothesis in question.

Next in order (p. 95) comes his well-known experiment on
the pressure exerted by peas increasing in size as they imbibe

1 Compare F. von Hohnel, Bot. Zeitung, 1879, p. 318.
2 This is also shown by experiment xc, Vegetable Staticks, p. 123.
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water. There are, however, pitfalls in this result of which Hales
was unaware, and perhaps the chief interest to us now is that he
considered the imbibition of the peas' to be the same order of
phenomenon as the absorption of water by a cut branch—
notwithstanding the fact that he knew® the absorption to
depend largely on the leaves. It may be noticed that Sachs
with his imbibitional view of water-transport may be counted
a follower of Hales.

In order to ascertain "whether there was any lateral com-
munication of the sap and sap vessdls, as there is of blood in
animals," Hales (p. 121) made the experiment which has been
repeated in modern laboratories®, i.e. cutting a "gap to the pith"
and another opposite to it and a few inches above. This he did
on an oak branch six feet long whose basal end was placed in
water. Thebranch continued to" perspire" for two days, but gave
off only about half the amount of water transpired by a normal
branch®. He does not trouble himself about this difference,
being satisfied of "great quantities of liquor having passed
laterally by the gap."

He is interested in the fact of lateral transmission in con-
nexion with the experiment of the suspended tree (Fig. 24,
p. 126), which is dependent on the neighbours to which it is
grafted for its water supply. This seems to be one of the
results that convinced him that there is a distribution of food
material which cannot be described as circulation of sap in the
sense that was then in vogue.

Hales (p. 143) was one of the first® to make the well-known
experiment—the removal of a ring of bark, with the result that
the edge of bark nearest the base of the branch swells and
thickens in a characteristic manner. He points out that if a
number of rings are made one above the other, the swelling
is seen at the lower edge of each isolated piece of bark, and

! The method by which Hales proposed to record the depth of the sea is a variant
of this apparatus.

2 Vegetatle Saticks, p. 92.

® According to Sachs {Geschichie, p. 509) Ray employed this method.

# Other facts show that the "gapped" branches did not behave quite normally.

5 He refers (p. 141) to what is in principle the same experiment (see Fig. 17) as due
to Mr Brotherton, and published in the Abridgment of the Phil. Trans. 11. p. 708.
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therefore (p. 143) the swelling must be attributed "to some other
cause than the stoppage of the sap in its return downwards,"
because the first gap in the bark should be sufficient to check
the whole of the flowing sap'. He must in fact have seen that
there is a redistribution of plastic material in each section of
bark.

We now for the moment leave the subject of transpiration
and pass on to that of root-pressure on which Hales is equally
illuminating.

T | T f| | ]
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Figure from Vegetable Saticks showing a vine with mercury gauges in place to
demonstrate root-pressure.

His first experiment, Vegetable Staticks, p. 100, was with
a vine to which he attached a vertical pipe made of three
lengths of glass-tubing jointed together. His method is worth
notice. He attached the stump to the manometer with a " stiff
cement made of melted Beeswax and Turpentine, and bound it
over with several folds of wet bladder and pack-thread." We
cannot wonder that the making of water-tight connexions was
a great difficulty, and we can sympathise with his belief that he
could have got a column more than 21 feet high but for the
leaking of the joints on several occasions. He notes the

! He notices that the swelling of the bark is connected with the presence of buds.
The only ring of bark which had no bud showed no swelling.
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familiar fact that the vine-stump absorbed water before it
began to extrude it.

He afterwards (pp. 106-7) used a mercury gauge and
registered a root-pressure of 32% inches or 36 feet 51/3 inches of
water which he proceeds to compare with his own determination
of the blood-pressure of the horse (8 feet) and of other animals.
Perhaps the most interesting of his root-pressure experiments
was that (p. no) in which severa manometers were attached to
the branches of a bleeding vine and showed a result which
convinced him that "the force is not from the root only, but
must proceed from some power in the stem and branches,"
a conclusion which some modern workers have also arrived at.
The figure on page 77 is a simplified reproduction of the plate
(Fig. 19) in Vegetable Sa ticks.

Assimilation.

Haies' belief that plants draw part of their food from the air,
and again that air is the breath of life, of vegetables as well as
of animals (p. 148), are based upon a sait-s of chemical experi-
ments performed by himself. Not being satisfied with what he
knew of the relation between "air" (by which he meant gas)
and the solid bodies in which he supposed gases to be fixed,
he delayed the publication of Vegetable Saticks for some two
years, and carried out the series of observations which are
mentioned in his title-page as " An attempt to analyse the air,
by a great variety of chymio-statical experiments" occupying
162 pages of his book®.

The theme of hisinquiry he takes ( Vegetable Staticks, p. 165)
from " the illustrious Sir Isaac Newton?' who believed that
"Dense bodies by fermentation rarify into severa sorts of Air;
and this Air by fermentation, and sometimes without it, returns
into dense bodies."

Haies' method consisted in heating a variety of substances,
eg. wheat-grains, pease, wood, hog's blood, fallow-deer's horn,
oyster-shells, red-lead, gold, etc., and measuring the "air" given
off from them. He aso tried the effect of acid on iron filings,

' It appears that Mayow made similar experiments. Diet. Nat. Biog. sv. Mayow.
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oyster-shells, etc.  In the true spirit of experiment he began by
strongly heating his retorts (one of which was a musket barrel)
to make sure that no air arose from them. It is not evident to
me why he continued at this subject so long. He had no means
of distinguishing one gas from another, and almost the only
quality noted is a want of permanence, eg. when the CO*
produced was dissolved by the water over which he collected
it. Sir E. Thorpe® points out that Hales must have prepared
hydrogen, carbonic acid, carbonic_oxide, sulphur,dioxide, marsh
gas, etc. It may, | think, be said that Hales deserved the
title usually given to Priestley, viz. " the father of pneumatic?
chemistry."

Perhaps the most interesting experiment made by Hales is
the heating of minium (red-lead) with the production of oxygen.
It proves that he knew, as Boyle, Hooke and Mayow did before
him, that a body gains weight in oxidation. Thus Hales remarks:
"That the sulphurous and aereal particles of the fire are lodged
in many of those bodies which it acts upon, and thereby con-
siderably augments their weight, is very evident in Minium or
Red Lead which is observed to increase in weight in under-
going the action of the fire. The acquired redness of the
Minium indicating the addition of plenty of sulphur in the
operation." He also speaks of the gas distilled from minium*
and remarks " It was doubtless this quantity of air in the
minium which burst the hermetically seded glasses of the
excellent Mr Boyle, when he heated the Minium contained in
them by a burning glass" (p. 287).

This was the method aso used by Priestley in his celebrated
experiment of heating red-lead in hydrogen; whereby the
metallic lead reappears and the hydrogen disappears by com-
bining with the oxygen set free. This was expressed in the
language of the day as the reconstruction of metallic lead by
the addition of phlogiston (the hydrogen) to the calx of lead
(minium). Thorpe points out the magnitude of the discovery
that Priestley missed, and it may be said that Hales too was on

! History of Chemistry, 1909, I. p. 69.
2 Hales made use of a rough pneumatic trough, the invention of which is usually
ascribed to Priestley (Thorpe's History of Chemistry, 1. p. 79).
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the track and had he known as much as Priestley it would not
have been phlogiston that kept him from becoming a Cavendish
or Lavoisier. What chiefly concerns us however is the bearing
of Haies' chemical work on his theories of nutrition. He con-
cludes that " air makes a very considerable part of the substance
of Vegetables," and goes on to say (p. 211) that " many of these
particles of air" are " in a fixt state strongly adhering to and
wrought into the substance of" plants. He has some idea
of the instability of complex substances and of the importance
of the fact, for he says’ that " if all the parts of matter were only
endued with a strongly attracting power, [the] whole [of] nature
would then become one unactive cohering lump." This may
remind us of Herbert Spencer's words: "Thus the essential
characteristic of living organic matter, is that it unites this large
guantity of contained motion with a degree of cohesion that
permits temporary fixity of arrangement,” First Principles, § 103.
With regard to theway in which plants absorb and fix the " air"
which he finds in their tissues, Hales is not clear; he does not
in any way distinguish between respiration and assimilation.
But as | have already said he definitely asserts that plants draw
" sublimed and exalted food " from the air.

As regards the action of light on plants, he suggests (p. 327)
that "by freely entering the expanded surfaces of leaves and
flowers " light may " contribute much to the ennobling principles
of vegetation." Hegoeson toquote Newton (Opticks, query 30):
" The change of bodies into light, and of light into bodies is very
conformable to the course of nature, which seems delighted with
transformations." It is a problem for the antiquary to determine
whether or no Swift took from Newton the idea of bottling and
recapturing sunshine as practised by the philosopher of Lagado.
He could hardly have got it from Hales since Gulliver's Travels
was published in 1726, a year before Vegetable Staticks. Timiria-
zefF, in his Croonian Lecture®, was the first to see the connexion
between photosynthesis and the Lagado research.

! He spesks here merely of the apples used in a certain experiment, but it is clear
that he applies the conclusion to other plants.
2 Vegetable Staticks, p. 313. It should be noted that Hales spesks of organic as

well as inorganic substances.
8 Proc. R Soc. LXXII., p. 30, 1903.
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Nevertheless Hales is not quite consstent about the action
of light*; thus (p. 351) he speaks of the dull light in a closdy
planted wood as checking the perspiration of the lower branches
so that" drawing little nourishment, they perish." This is doubt-
less one effect of bad illumination under the above-named
conditions, but the check to photosynthesis is a more serious
result In his final remarks on vegetation (p. 375) Hales says
in relation to greenhouses, " it is certainly of as great importance
to the life of the plants to discharge that infected rancid air by
the admission of fresh, as it is to defend them from the extream
cold of the outward air." This idea of ventilating greenhouses
he carried out in a plant house designed by him for the Dowager
Princess of Wales, in which warm fresh air was admitted. The
house in question was built in 1761 in the Princesss garden at
Kew, which afterwards became what we now know as Kew
Gardens. The site of Haies' greenhouse, which was only pulled
down in 1861, is marked by a big Wistaria which formerly
grew on the greenhouse wall. It should be recorded that
Sir W. Thiselton-Dyer' planned a similar arrangement inde-
pendently of Hales, and found it produced a marked improve-
ment of the well-being of the plants.

It is an illuminating fact that though Hales must have
known Malpighi's theory of the function of leaves (which
was broadly speaking the same as his own), he does not as
far as| know refer to it. In his preface, p. ii, he regrets that
Malpighi and Grew, whose anatomical knowledge he appre-
ciated, had not " fortuned to have fallen into this statical® way
of inquiry." | believe he means an inquiry of an experimental
nature, and | think it was because Malpighi's theory was
dependent on analogy rather than on ascertained facts that
it influenced Hales so little.

There is another part of physiology on which Hales threw
light. He was the first | believe to investigate the distribution

* The above account of Haies' connexion with the Royal Gardens at Kew is from
the Kew Bulletin, 1891, p. 489.

1| am indebted to Sir £. Thorpe for a definition of statical, " Statical (Med.)
noting the physical phenomena presented by organised bodies in contradiction to
the organic or vital." (Worcester's Dictionary, 1889.)

0. B. 6
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of growth in developing shoots and growing leaves by marking
them and measuring the distance between the marks"after an
interval of time. He describes (p. 330) and figures (p. 344)
with his usual thoroughness the apparatus employed: this was
a comb-like object, shown in Plate ix, made by fixing five pins
into a handle, Yainch apart from one another: the points being
dipped in red-lead and oil, ayoung vine-shoot was marked with
ten dots £ inch apart. In the autumn he examined his specimen
and finds that the youngest internode or "joynt" had grown
most, and the basd part having been " amost hardened " when
he marked, had "extended very little." In this—a tentative ex-
periment—he made the mistake of not re-measuring his plants
at short intervals of time, but it was an admirable beginning and
the direct ancestor of Sachs® great research on the subject.

In his discussion on growth it is interesting to find the idea
of turgescence supplying the motive force for extension. This
conception he takes from BorelliZ.

Hales s=s in the nodes of plants " plinths or abutments for
the dilating pith to exert its force on" (p. 335); but he acutely
foresees a modern objection® to the explanation of growth as
regulated solely by the hydrostatic pressure in the cell Hales
says (p. 335): "but a dilating spongy substance, by equally
eexpanding itself every way, would not produce an oblong shoot,
but rather a globose one."

It is not my place to speak of Haies work in animal physio-
logy, nor of those researches bearing on the welfare of the human
race which occupied his later years. Thus he wrote against the
habit of drinking spirits, and made experiments on ventilation
by which he benefited both English and French prisons, and even
the House of Commons; then too he was occupied in attempts
to improve the method of distilling potable water at sea, and of
preserving meat and biscuit on long voyages'.

We are concerned with him simply as a vegetable physiologist

! Arbeiten, 1.

2 Borelli, De Motu Animalwm, Pt 1l. Ch. xiii. According to Sachs, Ges. d.
Botanik, p. 582, Mariotte (1679) had suggested the same idea

% Nageli, Sarkekorner, p. 279.

4 See his Philosophical Experiments,1739.



Plate 1X

Plate 18 from Hales's Vegetable Sa ticks

Fig. 40. Instrument devised by Haies to make prick-
marks on a young shoot of Vine (Fig. 41); the
distribution of stretching after growth is shown in
Fig. 42. The use of a similar instrument for
marking surfaces is shown in Figs. 43 and 44
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and in that character his fame is imperishable. Of the book
which | "have been using as my text, namely, Vegetable Staticks,
Sachs says: " It was the first comprehensive work the world had
seen which was devoted to the nutrition of plants and the move-
ment of their sap....Hales had the art of making plants reveal
themselves. By experiments carefully planned and cunningly
carried out he forced them to betray the energies hidden in
their apparently inactive bodies'.” These words, spoken by a
great physiologist of our day, form a fitting tribute to one who
is justly described as the father of physiology.

! Geschichte d. Botanik, p. 515 (free translation).

C—2



JOHN HILL
1716—1775
BY T. G. HILL

Narrative—chequered career—journalisn—attack on the Royal Society-
literary activities—Botanical works—aructure of Timber—the deep
of Plants—Mimosa and Abrus—views on Pollen—Hill's Herbal—his
admiration of Linnaeus—with qualifications—Hill's Vegetable System—
an ambitious work—financial losses—estimate of Hill's character.

IT has recently been remarked that the number of the
biographies of eminent men is inversdy proportional to the
known facts concerning them. Although this generalisation is
probably incorrect, it is, to a certain extent, true of John Hill;
for, although he finds a place in biographical dictionaries,
appar ently no extended account of his life has appeared. This
is a little surprising since, apart from his scientific work, he
occupied a prominent position in the middle of the eighteenth
century.

John Hill was the second son of the Rev. Theophilous Hill,
and was born either at Spalding or at Peterborough in the year
1716 or 1717. Nothing appears to be known regarding his
early education; according to Hawkins' he did not recdve an
academical education, but there is no doubt that, as was usual
for those who desired to practise medicine at that and at much
later times, he served his apprenticeship to an apothecary, it is
said, at Westminster; also he attended the lectures on Botany
given under the auspices of the Apothecaries Company at the
Cheélsea Physic Garden. « Hefirst practised in St Martin's Lane

Sr John Hawkins, Lifeof Samuel Johnson, London, 1787.
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in a shop which, according to Woodward?, was little more than
a shed; from there he moved to Westmingter, and it appears
that at the age of twenty-one he had a practice in Covent
Garden. He early experienced financial difficulties; indeed, it
is stated that, at times, he was unable to provide himsdf with
the bare necessities of life.  His marriage with a dowerless
maiden, Miss Travers, did not improve his prospects, and he
sought to add to his income by the utilization of his botanical
knowledge. He travelled over the country collecting plants,
which he dried, put up into sts with descriptions and sold by
subscription; also he arranged the collections and gardens of
the Duke of Richmond and Lord Petrie. Hill soon found that
Botany, from the monetary point of view, was unprdfitable;
he therefore decided to try his fortune on the stage, and appeared
at the Haymarket and Covent Garden.

Woodwar d? gives a very amusing account of him in his new
professon. After giving examples to shew Hill's limitations,
he remarks: " There was a time at the celebrated Theatre of
May Fair he [Marr] represented Altamont, and the Great
Inspector [Hill] attempted Lothario; and the polite Audience
of that Place all chorussd and agreed with you, when you
dying, said, 'O Altamont! thy Genius is the stronger/...Can
| forget, great Sir, your acting Constant, in the Provok'd Wife,
and your innocent Rape of Mrs Woffington; when, in a certain
Passage, where, at least, a seeming Manliness was necessary,
you handled her so awkwardly, that she joined the Audience in
laughing at you."

Woodward's account may be accepted as being substantially
correct, for in many ways Hill shewed that he lacked the qualities
requisite for a successful career on the stage in those days.

Having thus failed as an actor, Hill returned to the practice
of medicine and seemingly with more success, for in 1746 he was
serving as a regimental surgeon, a position doubtless not very
remunerative but helping to keep the wolf from the door. This
same year saw the publication of Theophrastuss treatise on
gems. In its new guise the value of the work was much

L A Letter from Henry Wood ward,... to Dr Hill... London, 1752,
2 Loc. cit.
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enhanced since Hill intercalated much information that was
lacking in the original ; further, the work was so well executed
that it gained him the attention and good-will of eminent Fellows
of the Royal Society.

The publication of this work was probably the turning point
in Hill's career, and its success must have influenced him not
a little in the determination of following a literary career. In
1846 he edited the British Magazine, a periodical which lived
but four years. His activities in this direction were phenomenal,
and it is hard to realize how he managed to find time for so much
work, for in addition to his botanical publications, which will be
considered hereafter, he wrote on such diverse subjects as the
art of acting, the conduct of married life, theology, naval history
astronomy, entomology, human anatomy and other medical
subjects.  Also he wrote an opera, two farces, and certain novels.
Much of this output represents mere hack work, but it shews
that Hill had an enormous capacity for work, indeed on one
occasion when he was sick, he confessed to a friend that he
had overtaxed his stiength in writing seven works at the same
time.

The Dictionary of National Biography gives 76 titles of his
publications, exclusive of eight which are generally attributed
to him. Hill's output was probably even more extensive, for
towards the latter part of his career he sometimes used to publish
under a pseudonym. It is the more remarkable since he found
time to enjoy the good things of the world, without which
indulgence, according to his biographer!, "he could not have
undergone the fatigue and study inseparable from the execution
of his vast designs” Adgain, according to Fitzgerald®, he was
"invariably in the front row at the theatres, exciting attention
by his splendid dress and singular behaviour. When there was
loud applause for the King, the doctor was seen to rise, and bow
gravely to his Magjesty."

The next few years were eventful ones for Hill. In 1751
he contributed a daily letter, caled the Inspector, to the London

! Short Account of the Life., Writings and Character of the late Sir John Hill, M.D.,

Edinburgh, 1779.
2 Fitzgerald, Life of Gay-rick, London, 1868.
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Advertiser and Literary Gazettes; although they came to an end
in 1753, the Inspectors were highly remunerative, thus it is
stated that in one year Hill profited to the extent of £1500 by
their sde, a very large sum for journalistic work in those days.
They thus brought him very prominently before the public, and
incidentally proved a source of some trouble to him.

In connexion with the Inspector justice has not been altogether
done to Hill: no doubt, as Isaac Disraeli' states, that in them
he retailed all the great matters relating to himself and all the
little matters relating to others, but they were not all concerned
in retailing the tales of scandal heard in the Coffee Houses and
other places of public resort; nor were they aways rendered
palatable by these means as is stated in Rose's Biographical
Dictionary’. They, in addition to comments and criticisms on
current affairs, treated of many subjects. For instance, one
considers the proposal for uniting the kingdoms of Great Britain
and Ireland, another is a very sympathetic and laudatory review
of Gray's Elegy, whilst a third treats of the art of embalming.
Many ae concerned with Natural History, and these are
important as they shew Hill in another and very important
character, namely that of a popular writer on Natural History,
especialy Botany. In one number he described the structure
of a common flower, including an account of the movements
of abee in collecting pollen; and in another he described the
appearance of microscopic organisms paying marked attention
to their activities. These particular Inspectors are very pleasing
and arc well and clearly written ; one especialy is of outstand-
ing importance, as it shews that Hill was in some respects far in
advance of histimes. He put forward a suggestion that Botany
would be much improved by the delivery of public lectures in
the museum with the living plants before the lecturer and the
members of the audience. This scheme has yet to be carried
out; as they are, museums are a means of education for the few,
but a source of confusion to the many. For the latter their
educative value would be enormously increased by the delivery

! |saac Disraeli, The Calamities and Quarrels of Authors, London, 1865.
2 | ondon, 1848.
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of lectures illustrated by the exhibits, for the spoken word is
more abiding than the printed label.

The methods of criticism pursued by Hill in the Inspector
soon involved him in controversy with various people. It is
a difficult matter to appraise him in these respects; possibly his
success had turned his head for, according to Baker', he shewed
"an unbounded store of vanity and sdlf-sufficiency, which had
for years lain dormant behind the mask of their direct opposite
qualitiesof humility and diffidence; apridewhichwasperpetually
laying claim to homage by no means his due, and a vindictive-
ness which never could forgive the refusa of it to him." Baker
then goes on to remark that as a consequence of this, every
affront however slight was revenged by Hill by a public attack
on the morals etc. of the maker.

On the other hand his criticisms may have been honest, at
any ratein part; and the fact that they landed him into difficulties
does not necessarily indicate that he was a dishonest fellow ;
most people are impatient of adverse criticism, and in those days
such impatience found a vent in a pamphlet war or in personal
violence. Nowadays the aggrieved manager, for instance, can
shut his theatre doors against the distasteful critic; or, in other
cases, an action for libel appears to be not altogether unfashion-
able.

His attack on the Royal Society.

The rea origin of Hill's attack on this learned society is
somewhat obscure.

At the time of his death Chambers was engaged in the
preparation of a supplement to his Cyclopaedia. The publishers
then commissioned John Lewis Scott to prepare the work, but
as Scott was soon afterwards appointed tutor to the royal princes
it was entrusted to Hill. It is stated that the botanical articles
were quite good, but that the more general parts were done with
Hill's "characteristic cardessness and self-sufficiency." When
the work was approaching completion the publishers considered
that the title-page would look better if Hill had the right of

Bwgraphica Dramatica, 1812.
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adding F.R.S. after his name. He, in consequence, and, it is
stated, contrary to the advice of Folkes, endeavoured to obtain
the necessary qualification for candidature; but he was disliked
to such an extent that he could not obtain the requisite number
of signatures, three, for his certificate, notwithstanding the fact
that the number of Fellows was about three hundred. This
perhaps was hardly surprising since he had criticized his con-
temporary scientists very adversely, designating them by such
terms as "butterfly hunters," "cockle shell merchants' and
" medal scrapers”  This reverse must have been a severe blow
to his vanity, for there can be no doubt that his claims to the
Fellowship, on scientific grounds, were as strong as any and
stronger than those of most of the Fellows. And this Hill, who
was by no means lacking in self-confidence, knew. His criticism
of the Society culminated in his Review of the Works of the
Royal Society of London (1751)%, which was in appearance like
that of the Transactions, and consisted of reviews of several
papers with comments by Hill. The work was dedicated to
Martin Folkes, the President, on whom he placed the responsi-
bility for publication, for, wrote he in his dedication, " The
Purport of the more considerable of them has been long since
delivered to you in conversation ; and if you had thought the
Society deserved to excgpe the Censure that must attend this
Method of laying them before the World, you might have
prevented it, by making the necessary Use of them in private.

" Nor is this, Sir, the only Sense in which you have been the
great Instrument of their Production; since it cannot but be ac-
knowledged, that if any body, except your great Self, had been
in the high Office you so worthily fill at present, the Occasions
of many of the more remarkable of them could not have been
received by the Body, under whose Countenance alone they claim
their Places in this Work."

He then charges Folkes with unworthy conduct towards him,
and, in brief, he considered that Folkes and Baker were his
enemies. The reason for this, according to Hill, was as follows.

! S dso Lucine sine concubitu. A Letter addressed to the Royal Society,
London, 1750. A Dissertation on Royal Societies, London, 1750.
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An eminent French correspondent had taxed him, supposing-
him to be a Fellow, with " one of the errors of the Society ";
Hill in reply wrote, " | have already set right the error you
complain of; but you are to know, that | have the Honour not
to be a Member of the Royal Society of London." Before he
had sedled this letter he was called out of the room, and before
he had returned a visitor, a Fellow of the Society, was shewn
into Hill's study and read the letter containing the above-quoted
passage.  Hence the friction. Hill denies that he ever became
a candidate for election, and states that although he attended
the meetings he would not become a member on account of the
Society's method of performing that which they were founded
to do.

These statements are not lacking in definition ; with regard
to the incident of the letter it is impossible to judge of the
truth; but with regard to the main features of the controversy
the present writer thinks it extremely probable that the account
first given is substantially correct, notwithstanding the statement
that Hill's explanation was never contradicted®.

As regards the Review, Hill wrote that "he pretends to
nothing but the knowing more than the Royal Society of London
appears by its publications to know! and surely a Man may do
that and yet be very ignorant!"

The intention of the Review was to point out to the
Society its shortcomings, doubtless in order that it might reform
itself.

There can be no doubt whatever that a candid critic was
necessary, for some of the papers were absolute rubbish, so much
so indeed that a scientific training does not appear necessary to
detect their futility. To take a brief example; in one paper the
author describes a method to make trees grow very large; the
seads are to be sown at the absolute moment of the entry of the
sun into the vernal equinox, and then to transplant them at the
moment when the moon is full.

Hill himself sometimes fals into error in his criticisms; thus

! Short Account of the Life, Writings and Character of the late Sr John Hill,
M.D., Edinburgh 1779.
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he adversely comments on the truth of the power of cobwebs to*
catch thrushes'.

At the beginning of Part VIl of his Review, which treats
of plants, he thrusts very deep. He says, " This is a Branch of
Natural Knowledge, which, it will appear, that the Royal Society
of London have looked so very deeply into, that their rejecting
the Linnean Systein of Botany, when offered by its Author will-
no longer be wondered at."

In this Part he is particularly severe upon Baker, and, in
reading it, one is forced to the conclusion that although adverse
criticism was warranted, there was agood deal of persona feeling
behindit.

This attack on the Royal Society appears to have been much
resented, and Hill's credit consequently was much damaged, for
it was considered that Folkes and Baker had befriended him in
his earlier days. With regard to Folkes it has been seen that
Hill considered that he was doing a public duty; and with
regard to Baker, Hill suffered under areal or imaginary grievance
which, assuming Baker had helped him in the padt, cancelled alt
obligations due from him to Baker. If this be not so then Hill,
in addition to his other faults, was lacking in gratitude. With
regard to this point his anonymous biographer® wrote that " we
have nowhere learnt that ingratitude had the smallest share in
the composition of the character of Sir John Hill."

The attack, however, was not altogether fruitless, as Disraeli®
remarks, "Yet Sir John Hill, this despised man, after al the
fertile absurdities of his literary life, performed more for the
improvement of the Philosophical Transactions, and was the
cause of diffusing a more genera taste for the science of botany,
than any other contemporary."

It is hardly necessary to remark that Hill was never elected
to the Royal Society.

Thus by his methods of criticism Hill brought to an end
aperiod of highly remunerative literary work ; it was therefore
necessary for him to seek other pastures. He returned, in part,.

! See Bates, The Naturalist on the River Amazons. Edited by Ed. Clodd ;
London, 1892, p. 80. 2 short Life, loc. cit. % Loc. cit.
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to the practice of medicine in the shape of herbalist, preparing
remedies from various plants such as valerian, water-dock and
centaury; aso he wrote on the virtues of these and other plants.
The source from which he obtained his plants was in the first
instance the Chelsea Physic Garden, but it is stated that he was
eventually forbidden its use owing to his depredations ; later he
grew the requisite plants in his own garden which was situated
where now is Lancaster Gate. There was agood deal of common
sense in his remedies; thus in his Virtues of British Herbs he
remarks that " He who seeks the herb for its cure, will find it
half effected by the walk."

By the sale of his medicines and of his pamphlets relating to
medicinal plants, some of which ran through many editions, he
made large sums of money.

Before passing on to a consideration of Hill's botanical work

brief comment may be made on his literary activities other than
those aready alluded to. It has already been mentioned that
much of his output represented mere hack work, so that it is not
surprising to learn, in view of the large amount of work he did,
that a certain proportion of it was careless and slovenly, and
shewed marked signs of undue haste in production, with the
result that his reputation suffered. One work, entitled Letters
from the Inspector to a Lady with the genuine Answers (1752),
is an amorous correspondence not remarkable for its reticence of
statement; it reminds one of a similar, but more proper, corre-
spondence, which had a vogue a few years ago.

Hill did not always write for gain, thus Thoughts concerning
God and Nature (1755) shews him in adifferent light. This was
written from conscientious and religious motives in answer to a
book written by Henry St John Viscount Bolingbroke, and was
published at a loss, for the number printed, even if all were sold,
would not have paid the expenses of production.

His dramatic pieces were of a mediocre nature, and with
regard to his novels and other works Baker' states that "I n
some parts of his novels incidents are not disagreeably related,
but most of them are nothing more than narratives of private
intrigues, containing, throughout, the grossest calumnies, and

* Biographica Dramatica.
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aiming at the blackening and undermining the private characters
of many respectable and amiable personages. In his essays,
which are by much the best of his writings, there is, in general,
a liveliness of imagination, and a prettiness in the manner of
extending perhaps some very trivial thought; which, at the
first coup-d'ceil, is pleasing enough, and may, with many, be
mistaken for it; but, on a nearer examination, the imagined
sterling will be found to dwindle down into mere French plate.”

In addition to his literary work Hill found time to undertake
official duties. In 1760 he was gardener at Kensington Palace,
a post which brought him in an income of £2000 per annum®;
aso he was Justice of the Peace for Westminster. According
to Mrs Hill? he was nominated Superintendent of the Royal
Gardens, Kew, and as such he is described on his portrait; his
nomination, however, does not appear to have been confirmed,
for Thiselton-Dyer® states that there is no evidence of his ever
having occupied such a position. Hill aso advised, at the
request of the Earl of Bute, the governors of various islands
regarding their cultivation, for which work he received no
remuneration®.

A natomy.

Anatomical investigations during the eighteenth century were
very barren of results, no real advance upon the discoveries of
Grew, Malpighi and others being made. The work of Hill in
this field forms no exception to this statement, and, athough
he accomplished a fair amount of anatomical work, his investi-
gations apparently were without result in the advancement
of this particular branch of knowledge.

In 1770 Hill published a small octavo volume on The

! Dict. Nat. Biog.

2 His second wife, the Hon. Henrietta Jones, sister of Charles Viscount Ranelugh.
She published " An Address to the Public setting forth the Consequencies of the late
Sir John Hill's acquaintance with the Earl of Bute," 1788.

3 Historical Account of Kew to 1841, Kew Bulletin, 1891.

“ Further information relating to Hill's public Lifewill befound in the following
works.  Arthur Murphy, The Life of David Garrick, London, 1801 ; A narrative
of the affair between Mr Brown and the Inspector, London, 1752 : The Covent Garden
Journal, 1752; Frederick Lawrence, Life of Fielding, London, 1855.
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Construction of Timber. In order that other investigators might
benefit from his experience he fully described and figured the
instruments used; of particular interest isa small hand micro-
tome with which he cut his sections. This ingenious tool was
the invention of Cummings, and does not differ in essentials
markedly from some the writer has seen in use; Hill claims that
when the cutter was particularly sharp sections no thicker than
a 2000th part of an inch could be obtained. The microscope was
made by Adams under the direction of Hill and his patron,
unnamed in the book, but in all probability Lord Bute, and
embodied some improvements on earlier instruments. This
microscope is figured in Carpenter's work on The Microscope
and its Revelations".

The Construction of Timber iswell arranged : the work begins
with a general description of the tissues and their disposition in
a thickened stem; then follows a more detailed account of the
separate tissues; and finally much space is devoted to a com-
parison of different tissues in various plants.

Hill's account is fully illustrated with copper plates; his
figures of sections are not highly magnified, some not more than
twelve times, and their quality is not equal to the best in Grew's
Anatomy.

Hill principally studied transverse sections, and consequently
fell into errors which he might have avoided by the careful obser-
vation of longitudinal ones; aso he used macerated material, but
as his method preserved only the stronger walled elements he
did not gain to any great extent from their use

The parts devoted to comparative anatomy are not at all bad,
and they give a concrete idea of the differences obtaining in the
different plants.

He apparently understood the nature of the annual rings,
and of them he wrote as follows: " These are the several coats
of Wood, added from season to season. It has been supposed
that each circle is the growth of ayear; but a careful attention
to the encrease of wood has shewn me, beyond a doubt, that two
such are formed each year; the one in the Spring, the other soon
after Midsummer." His illustration, however, is not so clear as

! Ed. by Dallinger, London, 1891.
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his statement. Also he redized that the wood vessds were in
some way connected with water:

"These vessls arise in the substance of the Wood, principally
towards the outer edge of each circle. They are very large in
the outermost coat; and smaller in the others: and there are
also irregular ranges of them, running thro' the thicknesses of
the circles; besides these principal ones of the outer course.
They have solid, and firm, coats ; and they contain in Spring,
and at Midsummer, alimpid liquor, like water, but with a slight
acidity: at all other seasons of the year they appear empty,
their sdes only being moistened with the same acid liquor.
Those who examined them at such seasons, thought them air
vessals, and in that opinion, formed a construction for them,
which Nature does not avow."

Although Hill recognized the entity of the cell he had, in
common with his contemporaries, no clear conception of its real
nature.

In describing the pith of the rose he does not go astray, and
he fully appreciated that the seemingly double contour of the
cell walls, when seen in some sections, is due to the thickness of
the section with consequent overlapping of the cells; on the
other hand he went very wrong in the case of the pith of the
walnut, the cavities of which he supposed to be cells like those
of the rose, only very much larger and uniseriate as the following
guotation shews:

" The Pith of the Walnut consists only of one range of these
bladders [' Blebs' or cells], smaller at the edges, largest in the
middle, and laid very exactly one upon the other."

When he considers the structure of more or less square or
oblong cells his ideas are very wrong. In such cases he thought
that the transverse walls were spaces, and the longitudinal
walls vessels; curiously enough Hedwig made a similar mis-
take some years later, possibly he was led astray by Hill's
misconception.

Hill adversely criticized the theory that the pith is an organ
of propagation, and substituted the view that the corona—i.e. the
peri-medullary zone—is all important in this connexion, " From
it arises the branches, and encrease of the tree."
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Hill had considerable technical ability and, | think, was
capableof greatly advancing anatomical botany ; unfortunately,however, hega
gations.

Physiology.

The eighteenth century saw the birth of vegetable physio-
logy, Hales and Knight being the two great pioneers in this
country. The former flourished in the early part of the century,
whilst Knight, although born in 1758, published his great work
in 1806.

The chief physiological work of Hill is embodied in a pamphlet
of 59 pages, entitled The Seep of Plants and Causes of Motion
in the Sensitive Plant explain'd, published in London in 1757,
a year previous to the appearance of Du Hamel's Physique des
Arbres. The paper is in the form of a letter to Linnaeus, and
in it the author explains his position with regard to his earlier
criticisms of the Linnaean system of classification.

The work is divided into sections, the first of which consists
of abrief historical resume’, the opinions of Acosta, Alpinus, Ray
and Linnaeus on this subject being alluded to. No mention,.
however, is made of the observations of Bonnet and of Mai ran
to the effect that the periodic movements of Mimosa pudica
continued when the plant was kept in prolonged darkness.

In Section 2, after describing the structure of a lesf, Hill
remarks that " Leaves are always surrounded by the air; and
they are occasionally and variously influenced by heat, light,
and moisture. They are naturally complicated, and they act
on most occasions together. We are therefore to observe, first,
what effects result from their mutual combinations in a state of
nature: and having assigned in these cases the effect to the
proper and particular cause, from this power of that agent,
whichsoever it is, that acts thus in concert with the rest, we may
deduce its operations singly."

This passage, although not particularly clear, indicates that
Hill fully appreciated the fact that the reaction exhibited by
aplant organ is aresponse to the resultant of a number of forces,
and that each factor must be examined separately.



MOVEMENTS OF LEAVES 97

He then goes on to describe his observations on Abrus; the
structure of the leaf, more especialy the course of the vascular
bundles, is first dealt with, and then an explanation of the action
of light is given. Needless to say, in view of the state of physical
science at this period, his explanation, athough ingenious, is
wide of the mark. He wrote that " Light is subtile, active, and
penetrating: by the smalness of its constituent parts, it is
capable of entering bodies; and by the violence of its motion,
of producing great effects and changes in them. These are not
permanent, because those rays which occasion them, are, in that
very action, extinguished and lost.

" Bodies may act on light without contact; for the rays may
become reflected when they come extreamly near : but light can
act on bodies only by contact; and in that contact the rays are
lost. The change produced in the position of the leaves of plants
by light, is the result of a motion occasioned by its rays among
their fibres: to excite this motion, the light must touch those
fibres; and where light touches, it adheres, and becomes im-
mediately extinguished.... The raising of the lobes in these leaves
will be owing to the power of those rays which at any one
instance fall upon them: these become extinguished; but others
immediately succeed to them, so long as the air in which the
plants stands, is enlightened.”

Although it was not until 1822, when Dutrochet pointed out
the true significance of the pulvini, Hill recognized that these
structures were concerned with the movements of the ledflets,
not only in the case of Abrus, but dso in Mimosa. He remarked
that " It is on the operation of light upon these interwoven
clusters of fibres [which are placed at the bases of the main rib,
and of the severa foot-stalks of the lobes], that the motion of the
leaves in gaining their different positions depends;, and conse-
quently, the motion itself is various according to the construction
of these fibres.

"In the Abrus they are large, and of a lax composition :
consequently the lobes are capable of a drooping, an horizontal,
and an oblique upward position: in the Tamarind, and the
broad-leaved Robinia, they are more compact, and hence"all the
motion of which those leaves are capable, is an expanding open

0. B. 7
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and a closing sideways; which the direction and course of the
fibres aso favours: in the Parkinsonia they are smaller, and
yet more compact; and the consequence of this is, that its
lobes have no farther possible motion, than the expanding
upwards."

Again, "The clusters of fibres are as a kind of joints on
which their lobes are capable, under the influence of light,
of a certain limited motion."

Further, with regard to Mimosa, he remarks that "To propa-
gate the motion when the leaves are in a state to shew it, there
requires a perfect and confirmed state of those clusters of fibres
lodged at their base Hill then describes the experiments upon
which he based his conclusions ; these shew that he was fully
awake to the importance of keeping the conditions of an experi-
ment, other than those of light, as near constant as possible,
and that the position assumed by the leaves depends upon the
intensity of the light.

His final experiment was to place the Abrus in a bookcase
in such a position that the sun shone full upon it; when the
leaves were fully expanded he closed the doors and found that
in an hour " The lobes were all drop't, and it was in the same
state that it would have shewn at midnight. On reopening the
doors the elevated position of the leaves was assumed in twenty
minutes.”

Hill offers the same explanation of the movements of Mimosa
as of those exhibited by Abrus, the reason for their greater
conspicuousness in the former plant being due to the fact that
in Mimosa " As there are no less than three sets of these clusters
[of fibres which are placed at the bases of the foot-stalks], the
effects of the same principle are naturally much greater than in
the Abrus where there is only one."

Hill carefully observed the sequence of motion in the Mimosa,
and points out that the effect of absolute darkness on the plant
is greater than the rudest touch. He also found that the contact
stimulus must be of a sufficient intensity, and that the degree
of the subsequent motion depended upon the potency of the
stimulus. He further observed that shaking the plant had the
same effect as contact stimulation; aso he remarks upon the
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fact that the movements of the Mimosa and of the Tamarind
are less well-marked at atemperature lower than that in which
the plants have been reared. Hill considered that "This is
probably due to the juices stagnating in the clusters of fibres,
and to the contraction of the bark by cold." His explanation
of the response to the contact stimulus is of course quite wrong;
it may, however, be quoted as an illustration of the view, current
at that time, that such motion was due to the fibres which acted
like those of muscle. " The vibration of the parts is that which
keeps the leaves of the sensitive plant in their expanded and
elevated state: this is owing to a delicate motion continued
through every fibre of them. When we touch the lesf, we give
it another motion more violent than the first: this overcomes
the first: the vibration is stopped by the rude shock : and the
leaves close, and their foot stalks fall, because that vibrating
motion is destroyed, which kept them elevated and expanded..,.
That the power of motion in the sensitive plant depends upon
the effect of light on the expanded surface of the leaves, is
certain; for till they are expanded, they have no such power.
The young leaves, even when grown to half an inch in length
have no motion on the touch, tho' rough and sudden.”

Hill fully appreciated the importance of comparative observa-
tions; he compared the movements, in response to light, of Abrus
and Mimosa, which plants he placed side by side so that the
conditions of the experiment might be the same for each. He
found that " In these and in all others, the degree of elevation
or expansion in the lobes, is exactly proportional to the quality
of thelight: and is solely dependent upon it."

Reference also may be madeto Hill'sviews on reproduction’;
he considered that the pollen grain contained the embryo which
was et free by the bursting of the grain after it had been
deposited upon the stigma. The stigmatic hairs or papillae
were supposed to be the ends of tubes into which the embryos
entered, made their way into the placenta, and thus arrived into
the " shells of the seeds" (the ovules). It is unnecessary to point
out the absurdities of these ideas, but it may be mentioned that
Hill's interpretations of his observations were at fault rather

 Qutlines of a System of Vegetable Generation, London, 1758.
7—2
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than the observations themselves. Thus, judging from his
figures, he saw the contents of the pollen grain, the appearance
of which, under the conditions of observation, might easily
suggest the idea of an embryo. Also he noticed that the pollen
grains burst in alittle while when placed in water, a phenomenon
which was rediscovered 138 years later!, and he therefore thought
that a similar bursting, with a consequent setting free of the
embryo, would take place on the wet stigma of the lily, for
example.

Taxonomy.

One of Hill's more interesting works in this branch of Botany-
is his British Herbal®. In it are described a large number of
plants which are illustrated by 75 copper plates engraved by
various artists. None of these plates are of outstanding excel-
lence, indeed many of them are very poor, and their quality is
uneven. Those in the folio consulted by the present writer were
ruined by being coloured.

The plants described are arranged on a system which is not
altogether without interest as it, in a small degree, foreshadows
later systems. It may be indicated by giving the characters of
the first four classes.

Class 1. Plants whose flower consists of several petals, with
numerous threads in the center, and is followed by a
cluster of naked seeds.

Class 2. Plants whose flower consists of several petals, with
numerous threads in the center, and whose seeds are
contained in several pods.

Class 3. Plants whose flower consists of a single petal, and is
succeeded by several capsules.

Class 4. Plants with the flower formed of asingle petal, plain,
and of a regular form and succeeded by a single capsule.

I't will be seen that Hill relied much on the characters of the
corolla and the gynaeceum. But the chief interest in this work

* By Lmdforssin 1896.
2 The British Herbal; an History of Plants and Trees, natives of Britain,
cultivated for use, or raised for Beauty, London, 1756.
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is, perhaps, Hill's criticisms of Linnaeus. One example will
suffice; Linnaeus is criticised for placing Myosurus among the
pentandria polygynia and thus separating it from Ranunculus,
Adonis, etc.  Hill remarked that thus to separate these plants
merely because the number of stamens in Myosurus is less than
in Ranunculus is unreasonable since they agree in all other
essentials.  He himself, however, made a similar error, for it
will be observed that in the system followed in the Herbal,
Raminculus fals into the first class and Helleborus into the
second.

These criticisms of Linnaeus, however, are not all of an
adverse nature; in many places Hill does not stint his praise;
and he does not fail, after describing each Genus, to mention its
position in the Linnaean System.

Pulteney" found it difficult "to reconcile the praises this
author bestows on Linnaeus, in many of his writings, with the
cenaures contained in his British Herbal." The difficulty is not
very apparent; Hill sufficiently indicated his position in the
following passage taken from the Seep of Plants. "1 f our
opinions have differed, 'tis upon a single Point; your arrange-
ment of plants. In regard to that much greater article, the
establishing their distinctions, and ascertaining their characters,
| have aways admired and reverenced you: to dispute your
determinations there, were to deny the characters of nature.

" Free in the tribute of applause on this head, | have on the
other been as open in my censures, equally uninfluenced by
envy, and by fear. It is thus science may be advanced; and
you will permit me to say, thus men of candour should treat
one another."

Linnaeus is aso criticised in the Vegetable System, more
particularly for his unnecessary introduction of new names for
plants; but here again Hill is full of praises for Linnaeus's
descriptions of species.

Although opposed to the Linnaean system Hill recognised
its value as a means of evolving order out of chaos, and to him
fallsthe credit of introducing it into England.

! Historical and Biographical Sketches of the Progress of Botany in England,
London, 1790.
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Its first introduction was in his History of Plants (1751),
but it was unsatisfactory since the Species Plantarum was not
published until 1753. Hill next explained it in 1758, but it
was not until two years later that thefirst British Flora, arranged
on this system, appeared®. According to Pulteney®, Hill per-
formed this task " in a manner so unworthy of his abilities, that
his work can have no claim to the merit of having answered the
occasion : and thus the credit of the atchievement fell to the lot
of Mr William Hudson F.R.S."

Mention has been made of Hill's Vegetable System”: awork
which consists of 26 folio volumes and was undertaken at the
suggestion of Lord Bute. It was commenced in 1759, and the
date of the last volume is 1775, the year of Hill's death. No
expense was spared in its production, the paper is of the best,
and there are 1600 plates: with regard to these the title-page
of the work states that they were designed and engraved by the
author, but it appears from other sources that they cost four
guineas each to engrave, and since it is stated on the auctioneer's
announcement of the sale of the copyright (1782), together with
some of the original drawings and the remaining sets, that the
engravings were made by the best masters under the immediate
supervision of the author, it must be concluded that Hill was
not the actual engraver although he may have made the original
drawings. Attention is drawn to this point, since it casts some
doubts as to whether Hill engraved those plates, signed by him,
illustrating some of his other works, for instance, The British
Herbal, and A Method of Producing Double Flowers front
Single*, of which some are very good indeed, and, if Hill were
the engraver, shew that he had considerable artistic and technical
ability.

1 The Gardeners New Kalendar...The System of Linnaeus also explained, London,
1758,

2 Flora Bntanica sive Synopsis methodica stirpium Britanicarum post tertiam
editionetn synopseos Raianae...nunc primum ad C. Linnaei methodum disposita,
London, 1760 (some copies are dated 1759).

% Loc. it

4 The Vegetable System Or, the Internal Sructure and The Life of Plants, Their
Parts and Nourishment Explained; Their Classes, Orders, Genera, and Species,

Ascertained and Described...London, 1759—1775.
° London, 1758.
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Naturally the plates in the Vegetable System are of uneven
quality, some are very good and not only are pleasing from the
artistic point of view, but also give a concrete idea of the plants
represented. It is impossible here to criticize this work in
detail; but some idea of its scope may be given. The first
volume and part of the second is concerned with the history
of Botany; the origin of Systematic Botany; the Systems of
Caesdlpinus, Morison, Ray, Tournefort, Boerhaave, Linnaeus,
and others; morphology, anatomy, physiology; and the effect
of heat, light, air, soil and water on vegetation. The rest of the
work is occupied by descriptions of plants, both British and
foreign, when the latter, the native country is mentioned ; in all
cases the medicinal properties are given.

It is hardly necessary to remark that notwithstanding the
price of the work, 38 guineas plain and 160 guineas coloured,
Hill lost considerably over its publication. From Mrs Hill's
account’, it appears that Bute undertook that Hill's circum-
stances should not be injured by the venture, an undertaking
which was not kept; and further, after the' death of Hill, Bute
refused to compensate Mrs Hill for the unfinished last volume
or to take the materials which had accumulated for it out of
her hands. Allowing some discount for the natural exaggera-
tion of a bereaved lady suffering from a grievance, there appears
but little doubt that the Earl of Bute proved lacking in good
faith.

Considered as a systematist there can be no doubt that
Hill knew his plants; and although the systematists of the
period were overshadowed by Linnaeus, Hill preserved his
independence of thought, and did not hesitate to express his
opinions when they differed from those of his great contemporary.
Although he highly appreciated the work of Linnaeus he dis-
liked his system of classification on account of its artificiality,
and he intended to bring forward a natural system of his own.
It is not, | think, too much to say that time has justified his
criticism; and many of his minor differences have been

1 An Address to the Public ..loc. cit.
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warranted. For instance, Linnaeus merged the genera. Valeria-
nella and Linaria into those of Valeriana and Antirrhinum
respectively; Hill however recognized the generic rank of the
two former”.

Incidentally, it may be remarked that the acceptance of the
year 1753 as the starting-point for the citation of names by the
Vienna Botanical Congress has been the cause of more general
recognition of Hill's activity in this direction; thus in recent
editions of British Flora his name is appended to many genera
and species’.

The Vegetable System gained Hill the Order of Vasa, from
the King of Sweden, in 1774, so that he styled himself Sir John;
he was also a Member of the Imperial Academy, and a Fellow
of the Royal Academy of Sciences, Bordeaux.

Hill died of gout on the 21st of November, 1775, at about
the age of 59, in Golden Square, and was buried at Denham.
Notwithstanding the large sums of money he had made, he died
heavily in debt owing to the great expense entailed by the
publication of the Vegetable System and his own persona ex-
travagance. His library was sold in 1776-7, and it has already
been mentioned that the copyright of the Vegetable System was
disposed of by auction.

It is aways a matter of difficulty to appraise a man's
character, and more EParticularly is this true of Hill whose
character, as Whiston® has truly remarked, was so "mixed that
none but himself can be his paralel." In the Seep of Plants
the following passage occurs: " There is a freedom of style, and
assumed manner peculiar to this kind of correspondence, which
would be too assuming in works addressed immediately to the
public; and might not unnaturally draw upon the author a
censure of self-sufficiency and vanity. This explanation, | hope,
will defend me from so unfair a charge: for indeed no one
knows more the narrow limits of human knowledge; or enter-
tains an humbler opinion of the returns of years of application.”

! See Helleborine Hill v. Epipactis Adam. G. Claridge Druce, Journal of Botany,
XLVI. 1908

% Babington's Manual of British Botany, ed. by Groves, London. Hayward's
Botanist's Pocket Book, ed. by Druce, London, 1909.

4 John Nichols, Literary Anecdotes, 1812.
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Nothing could be more proper than this, but against it must be
set the opinion of men of his own time, as expressed in the quo-
tation on p. 88, taken from Baker's Biographica Dramatica.

Many estimates of the character of Hill have been put
forward, the first of any authority being that of Johnson':—
"The King then asked him what he thought of Dr Hill.
Johnson answered, that he was an ingenious man, but had no
veracity; and immediately mentioned, as an instance of it, an
assertion of that writer, that he had seen objects magnified to
a much greater degree by using three or four microscopes at
a time than by using one. 'Now," added Johnson, ' everyone
acquainted with microscopes knows, that the more of them he
looks through, the less the object will appear.'...'l now," sad
Johnson to his friends, when relating what had passed, ' began
to consider that | was depreciating the man in the estimation
of his sovereign, and thought it was time for me to say some-
thing that might be more favourable’ He added, therefore,
that Dr Hill was, notwithstanding, a very curious observer;
and if he would have been contented to tell the world no more
than he knew, he might have been a very considerable man,
and needed not to have recourse to such mean expedients to
raise his reputation.”

If Hill's reputation for lying rests on no surer foundation
than this, he must be held acquitted of much that is charged
him. In the above quotation the term microscopes must be
read lenses ; thus Johnson's reason for his opinion is unfortunate
and clearly shews, as Bishop Elrington has remarked, that
Johnson was talking of things he knew nothing about. This
is the more to be regretted since the opinion of a man of
Johnson's rank, who was contemporary with Hill, might have
biassed the judgment of smaller and later men.

According to Fitzgerald®, Hill was a "quack and blustering
adventurer," the" Holloway of hisday," endowed with "cowardice
that seemed a disease” This author is, | think, prejudiced, and
his estimate appears to be based upon the least creditable
of Hill's performances without giving a proper value to the

! Boswell's Life of Johnson, ed. by Fitzgerald, London, 1897.
2 |bid.; Life of Garrick, loc. cit.
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better side of his nature and work. On the other hand the
author—a grateful patient—of the short account of the life of
Hill' went to the other extreme. This account is entirely
laudatory, and describes Hill as being little short of a genius
surrounded and continually attacked by "envious and malevolent
persons” who " did not fail to make use of every engine male-
volence could invent, to depreciate the character and the works
of a man, whom they saw, with regret, every way so far their
superior."

Disraeli? speaks of Hill as the "Cain of Literature," and,
whilst being fully alive to his " egregious egotism" and other
defects of character, he appreciates his worth and recognizes
that Hill was born fifty years too soon. Also he gives him
credit for his moral courage in enduring "with undiminished
spirit the most biting satires, the most wounding epigrams, and
more palpable castigations.”

The general concensus of opinion, much of which does not
appear to have been independently arrived at, is that Hill's
nature contained little that was commendable. At the same
time his remarkable industry and versatility were recognised.
His independent and quarrelsome nature, coupled with his mode
of attack and fearlessness in expressing his opinions, made him
cordially hated, and caused much that he did to be viewed with
a prejudiced eye; for instance, it is generally stated that he
obtained his degree of Doctor of Medicine (St Andrews, 1750)
by dishonourable means. Mr Anderson, Librarian and Keeper
of the Records of St Andrews University, has kindly looked the
matter up and informs me that there is nothing whatever to
warrant such a statement; the degree was granted according to
the practice of the time.

It is important to remember that Hill in his earlier days
suffered much from penury, which, to a certain extent, may
have embittered his nature. However this may be, he learnt
subsequently the advantages conferred by a good income, and
was not desirous of becoming reacquainted with his earlier
experiences. This may explain much of his peculiar behaviour.

! Edinburgh, 1779, loc. cit.
2 Loc. cit.
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Disraeli? suggests that, in offering himself as Keeper of the
Sloane Collection, at the time of its purchase for the British
Museum, Hill was merely indulging in an advertisement.  Hill
probably was sufficiently shrewd to realize that a ready sale for
his wares would obtain so long as he kept within the public eye,
and much of his extraordinary behaviour in public may have
been merely self-advertisement.

The portrait of Hill prefacing this sketch is after Neudramini's
engraving of Coatess portrait (1757); the plant represented is a
spray of a species of Hillia, named in honour of Hill by Jacquin.

! Loc. tit.



ROBERT BROWN
1773—1858

BY J. B. FARMER

Position of Botany before Brown—narrative—diary—naturalist to the
Flinders expedition—travels in Australia—his method in the field—
Essay and Prodromus on the vegetation of New Holland—the Prot-
eaceee and Asclepiadaceae—Brown's  digressions—his tenacity and
caution—impregnation—views on the morphology of the Gymnosperms
in the memoir on Kingia—foundation of ovular morphology—cell
nucleus discussed—the simple microscope—" Brownian movement"
investigated—summary of other work—Bryophytes—interest in fossil
plants—persona characteristics—Asa Gray's story—the Banksian col-
lections—the British Museum and Linnean Society — contemporary
appreciation—nhis outstanding merits.

SOMEONE has affirmed that no man is greater than the age
in which he lives. A cryptic utterance, savouring perhaps of a
certain dash of impressionism, and not altogether fase as it is
assuredly not wholly true. If, however, we endeavour dispas-
sionately to appraise the performance of the world's great
(though perhaps we should exclude the few greatest) men we
shall probably discover that the implied limitation is justified,
at least in part, by history and experience. The fact is that
hardly anyone can really penetrate far into nature's secret places
without losing hisway. The virgin lands of knowledge that lie
beyond the area of contemporary possession are first invaded by
those who can breach the barriers that oppose advance, for genius,
by its wider outlook enables those who are endowed with it to
recognise the weaker spots in these barriers, and thus to lead
the attack. But the new territory, even after it is won, is ever
surrounded by unknown regions, still waiting to be overrun
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when, but not until, the conditions for further expansion shall
have been fulfilled.

At the beginning of the nineteenth century the time was ripe
for such an addition of new territory to the regions of Botany
already occupied at that period. In England, at any rate, the
work inaugurated by Ray and others had become overshadowed
by the authority of Linnaeus, and even on the Continent the
effective advance of the science was for various reasons almost
stayed. Itistruethat in France the Jussieus had started advance
on fruitful lines, and others like De Candolle were endeavouring
to fed their way through the maze of dimly comprehended
relationships, but their efforts were obscured by the growing
and fatal facilities for piling up mere catalogues of plants
without the clues necessary to direct their energies into more
profitable channels.  As regards the flowering plants, there was,
it is true, a groping after a partially perceived natural system,
but the lower ranks of the vegetable kingdom formed, so far as
scientific purposes were concerned, a terra incognita, and the
attempts to elucidate the morphology of these groups in the light
of the angiosperms were, as we now can se clearly enough,
plainly foredoomed to failure.

Facts were distorted and observations misinterpreted in ways
that now seem to us almost to smack of sheer perversity, but we
must not forget that the methods which in later years have
proved so effective had not then been recognised ; Hofmeister,
with his marvellous genius, had not as yet arisen to shew the
way through the maze of the lower forms.

But what does strike one as astonishing, or might do so if the
circumstance were not still so common, is the evidence of the
difficulty men experienced in really seeing things as they were,
and of distinguishing the fundamentally important from the
trivial or even irrelevant.

As adways, what was needed was the man who could fix
his gaze on facts, who would spare no pains to find out what
was true, and thus succeed in discovering a sure base to serve
as a vantage ground for further advance. Von Mohl was one of
these, and earlier in the century there was the man, the subject
of this lecture, who by his single-hearted search after truth, and
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the extraordinary ardour and ability with which he prosecuted
his investigations will aways occupy a high position in the
history of Botany.

Robert Brown came of a stock which refused to bow the knee
to authority, though his forbears did not, any more than himself,
hesitate t