OUTLINE OF SCIENCE

A PLAIN STORY SIMPLY TOLD

EDITED BY
J. ARTHUR THOMSON

REGIUS PROFESSOR OF NATURAL HISTORY IN THE
UNIVERSITY OF ABERDEEN

WITH OVER 800 ILLUSTRATIONS

OF WHICH ABOUT 40 ARE IN COLOUR

IN FOUR VOLUMES

*x kX %

G. P. PUTNAM’S SONS
NEW YO'RK AND fDN-DQN
The ﬂ(n-tc‘fzerbocher lbrtsz

an 1922 R

ooooo
.



ooooo

o
1 e

oo,
.
o°, .
e e e
PARTY
vy ®o
o o _e*
% *°
,fe
B
o .
.o
. ¢
. e .
. °
o o -

Copyright, 1922
by
G. P. Putnam'’s Sons

First Printing August, 1922
Second Printing September, 1922

«\A?‘ o/,.;
LIBRARY

MAR 221944




Digitized by GOOS[Q



CONTENTS

PAGE

XVI. PsycHic Science. By Sir OLiveEr LobGe . 565

Statement of the Position—Psychical Research—First-fruits of
the Inquiry—Concerning Citation of Illustrative Examples—
Visions or Apparitions of the Dead—Clairvoyance or Lucidity

" —Psychometry—Materializations—Psychic ~ Photography—
Direct Writing and Speaking—Dowsing—Travelling Clair-
voyance—Apports—Evidence for Survival—More Elementary
Methods—Summary.

XVII. NaturarL History. IV. Borany . . . 597

Wonders of Plant Life: Dependence of Animals on Plant Life—
Importance of Minute Plants—Variety of Plant Life—Com-
mon Characters of Plants—The Essential Parts of a Flower-
ing Plant—The Laboratory of the Green Leaf-—What the
Green Plant Does—The Capture of Sunlight—What Food is
Used for—Nutrition ef the Fungi—Lichens as Double Plants
—Flowering Parasites and Saprophytes—The Story of the
Whin—Root Fungi—Insectivorous Plants—Pitcher Plants—
Venus Fly-trap—How Plants and Animals Agree—The Tac-
tics of Plants—The Part the Root Plays—Plant Tropisms—
Tendrils—Light and Other Influences—Sensitive Plants—Do
Plants Sleep ?—How Plants Protect Themselves. How Plants
are Reproduced: The Meaning of the Flower—The Secret of
the Seed—Why Flowers are Bright—Wind Pollination—
Cross-Pollination, its Meaning—Significance of the Seed—
The Travels of Plants—Vegetative Multiplication—Reproduc-
tion of the Lower Plants—The Fall of the Leaf.

XVIII. InTER-RELATIONS OF LIVING CREATURES. . 641

The Balance of Nature—Nutritive Linkages—Linkages Securing
Survival—Cats and Clsver--The Case of Red Ciover—Distri-
bution of Seeds—Auits und Seeds—Fresh Water Massels and
Minnows—One Cl;gatufe on Another—Commensalisin—Sym-



v Contents

PAGE

biosis—The Double Life of Lichens—The Seamy Side of
Heather—Man and the Web of Life—The Importance of
Birds—A Multitude of Linkages—The Story of the Gullery—
The Weird Ways of Parasites—Adaptations of Parasites—
The Romance of Parasitism—Pearls and Parasites—Theoreti-
cal Aspecfs.

XIX. Biorogy. By Juriax S. HuxrEy, M.A. . 67

Matter, Living and Lifeless—Can Mind Arise from Lifeless
Matter >—Theories of the Origin of Life—Protoplasm and
the Origin of the Body—The Units of Life—The Blood-
Cells—The Brain-Cells—The Body a Huge Cell-State—
Reproduction—Mothers but no Fathers—Regeneration—Pro-
ducing a New Head—Remarkable Experiments—Losing a
Tail to Save a Life—Old Age and Death—Resting Stages—
The Ductless Glands.

XX. Tuae CHARACTERISTICS OF LiviNG CREATURES . 701

The All-Round View—Innumerable Species—Abundance and
Insurgence of Life.

XXI. TaE RoMaxce oF CHEMISTRY . . . 711

Shuffling the Chemical Cards—Forms of Matter—Mixtures and
Compounds—Molecules and Atoms—Chemical Change—
Demonstrating the Invisible—Liquefaction of Gases—Trans-
mutation of Elements—Chemistry of the Living Creature—
The Remarkable Power of Carbon—The Regulation of
Vital Phenomena—~Circulation of Matter—Circulation of
Nitrogen—Catalysts—Ferments—Crystals—Diamonds—Col-
loids—A Story about Helium.

XXII. Tuae CHEMIST As CREATOR . . . . 741

The Conservation of Matter—Constancy in the Properties of
Elements—Making Vital Products Artificially—Outdoing Na-
ture—Coal-Tar Colours—Artificial Perfumes—Synthetic Rub-
ber—Sugar-Making—Chemical Conjuring—Transformations
of Cellulose—Capturing Nitrogen—The Potash Supply—
Wealth out of Waste.

XXIII. METEOROLOGY . . . . . . . 761
The Causes of Weathep—‘-The Two Regions of Atmosphere—
Sounding the, Upper .Aﬂ'—Th,e Tracks of the Balloons—The
Narrow, -Li’nuts within which Lifé- i¢” Pessible—Pressure and
TemPeml-ure—The Effects of Turbulww in the Atmosphere

-
L0 e AP
.




Contents v

PAGE

—The Trade Winds—The Indian Monsoon. Recording
Methods: The Organization of a Meteorologieal Service—Re-
cording Instruments—Photography Used for Recording
Purposes—The Stevenson Screen—Wind Recording—Rain
Recording—Sunshine Recording—Cyclonic Disturbances—
Clouds—Thunderstorm and Hail—Weather Lore.

XXIV. ArrLiED SciENCE. I. THE MArvELs oF ELEC-
TRICITY . . . . . . . 791

The Age of Electricity—Ease of Transmission—What a Cur-
rent of Electricity is—The Generator—Electric Circuits—
Generating Power Stations—Distribution of Current—The
Storage of Electricity—Electric Traction—Powerful Electric
Motors—Big Electrical Feats—Climbing the Rocky Moun-
tains—Electricity from Waterfalls—Great Engineering Feats
—How Water Turbines Work—Steam Turbines—Importance
of Water-Power—Electric Lighting—Electric Heating.

XXV._ APPLIED SCIENCE. II. WiIRELESs TELEGRAPHY
AND TELEPHONY . . . . . . 821

Progress in Recent Years—Theory on which Wireless Tele-
graphy is Based—Principles of Transmission—How Wireless
Waves are Received—Variation of Wave-Length—"“Tuning”
—Wireless Telephony.

XXVI. AprpprLiED SciExciE. III. Fryine . . . 841

Three Great Flights—Weather on the Airways—A Landing in
Fog—Wireless and Civil Aviation—Finding the Way in the
Air—How an Aeroplane Flies—What the Pilot Does—Stunt-
ing—War in the Air—The Man and the Machine—Airships
—The Future of Airships—How an Airship is Built—The
Safety of Flying—The Future.

a2 301



viii Illustrations

MRr. TompkinNs “DowsiNg” IN SouTH AFRICA . . . .

THe Earviest KNowN ILLustraTION OF THE Usk oF THE DiviNnine Rep
ArpLiep To THE FinDING oF PrECIOUS METALS. (From G. A. Agricola’s
treatise on Mining, published in 1557.)

AN ILLusTRATION FROM AN oLD FrRENcH Boox on “Jacon’s Rop,” Pus-
LISHED AT PaARris IN THE YEAR 1693

ILLusTRATION FROM AN oLD FRENCH WoRrk PuBLiIsHED IN THE YEAR 1693
Saowing Various Ways oF Horpine THE DiviNniNe Rop

Coco-Nut PaLms NEarR AqQuapiLra (Porto Rico)
Photo: Underwood & Underwood.

SEcTION OF AN OAK-TREE
Photo: F. R. Hinkins & Son.

Cross SEcTION oF THE STEM oF THE BurcHCR’s Broom
Photo: F. R. Hinkins & Son.

THE Bic Trees oF CaLiForN1a (Sequoia gigantea)
Photo: H. J. Shepstone.

Victoria Regia, THE GiaNT WATER-LILY OF THE AMAZON
Photo: Underwood & Underwood.

Horse-CuestNuT (Zsculus hippocastanum) .
Photo: J. J. Ward.

Donper (Cuscuta epithymum)
Photo: James’s Press Agency.

Roors oF THE WiLp WHITE CLOVER, SLicHTLY ENLARGED, SHOWING THE
LitrrLe Roor TuBERCLES .
Photo: J. J. Ward.

.

Tue CommoN Sunbew (Drosera rotundifolia)
Photo: James’s Press Agency.

How THE SunpeEw CapTures INsecTs .
Photo: J. J. Ward.

Venus Fry-Trap (Dion@a muscipula) . . .
Photos: S. Leonard Bastin.

MinN1ATURE JAPANESE TrEEs oF THE CHABO VARIETY, WiTH THEIR RooTs
ExposeED . .. . . . . .
Reproduced by permission from the Scientific American.

Roots oF BEEcH-TREE . . . . . . . . .
Photo: J. J. Ward.

FACING
PAGE

585

592

592

593

600

601

601

604

605

608

609

609

612

612

612

613

613




Illustrations

A BanyaNn-Tree (Ficus benghalensis) . . . .
Photo: Underwood & Underwood.

Tue THoORNs oF THE Rose AND oF THE BRAMBLE (RIGHT) SERVE A

DousLE Purrose
Photo: J. J. Ward.

FLowERs OF BARBERRY .
Photo: J. J. Ward.

Tue WeB oF A SpipeEr (Coloured Illustration)
Photo: J. J. Ward.

CuLTivaTED BAMBOoO IN A CHINESE PLANTATION
Photo: Underwood & Underwood.

Tue “SENsITIVE PLANT” (Mimosa pudica)
Photos: J. J. Ward.

BrancH oF WiLp CamomiLe (Matricaria chamomilla)
Photos: J. J. Ward.

Woop-SorreL (Ouxzalis) . . . . .
Photos: J. J. Ward.

A Cacrus (Mammillaria) . . .
Photo: J. J. Ward.

Lapy’s-SvippEr OrcHis (Cypripedium insigne) .
Photo: James’s Press Agency.

Tue Burterrry ORrcHis (Oncidium papilio)
Photo: J. J. Ward.

Cuckoo-PINT (4Arum maculatum)
Photo: James’s Press Agency.

Goar’s-BEarp (Tragopogon prasense) .
Photo: J. J. Ward.

Cuckoo-Pint (Arum maculatum) . . .
Photo: F. R. Hinkins & Son.

CARLINE THIsTLE . . .
Photo: F. R. Hinkins & Son.

MeTHODS oF GRAFTING . . . . . .
Photo: F. R. Hinkins & Son.

TREE SURGERY . .
Photo: The Fleet Agency.

BrancHED Hairs From THE Bopy or A HumsrLe-Beg,

Grains ENTANGLED .
Photo: J. J. Ward.

wiTH PoLLEN-

.

1X

FACING
PAGE

616

617

617

620

624

625

625

628

628

629

629

632

632

633

633

636

637

644



X Illustrations

EartHworMs AT WoORk . .

A BurviNg-BeeTLE EXPERIMENT . . . . . . .
Reproduced from Fabre’s The Wonders of Imtmct

A Frower-Heap or CLover, SHowiNG How THE FLoreTs TUrRN pDowN
ouT OF THE WAY AFTER THEY ARE POLLINATED OR FERTILISED BY THE
Visitine BEEes

Photo: J. J. Ward.

. . . . . . .

Rire Frower-HEeap oF THE Goat’s-BearD (T'ragopogon pratensis)
Photos: J. J. Ward.

Dry Frurrs or Honesty (Lunaria biennis)
Photo: F. R. Hinkins & Son.

THE CrocopiLE-Birp AND 1Ts REPTILIAN PARTNER

ONE VALVE oF THE FresuwaTeEr MusseL (Coloured Illustration) .

Reproduced from The Wonder of Life by Professor J. Arthur Thompson
(Andrew Melrose, Ltd.)

A Hieury EvoLvep OrcHip (Odontoglossum crispum) (Coloured
Illustration)

Reproduced by permlsslon of Charleswotth & Co., Havward’s Heath

THeE Mite (Gamasus) THAT 1s CARRIED ABouT BY THE Dor BEETLE
(Geotrupes) . .
Photo: J. J. Ward.

. . . .

A ComMmonN BrrtisH LicHEN (Evernia prunastri)
Photo: F. R. Hinkins & Son.

. . . .

Femare FLEA o RaT (magnified 50 diameters)
Photo: J. J. Ward.

Tue CeaserLess STRUGGLE oF Kinp acainst Kinp

Larva oF Covrorapo BeerLE (enlarged)
Photo: J. J. Ward.

CoLorapo BEeTLE ENLARGED AND DispLAYED To SHow THE Winags AND
THE WiNG-COVERs . . . . .

Photo: J. J. Ward.

Girsy MotH (Ocneria dispar) . . . . . . . .
Photo: J. J. Ward.

Tur Wip Car . . . . . . . . . .
Photo: W. E. Berridge

Tur PINE-MARTEN . . . . . . . . . .

CORMORANTS . . . . . . . . . . .

Photo: W. E. Berrldge

FACING
PAGE

644

646

645

648

649

649

650

650

654

655

656

657

658

658

658

659

659
662




Illustrations

A Patr oF Lapy-Birp BEETLEs FEEDING ON APHIDES OR GRreeN-FLy
Photos: J. J. Ward.

SumMeR GrREEN-FLY MuLTIPLYING ON THE FLOWER OF THE SweeT-PEA

HepeeHog DRINKING .
Photo: J. J. Ward.

A Bracker FuNeus GROWING As A PARASITE oN A BircH-TREE
Photo: F. R. Hinkins & Son.

Hazer SteEMs STRANGLED BY HONEYSUCKLE . .
Photo: F. R. Hinkins & Son.

Tue Liver-FLuke—tHE Causk oF “Liver-Ror” IN SHEEP (magnified

about 4 times) . . . . . . . . . .
Photo: J. J. Ward

A BuncH oF ZooruyTE GROWING ON THE SHELL oF A Horse-MusseL
Photo: J. J. Ward.

Tue BruesorTLE LaviNg HER Eces IN THE Svit oF A DEAD Birp’s BEak
Reproduced from Fabre’s The Wonders of Instinct.

Louis Pasteur . . . . .. . . .
Photo: Rischgitz Oollcction

METCHNIKOFF . . . . . . . . . .
Photo: Henri Manuel.

A Srot oF PoNp WATER As 1T APPEARS UNDER THE MICROSCOPE, SHOW-

iNG Various Forms oF UNIcELLULAR PrANTS, ETC. . . . .
Photo: J. J. Ward.

BrLuve CHEEse MouLp . . . . . . . .
Photo: J. J. Ward.

ProtorrLasM oF NUCLEUS WITH PART oF SURROUNDING PROTOPLASM, FROM
GangrioN CeLL or AN Ox (from Butschli) . .

SecTioN oF THE HEART oF A PiNE Bup . .
Photo: J. J. Ward.

DirrereNTIATION OF CELLS IN THE LENS oF A CHick’s Eye

From The Problem of Age, Growth, and Death, by Charl .M
(Tohn Murragy, f Age, n ea y Charles S. mot

Four Rep Broop CorpruscLes anp o WuiTe CorpuscLE oF a Froa;
THE LaTTER HAs EnNGuLFED A WorN-our Rep Broop CorruscLE
(magnified 600 diameters) .

From The Essentials of Histology, b S Ed b -
oane Gree )f ology, by Sir Edward Sharpcy Sch afer (Long

xi

FACING
PAGE

662

662

663

663

666

666

667

667

676

676

677

677

680

680

681

681



xii Illustrations

A NumBer oF CeELLs wiTH INTERLACING FiBreEs rrom THE Humawn
CereBruM (highly magnified) . . . . . . .
From Quain’s 4dnatomy (Longmans, Green & Co.)

RerropucTioN By BubpiNg . .

From 4 Manual of Elementary Zoology, by L. A Borrodalle (Oxford
Medical Publications).

A DiagraMm oF THE “REFLEX Arc” .

From 4 Manual of Elementary Zoology, by L. A Borrodalle (Oxford
Medical Publications).

A CHAIN oF Frar-Worms Propucep By Fission, as YET INCOMPLETE
(after Graff) . . . . . .
Reproduced from Studonte Text Book of Zooloyj (Sonnenschem)

Sori or Srore-Cases oN FeErn (Polystichum) . . . .
ProTHALLUS oF FERN: Orcans PropucEp FroM Spore or Fronbps .

ProrHaLLt (NaturaL Size), oN WHICH ARE SEEN DEVELOPING THE

Youne FeErns witH THEIR Finst FroNDs . . . . . .
Photos: J. J. Ward.

A PuotoerarH (HieHLy MacniFieEp) oF RipE PoLLEN-GraiNs Farr-
ING FROM THE STAMENS oF A MaLLow FLower—aN ENorMous Quan-

TITY OF LIviNg MATTER PRODUCED IN AND BY THE GERM-Prasm .
Photo: J. J. Ward.

ILLusTRATING REGENERATION . . . . . .
From Regeneration and Transplantatwn, by Dr. E. Korschelt

ExperiMENTAL EMBRYOLOGY . . . .
From Experimental Embryology, Jenkmson (Clarendon Press)

ILLustraTiON SHoOwING DiIFFeEreNT StaceEs (A, B, C) orF GrowTH or
TaproLEs Propucep By GRAFTING THE FroNT END oF ONE SPECIES

on to THE Hinp EnNp oF ANorHErR (after Harrison) . .
From Regeneration and Transplantation, by Dr. E. Korschelt.

FemaLe SmootH Newt (T'riton teniatus) PHoToGRAPHED BELow WATER
1IN THE Act oF DEposiTiNG ONE oF 115 Ecas . . . .

.

Eacs oFr SMootH NEwT oN THE LEavEs oF WATER PraNTs . .

Youne NEwr TaproLeEs NEaARLY Reapy To EMERGE FrRoM THE Eca

.

SmoorH Newt TabpoLes sust AFTER LEAVING Eca . . .

TaproLE oF SmoorH NEwT, SHowiNG THE FEaTHERY GILLS WHICH
Froar upwarps aBove 11s Heap . . . . . .

.

FACING
PAGE

684

684

684

688

689

689

689

692
692
692

692

692




Illustrations

SmooTH NEwTs NEARLY MATURED FOorR TERRESTRIAL LIFE, JUST BEFORE
Leavine THE WATER To BEcoME LAND ANIMALS

SmoorH NEwT MouLTING ITS SKIN AFTER RETURNING TOo THE WATER
FOR THE BREEDING SEASON . . . .

MaLE aANp FEmaLE SmoorH NEwTs AT THE HEIGHT oF THE BREEDING
SEason . .

StarviNng FLaT-WorwMms .
From The School Science Remew

“LiviNg BackwaRrps”
From The School Science Revww

THE ErFrFect oF THE Prruitary GLaAND uroN GROwWTH

From Sir Edward Sharpey Schafer’s The Endocrine Organs (Longmam,
Green & Co.).

Case oF Myx@&pEmMa . . . . .
By permission of the Editor of the Practmoner

ResuveENaTINg A Rat . . . . . . . .
Reproduced from Steinach’s Ver]ungung

“THE ABUNDANCE oF LIFe” . . . . .
From Adnimal Life by the Sea- shore (Country Llfe)

A Groupr oF Diatom SHiELDs . . . . . . .
Photo: J. J. Ward.

A CorrLEcTIiON OF DRAGON-FLIES OF THE ORDER ODONATA, WITH THEIR

BeautirFur Gauvze-Like WiNes
Reproduced from the Smithsonian Report, 1919

A Grimpse oF THE VARIETY oF Lire (Coloured Illustration)
Reproduced from the Smithsonian Report, 1919.

ANoTHER ILLusTRATION OF “THE ABUNDANCE OF LIFE”
Reproduced from the Smithsonian Report, 1919.

THE BoriNne PurprLe Sea-UrcHIN, Stroﬁgylocentratus lividus, 1IN a

Rock Poon, Bunpboran .
Photo: W. A. Green.

Joun Darton (1766-1844) . . .
Photo: Rischgitz Collection.

Proressor FrepERICK SopDY—ONE OF THE MoOST BRILLIANT OF PRES-

ENT-Day CHEMIsTS . . . . . . . . . .
Photo: Russell, London.

MwMEe. Skrobowsk: Curie . . . . . . . .
Photo: Henri Manuel.

xiii

FACING
PAGE

692

693

693

693

693

696

696

697

704

704

705

706

708

709

716

716

716



Xiv Illustrations

FACING

PAGE

MicuaeL Farapay (1791-1867) . . . . . . . . 716
A FamiLiaR INsTANCE oF THE CoNvVERsION OF A LiQuip INTO A SoLip . 717

Photo: J. J. Ward.

Cast Iron 1s Harp aAND BriTTLE AND CANNOT BE WELDED A8 WROUGHT
IroN, Because THE ForMER CoNTAINS A QUANTITY oF FOREIGN

MaTERIAL, WHILE THE LATTER 1s ALMost PurRe METAL . . . 722
Photo: James’s Press Agency.

Diaeram SHowiNG ARRANGEMENT AND WIRING oF CoMPLETE ELEcCTRO-
.

Pratine Prant . . . . . . . . . . 723
Photo: W. Canning & Co.

Diagram or AN ELecTro-PraTiNg BaTH, SHowiNg THE METHOD OF
HanciNe SmALL ArTicLEs IN THE DEePosiTiING VAT For PraTine . 723

A Mortor Fire-Pump witH CuemicaL Fire-EncINE anD Fire-Escape . 728
Photo: reproduced by courtesy of Merryweather & Sons, London.

NaTure’s TrRANsForMATIONS oF WATER . . . .
Photo: J. J. Ward.

. 728

S Humpury Davy (1778-1829) . .
Photo: Rischgitz Collection.

. . . . . 729

Justus von Liesic (1803-1873) .
Photo: Rischgitz Collection.

. . . . . . . 729

“Tue CurLLiNaN Diamonp”

. . . . . . . . 734
Photo: James’s Press Agency.

THE Yeast Prant (Saccharomyces) . . . . . . . 734
Photo: J. J. Ward.

Tue WINE-YEAST or “CALIFORNIAN BEEs” .
Photo: J. J. Ward.

. . . . . 734

MENDELEEFF . . . . . . . . . . . . 785
Photo: Rischgitz Collection.
Tue Late ProrFessor SiIkR WiLriam Ramsay, K.C.B. . . . . 785

Photo: Russell & Sons, Southsea.

Lavoisier’s ExPERIMENTs oN REsPIRATION. MaApAME LAVOISIER AT THE
TasLe Takine NoTes . . . . . . . . . T44

Nature’s CHEMISTRY . . . . . . . .
Photo: J. J. Ward.

. . 745

Tue MarveELLous Propucts oF CoaL . . . . . . . 745

DvyEs FroM SHELLs oF THE SEA-SNaiLs (Murez) . . .
Photo: J. J. Ward.

. . 746




Illustrations

GATHERING JasmMINE NEArR Grasse (ALPES-MARITIMES) . . .

A Six-Pipe WaTeER Track SuppLYING WATER-POWER To THE ALUMINIUM
Works AT KiNLocHLEVEN, N ArcyrLsHIRE (Coloured Illustration)

DistiLraTioN oF OranNgz-Brossom ror PERrFUMEsS . . . .
Photos: Jacques Boyer, Paris.

SorTiNg MiLLioNs oF Roses . . . . . . . . .
TappriNG A RuBBER-TREE IN THE PuTUMAYO DistrICT . . . .
Paper rrom Woopn-Purp . . . . . . . . .
Wuar MopeErN ExpPLoOSIVES cAN Do . . . . . .

Photo: West & Son, Southsea.

A NaturarL WELL oF PETROLEUM GUSHING UP FROM THE EArRTH . .
Photo: James’s Press Agency.

CanborLe MouLbpiNg . . . . . . . .
Reproduced by permission of Price’s Patent Candle Co., Ltd.

Davy Lamp . . . . . . . . . : . .
Photo: L. E. A.

Tue Cumuro-NimBus, A DeEnse RaiN-Croup oF CumuLus Form . .

Tue Common CumurLus CLoup. DaRrRk aAND OPAQUE IT SHOWS ITs SILVER
LiNiNe . . . . . . . . . . . .

THE ATMOSPHERE AND HOW IT HAS BEEN EXPLORED . . . .
A Pivor BarLrLoon REapy To BE RELEASED . . . . .
StraTo-CumuLus CrLoups IN A Sunser Sky . . . .
A DarpLEp Sky witH A FroTiLLa oF FINE SmarLr Cumurus Croups .
THE STEVENSON ScREEN ForR REcCORDING TEMPERATURE . .

.

ILLusTrATION OF A RECORD OBTAINED BY THE PREssURE-TUBE ANEMo-
GraPH DuriNGg A GALE . . . . . . . . .

How WinD-VELociTy 18 MEeAsurep. THE DiNes Pressure-Tuse

ANEMOGRAPH . . . . . . . . . . .
THE RainBow (Coloured Illustration) . . . . . . .
Tue RoBINSON ANEMOMETER . . . . . . . .

PaorograPH CoPy oF A SunsHINE RECORD . . . .

Xv

FACING
PAGE

747

748

7562

762

753

754

755

756

757

757

764

764

765

768

769

769

772

772

773

774

778

778



xvi Illustrations

Damny DuratioNn oF SuNSHINE IN JuLy . . . . . .
StorM-Track Mar oF THE NoORTH ATLANTIC . . .
Ture Rapip VAriaBILITY oF TEMPERATURE . . . . .

How THE ANNuUAL RAINFALL 1s DisTRIBUTED IN THE BrrtisH IsLEs

Banks oF Cirro-StraTus Croups witH Cirro-Cumurus CLoups
BeTrweeN, wiTH A SmaLL Dark ParcH oF Cumurus THREe MiLes
Berow THEM

GossaMER WEBs oF Cirrus Croup, HicHEsT up oF ALL. Just EquaL
IN HEIGHT oN THE AVERAGE To THE SuMMIT oF MouNT EVEREST

Tuouas A. Epsion . . .
Copyright U. & U.

AN Erecrric CoaL-CuTTER . . .

Reproduced by permission from The Romance of Modem Electrwtty
(Seeley, Service & Co.).

Laving A SuBmarINE CABLE . .
Reproduced by permission of the Commercm.l Cable Compnn)

SecTioNs oF ArmMourep CaBLEs ForR THE CONVEYANCE oF ELECTRIC
CurrRENT UNDERGROUND .
Reproduced by permission of Messrs Siemens Bros, Ltd

A MAarveL oF Power TransmissioN By OvERHEAD CONDUCTORS
Reproduced by permission of the British Aluminium Co., Ltd.

A Corprer Rine HELD ovER THE PoLE oF AN ALTERNATING CURRENT
ELecTRO-MAGNET 1s STRONGLY REPELLED AND JUMPS UP IN THE AIR
WHEN RELEASED

Reproduced by permission from szty Years of Electrwtty (The ereless
Press, Ltd.).

A Vivip Frasu oF Fork LicuTNING TakEN oveER House-Tops
From the Romance of Modern Electricity (Seeley, Service & Co.).

How aN Erectric TraiN Picks up CURRENT
By permission of Underground Electric Railways Co., Ltd

A UniQue ELectric RaiLway

Reproduced by permission from The Romance of Modern Electrwtty
(Seeley, Service & Co., Ltd.).

ErLectric TRANSPORTER BriDGE . . . . . . .
Photo: W. H. Mack, Runcorn.

INTERIOR OF LoTs Roap Poewer Station, CHELSEA . . .
By permission of Underground Electric Railways Co., Ltd.

FACING
PAGE

779

782

782

783

786

787

794

795

798

799

800

800

801

801

802

802

803




Illustrations xvii

FACING
PAGE

SixteeNn MiLe CanvonN, MonTana (Coloured Illustration) . . . 804

Reproduced by permission of J. Jackson & Sons, European Agents for
the Chicago, Milwaukee, and St. Paul Railway.

Rorary CONVERTERS . . . . . 806
By permission of the Brltmh Thomson Houston Co Ltd.

STOoRAGE BATTERIES OR ACCUMULATORS . . . . . 806
By permission of the Chloride Electrical Storage Co., Ltd

“Tue Deap Man’s HaNpLE” . . . . 807
By permission of Underground Electnc Rallways Co., Ltd

ELectric TRAINS THROUGH THE ALPS . . . . . . . 808

ELecTriFIED YARDs AT BuTTE, MONTANA . 809

By permission of J. Jackson & Sons, European Agents for the Chlcago,
Milwaukee, and St. Paul Railway.

AN Erectric “FLIER” CRroOssiNG THE “Rockies” 812

By permission of J. Jackson & Sons, European Agents for thc Clucago,
Milwaukee, and St. Paul Railway.

IN THE CANYON oF THE JEFFERSON RIVER, MoNTANA . . . . 813

Sioe View orF Erectric LocomoTive HauLring PasseNger TRraIN . 813

By permission of J. Jackson & Sons, European Agents for the Chicago,
Milwaukee, and St. Paul Railway.

Ni1agara Faris as VIEWED FrRoM THE AIR . . . . . . . 816
By permission of the Ontario Government Office.

THE RoTor oF Ao Parsons Steam TURrBINE . . . . . 817
Reproduced by permission of the Cunard Co.

ELectric INcaANDEscENT Lamps . . . . 817
By permission of the British ’lhomqon-Houston Co Ltd

LisTENING IN AT A WiRELEss CLuB . . 824
Photo: Topical Press Agency.
WireLeEss REceiving-Room, Towyn . . . . 824

By permission of Marconi’s Wireless Telegruph Co Ltd

A DiagraM SHowING THE MANNER IN WHICH Two Receiving WIRELESS
SvaTioNs LEQuiPPED WITH DIRECTIONAL FRraAME AERIALS cAN
DEererMINE THE PosiTioN oF AN AERoPLANE WHICH 18 SENDING OUT

WirtLEss SiGNALS By 1Ts TRAILING AERIaL WIRE . . . 825
From Fifty Years of Electricity (The Wireless Press, Ltd)

AN ErLecTriFiED Bopy AT REsT AND IN MoTION . . . . . 825

LEvpEN JAR . . . . . . . . . . . 825



xviil Illustrations

A PHoToGrAPH oF AN OsciLLaTory ELEcTRIC SPARK FRoM A LEYDEN

Jar TakenN onN A RevoLviNne PHoToGrAPHIC PLATE
From Fifty Years of Electricity (The Wireless Press, Ltd.).

Dampep Waves . . . . . . . . .
Unpampep Waves . . . . . . . . . .

Lines oF ELectric Force anp oFr MaaNETIic ForcE Rounp A Prain

Aeriar Wire . .
‘From Fifty Years of Electrwnty (The Wn‘eless Press, Ltd)

CARNARVON MarcoNt WIRELEss StaTioN AERIAL SYSTEM . . .
By permission of Marconi’'s Wireless Telegraph Co., Ltd.

Dot anp Dasx iN Waves . . . . . . . . .

Tue Towers AT THE NEw BERNE StaTioN oF THE MarconNi Rapro-
BerNE. THEsE Towers ARE 300 FEer Hica aAND SELF-SurporTING;

Tuey Carry THE MaIN AeriaL Svstem (Coloured Illustration)
Reproduced by permission of Marconi’'s Wireless Telegraph Co., Ltd.

THERMIONIC VALVE
By permission of Marcom S erelcss Telegruph Co Ltd

A DiagraM ILLUSTRATING THE NATURE OF THE APPARAPUS FOR CON-

pucTING WIRELEsSS TELEPHONY
From Fifty Years of Electricity (The ereless Press, Ltd)

CArNARVON MarconNi WIRELEss STATION—THE LARrRcEsT VarLve PanEL
IN THE WORLD
By permission of ‘\Iarcoms ereless Telegraph Co, Lta

AmpLITUDE OoF BEAT CURRENT

From Useful Notes on Wireless Telegraphy, Book V (The ereless
Press, Ltd.).

Tue AeriaL Motor-CycLE
Tue First MacHINE To FLy .

Tue D.H. 29 MoNoPLANE . . .
Mar orF THE WoRrLp’s GreEaTEsT FriGHTS
TuE ARRANGEMENT oF WIRELESS TELEPHONE AND WIRELESs TELEGRAPH

APPARATUS IN AN AEROPLANE
By permission of Marconi’s Wireless Telegraph Co Ltd

LoNDON FROM THE AIR . . . . . . . . .

Part oF tuE “Bristor” FamiLy . . . . . . . .

}‘ACING’
PAGE

828

828

828

828

829

829

832

836

836

837

837

844

844

844

845

848

849

849




Illustrations

A CompaRIsON IN Sizes SHowING THE 1,000 H.p. Narier “Cus” AERO

EnNeiNe wHicH WElGHs ABout 1,700 LB., AND A 1,000 H.P.
MoTIvVE WEIGHING SEVERAL Tons . . . .
LooriNnGg . . . . . . . . .

’

THE PasseNGer CaBIN oF A Vickers “Vimy’

Tue Vickers “ViKING” AMPHIBIAN . . . . .
R. 33 AT THE MooriNg Mast aT CROYDON . . . .
AN AR LINER ARrriviNg AT CROYDON . . .

Loco-

Xix

FACING
PAGE

854
855
860
860
861

861






The Outline of Science

XVI
PSYCHIC SCIENCE

By Sir OL1veEr LobGe

VOL. IH1—1 565






PSYCHIC SCIENCE
By Sir Or1iver Lobce

N the long evolution of humanity, we trace, first, the gradual
emergence of the organic from the inorganic, the utilisation
of highly complex chemical compounds for the formation

and purposes of life, and then the gradual rise of living things
in the scale of existence, until at a certain stage the rudiments
of mind and consciousness begin to make their appearance. At
some unknown time after this, must have arisen the power of
choice and knowledge of good and evil, which may be regarded
as the most definitely human characteristic. Then humanity, too,
went on rising in the scale, until it blossomed and bore fruit in
the creations of Art, the discoveries of Science, and in works of
genius.

Nor is development likely to stop there. Hitherto we have
known life and mind as utilising the properties of matter, but
some of us are beginning to suspect that these psychical entities
are able to utilise the properties of the Ether too—that intangible
and elusive medium which fills all space; and if that turn out to
be so, we know that this vehicle or medium is much more perfect,
less obstructive, and more likely to be permanent, than any form
of ordinary matter can be. For in such a medium as ether, there
is no wearing out, no decay, no waste or dissipation of energy,
such as are inevitable when work is done by ponderable and mo-
lecularly constituted matter—that matter about which chemists

and natural philosophers have ascertained so many and such
567
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fascinating qualities. Physicists, chemists, and biologists have
arrived at a point in the analysis of matter which opens up a vista
of apparently illimitable scope. Our existing scientific knowledge
places no ban on supernormal phenomena; rather it suggests the
probability of discoveries in quite novel directions. Any pos-
sible utilisation of the ether, however, by discarnate intelligences
must be left as a problem for the future. What appears to be
certain is that life and mind require for their manifestation and
terrestrial development some form of “material” in the broadest
sense, and that there is certainly an interaction between mind and
earthly matter.

Statement of the Position

The two branches of knowledge, the study of Mind and the
study of Matter, have usually been dealt with separately; and
the facts have been scrutinised by different investigators—the
psychologists and the physicists. The time is coming when the
study of these two apparently separate entities must be combined ;
for it has always been a puzzle how there can be any relation
or interaction between two such apparently diverse things as
matter and mind.

The normal facts of their interaction are so familiar that it
needs an effort to pick them out with due discrimination, and to
present the outstanding problem in all its clearness. A philoso-
pher is aware of the difficulty; and most systems of philosophy
have been attempts to solve the mystery and formulate the prin-
ciples underlying the universe as a whole. But by science in its
narrow sense such unification has not as yet been attempted.
Physical science deals mainly with matter, and so far as it touches
on mind it assumes that mind acts, and can only act, in connec-
tion with, or in relation to, or as a development of, matter. The
science of psychology, on the other hand, aims at treating of all
the normal processes and interrelations of mind, and describes
its use of the organs of the body, both for receiving and trans-
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mitting impressions, without atfempting, or at least without suc-
ceeding, in explaining the transition from mechanical vibration
to sensation and emotion, or vice versa. .

But there are certain asserted facts, now receiving growing
attention, which on the surface suggest that mind may possibly
exist apart from matter; that, though its manifestations may be,
its activities are not, wholly limited to material organs; that mind
and matter are in fact not inseparable, and that perhaps matter
may be replaced by an etherial vehicle, which would elude our
present senses.

There may be some doubt as to what these asserted facts
precisely are; but, in so far as they represent reality, it becomes
necessary to examine their validity and relevancy, to determine
whether the suspicion of independent mental action is justified,
and generally to seek to evolve a theory of mental activities be-
yond those known and familiar. In this way investigators may
hope to ascertain whether the facts do really establish an inde-
pendent and persistent existence for mind apart from its tem-
porary bodily mechanism. So we may summarise and say that
to ascertain the real nature of the connection between mind and
matter, and the possibilities which underlie their connection— °
whether those possibilities are generally recognised or not, and
even if they lead us into strange and unusual regions of inquiry
—is the object of Psychic Science.

§1

Psychical Research

The facts which need to be examined have long been known
to groups of people here and there from the earliest times, but
only of late years—say three-quarters of a century at most—
have they been taken seriously by more than one or two individ-
uals, and critically and responsibly and corporately examined,
without prejudice and without superstition.
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Much had been done previously in the observation and col-
lection of facts, but in 1882 a new Society was founded in Lon-
don for their special study, along lines as far as possible similar
to those which had conduced to the astonishing progress of physi-
cal science. And with the birth of this Society (the Society for
Psychical Research, or the S.P.R.) Psychic Science may be said
to have entered upon a more stable career. The Society has pub-
lished thirty-two volumes of Proceedings and twenty of its Jour-
nal; amongst its presidents and honorary members there are
illustrious names; and Sir A. J. Balfour, the President in 1893,
at the end of his Address quite truly implied that the Society
had already shown, “not as a matter of speculation or conjecture,
but as a matter of ascertained fact, that there are things in heaven
and earth not hitherto dreamed of in our scientific philosophy.”

To mention the names of the pioneers, and to trace the his-
tory of their laborious effort to attain truth, would take up space
that may be more usefully devoted to a setting forth of the main
phenomena which had to be examined and either rejected as
fictions or established as facts. So long as there are legitimate
differences of opinion as to the nature of these phenomena, it
will be best not to dogmatise nor attempt to sustain a thesis in
favour of some and against others, but only to summarise the
phenomena now familiar to most people—at least as folklore
stories—and to indicate, as far as may be, some means by which
it may be hoped that these odd occurrences can be rationalised
and understood. We must proceed on the well-tried hope and
expectation that everything in the universe, however apparently
bizarre, is intelligible to the mind when it is sufficiently well
known. Mystery and superstition belong to ignorance; they
enshroud tracts which lie in the dark, outside the civilised and
cultivated region. An effort is required to deal with such phe-
nomena at all, even if they turn out to be facts; for, without
some link or clue with which to connect facts together, they are
difficult of apprehension, and they can hardly be said to conform
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to the requirements of science. There must be system and orderly
arrangement, before disjecta membra can be assimilated and
incorporated into the main body of organised knowledge.

§2
Firstfruits of the Inquiry

One of the firstfruits of the labours of the S.P.R., or rather
of the pioneers who founded it, was the discovery of “telepathy,”
or thought-transference between mind and mind without the use
apparently of any of the known organs of sense. It was found
by careful experiment that an idea or visual image, or other
familiar notion, could be conveyed to another person, provided
he possessed the faculty of receptivity, although that person was
screened from all normal channels of communication. Experi-
ments of this kind were at first conducted in the same room,
usually with trivial things like portable objects and diagrams and
numbers—stringent precautions being taken, by the use of opaque
screens without dependence on the completeness of blindfolding,
that normal means of acquiring information about the diagrams
or objects were excluded. Experiments of this kind will be
found in most of the earlier volumes of the Proceedings of the
S.P.R.

Similar or slightly modified experiments were afterwards
extended to a considerable distance; and still, between so to speak
“attuned” persons, the amount of correspondence was found to
be beyond chance. The evidence is bulky, and perhaps rather
tedious, but the establishment of such a faculty is of prime
importance, and is worth the labour, for manifestly it begins the
demonstration of the possible independence and separation of
mind from its ordinarily used methods of communication. The
voice and the hand, the ear and the eye, are no longer the only
transmitters and receivers of mental impressions.

Several series of experiments in thought-transference in the
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same room will be found in the early volumes of the Proceedings
of the S.P.R., and a few of the diagrams looked at by the “agent”
and simultaneously drawn by the blindfolded and screened “per-
cipient” in these experiments can be reproduced here; these being
“selected as successful instances. But from the point of view of
evidence the whole series must be studied, and chance eliminated.
Perhaps the most interesting of recent experiments on this
subject are those conducted by Professor Gilbert Murray in his
own family, where the thing transferred was not a diagram or
anything objective or visible at all, but an event or scene silently
thought of by one of those present. For instance, these success-
ful items from the Proceedings of the S.P.R., vol. xxix:

Agent silently thinks of :

“Alister and [ Malcolm] MacDonald running along the platform at Liver-
pool Street, and trying to catch the train just going out”;

while, after a pause, Percipient says aloud:

“Something to do with a railway station. I should say it was rather a
crowd at a big railway station, and two little boys running along in the crowd.
I should guess Basil.”

. . . . . .

As another instance may be quoted this one.

Subject thought of by Agent:

‘Belgian Baron getting out of train at Savanarilla with us, and walking
across the sandy track and seeing the new train come in.”

Statement by Percipient :

“Man getting out of a train and looking for something. I don’t know if he’s
looking for another train to come. I think it is a sort of dry hot sort of place.
I get him with a faint impression of waxed moustache—a sort of foreign person
—but I can’t get more.”

. . . . . .
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And another, an ambitious and rather remarkably success-
ful and dramatic attempt, may also be here cited.

Subject set by Agent:

“A scene in a story by Strindberg. A man and woman in a lighthouse,
the man lying fallen on the floor, and the woman bending over him, looking
at him and hoping that he is dead.”

Percipient’s guess:

“A horrid atmosphere, full of hatred and discomfort. A book, not real
life. A book I have not read. Not Russian, not Italian, but foreign. I ran-
not get it. . . . There is a round tower, a man and woman in a round tower:
but it is not Maeterlinck. Not like him. I should guess it was Strindberg.
The woman is bending over the man and hating him, hoping he is dead.”

. . ° . .

Assuming that the experiments were fairly conducted, we
are driven to suppose either that one brain acts on another brain.,
through the interaction perhaps of some hypothetical and un-
known ether waves; or else that the phenomenon is a purely
psychic one, and that the impression is transmitted direct from
mind to mind without any necessary connection of a physical
nature between brain and brain. Or, indeed, a third hypothesis,
which possibly may be gaining adherents, viz. that a third intelli-
gence, not one generally recognised, is in operation, and is con-
veying information from the mind of A, or agent, to the mind
of B, or percipient; in fact, that the connection is not direct be-
tween A and B at all, but is managed by an invisible and intan-
gible operator C.

This may sound an absurd surmise, and one that need not
be made in connection with such instances as these. But it is not
an easy matter, anyhow, to explain the conveyance of an idea
by purely psychic means, or even to attempt clearly to formulate
such an operation; hence any working hypothesis which can be
suggested may have to be tested and tried to see if it will work.



574 The Outline of Science

At least the bare possibility of messenger-communication will
help to prevent too easy and certain a conviction about the ex-
istence of wholly unproven “brain-waves.” The testing of work-
ing hypotheses is a commonplace procedure in science. Such
hypotheses do no harm if they are lightly held, and if a key is
not unduly pressed into keyholes which it does not fit. Some
good judges think that a mysterious non-vocal method of inter-
communication may have been inherited from an animal and
savage ancestry, though it has now become almost overlaid and
suppressed by civilisation and disuse.

§38
Concerning Citation of Illustrative Examples

If instances or samples of each or of some of the things
which are said to occur are quoted in this article, it can only be
by way of illustration, not as evidence of fact. For to give any-
thing like real evidence, all manner of details of time and place
must be supplied, together with confirmatory testimony and
extracts from any relevant documents that may be available.
The securing of evidence is a troublesome business, involving
the interviewing of witnesses, the examining of places, the obtain-
ing of signed statements, and generally the securing of details
which, however instructive and necessary, are laborious to collect
and bulky to record. Recorded testimony of this kind must
be sought in the Proceedings and Journal of a scientific society
and other serious publications. If it be complained they are not
easy reading, that is a disadvantage they share with the Proceed-
ings of learned societies in general. They do not aim at being
easy, they aim at being exact and trustworthy. So the samples
here and there cited below, though based upon actual statements,
may be taken as mere assertions, or at best as illustrations or
types of what has to be substantiated, or else criticised and
demolished, elsewhere.




TELEPATHY

The Agent thinks of or draws an object of some kind and
concentrates his thoughts upon it. The other person—the Per-
cipient—tries to keep a blank mind as far as possible. After an
interval the Percipient describes or draws whatever image has
come into his or her mind.

REPRODUCTION ) )
AGENT'S ORIGINAL DRAWING BY PERCIPIENT

This was one of many obtained by the Author in Carinthia
with an Austrian lady as Percipient.

REPRODUCTION BY
BLINDFOLDED PER-
ORIGINAL DRAW- CIPIENT
ING BY AGENT

These and the following experiments were made in
Liverpool by Mr. Guthrie, with the aid of Mr. Birchall
and others, who were strangers to the Percipient.

ORIGINAL DRAWING BY AGENT

REPRODUCTION BY PERCIPIENT

The Percipient, in this case, said she seemed to see a lot of rings, as if they were
moving, and that she could not get them steadily before her eyes.



ORIGINAL DRAWING REPRODUCTION BY
BY AGENT PERCIPIENT

ORIGINAL DRAWING BY AGENT

REPRODUCTION BY PERCIPIENT

Percipient said, almost directly, “Are you thinking of the
bottom of the sea, with shells or fishes?”" and then, *“Is it a snail
or fish?""—and then drew as above.
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Hallucinations or Apparitions

After experimental telepathy was fairly established, a spon-
taneous variety such as had long been suspected and was the
basis for innumerable stories, in history as well as in fiction, was
examined and brought to book. This spontaneous kind of te-
lepathy—analogous to spontaneous radioactivity as contrasted
with the experimental excitation of X-rays—is held responsible
for many apparitions or hallucinations or phantoms, whether of
the living or of the dead, especially the appearance of persons
then being subjected to a strong emotion, or some calamity or
accident, or in imminent prospect of death. The difference be-
tween this and the experimental form of thought-transference
is that, whereas in an experiment the conscious attention and will-
power of the agent is riveted on achievement of the result—
though it has hardly been proved that conscious effort is really
effective—in the spontaneous class it is the unconscious mind
which must be assumed to be operative, for the impression is
transmitted without conscious intention and without knowledge
of the supposed agent that it has been done. Thus, let one whom
we may tentatively and hypothetically regard as the agent be
suffering shipwreck, or be in danger from fire; his mental con-
stitution may be supposed so upheaved that any latent power
of telepathic or sympathetic communication is evoked, and trans-
lates itself into an impression in the mind of some distant rela-
tive or friend, with such vividness that the circumstances of the .
person in danger are presented to the friend’s imagination as if
they had veritably been conveyed through the sense of sight or
of hearing. A phantom in dripping clothes, or a voice in tones
of distress, are as it were “seen” or “heard” by the one whom we
may regard as the percipient; not with the bodily eyes or ears,
but with the mind: though the mental impression may readily be
interpreted as an objective reality, not as of a person at a distance
but as of a person close by, so as to be accepted as within reason-
able reach of the organs of sense.
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As when a boy killed by a crash from the air is both seen
and heard, almost immediately afterwards, by another officer sit-
ting in the camp, and hailed and spoken to; surprise being ex-
pressed that his long journey was so soon over. The figure,
which exhibited identifying details of costume, responds and goes
out. In the evening the officer learns that this same youth, whom
he knew intimately, had been killed by an accident on the way
to his destination, at just about the time of his appearance. A
much fuller account of this occurrence is in the Journal of the
S.P.R. for June, 1919. But really instances of this kind are
innumerable, and are often narrated in biographies.

The voice of Rochester heard by Jane Eyre at an impossible
distance could not be attributed to a hyper-acute sense of hear-
ing; if it occurred in reality it would have to be attributed to a
telepathic or sympathetic connection between, shall we say, kin-
dred souls; for it is represented as a reciprocal and not a one-
sided experience. Mrs. Gaskell heard Charlotte Bronté say
that it was based on an incident which had really happened.'

Few families are without some such story in their archives;
and all difficulties about the physical appearance of any real
phantom, the dripping clothes for instance, the accompanying
horse, or any wild scene generally—which cannot be thought of
as an objective present reality, even if the phantom itself could
so be regarded—all difficulties of this kind vanish or are reduced
. to insignificance when once it is realised that the whole impression
is a mental one, and that the surprised percipient has auto-
matically constructed not only the phantom itself, but a number
of accessory features too, as mental imagery appropriate to and
aroused by the purely mental shock or stimulus which, through
his unsuspected receptive power, he has been privileged to receive.

Such cases are far too numerous for chance coincidences to
explain—a fact which a most carefully conducted and hyper-
critical census of inquiry has established. The sensible thing for

* Life, p. 446.

e
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those who are out for unprejudiced truth is to accept the demon-
strated fact and see if they can devise some line of explanation
better than the telepathic one. For because telepathy of some
kind is a plausible explanation, it does not follow that it is the
true one in every case. QOur aim is not to rest satisfied with
what may superficially seem probable, but to ascertain what is
true.

As an example of a phantasm of the living, we may take
the case of a mother with a sailor son at work in the Pacific. She
dreams or has a vision of him standing by her bedside in dripping
clothes, accepts the omen, and subsequently mourns him as dead.
Six months later he turns up alive and well; but, gradually, in
response to inquiries, admits that he had run the risk of being
drowned, for he had fallen from a mast into the water, and had
only with difficulty been rescued. And it is maintained that the
date of the accident agrees well enough with the phantasmal
appearance.

Mrs. Arthur Severn being awakened by an imaginary blow
on the mouth, at the same time as her husband sailing on Lake
Coniston before breakfast is struck in the mouth by the swing
round of the tiller, is a well-authenticated case of spontaneous
and unconscious telepathy.

§ 4
Visions or Apparitions of the Dead

A further step may have ultimately to be taken. Not only
are phantasms of the living experienced, we find also clear records
of phantoms of the dead. The two classes merge into one an-
other, for the moment of death may be uncertain, and some lati-
tude for delayed impression must be allowed; but undoubtedly
appearances of dead people have occurred, and whether these
also are to be attributed to a telepathic impression, received from
a discarnate agent, remains an open question. On the whole
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the hypothesis of telepathy from the dead is regarded favourably
by some of those competent to judge.

The standard classical instance of such an occurrence, as
narrated by the poets, is the appearance of the drowned Ceyx
to his beloved wife Alcyone, and her consequent veridical con-
viction of his fate. The story is beautifully told, with full cir-
cumstance and vividness, in the eleventh book of Ovid’s Meta-
morphoses. But it is noticeable that in this instance Ceyx had
been dead for some days when the phantom appears, and the
poet takes it to be a messenger from the gods, assuming the form
and voice of the dead man in order to convince Alcyone of the
truth.

And yet telepathy, though wide in its range, does not cover
all the ground. It has to be stretched considerably in order to
account for many apparitions, and especially for what is called
the “fixed local” ghost, that is to say, an apparition said to be
encountered in association with certain houses or places with the
reputation of being haunted; any stranger being said to be
able to see the apparition at suitable times, even if he were
ignorant of the legend and unacquainted with the traditional
haunting.

The first thing is to make sure that the facts are as described,
and that such persistent haunting is a reality. It seems wisest
to preserve an open mind on that subject; for the evidence, though
noteworthy, is not yet considered as crucial as that for the other
class of phantasms—the class more readily conceived of as due
to transmitted mental impression. There appears to be a cer-
tain objectivity about this fixed local ghost: there seems no
obvious agent to whom to attribute a telepathic impulse; and
besides, the things the ghost is sometimes said to do are hardly
consistent with a mere mental impression—though certainly the
hypothesis of a vivid dream on the part of the percipient must be
allowed all the benefit of any doubt there may be, and the
burden of proof that there is anything objective in the experi-
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ence must rest upon the narrator. No need to adduce any ex-
amples: ghost stories of this class are almost too well known;
they are difficult to remember in detail, though absurdly easy to
invent.

Is there any rational hypothesis that can be thrown out for
the explication of such phantoms as these, provided they establish
themselves as facts? Does the possible independence of or un-
usual connection between mind and matter—the occasional free-
dom of the mind from the body—at all assist in such explication?
On the whole and tentatively it does, along one or two channels.

Clairvoyance or Lucidity

First along the line of clairvoyance or lucidity. A critical
examination of mediumistic powers has shown that occasionally
they can extract information, not only from people’s minds, by
what we assume to be a process of telepathy—whatever that is—
but also occasionally from commonplace objects. That they can
decipher, for instance, what is in a sealed letter or packet, or
read part of a page of a closed book. This “reading with the pit
of the stomach,” as it was long ago called, or reading with the
top of the head, or with the fingers or some other part of the
body, has sometimes been attributed to hyperasthesia, as if parts
of the skin not usually sensitive to visual impression become so
under exceptional conditions, or as if the sense of sight became
incredibly penetrating and efficient. The difficulties about such
a semi-physical theory are insuperable, and it is better to affix
the term clairvoyance or lucidity to the phenomenon, without any
attempt at explanation in the first instance, and continue to scru-
tinise intelligently the facts.

A well-known instance, detailed by the great philosopher
Kant, is when Swedenborg was aware of a fire in Stockholm, 200
miles away, and rose perturbed from a dinner party, remaining
disquieted for an hour or two; until his anxiety subsided, and he
was able to assure himself and his friends that the fire had been
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got under, and that it had been extinguished before it had reached
his own home, though it had been dangerously near it. All which,
in a day or two, was verified. o

As for the apparent reading of distant books, an appropriate
Biblical text is sometimes given by chapter and verse; but that
may beé thought due to memory. It is difficult to attribute to
the memory of a youth killed in the war the precise statement
that a comforting message to his mother will be found near the
bottom of page 77 of the third book on the shelf where his school
books are kept, in a house the medium has never been in. And
yet things akin to this are contained among the so-called “book-
tests” which of late have been received and published.!

The actuality of real clairvoyance, as distinct from any kind
of telepathy, is not an easy thing to test; for if the knowledge
has existed in any mind whatever, telepathy or mind-reading may
be the simplest or at least a possible hypothesis; and, further-
more, if a thing is in no mind at all, and never has been, it does
really seem as if it were difficult or perhaps impossible for any
medium to get hold of it. On the other hand, if a packet is really
known to a deceased person, the information can sometimes be
obtained. As an illustration of the kind of thing expected from
a sealed packét the fictional instance told by Mr. E. F. Benson
in his novel U p and Down may be cited, for it is evidently modi-
fied from some real experience and represents in a more or less
guarded and imaginative manner something of the kind that
occasionally happens.

In the reading of sealed packets and the like, there are often
failures. But failures—Ilike negative results generally—prove
hardly anything; moreover, they may be due to natural lapse of
memory. The theme of a posthumous message or written sen-
tence may be remembered, but it may be impossible to recall at
will the exact words in which it was expressed. This happened
in a famous instance, when the late F. W. H. Myers failed to

* As, for instance, in Lady Glenconner’s Earthen Vessel.




EXPERIMENTS AT A DISTANCE

In order to ascertain whether distance was any obstacle to telepathy, two ladies, members of the Society for
Psychical Research, who knew that they were often in telepathic rapport, decided to keep a record of what one
perceived and what the other saw, at a certain time each day, when they were some hundreds of miles apart, their
descriptions being sent to the office of the Society there to be compared. Seldom was it a scene consciously at-
tended to and “ willed '’ that was thus transferred, but constantly some other scene from the immediate neighbour-
hood of the one was transferred to the other.

Theillustration below and that on the following page must serve here as a sample of a large number of recorded
observations.

PHOTOGRAPH BY MISS MILES OF SILK FACTORY AT MALMESBURY IN
WILTSHIRE :

The Percipient, Miss Ramsden, had never been. to Malmesbury, and was at the time in m
Scotland when she drew and described what she thought was in Miss Miles's neighbourhood ———

as follows: “‘A waterfall; it looks artificial because it is very broad and regular and not A
more than two or three feet high; it might be a millstream. Then I begin to see a house— 1 ' 'Y l

a farmhouse?—with a very tall poplar near it.  There is rising ground—not to be called

hills—and young plantations.”” Then she drew this diagram.
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THIS IS WHAT MISS RAMSDEN, IN SCOTLAND,
DREW: ADDING, ‘‘ SOMETHING IS WANTING,
AS IT SEEMED BIGGER AND MORE IMPOSING "’

HENBURY CHURCH
AND THIS IS WHAT MISS MILES, IN THE SOUTH, PHOTOGRAPHED AS A PLACE SHE HAD
BEEN VISITING.
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repeat the sentence which he had written inside an envelope
and handed to me twelve years before his death. Memory
of the theme alone was quite insufficient for this particular
kind of test. The result has to be counted as a complete
failure.

Psychometry

Moreover, even if successful, the evidence for survival from
a deciphered posthumous letter or package would be inconclusive
—much more inconclusive than people are apt to suppose. For
the contents of packets, or the history of relics belonging to a
deceased or distant person, have frequently been said to be de-
ciphered by a medium who handles them—the process is known
as psychometry—just as the pages of closed books, even while
still in a distant library, have been read. These things do not
seem inaccessible to this strange faculty of lucidity; and the
appearance is as if the actual objects were able to produce an
impression on some mind.

At any rate, that is the kind of supposition which underlies
the hypothetical or tentative explanation of the fixed local variety
of ghost. It is supposed that a sort of phonographic or photo-
graphic record has been left on, say, the walls or furniture of a
room in which a tragedy has occurred, and that this latent im-
pression can be psychometrised and disinterred from oblivion, by
a person possessing the required faculty, with sufficient vividness
to enable that person automatically to reconstruct the scene and
describe the figures taking part in the psychical drama, as if
they were again present and dreamily active.

Another alternative is to suppose that the deceased actors
in the drama are themselves liable to dream vivid recurrent dreams
of the past, and that these dreams act telepathically on the mind
of a sensitive. It seems as if this kind of thing could happen
between living people. A literary instance of a very vivid and
complete experience of this kind—a kind of dream experience

VOL. 11—2
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not altogether unknown to people now living—is the remarkable
story of Peter Ibbetson by George du Maurier.

§5
Materialisations

But there is another and still more puzzling line of explana-
tion, which some are inclined to adopt, viz. the hypothesis that
not only can matter act on mind, but that mind can act on matter
without the intervention of the muscles, can extrude a certain
kind of organic material from the body of a so-called physical
medium, and can collect and form it into an actual presentation
of form or features such as is technically known as materialisa-
tion. A physical phenomenon of this extraordinary kind requires
exceptionally strong and cogent evidence, but it is one of the
phenomena that are vigorously asserted to have occurred under
favourable conditions; and some eminent Continental physiolog-
ists have, against their will, been convinced of the reality of the
bare occurrence. It is said to take a good deal of energy, and,
therefore, to be assisted by the presence of a fair number of
people—a circumstance which evidently makes strict investiga-
tion more difficult. Moreover, it requires specific mediumship
of a certain strong, even though low, kind—a kind which cannot
always be depended on as forthcoming at every date when a
competent investigator is ready and willing to examine unlikely
things of this sort.

Fortunately, in the past, the combination of a strong medium
and a competent investigator has occurred, and has given us at
least a record of a remarkable series of occurrences of this kind.
And, again, to-day there are those who are able to testify to
actual physical temporary materialisations, which can sometimes
be seen, sometimes handled, sometimes moulded in plaster or
paraffin, and more often photographed.

Furthermore, the material or semi-material fluid or sub-
stance or plasma is said to be able to move objects with consid-
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erable force, thus bringing about the phenomenon which has been
named “telekinesis,” or movement of objects without apparent
or normal contact.

If this faculty of materialisation is established, however it
be accounted for, the application to some varieties of ghostly
apparition is obvious. Something visible, and occasionally tangi-
ble, may be really there.

But it must be clearly stated that several of the Continental
observers who have most successfully and thoroughly scrutinised
this materialising and telekinetic phase of mediumistic activity
are very loth to entertain the spiritistic hypothesis in any form;
these scientific investigators prefer to regard it as an unexplained
power of the medium’s own organism, when in an unconscious
or hypnotic state. They have to assume a power of rearranging
the molecules of an extruded bodily substance, known as ecto-
plasm, which emanates from a medium’s body, so as to cause it
to simulate the appearance of human bodies or parts of bodies.
And they have further to assume the possibility of its exerting
considerable force on objects in the neighbourhood.

Psychic Photography

However this may be, physical phenomena are among the
things requiring investigation by psychic science; and one of the
commonest forms at the present time is psychic photography.
Some mediums are said to have the power of so.influencing the
photographic process that when, say, a widower or a bereaved
parent, arriving quite anonymously, is photographed, a shadowy
extra representing his deceased wife or son is sometimes obtained
too. Whether these so-called “extras,” if genuinely produced
by a supernormal process, are “psychographed” on to the plate
itself independently of the camera—though perhaps requiring
exposure to light to bring them out,—or whether there is some-
thing in front of the camera which is optically focussed upon
the plate during the exposure given for the purpose of photo-
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graphing people present in the ordinary way, or whether both
of these things may occur at different times, is a matter not yet
fully settled, even among believers in the facts. It may be as
easy to supernormal operators to manipulate the chemicals in a
film as to manipulate the plasma into a face; one cannot say
which is the easier hypothesis, when both seem equally impossible.

Direct Writing and Speaking

Another strange phenomenon, which must be regarded as
akin to incipient materialisation, is the comparatively well-evi-
denced phenomenon of direct speaking or direct writing.

What is called automatic writing, when the pen is held by
an ordinary person and appears to write without conscious voli-
tion, is a purely psychic phenomenon; for there is no question
that the muscles of the writer are used, any more than there is
a question that the voice of the medium is used in ordinary trance
utterance. In these cases it is the substance of the message that
alone needs consideration to establish any supernormal faculty.
But there are rather exceptional mediums in whose presence
pencils are said to write without being touched; and others in
whose presence, under suitable conditions, voices are said to be
heard which do not emanate from the throat or larynx or even
the neighbourhood of the medium, or of any person present in
the flesh. This phenomenon is called “direct” because, not only
is the subject-matter dictated in a supernormal manner, but the
physical act is accomplished in an inexplicable manner too.

§6

Dowsing

On the verge between purely psychical and semi-physical
phenomena are such faculties as dowsing and travelling clair-
voyance.

The dowsing or water-divining faculty is a very ancient
claim, said to be hereditary in families; and, however it be done,
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THE ART OF DOWSING

Mr. W. Stone, describing how he found he possessed the
art of dowsing, said: ‘I felt a peculiar twitching in the rod,
and hearing that the rod would turn with anyone who had
this feeling, I was determined to stop it if possible, but to my
astonishment the rod twisted itself over until it broke in my

grasp.”

MR. TOMPKINS ‘‘DOWSING’' IN SOUTH AFRICA

He was originally a farmer in Wiltshire. He was success-
ful in obtaining water for his cattle at three different places
on his own farm. Ultimately he became a professional
dowser.
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it has undoubtedly been found useful. It is as if some faculty
of remote ancestors to whom water might be a matter of life and
death—a faculty akin to the not yet understood homing instinct
of animals—survived among some individuals, even now. The
dowser takes a twig in his hands and feels it struggle and turn
when he is over the desired kind of water or other mineral. This
appears to be a genuine impression on his part, however it may
be produced; and the result is that, with people skilled in the
art, the finding of springs of water in unlikely and difficult places
has actually been accomplished. It is like a form of clairvoyance
or lucidity, akin to the finding of hidden objects or the reading
of closed books.

Travelling Clairvoyance

Real travelling clairvoyance may take various forms, and
is rather liable to be associated with enfeebled bodily condition,
as if the link with matter was being loosened or relaxed without
being completely broken.

As an example of travelling clairvoyance under pathological
conditions we may instance the experience in South Africa nar-
rated by the eminent Professor of Surgery, Sir Alexander Og-
ston, LL.D., etc., in his book Reminiscences of Three Campaigns.
During an attack of typhoid he often felt separated from his
body, which he then regarded with some loathing, though he felt
compelled to enter it from time to time; until gradually he felt
his wanderings restricted, at about the time when the attendants
began to hope for his recovery.

In my wanderings there was a strange consciousness
that I could see through the walls of the building, though I
was aware they were there, and that everything was trans-
parent to my senses. I saw plainly, for instance, a poor
R.AM.C. surgeon, of whose existence I had not known,
and who was in quite another part of the hospital, grow
very ill and scream and die; I saw them cover his corpse -
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and carry him softly out in shoeless feet, quietly and sur-
reptitiously, lest we should know that he had died, and the
next night—I thought—take him away to the cemetery.
Afterwards, when I told these happenings to the sisters,
they informed me that this had happened just as I had
fancied. But the name of the poor fellow I never knew.

This kind of experience, with varieties of form, has often
been narrated by persons who have been at the point of death
and have recovered, or who have awakened out of a deep trance.
Such persons have said that they felt physically attached to the
body, as by a kind of cord, and were under the impression that
if the cord snapped return would be impossible.!

Return is indeed often undesired, for the free condition
seems much more attractive than the cramped, fettered, and
commonplace condition familiar to us in our customary associa-
tion with an animal-descended body, full of appetites and liable
to pain and physical troubles: though, doubtless, the association
is for some good and evolutionary purpose.

Travelling clairvoyance is the projection, as it were, of the
intelligence out of the body into some distant place, so that it
brings back information as to what is there at the time occurring;
it is a phenomenon which certainly suggests the separation and
independent existence of mind and body, and which also in some
exceptional forms suggests an ectoplasmic or other vehicle for
the intelligence, while separated from its usual complete
organism.

For when the distant vision of the surroundings of an absent
person is being attained, by what feels like a visit to a distant
place, there are certain rare, so-called reciprocal, cases in which
the distant person is aware of the presence of his visitor, who is
said to manifest a sort of phantasmal appearance, as if the percep-
tion were not wholly subjective, and not limited to one side alone.? -

1Cf. J. A. Hill's Man is a Spirit, ch. iv.
3 A good instance, much too long to quote, is cited in Myers’s Human Personality,
vol. i, p. 682, from vol. vii, p. 41, of the Proceedings S.P.R.
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Apports

Such joint clairvoyance may perhaps be only a vivid kind
of reciprocal telepathy; but there are some asserted instances of
what cannot be wholly accounted for by any form of telepathy, in
which an actual movement is produced, and some object is dis-
placed and left displaced, or brought from a distance or carried
away to another place: this being a variety of the phenomenon
known as “apports,” which need not be necessarily associated
with clairvoyance at all. Things are asserted to happen in a
seance as if a far-fetched object, such as a live parrot or a piece
of Chinese jade or some rare Egyptian relic made its appearance
in the closed and locked room in which a party are assembled,
without (so it is said) anyone having brought it in.

That these things sound incredible is obvious; the question
is whether anything like them ever occurs, or whether honest
testimony that they have occurred, on a given occasion, is merely
the result of a conjuring device.

Every kind of deception is not fraudulent. The tricks of a
conjurer are deception, but not fraud. Deception is what he
is paid for; it might even be regarded as fraudulent if he failed
to produce some sort of rabbit out of a hat. It is charitably
thought that the subconsciousness of a medium sometimes resorts
to deception in order to achieve desired results without any inten-
tion of fraud.

Accusation of conscious fraud is a serious thing, and should
be held to require substantial proof. Such proof has at times
been forthcoming—with legitimate consequences,—but appear-
ances may suggest it without being really convincing; and care
should be taken in this as in all other matters connected with an
obscure subject. That deception and fraud are both possible is
manifest; that they are more probable a priori than the phenom-
ena themselves may be admitted ; the question is what substratum
of truth remains when these vere cause are effectively allowed
for or thoroughly guarded against. It is known in business that
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there comes a stage at which continual suspicion or discredit of
a reputable personality becomes unreasonable, and foolishly in-
imical to trade: but there may be differences of opinion as to
when that stage is reached.

It is sometimes said that a professional medium, who gets
a fee of half a guinea or thereabouts, has a motive to deceive.
But an amateur with no pecuniary temptation may also have a
motive to deceive—it may have been noticed that money is not
everything in this world—and the fact that the temptation in his
case is of a more subtle and less generally recognised character
tends to ease his task by making him more immune from sus-
picion. Indeed, if an officer and a gentleman thought it worth
while to sacrifice his honour, and to lie with unscrupulous per-
sistent cleverness, there is no telling how far his deception could
go: he might deceive even the very elect. Few, if any, deceivers,
however, have so far shown sufficient -cleverness to evade the
suspicion and secure the confidence of a hardened and experienced
and trained investigator of the S.P.R. It is thought by many
that suspicion and lack of confidence have by that Society been
pressed unduly far. Suspicion is the safest attitude—perhaps
the only safe one—in the present state of public ignorance and
against a background of ingenious plots and conspiracies to way-
lay and trap the unwary; but it must be admitted that an atmos-
phere of suspicion and cold aloofness—however wise and needful
—does tend to militate against the production of genuine
phenomena, and thus to diminish opportunities for rational in-
vestigation. For if nothing is produced, there is nothing to
examine; and the mere inhibition of phenomena, though safe and
prudent, does not enlarge our opportunity for observation and
for framing improved theories as to the modus operand:.

The giving of some kind of credit, the faith which is the
foundation of business enterprise, seems likely te be fruitful here
also, in spite of the risk. “Without faith there is no redemption.”
Without risking something there is no gain.
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§ 7

Evidence for Survival

Leaving these puzzling physical phenomena and returning
to the more purely psychical demonstrations, we encounter not
only evidence of telepathy and of clairvoyance, but of the simu-
lation of personal control, whereby it certainly appears as if a
deceased person were making use of the medium’s organism, to
speak and write somewhat as he might have done when he
possessed his own physiological mechanism. The trance and the
hypnotic states have several points in common, though they are
not identical; and whereas in the hypnotic state (so long uncrit-
ically and stupidly denied) the patient is more or less amenable
to the thoughts and will of the operator, in the trance state the
medium is influenced by either a secondary personality or by some
form of controlling intelligence (not present in the flesh and some-
times believed to be a discarnate person once resident on the
earth), who wishes to take this indirect means of proving his con-
tinued existence, and of sending an assurance of help, or a mes-
sage of abiding affection, to members of his family. Messages of
affection, however, are seldom evidential, though through the use
of pet names, etc., they have a certain value, provided nothing
has been given away by an incautious sitter. Certainly a
strenuous effort is made sometimes to give proof of surviving
personal identity. All manner of trivial incidents are recalled,
and personal peculiarities are emphasised; and, though these
things are usually known to someone present, or are afterwards
recalled by some near relation, and therefore may be plausibly
attributed to telepathy from the living, an effort is evidently being
made to show that they are really due to telepathy from the
“dead”—though they rather resent the application of that term
when they are feeling all the time active and vigorous. The
method of demonstration they adopt, when possible, is to mention
things which only they knew, in the hope that their friends will
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succeed in verifying them, and will accept the evidence as proof
of their continued existence.

Sometimes the communications are useful; as when Sweden-
borg was able to get from the deceased Dutch ambassador, M.
Marteville, the location of a secret drawer unknown to the family,
in which was a missing document that had been long hunted for
fruitlessly by the widow. Verification of the finding of the docu-
ment, after getting the information, was specially satisfactory in
this case, because it was done in the presence of a number of
people who happened to be in the deceased’s house at the time
when Swedenborg arrived to report what he had learned, and to
stimulate the final instructed search.

Sometimes the communicators show signs of anxiety and
distress, about things they wish to remedy and cannot. As when
a soldier, killed at the front, appears to a stranger at a sitting
and begs that his kit may be overhauled and certain letters and
documents extracted and destroyed, for that they would cause
irremediable mischief if seen by his folk at home. How to get this
done is forthwith discussed ; and at length the communicator sug-
gests the name of a person known to him, in sufficient authority
and with sufficient family connection to make it possible that the
mission might be accomplished. The sequel is that the message
was given, and suitable action taken. It all turned out true; so the
vicarious misery which had been legitimately weighing on the
mind of the deceased was averted. ’

Sometimes the natural affection they exhibit takes a form
which does happen to be of an evidential character. As when a
secret engagement is announced to his family by a deceased
soldier, with the name and address of his betrothed, accompanied
by the request that when she is found a certain object of remem-
brance which is still in his unopened kit, unknown to anyone, may
be found and given her.?

1Kant, Trallme eines GQeistersehers.
3See Barrett, On the Threshold of the Unseen, p. 184.
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Moreover, some of the most skilful communicators “on the
other side” have taken the trouble to clinch the argument by send-
ing mysterious fragments of references, through several in-
dependent mediums in different parts of the world, nearly
simultaneously; fragments which are only perceived to have a
meaning, and that a personal and identifying one, when they are
all collected and compared and seen to fit into each other like the
fragments of a puzzle. This is what is called the system of “cross-
correspondence.” They have also succeeded in showing scholarly
knowledge, appropriate to themselves, but beyond the scope of
anyone present, and of a grade often edifying to living scholars.
It is a great mistake, though one often made, to suppose that only
rubbish comes through.

The last-mentioned elaborate devices—how elaborate is only
known to painstaking students—cannot reasonably be attributed
to mind-reading from any living person; nor can the result be
attributed to mere chance coincidence. It bears all the marks of
careful and ingenious design. The most sceptical among the
serious students of this kind of utterance have at length become
convinced that the explanation of communication from surviving
personalities is the only one they can think of which meets the
case and that covers all the facts,—whatever outstanding diffi-
culties still surround that tremendous hypothesis. It is not one to
be lightly granted or prematurely published broadcast. There
should be no forcing of conviction. “Ears to hear” are still
necessary.

More Elementary Methods

In studying these messages, it is the phenomenon of psychic
control which has to be explained. There is no difficulty about
the physical performance itself. The problem is as to the nature
and identity of the controlling or communicating intelligence.

Sometimes the hand, instead of writing, is used to point to a
set of letters of the alphabet exposed to view, or occasionally,
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though rarely, not exposed, but screened from the view of the
operator; some form of pointer being usually employed as in-
dicator of the letters, for convenience. This is a more elementary
form of manifestation; for the letters are already formed, and only
have to be pointed at instead of written. Sometimes the muscular
action takes the form of tilts or taps, which repeat themselves as
the alphabet is recited by somebody present, and which stop when
the intended letter is reached. Or else, as In some cases, a tilt is
given only when the intended letter is reached. All these variations
are trivial: the important thing is the substance of the communi-
cation, and the proof of identity which can thus be obtained.

Here, therefore, a caution—a much needed caution. The ease

" with which communication of some kind can be got, by tilts and
by pointing to letters, enables people with extraordinarily small
mediumistic power to get results of some kind. So also can they
be got, by a fair number of people, through automatic writing.
And in many cases it has to be pointed out, politely but emphati-
cally, that what they get is very rubbishy, and may be due to the
unconscious tapping of their own dream stratum.

Occasionally, if people are truly susceptible to telepathic in-
fluences, even the dream stratum may be the recipient of genuine
impressions from a distant mind or scene; and in that case even
dreams, as well as the more mechanical methods of tapping the
subconsciousness, may be veridical or truth-telling,—that is to say,
may give information unknown to the persons operating, which
yet can subsequently be verified.

This undoubtedly happens occasionally, however it be ac-
counted for; but, as a rule, it may be said that the more mysterious
or occult modes of writing, or spelling, or talking, are of no parti-
cular value merely because they are puzzling and occult. In some
painful cases they are no better than if the person operating
allowed the fancy to roam at large and say whatever came into its
ken. The tricks of the subconsciousness are innumerable: much
more so than novices suspect.




THE EARLIEST KNOWN ILLUSTRATION OF THE USE O

THE DIVINING ROD, APPLIED TO THE FINDING OF

PRECIOUS METALS. (From G. Agricola’s treatise on
Mining, published in 1557.)

At the top a man is seen cutting the rod from the tree; at the
teft the ‘“ Dowser” is seen prospecting with the rod; beneath
are two onlookers pointing to the find of metals, and two miners
examining the metal dug out.

AN ILLUSTRATION FROM AN OLD FRENCH BOOK ON ‘‘JACOB’S ROD,”
published at Paris in the year 1693.

The four figures show: (¢) holding the rod and prospecting; (b) the man has
just found water, which is springing up from the ground; (c) has discovered a
hidden treasure; (d) discovering a dead body by aid of the rod.



ILLUSTRATION FROM AN OLD FRENCH WORK

PUBLISHED IN THE YEAR 1693, SHOWING

VARIOUS WAYS OF HOLDING THE DIVINING
ROD,




Psychic Science 593

§ 8

Summary

The main thing which psychic science has so far established
is the possible disconnection of mind and body, the proof that
mind can exist, and can even act in certain ways, apart from the
usual instrument. This fact has a close bearing on the possibility
of survival, for it shows that the mind and personality and char-
acter and memory need not become extinct when the brain and
other usual organs of manifestation are destroyed.

Mind cannot function, or display itself, without a physiologi-
cal organ of some kind, but it has shown itself capable of existing
under other conditions; and, moreover, it can telepathically pro-
duce an effect, not only on other minds in like condition with itself,
which presumably is easy, but occasionally even on incarnate
minds; minds presumably of sympathetic persons who are not
too busy to attend, and who are not too wholly and closely guarded
by their bodily screen.

For it would seem that the brain and body, being instruments
for use during our practical sojourn on the earth amid material
surroundings, are adapted to isolate us as individuals and to sever
us from a multitude of cosmic influences which would otherwise
distract us and prevent our attending to the business in hand.
These instruments are not an essential part of ourselves, and we
go on without them, but meanwhile they are useful, and in most
people give complete isolation for the development of an indi-
vidual personality,—since the only channels of communication
with others are through the physiological sense and motor organs
with which we are all familiar. So familiar with the usual methods
of communication do we become that we are tempted to think
them the only conceivable way. But it turns out that in the case of
a few persons—not so few perhaps as had been thought—the
screening apparatus is incomplete, the brain is as it were leaky,
and impressions can get through from the psychic universe which
are not brought by the sense organs and nervous network
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to a brain centre, but arrive in the mind by some more direct
route.

Such persons are the mediums; and their faculty exhibits
itself most readily when ordinary disturbances, and the lights and
sounds of every day, are shut off, and when they enter into the
quiet.

Something of the same sort has been known to the saints of
all time, and also to men of genius. The conditions for medita-
tion, or for high and fruitful production, are similar. But
whereas, in the case of lofty minds, things of value are received
into the consciousness, and are skilfully worked upon and con-
verted into great discoveries, or immortal poems or pictures, the
lowly class of more nearly ordinary people called mediums are as
a rule not particularly able or highly educated folk—though there
are exceptions—and are only privileged to get inspiration into
their subconsciousness in a temporary and easily forgotten man-
ner. They have to let the inspiration, such as it is, be utilised by
others, who take the trouble to obey the conditions and to make
and study the record of what is given, through their subconscious
utterance. Such utterance, whether by speech or by writing,
often takes the form of ecstatic description of occurrences and
conditions “on the other side,” and on the joys and occupations
of future existence. Many books recording this kind of in-
formation have been published, both in America and England.
But, though they may be considered edifying, statements of this
kind are not verifiable, and therefore are not yet attended to by
psychic science; though, in the case of Swedenborg, they have
been made a foundation for religion.

The utterances in which science at present is most interested
are concerned with more mundane affairs; they may not seem at
11l important or edifying to superficial observation, and are often
said to be trivial and unworthy of the dignity of the subject—
whatever that may mean. One gets tired of pointing out that the
triviality of these personal and domestic tests adds to their value
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as evidence of personal survival—which appears to be their
object. If the events referred to were historical, or even domesti-
cally important, they would be recorded in papers of some kind,
and clairvoyant reading of the record could be appealed to as an
alternative explanation, even if a much more commonplace
suspicion were not entertained. To complain of triviality in the
events selected as evidence for continued personal existence and
memory, is stupid, or at least thoughtless. For if, when studied,
the best messages are found to constitute links in the chain of
evidence demonstrating continued existence or human survival
beyond the adventure of bodily death; if they show that we are
not alone in an alien universe for some seventy odd years, and are
then extinguished as if we had not been, but that an immortal
future—an infinite destiny—Ilies before each one of us; if they.
tend to prove that the loves and powers and hopes and aspirations
of earth persist, that our acts for better for worse are laid to our
charge, and that without any sudden change our character goes
on developing;—if any weak and halting utterances are able to
convey such knowledge as this, no one has the right to stigmatise
them as common or unclean.
‘OL1vER LoDGE.

SHORT BIBLIOGRAPHY
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Claude’s Books, by Mrs. KeLway BAMBER.
(Ilustrations not otherwise acknowledged are reproduced by permission
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NATURAL HISTORY

IV. BOTANY

WONDERS OF PLANT LIFE

HE genealogical tree of living creatures may be thought
of as like a letter V. On the one side are animals; on the
other side are plants; at the base there are simple forms of

life which have not taken any decisive step in either direction. It
is easy to distinguish a buttercup from a butterfly, but it is not
so clear at first sight how a mushroom differs from a sponge; and
at the base of the genealogical tree there are “Protists,” which are
sometimes claimed by the botanist and sometimes by the zoologist.
Some of these very simple organisms give us a glimpse of what
the first living creatures may have been like.

Dependence of Animals on Plants

The image of the letter V is useful, because it suggests that
plants and animals, though both alive, are on very different tacks
of evolution. But we could improve on the symbol if we showed a
tracery of fine twigs, binding the two sides together; for plants
and animals have grown up together through the ages and are
linked together in mutual influence and dependence. This is the
subject of a separate article on INTER-RELATIONS.

There are three great ways in which the animal world as a
whole is dependent on plants. First, there is nutritive depend-
ence, for it is wholly through the agency of green plants that ani-

mate nature continues as a going concern. Many an animal
599
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devours another, but in the long run animals depend on plants.
We see a new meaning in the saying “all flesh is grass.” Secondly,
there is the fundamentally important fact that the oxygen of the
air, necessary to keep the fire of life burning, is produced by green
plants, which are able to split up carbon dioxide. In the original
atmosphere of the earth there was little or no free oxygen.
Thirdly, when we think of one of the greatest steps in evolution,
the colonising of the dry land by animals, we recognise that plants
prepared the way. Not only did green plants supply food and
oxygen; they afforded shelter, concealment, and abundant oppor-
tunities for animal adventures. That animals have paid their
debts is plain when we think of the making of good soil by earth-
worms, or the pollination of flowers by their insect visitors.

Importance of Minute Plants

In some way, still imperfectly understood, green plants are
able to feed at a very low chemical level, on carbonic acid gas,
water, and salts. The energy of the sunlight, shining through a
screen of green pigment (chlorophyll), is utilised to dislocate the
carbon dioxide molecule, and to begin the upbuilding of carbon
compounds, such as sugar. This is the most important process
in the world, and is known as photosynthesis—the upbuilding of
carbon compounds with the help of the energy of the sunlight.
On this depends all the potential energy in the sacks of wheat, in
the bales of cotton, in the fields of rice, and in the bodies of ani-
mals. The energy of the coal consists of the bottled sunshine of
distant millennia.

It is important to form a vivid picture of the circulation of
matter in which green plants play so essential a part. The atoms
of Carbon, Hydrogen, Oxygen, and Nitrogen are continually
changing partners in the never-ceasing dance,. except when they
sink into a resting group. The carbon dioxide formed in the
vital combustion of the animal’s body and liberated in the breath
may be recaptured by the green leaf. The nitrogenous waste of



Photo: Underwood & Underwood.
COCO-NUT PALMS NEAR AQUADILLA (PORTO RICO)

The curious inclination of the trees is probably the effect of storms. This
palm is one of the most important food plants of the Tropics, and furnishes ma-
terial for making many other necessities of life. Its products are important
articles of commerce. It is probably native in tropical South America, and has
been spread far and wide by primitive man.



Photo: F. R. Hinkins & Son.
SECTION OF AN OAK-TREE

Wood formed in spring is light and open in texture; wood
tormed in summer is dark and close-grained. From the edge
of one dark zone to the edge of the next is an annual ring which
marks one year's growth. By means of these rings it has been
possible to ascertain the age of some red-wood trees to be over
2,000 years. The thickness and structure of the ring give clues
to the climatic conditions which obtained when it was formed.

;
Photo: F. R. Hinkins & Son.

CROSS SECTION OF THE STEM OF THE BUTCHER'S
BROOM

The dark circles are the bundles of conducting tubes which
provide for the passage of water and food-stuffs through the
plant, the clear spot near the edge of each bundle being the
largest water-conducting wood-vessel. Between the bundles
can be seen the large cells which make up the ground tissue;
while to the outside a darker ring marks the position of a band
of strengthening fibres.
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myriads of birds formed the nitrate beds of Chili, and the nitrogen
atoms of these salts scattered on the wheat fields appear again in
another grouping in the gluten of bread. The animal dies and
sinks to the earth; its body is buried by sexton-beetles; the bacteria
which cause all putrefaction break down the tissues into simple
chemicals, which plants once more reincarnate in the cycle of
life.

In the article on BacTeria it will be shown that these
microbes have their finger in many a pie. They are the smallest
plants, but their réle in the economy of nature is of incalculable
importance. If green plants be called the “producers,” and ani-
mals the “consumers,” bacteria are the “middlemen.”

But we must also recognise the significance of the microscopic
green plants of the sea and the freshwaters. Diatoms enclosed in
exquisitely sculptured shells of flint (see illustration opposite
page 318), and the hardly less beautiful Desmids, swarm
in inconceivable numbers in the surface waters, along with
other simple Algz (and some microscopic green animals as well) ;
and they constitute the fundamental food-supply of higher
forms of life. All of them are absorbing air, water, and salts;
all of them are splitting up carbon dioxide, liberating oxy-
gen, and building up carbon compounds: they make higher life
possible. The microscopic specks are not less important
than the great seaweeds. If “all flesh is grass,” then “all fish
is diatom and sea-dust.” In the springtime the surface waters
of the lake are sometimes green and almost soup-like in
the density of their Alga population, and the silent crowded
turbulence is spoken of as “the breaking of the meres.” A bucket
of water lifted from the open sea may contain minute plants far
more numerous than the stars we can count on a clear night.

Variety of Plant Life

There is a long gamut from the diatoms—specks of living
matter, in beautiful shells of flint—to the daisy, from the hyssop
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on the wall to the cedar of Lebanon, from the annuals in our
garden to the Big Trees of California which have sometimes lived
for over two thousand years. The first plants were probably free-
swimming open-sea single-celled Algz, and there are many of
them to-day. As shallow waters were established around up-
bulging continental masses, fixed seaweeds began to flourish—
fixed to the floor of the sea and yet not out of the reach of the
light. At a very low tide it is worth while wading out cautiously
among the great seaweeds, some of them many yards long. This
is the forest primeval, and it is possible, as Church maintains, that
some of them were slowly transformed into terrestrial plants as
the shore continued to rise.

On a path of their own are the Fungi—moulds and toad-
stools of many kinds—Iliving on rottenness, or as parasites on
green plants. Among them, but rather by themselves, most
botanists include bacteria. Lichens are strange double plants,
consisting of Algz and Fungi living together in intimate mutually
beneficial partnership. On a higher level are the sprawling liver-
worts, and above them come the mossses, the ferns, the horsetails,
and the club-mosses. The beginning of Seed Plants may be
traced very far back, probably to the Devonian period, but it
was not till the geological “middle ages” that they began to come
to their own. It was a great step in evolution when seeds were
established, for that meant—as in mammals among animals—that
what was liberated from the parent was a young plant which had
lived for a considerable time in the seed-box, as it were in partner-
ship with its parent. Conifers and Cycads represent a lower level
than the ordinary flowering plants like grasses and lilies, daffodils
and orchids, buttercups and poppies, roses and lupins, bluebells
and daisies. The variety suggested by these names seems endless,
but the flowering plants fall into well-defined groups, and it is pos-
sible to work out a pedigree tracing them back to a few common
ancestors. Just as all the important varieties of cultivated wheat
can be traced back to the Wild Wheat, which still grows on Mount
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Hermon, so a genealogical tree can be constructed for the orders
of flowering plants, and for the vegetable kingdom as a whole.

Common Characters of Plants

Amid many idiosyncrasies, and in spite of some great ex-
ceptions, such as moulds and mushrooms exhibit, there are some
important common characters which bind plants together. There
is the general possession of the leaf-green pigment called chloro-
phyll, conspicuous by its absence in the fungi and in the strange
dodder, a flowering plant which victimises others. Then there is
the fact that the unit-masses of living matter that build up the
plant are boxed in by walls of cellulose—a carbohydrate with the
same formula as starch (Csé Hio Os). This imprisoning of the
living matter within very definite cell-walls—which do not occur
among animals—implies a great restriction in the motor activities
of the plant, and determines in great measure the lines of their
everyday activity. Another feature of plants is the absence of
any method of gettting rid of the nitrogenous waste-products. All
living involves the breaking down of proteins, with the consequent
formation of nitrogenous waste. This waste is got rid of in higher
animals by the kidneys and the skin. But in.the plant the deposi-
tion, instead of the elimination, of nitrogenous waste must tend to
depress vital activity and deepen its slumbers. For a plant is
rarely more than half-awake.

As has been already indicated, it is characteristic of plants to
be able to feed at a low chemical level and to be able to effect
photosynthesis. But this must be added, that typical plants, as
compared with typical animals, are predominantly constructive,
accumulating energy progressively, gathering stores in large
quantity, often, it would seem, beyond what they can possibly
need. Their particular regime or metabolism leads to a great
hoarding of reserve products, to which vegetarian animals do
Jjustice in their explosive, adventurous life; and it must be re-
membered that as plants cannot move about, except in the case
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of some of the simplest, they depend for their racial survival on
vegetative increase, on endowing their offspring with large
legacies, and on being able to lie low within retrenchments abun-
dantly provided with stores.

The Essential Parts of a Flowering Plant

The poet Goethe was one of the first to see clearly that an
ordinary flowering plant consists essentially of two parts—the
axis and the appendages. The axis includes (1) the upward-
striving stem, which seeks the light and grows against gravity, and
(2) the downward-boring root, which avoids the light and grows
towards the centre of the earth. The appendages are the leaves
which the stem spreads out to the light and in the air; and the
flower consists typically of four tiers, or whorls, of transformed
leaves—the sepals, petals, stamens, and carpels—the two last
producing reproductive cells. It is interesting to examine in the
spring the opening buds on the horse-chestnut tree, for they show
so clearly every grade between the scales that protect the bud and
the ordinary leaves with their five leaflets. And a little later we
may profitably examine the beautiful flower of the white water-
lily to see the transitions between the green sepals and the white
petals, and the transitions between the petals and the pollen-pro-
ducing stamens. When a wild flower like a briar rose goes
“double” in a garden, this means that a large number of trans-
formed leaf-structures, which should have become stamens, have
gone back into sterile petals. We see, then, that the general
architecture of a plant is very simple compared with that of most
animals.

§1
The Laboratory of the Green Leaf

It is now necessary to consider in more detail how plants feed.
Plants receive their raw material by means of their leaves and by
their roots. The green leaves of plants receive carbonic acid gas



Photo: H. J. Shepstone.
THE BIG TREES OF CALIFORNIA (Sequoia gigantea)

Some are over 300 ft. high, and are rivalled only by the Blue Gums of Australia. They have had a longer life
than any other living creature. Prof. Dudley says: ' Of the various trunks examined, ranging from 900 years up-
wards, the oldest possessed 2,425 rings, or had begun its existence 525 years before the Christian era.”” They are able
to *“heal” or cover over great wounds, such as those made by fire. What the tree does is to extend or fold its living
tissue over the wound, and the process may take scores of years.



Photo: Underwood & Underwood.
Victoria regia, THE GIANT WATER-LILY OF THE AMAZON

Those shown are in a public park in Minnesota and are able to support the weight
of a child. In their native home the leaves are said to be ten feet in diameter.




Natural History 605

from the air. The raw material they take in by means of their
roots is no less indispensable, and this consists of water and
mineral salts from the soil. Water enters the roots from the soil
solution, drawn in through the thin-walled and delicate root hairs
which arise near the root tip and are continually renewed as the
root grows. With this stream of water the plant receives its sup-
ply of mineral salts. From the air there passes into the leaves a
slow current of carbonic acid gas. This is present in the atmo-
sphere in the small proportion of three parts in ten thousand;
and the loss due to constant absorption by the plant is made good
by the respiration of animals and the burning of fires.

What the Green Plant Does

The raw materials with which the plant works are thus water
and mineral salts from the soil and carbon dioxide from the air.
The green leaf is the laboratory in which the chemical syntheses
take place.

What goes on in this laboratory? Mainly the manufacture
of such chemical substances as starches, sugars, and oils, which
are essential to living beings. The bulk of living substance is
composed of four ubiquitous elements—carbon, hydrogen, nitro-
gen, and oxygen—besides other elements such as phosphorus and
sulphur. Nitrogen compounds are supplied in solution by the
root of the plant, carbonic acid gas is drawn from the air by the
leaves. The plant breaks down the various compounds under
the influence of sunlight, and builds up the chemical elements into
fresh forms, whose great peculiarity is that they possess potential
energy. All life depends on the peculiar green substance “chloro-
phyll.” It is only the plant that manufactures this essential
chlorophyll. Animals take all their organic compounds ready-
made from plants, and rebuild them into their own living matter,
and use them as a source of chemical energy. The plant manu-
factures these organic compounds. The making of the leaf-green
pigment called chlorophyll is in most plants carried through with
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the co-operation of sunlight. All plants, as we have said, absorb
air, water, and salts; all of them split up carbon dioxide (carbonic
acid gas), liberating the oxygen, which goes off free once more
into the air, and building up the carbon compounds which make
all higher life possible. Thus we see that we owe to the plant the
oxygen of the air necessary for life. In an aquarium which has no
artificial aeration, the animals will die if there are not enough
green plants to keep up the supply of oxygen in the water, and
the same is true over the earth as a whole. It is plants alone that
can make organic matter (energy-yielding material) direct from
dead or inorganic material. Every living animal in breathing
gives out carbonic acid gas, and it is this gas which makes badly
ventilated rooms stuffy when there are large fires and many
people breathing. Yet it is food for the plant! The laboratory
of the green leaf, then, manufactures an energy-yielding product.
In the leaf-cell the chlorophyll acts as an energy transformer and
absorber. As energy cannot be created any more than it can be
destroyed, what is the source of this energy which the plant makes
available?

If we burn a piece of cotton wool, which consists almost
wholly of the carbohydrate called cellulose, its carbon combines
with oxygen from the air, and the combustion results in carbon
dioxide, water vapour, and a fluff of mineral ash. But besides
these materials there are also liberated two forms of energy,
namely heat and light. This energy was locked up in the cellulose,
and it follows that if the plant has built cellulose from the raw
materials carbon dioxide and water, it must have got possession
of some energy corresponding to that which escapes as heat and
Iight'during burning. The source of this eriergy is sunlight.

The Capture of Sunlight

A green leaf is a few cell-layers thick, and is traversed by
veins, the transport system by which water enters the leaf and
elaborated food is carried away. Their branching network pro-
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vides for the effective distribution of water to all the living cells.
The lower skin of the leaf is pierced by minute openings—the
stomata—so numerous that there may be one hundred thousand
to the square inch. Through these minute openings water vapour
flows out, and carbon dioxide flows in. They communicate with
a system of air spaces in the leaf which allows a supply of the gas
to reach every cell. 'The leaf-cell is the actual laboratory in which
the upbuilding of food takes place; it includes, embedded in the
living matter, numerous biscuit-shaped green bodies (chlorophyll
corpuscles), whose function it is to absorb and transform the light
energy.

The flatness of the leaf means a large absorbing surface, and
the arrangement of leaves is suited to avoid mutual shading, and
consequent loss of light. The leaves of ivy on a wall look like a
mosaic, small leaves fitting into the space left by the larger ones.
The branches of trees are scaffoldings which spread the foliage to
the light, and all the devices of twining, climbing, and rambling
plants serve the same end—namely, the capture of parts of the
sunlight.

To the leaf-cell, then, there flows water with salts through
the veins, and carbon dioxide through the stomata and air spaces.
In the cell there is an energy transformer and absorber, the
chlorophyll. In the cell, too, there is protoplasm, the physical
basis of life, which utilises the raw materials and the energy of
light, so as to transform the carbon dioxide and water into simple
organic compounds of carbohydrate nature. In this process there
is a liberation of oxygen, which passes out by the little openings.
The formation of these simple carbohydrates is the fundamental
process of plant nutrition, and indeed of life in general on our
globe, for from them are derived all other organic compounds
whatever, in animal as well as in plant.

It will be noted that this process of photosynthesis is the exact
reverse of the vital combustion which all living implies, where
organic substance is combined with oxygen, breaks down into
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carbon dioxide and water, and gives up its store of energy. This
continued productior} of carbon dioxide would, if there were no
counter-process, lead to a cumulative vitiation of the atmosphere.
It was the attempt to find the counter-process that led to the
discovery of the plant’s mode of nutrition. The discovery was
made by the English chemist and philosopher, Joseph Priestley,
one of the founders of modern chemistry.

What Food is Used for

The sugars and the like that green plants make in their leaf-
laboratory may be used in the leaf itself, or first transported to
some other part. The plant moves but little, and then slowly;
its temperature is scarcely raised above that of the surrounding
air; and so it requires only a fraction of the energy used up by
the animal, in moving and heat production. What energy it does
expend is chiefly employed in carrying out chemical transforma-
tions and in the processes of growth. This energy is obtained, as
in the animal, by oxidation or combustion processes, and an ap-
preciable quantity of carbohydrate is used up in this way. Here
we may note that in plants the using up of oxygen and the giving
off of carbon dioxide, which may be briefly called respiration, is
demonstrable only in the dark. It undoubtedly goes on all the
time, but as long as the plant is illuminated the respiratory process
is completely masked by the much more active counter-process of
photosynthesis which we have discussed. Carbohydrates are also
transported from the leaves to other parts of the plant to be re-
stored as reserves, often after conversion into other forms. The
commonest food reserve is starch. This storage of food is a
characteristic feature of plant life, and it is wrapped up with
the habit of evading adverse conditions, such as cold in tem-
perate climates or drought in arid regions, by passing into an
inactive resting state. The resting parts, such as bulbs or tubers
or seeds, usually contain a good store of food, and at the expense
of this the plant can make a flying start when conditions are once




Photo: J.J. Ward. )
HORSE-CHESTNUT (Zsculus hippocastanum)

The arrangement of leaves is such that good illumination is secured. This horse-chestnut shows a mosaic pattern, the smaller
feaves filling up spaces between the larger; over-shadowing is thus reduced to a minimum.



Photo: James's Press Agency.
DODDER (Cuscuta epithymum)

This flowering parasite may be seen on the furze and ling of the
Surrey heaths. The thread-like stems twine round the host plant;
they put out small suckers which drive their way through the rind
and take what nourishment is required. They bear no leaves, but
only the clusters of bell-shaped flowers.

Photo: J.J. Ward.

ROOTS OF THE WILD WHITE CLOVER, SLIGHTLY
ENLARGED, SHOWING THE LITTLE ROOT
TUBERCLES

These are swellings which harbour a particular race of
bacteria with the power of fixing atmospheric nitrogen.
The clover plant benefits by obtaining a supply of nitro-
genous compounds, and the soil is enriched on the death
of the roots and the rotting of the tubercles. Plants of
the clover family have an important effect on soil fertility.
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more favourable. On the thrift of the plant in this respect the
human race depends.

Finally, the carbohydrates, in the leaf or after transport
elsewhere, are used to form other substances, such as cellulose, oil,
chlorophyll, and living matter. In intricate ways the salts from
the soil help in the transformations.

§ 2
Nutrition of the Fungi

There are, however, some plants which possess no chloro-
phyll, and are in consequence unable to build up for themselves
organic food from inorganic materials. Most familiar are the
multitudinous fungi, which have probably been evolved from
various groups of alga, and include such diverse types as the skin
of blue mould on jam, the fur of black mould on bread, the
fawn-coloured mushroom of the meadows, the bright-hued toad-
stools of the woods, the rust disease of wheat, the mildew of goose-
berries, the blight of potatoes. All these and innumerable others
are dependent on the organic food formed by some other plant.
One group called saprophytes feeds on decaying organic matter,
another group called parasites subsists on living hosts. The toad-
stool and the mushroom grow in the soil like any green plant, but
in situations where the soil is rich in organic matter; the toadstool
lives in the leaf-mould of the wood, the mushroom in the well-
dunged pasture. The food-supplies of the fungus mould on bread
or jam, or of the mildew on the gooseberry, are obviously gener-
ous. From such sources the fungus draws its nourishment ready
made.

Saprophytic fungi may play an important part in aiding bac-
teria to break down dead organic matter into inorganic com-
pounds, which may be used once more by green plants. Some
are of direct economic importance on account of the by-products
of their vital processes; thus the yeast plant is a fungus which
forms alcohol from sugar.
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But those fungi, the parasites, which feed on the living plant,
are often very harmful, sapping the substance of their hosts and
killing them by the poisons they manufacture. They are the chief
causes of plant disease, and we get a glimpse of their fatality
when we see a potato field reduced by blight, in a week or two,
to a mass of rotting and offensive haulms. '

Lichens as Double Plants

The familiar lichens, which cover such unpromising places
as stones and tree-trunks, are double plants, composed of a fungus
and an alga growing together in a partnership so intimate that the
result maintains a specific form. Without the aid of the micro-
scope their dual nature would never have been discovered, and it
was not held definitely proved until the two partners had been sep-
arated by a delicate technique, grown in isolation, and then made
to reconstitute the lichen on being brought together once more.

Flowering Parasites and Saprophytes

Among the flowering plants there are some very interesting
saprophytes and parasites. Thus, among British plants the bird’s
nest, the bird’s-nest orchis, and the coral-root are saprophytes,
the first belonging to the heath family, the other two being orchids.
All three grow habitually in the leaf-mould of woods, a soil rich in
decaying organic matter. Though the details of the relationship
are not fully known, it seems that a symbiotic fungus which in-
habits the roots of these plants play some part in making the food
in the soil available. In none of the three is there any chlorophyll;
the bird’s-nest is cream-coloured, the two others are dirty brown.
Even the leaves are much reduced, being represented only by
pointed scales.

More familiar are parasites, such as the mistletoe, the dodder,
and the broomrapes. The mistletoe is only partially dependent on
its host, the apple or the fir, for it has green leaves, and can
manufacture carbohydrates for itself.
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The Story of the Whin

Green plants, too, may be constantly associated with partners
belonging to lower groups. If we dig up a young whin or broom
and examine the roots we find that they bear a profusion of warts,
ranging from the size of a pin-head on the smaller rootlets to
lumps the size of a pea on the larger. These are abnormal swell-
ings of the root tissue caused by the presence of a particular race
of bacteria. The bacteria enter the root hairs from the soil, and,
multiplying, travel inwards till they reach the rind-cells of the
root. There they increase and pass from cell to cell as the root
tissues enlarge in response to the irritation of the invaders. A
mature wart or nodule cut across and examined with the micro-
scope shows the cells packed with myriads of bacteria, and it has
been proved that these are able to fix the nitrogen of the atmo-
sphere—always present in solution in the water which enters the
plant—and to convert it into organic compounds. Part of the
supply is at the service of the host, and in return the bacteria are
supplied with carbohydrate food. This extraordinary association
is another example of symbiosis—a mutually beneficial internal
partnership.

These bacterial nodules are found on the roots of all members
of the great family of the Leguminosa, the pod plants, to which
belong broom, whin, lupin, pea, bean, vetch, rest-harrow, and
many others familiar as wild flowers or important as food plants.
The members of the Leguminous family number some eleven
thousand and are to be found over the whole globe. But their
success may be appreciated by anyone who has travelled only as
far as the nearest common, or even a little way along the road
leading to it. IFor the heath and the common are clad with whin,
and the road is flanked with broom, shrubs the luxuriance of which
in stature, blossom, and seed is at strange variance with the un-
promising conditions of soil on which they flourish. It is the
possession of a private store of nitrogen compounds, supplied by
the bacteria, which makes this success possible.
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Root-Fungi

The roots of many other plants, such as the beech, the pine,
and the heaths, are associated with symbiotic fungi (Mycorhiza),
and in some cases there is evidence that the fungus supplies its
host with nitrogenous compounds. The best-authenticated case
is that of the heaths. These plants inhabit barren moorland sta-
tions. In such situations relatively few species of plants are able
to flourish, and the vegetation is usually dominated by a few which
are specially endowed—on the common by the whin, on the moor
by the heather. The whin has its root-bacteria; the heather has a
fungus which spreads all through it and enables it to utilise the
peaty soil. Thus the heather is in large measure an impostor;
it thrives because it is interpenetrated by a partner fungus.

§ 3
Insectivorous Plants

On wet moors there grow three genera of plants which show
yet another method of supplementing the food supplies obtain-
able from the soil. These are the sundews, the butterworts, and the
bladderworts, several species of each of which occur in Britain.
These plants catch small flies and crustaceans, and absorb the
products of their decay, or even actively digest them. They all
possess chlorophyll, and it is in the supply of proteins, and pos-
sibly of salts, which the victims offer, that we find the explanation
of so curious a habit.

The rosy leaf of the sundew is covered with little club-shaped
tentacles, short-stalked at the centre, long-stalked round the
margin. On the thickened end of each is a drop of sticky fluid,
which, glistening in the sun, gives the plant its name, and which
serves to catch “incautious, deluded insects.” The entangled
midge struggles, comes in contact with more tentacles, and is held
more firmly. Stimulated by contact with the solid body, stimu-
lated too by the chemical action of the insect, the marginal ten-
tacles of the plant, even though they are not touched, soon begin
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Pkoto: James's Press Agency. .
THE COMMON SUNDEW (Drosera rotundifolia)

The leaf has many club-shaped hairs or tentacles, the heads
of which are extremely sensitive to touch. They secrete
glistening sticky fluid, and there may be two hundred on a
single leaf. Particles of sand, wood or glass will produce no
secretion of the glands, but a caught insect or a small piece of
meat will do so (see next illustration).

Photos: S. Leonard Bastin.

Photo: J.J. Ward.
HOW THE SUNDEW CAPTURES INSECTS

Anotherillustration of the sundew’s tentacles. Itisthe drops
of sticky fluid on their ends which serve to attract insects. An
unfortunate insect alighting on one causes the tentacles to bend
over and pin down the struggling victim, in this case an ant.
Digestion follows, and after a few days, when the tentacles
bend back again, only a shrivelled husk is left.

VENUS FLY-TRAP (Dionea muscipula)

The first photograph shows the bristle-like hairs of the fly-trap open. When the insect touches the bristles, the two halves of the
leaves clap together in somethingless than a second and the insect is captured, as shown in the second photograph (see also colour plate

for illustration of the Venus fly-trap plant).



Reproduced by permission from the ' Scientific American.”

MINIATURE JAPANESE TREES OF THE CHABO VARIETY, WITH THEIR ROOTS
EXPOSED

These triumphs of the art of the Japanese gardener are obtained by sowing small seed in
small pots of poor soil, growing the seedling in the least favourable conditions, and other-
wise maltreatingit. Conifers can be obtained which at an age of 2 hundred years are only
a foot or so high.

Photo: J. J. Ward. [

. ROOTS OF BEECH-TREE

A widespread and complicated branching system is necessary alike to absorb sufficient water for a forest tree and to support
its crown. The roots remain near the surface, scarcely reaching a depth of three feet.
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to fold inwards. The stimulus spreads, and the struggling midge
is pinned down in the centre of the leaf. Secretion of fluid in-
creases, and in it the insect is first drowned and then digested.
Some days after the fatality the tentacles bend back once more,
uncovering a shrivelled husk. The leaf is ready for fresh prey.

The butterwort, like the sundew, traps its prey by a viscid
secretion; it possesses no tentacles, but the margins of the boat-
shaped leaves, covered with tiny glands which secrete the sticky
matter, roll inwards. Digestion is slower than with the sundew,
but ultimately the softer parts of the insect are absorbed and only
the husk is left. The bladderwort adopts other means. It grows
submerged in pools of peaty.water, and, as is the case in many
water-plants, its leaves are divided into fine threads. Some of
these are replaced by bladders about one-tenth of an inch long.
The bladder opens in front by an arrangement like the door of an
old-fashioned mouse-trap. Small freshwater crustaceans get
entangled in a tuft of hairs projecting over the door, and force
their way in. The door of the trap falls to behind them and cannot
be opened from the inside; they swim round and round till they
die, and then under the action of the bacteria of decay their bodies
‘rot and are absorbed.

Pitcher Plants

Curious as are the British carnivorous plants we have just
described, they are excelled, alike in numbers and in refinement,
by those of the Tropics. Visitors to the glass houses of the
Botanic Gardens at Kew or Edinburgh are familiar with the
pitcher plants, Nepenthes and Sarracenia. Most of the Nepenthes
are natives of the Malay region, where they ramble and climb
through the bush. They have large leathery leaves prolonged into
whiplike tendrils. The end of the tendril, after it has grasped its
support, develops into the pitcher, which in some species is as large
as a quart pot, in others as small as a thimble. Over the mouth

arches a lid which prevents the entrance of rain, for the liquid with
VOL. H1—4
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which the pitcher is partly filled is a secretion of the glandular
cells of the wall. The inner surface of the rim is set with nectar
glands, and below these the wall is made very slippery by a coat-
ing of wax. So it comes about that an insect, attracted by the
nectar and straying on to this glissade, slips into the fluid and is
drowned. During the subsequent slow digestion the body is not
attacked by bacteria, for the fluid in the pitcher is antiseptic as
well as digestive and so keeps the food fresh.

Venus Fly-trap

Most wonderful of all is the Venus fly-trap, a relative of the
sundew, growing like it on bogmoss, but found only in the Caro-
linas. Its leaves are over an inch long, each with a winged stalk
and a rounded blade. On the upper surface of each half of the
blade are three prominent bristles; round the margin is a row of
stiff processes. If an insect touches one of the bristles the two
halves of the leaves clap together in something less than a second,
the marginal processes interlock like the teeth of a rat-trap, and
the insect is captured. And then there are many suggestive de-
tails, such as Sir John Burdon Sanderson’s discovery, that the
closing movement of the leaf is accompanied by an electrical
change similar to that associated with the contraction of one of
our muscles. Then follows a secretion so abundant that the fluid
oozes out from the edges of the trap. Digestion and absorption
follow in due course. After a while the leaf reverts to its normal
state of expectancy.

§ 4
How Plants and Animals Agree

If we trace an oak-tree back to a sapling, and thence to a
seedling, and thence to a seed and an ovule, we come at last to a
fertilised egg-cell, which is the beginning of the individual life.
In this respect the oak-tree agrees with the squirrel on its
branches. Moreover, in both cases the fertilised egg-cell divides
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and re-divides, forming thousands of cells, a mode of development
which allows of considerable division of labour. But we can go a
step further and say that plants and animals agree not only in the
individual beginning and in their cellular structure, but in the
essential processes of life. Both show nutrition and the distribu-
tion of the food through the body; both show digestive ferments
and breathing. It is true that photosynthesis is peculiar to green
plants, and that there is little in the vegetable kingdom corre-
sponding to the kidney function in animals; yet there is much in
common among all forms of life.

It may appear at first sight that this conclusion breaks down
badly in regard to moving and feeling, which are the master-ac-
tivities in the animal and are anything but conspicuous in most
plants. Yet when we begin to think of leaves rising and falling,
of flowers opening and closing with the waxing and waning light
of day, we see that there is much movement. And when we begin
to think of the way stems bend to the light and roots make for
moisture, or of the sundew answering back to the fly’s touch, of the
tendril responding to its contact with a slender twig, we see that
there is much feeling in plants. In the Far East the Sensitive
Plant often grows in great masses, and if a stone be sent crashing
in among them one can see the leaves sinking down into the col-
lapsed rest position, and the stimulus spreading in a circle like a
splash in a pond. The Venus fly-trap may be cheated by a little
piece of moist paper and made to close on booty not worth having,
but if it be cheated twice in rapid succession it will not usually
answer back to a third duping. This is surely the beginning of
memory—an enregistering of experience so that future activity
is modified. We need not consider in detail the modes of move-
ment among plants, but just as many a sedentary animal like a
coral or a sea-squirt shows something of the plant in its somnolent
constitution, so we may say that the animal is lurking in many a

plant. There is more than a trace of a dream-smile in many an
orchid.
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It is always useful to recognise similarity in the midst of
difference, but it is a mistake to exaggerate this so as to obscure
significant divergence. It is of the very nature of plants to be
sluggish. It is bound up with their indeperident mode of nutri-
tion. They do not need to seek out their raw materials; they need
only absorb the constantly renewed supplies of water and salts
brought to the roots by the slow draining in the soil, and of carbon
dioxide flowing over the leaves in the currents of the air. While
the animal, essentially a hunter, has advanced to an ever-increas-
ing perfection of co-ordinated movement, the plant has sunk into
torpor. There are exceptions among the lower groups; many
primitive algz swim actively, the sponge and the sea-anemone are
sedentary ; but the true contrast between the two kingdoms is seen
in the squirrel romping through the boughs of the impassive
beech. The distinction between active animal and sluggish plant
is fundamental.

The Tactics of Plants

Plants live their lives much as animals live theirs: every plant
is adapted to its particular station in life, and in its adaptations we
see the outcome of the same struggle for existence and the same
fundamental vital qualities (growing, multiplying, answering
back, and so on) as we see in animals. There is the same competi-
tion, the same mutual aid where mutual aid pays. The plant, like
the animal, shows the same self-preservative instincts; the same
factors of environment and heredity determine the individual life.
There are new departures—new novelties among pansies, as we
see among pigeons. Plants multiply; on the whole they may be
said to inherit the character of their parents; the same continuity
of linkages as in animals binds one generation to another. In the
plant world as in the animal world Nature cares more for the race
than for the individual. Thus we get in a general way the impres-
sion of plants as genuinely living creatures.

Plants, like animals, employ their own peculiar tactics in




Photo: Underwood & Underwood.
A BANYAN-TREE (Ficus benghalensis)

One single banyan-tree, 1,000 feet in circumference, at Calcutta. The
branches send down roots and these grow into massive stem-like pillars.
What appears to be a grove is a single immense tree.



Photo: J.J. Ward.

THE THORNS OF THE ROSE AND OF THE BRAMBLE
(RIGHT) SERVE A DOUBLE PURPOSE

They are sufficiently barbarous to protect the plants from
browsing animals. Especially in the bramble, they also help .
to secure the trailing stems, preventing them slipping from
the supports over which they ramble.

Photo: J.J. Ward.
FLOWERS OF BARBERRY

The stamens of a number of flowers move in response to
the touch of a visiting insect. In the barberry the sta-
mens lie back in the boat-shaped petals. A touch on the
filament or stalk causes the stamen to move inwards
sharply towards the ovary. Here they are holding a
large pin with which they were touched. An insect doing
this is dusted with pollen.
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adapting themselves to environment; we may suppose that an act
of the plant is just as full of practical import as that of an animal:
in the latter case the act may suggest intelligent behaviour, in the
other it is only the result of an inherited tropism. The plant, like
the animal, can camouflage and deceive. The pitcher-plant and
bladderwort are as guilty of false pretences as the spider; the
sundew and the fly-catcher are adepts in preparing a bait for
confiding insects. The white ant will squirt an obnoxious juice in
the face of an attacker; so do plants produce poisonous and evil-
smelling substances to keep off an enemy. Each species lives for
itself; no species ever undertakes anything for the sake of any
other, except in the expectation of a corresponding advantage.
If the wild thyme lays by in its throat abundant honey for the bee,
that is because the bee carries its pollen from blossom to blossom.

§ 5

The Part the Root Plays

Typically the main root grows straight down, the main stem -
straight up. If a seed happens to be planted right way up the
young root and stem grow on in the way they are pointing; but
if the seed lies on its side or is inverted, the root and stem make
active curvatures till they point in the proper directions. When
we sow seed we do not require to arrange it also; we leave proper
orientation to the powers of the growing plant. Indeed, in many
seeds the embryo is originally curved and must in any case
straighten out. Nor is this power confined to the seedling stage;
a stem which has been bent over curves up, in the growing apical
part, in the course of a day or so. The plant is capable of active
curvature, and this movement is set agoing by some external direc-
tive influence.

The movements of roots, as they grow in the earth,
suggest that they are seeking for nutriment. Spots in the
earth which are found to be unfavourable to progression are
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avoided with care. If the root sustains injury, a stimulus
is immediately transmitted to the growing part, and the root
bends away from the quarter where the wound was inflicted.
When the exploring root-tip comes near a spot where water
occurs with food-salts in solution, it at once turns in that
direction, and when it reaches the place develops such absorp-
tive cells as are adapted to the circumstances.!

We have seen what part the roots play, in drawing nourish-
ment from the soil for the plant. The part of the growing root
most sensitive to stimuli is the tip, and the phenomena which are
exhibited in consequence of its great sensitiveness are so astound-
ing that Darwin compared the root-tip to the brain of one of the
lower animals. He wrote:

It is hardly an exaggeration to say that the tip of the radicle
thus endowed, and having the power of directing the move-
ments of the adjoining parts, acts like the brain of one of the
lower animals; the brain being seated within the anterior end
of the body, receiving impressions from the sense-organs,
and directing the several movements.

But modern botanists describe the same facts in less pictur-
esque language—in terms of engrained “tropisms.”

The roots penetrate and explore and feel their way under-
ground, touching here, recoiling there, and insinuating themselves
in such a way that they search every part of the soil. The length
of roots is sometimes very great. The root-system of a large
cucumber plant was estimated by Mr. S. Clark in all its rami-
fications at 25,000 yards (fourteen miles), but this is open to
doubt.

Clover roots are said to go down to depths of six or nine feet,
but many weeds go deeper still. Coltsfoot, for instance, may
be found, living at a depth of twenty spades. In Egypt and
other places the roots of acacias go down to twenty feet, or

1 Kerner.
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‘even farther, so that they can tap the water supplies, which
are at a great depth.

The root-system of a tree only one year old may have a total
length of 12 yards. ‘

Darwin showed that a root from which about one-twentieth
of an inch of the tip has been removed does not respond to gravity
if laid on its side; it grows straight on. But if a root is first laid
on its side for a few minutes and then decapitated, it does, after
a few hours, curve downwards. He drew the conclusion that,
while the reaction takes place in the zone of most active growth
about one-fifth of an inch behind the tip, the effect of gravity is
registered by the extreme tip only. Later ingenious experiments
have confirmed this result. '

Plant Tropisms

There is a close correspondence between plant-responses and
the tropisms exhibited by animals (see p. 78), and the plant’s
answer-back to gravity is called geotropism. But while the moth
which flies into the candle flame perceives the stimulus of light by
special sense organs, the eyes, and moves by special motor organs,
the contractile muscles, and has these linked by special conduct-
ing organs, the nerves, the root has at its disposal no such
complex and highly specialised structures. Perception and
conduction take place in the general living matter; reaction is
due to a slight change in the growth rates of upper and lower
sides. Darwin’s comparison of the root-tip to a brain is really
far-fetched.

Ingenious attempts have been made to show that the plant
has sensory organs of a primitive kind, for the perception of
gravity, light, and touch. In a group of cells within the root-tip
there are numerous large starch grains which lie heaped up on the
bottom wall. If the root is laid on its side the starch grains fall
over and come to lie on the side wall, which is now lowermost. It
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is suggested that the root is in equilibrium only when these starch
grains rest on the true bottom wall; that if they lie on a side wall
the difference is perceived, and the root curves till the tip points
downwards, the grains resume their proper position, and equili-
brium is restored. It is certain that some Crustaceans maintain
their balance by a similar apparatus of grains of sand resting in
the cavity of the ear. In the case of the root the experimental
investigation is beset with difficulties. But though the theory can-
not be regarded as definitely established it possesses considerable
probability, and it may be that in these special cells we have the
nearest approach that the plant shows to a sense organ.

Why does the root curve down and the stem shoot up? To
that question we can as yet give no answer. We can only say that
it is their nature so to do. Many botanists expect, however, that
as our knowledge of the varying structure and composition of
living matter grows more precise, we shall be able to interpret
the matter in terms of physics and chemistry; the theories which
have been formed so far are unsubstantiated—the imagination of
the scientist occasionally outruns his facts.

§ 6

Tendrils

The stem of the plant supports the leaves in the light, but in
many plants a weak stem bears the weight of the leaves by twining
round some stronger neighbour. The twining movement is of im-
mense importance to plants like our honeysuckle, hop, and bind-
weed, which are thus much superior to the bramble, rambling over
a stone wall secured only by its spines, or the goose-grass, ram-
bling over the bramble secured only by its hooks. In the great
forests of the Tropics a great proportion of the vegetation con-
sists of such types—the lianes—twining round trees, twining
round each other, forming an impenetrable confusion of coiled
and twisted cordage, reaching out to the light above the forest
roof, supported on the dead pillars of trees they have strangled.
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Robert Louis Stevenson gives a graphic picture of this form of
the struggle for existence in his poem of “The Woodman.” The
EWihing movement, like the movement of the root-tip, is regulated
by gravity.

Tendril-bearers respond to another influence, that of contact
with a solid body. Like the tip of the hop, the whip-like tendril
of the bryony sweeps round in a circle. This movement is not
directed by external stimulus, but is purely automatic. But if the
tendril touches a twig, a wire, a leaf, or another tendril, it is
stimulated by the contact to more rapid growth on the side away
from the exciting object, and so curves towards it. As it goes on
curving, fresh portions come into contact, and are stimulated, so
that the whole tip becomes tightly wrapped round the support.
Later the basal part twists into a corkscrew spring once or twice
reversed, and then becomes thick and woody. This spring breaks
the force of the tug of a passing animal or of a gust of wind, and
saves the plant from being torn from its support. In his Climbing
Plants Darwin describes the conspicuous success of the bryony
in riding the storm which battered many other plants.

The tendrilled plant is more highly adapted for climbing than
the twiner. The latter loses a third of its length in its coils, and
while it can use only such supports as are nearly vertical, the ten-
dril encircles anything that is solid and not too thick. The tendril
represents some part of the plant turned to a new use. In the
sweet-pea it takes the place of the apical leaflets, in some vetch-
lings it replaces the entire leaf, in some tropical orchids it is a root,
in the bryony and in the vines it is a branch.

If we gently stroke the under side of the bryony tendril we
can readily observe the answer-back; after a few minutes the ten-
dril curves towards the side touched. Only a solid body can
induce the response; a stream of water, a violent rain shower, even
rubbing with a stick of semi-solid gelatine, has no effect. Here is
a fine example of delicate adjustment, for response to rain-drops
would be of no use to the plant, would even deprive it of oppor-



622 . The Outline of Science

tunities of clasping proper supports. The tendril responds only
to the touch that helps it. It is to the same stimulus that the
sundew tentacles react when they fold on a struggling fly, though
the movement is intensified by the insect’s chemical action.

Light and other Influences

The seedling, fresh from the protection of the seed-coats,
young and delicate, is at once affected by all the influences of the
world into which it has come. Gravity is not the only directive
agency. The root grows against some shard, is slightly wounded,
and turns away from the source of injury. It rubs gently against
grains of soil, and the contact causes it to move gently to and
fro; it feels its way through the crevices of the soil. It comes to a
dry region and bends to the moister side. But the shoot, subject
to all these stimuli in the soil, finds yet another director in light
when it reaches the air.

Everyone knows the window plant, with the shoots bent to
the light, the leaves twisted round and spread flat to catch the
rays. Light interferes with the action of gravity on the stem,
and is the primary cause of leaf movements. Its action is compli-
cated by the fact that, unlike gravity, it is constantly changing
its intensity and direction. Few plants can react so quickly as
to follow the sun; moreover, as growth ceases, the power of move-
ment ceases, except in the case of those leaves which have jointed
stalks. So it comes about that most leaves, as they mature, adopt
a fixed position in relation to light.

§ 7

Sensitive Plants

The Sensitive Plant is a vigorous shrub, usually reaching a
height of some feet in our hot-houses. Each graceful leaf has a
stalk jointed to the stem, from the tip of which spring four sec-
ondary stalks, each with a double row of leaflets; the foliage
stands out from the stem, the leaflets are expanded. If the plant
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is gently shaken, instantly the leaf-stalks droop, the secondary
stalks fall together, the leaflets fold up; the whole scaffolding of
green light screens has collapsed. In nature, a wandering animal
or a shower of rain brings about the same result, a series of move-
ments so rapid that the reaction is complete in a few seconds.
Soon a reverse sets in, and a quarter of an hour later the plant
is in its normal condition again.

A violent shock is not necessary; touch the lower half of the
Jjoint of the leaf-stalk and it droops; a little later the secondary
stalks come together, then the leaflets fold up in succeeding pairs.
Singe the apical leaflet and the chain of reactions is reversed.
Make a cut in the stem, and first the nearest leaf reacts, then the
next, then one further away. The shock-stimulus is passed on.
It is conducted at the rate of an inch in the second; this is a
thousand times slower than the conduction along an animal’s
nerve, but a hundred times as quick as the rate commonly de-
veloped in plants. The movement itself is slow compared with
the wink of an eyelid, but very fast in comparison with that of
an inverted root bending downwards.

The movement is different from that of a curving root or
stem. It depends on a sudden diminution of pressure in the cells
of the lower half of the joint, which thus loses its rigidity and
collapses. This allows of a very rapid fall; it also allows of the
occurrence of the movement long after growth has ceased.

Of what use to the plant is this spectacular reaction? It
has been suggested that the rapid closing shakes off small insects
feeding on the leaves. It has been suggested that the plant thus
avoids damage by violent rain or hail. It has been suggested
that browsing animals are frightened by the sudden change in
the appearance of their pasture and repelled by the thorny
appearance of the closed plant. It cannot be said that these
explanations are convincing. They do not apply at all to a
dozen other plants which show similar but less active leaf move-
ments. The only animal that shows a distaste for the Sensitive
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Plant is the goat, which is not a native of the plant’s original
home in South America. We know, too, that repeated move-
ment is actually harmful. A plant which had been stimulated
twelve times daily for three weeks attained to only one-third of
the height of another left undisturbed. It was handicapped in
assimilating power, but probably, in addition, the constant irrita-
tion upset its constitution in some profound way. Is it better
to take the chance of being eaten or the certainty of being
stunted ?

The reaction to shock brings with it clear advantages in
other cases. The leaf of the Venus fly-trap folds quickly together
on the slightest touch of one of its sensitive hairs. In nature the
touch is that of an injudicious insect which is subsequently
crushed, drowned, and digested. The little filaments or stalks
of the stamens of the cornflowers contract instantly by 80 per
cent. when touched. The result is that the anthers, from which
the pollen has been shed, are pulled down over the brush of the
stigma, and the pollen is swept out and exposed to visiting insects
which carry it to other flowers. The bilobed stigma of the musk
closes on the pollen. In this case, and in others like it, the move-
ment has an obvious biological advantage.

Do Plants Sleep?

As night falls, the trefoil leaves of the clover fold their
leaflets up, the daisy flower closes, the tulip becomes once more
a bud, the leaflets of the wood-sorrel droop and close: the plants
sleep. The term sleep, consecrated by long usage, is not a happy
one, for with the sleep of animals this movement has nothing to
do. It brings no recovery from a non-existent fatigue. It is in
reality an active movement, not a collapse. Only in the seeming
relaxation recurring as darkness comes on is there a superficial
resemblance to the real relaxation of the animal and to the droop-
ing of its drowsy lids.

The tulip flower, like that of the crocus, closes as the air




Photo: Underwood & Underwood.
CULTIVATED BAMBOO IN A CHINESE PLANTATION

These giant grasses are sometimes 120 feet high and one foot in diameter.
They grow at times at the rate of three feet per day. The bamboo is one of
the most important Asiatic economic plants, being used in building houses and
in making furniture, implements, utensils, ornaments, and paper. The young
shoots are eaten like asparagus.



Photos: .J. J. Ward. I. 2.
THE ‘‘SENSITIVE PLANT"' (Mimosa pudica)

1. When one leaf-tip is touched or injured all the little leaflets fold up one after the other, then the secondary stalks drop, and
the main stalk of the leaf droops downwards. Soon the next leaf acts in exactly the same way. The closing of the leaves may be
produced by a severe shaking or by holding a lighted match below the leaf-tip. The illustration shows the expanded position of the

leaves in the daytime.
2. Showing the leaves in closed or night position. A shower of rain will cause the leaflets to fold up in a few seconds.

The photographs show a seedling plant.

Photos: J. J. Ward.
BRANCH OF WILD CAMOMILE (Matricaria chamomilla)
The left-hand photograph was taken at midday and shows the lower-heads flat; the right-hand photograph was taken at 6 p.m,,

and shows the flowers reflexed. Most flowers close to a bud at night, but the camomile folds its petals further back. The advantage
of this is not clear, and it may be merely an exaggeration of the normal movement of the expanding flower, but there may be some

purpose served.
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cools and reopens in the sun’s warmth. By alternately raising
and lowering the temperature it may be made to open and close
several times in one day. The daisy and the marigold open in
the light and close in the dark; the night stock opens in the dark
and closes in the light. The marigold, too, may be made to open
and close as many as three times in the twenty-four hours; it may
be made to open at night and close through the day by suitable
. changes in illumination. But its case is not so simple as that of
the tulip, for, when kept in continuous dark, it opens and closes
day and night. Even a flower which has opened for the first time
in the dark, and has been kept thereafter in continuous dark,
which has never experienced the daily change, carries out the
periodic movement regularly.

In the case of leaves the movement is induced by the change
from light to dark. But in leaves, too, it may take place in con-
tinuous light or continuous dark. A scarlet runner may be raised
from the seed in darkness and an even temperature, and under
these conditions the leaves rise and fall day and night.

In such cases there is evidently a periodic movement inde- -
pendent of external changes in illumination and temperature,
though these changes certainly strengthen and emphasise the
normal daily swing. In some cases the periodic movement may
be due to an after-effect of the induced movement. But in the
scarlet runner raised from seed, in the marigold brought to flower
in continuous dark, this cannot be so. 1t is likely that the effective
influence is some change in the electrical condition of the atmos-
phere; but the possibility of an inherited periodicity must be con-
sidered.

The significance of these sleep movements is still a matter
of discussion. Darwin tried to show that they benefited the plant
by saving it from excessive radiation and cooling on clear cold
nights. Other investigators see a use in the avoidance of the
deposit of dew. Flowers may save their pollen from being spoiled -
by rain by closing in dull weather.
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8
How Plants Protect themselves ;

Even this short survey shows that the power of limited move-
ment in plants is widespread. The tropisms are specially im-
portant, for with their aid the plant arranges its organs so as to
make the best of its environment. The ultimate position of leaf,
stem, and root is the result of balanced reactions to all the
influences that play on the plant throughout its growth. But
the power of movement is nearly always restricted and gentle,
confined to arranging the members of a stationary organism.
Active locomotion belongs to the animal kingdom. Perhaps the
nearest approach is in the telegraph plant (Desmodium gyrans)
from the plains of the Ganges, in which there are continuous
movements of the leaflets in little orbits; but no one knows why
this plant should be so busy.

We have said that plants live their lives very much as ani-
mals live theirs; like animals they have to protect themselves
against natural enemies.

Many animals live exclusively on a vegetable diet; as there
are plants that strongly object to being eaten, they take effective
measures to protect themselves; if they did not, the herbivorous
animal itself would suffer, for its means of subsistence would in
time disappear from the face of the earth. One means of deferce
employed by the plant is poisons and corrosive fluids, which it
uses to good effect. But sometimes what is one animal’s food
is another’s poison. For instance, the leaves of the deadly night-
shade form the most important food of a small beetle, but the
foliage is poison to the larger grazing animals.

It is not clear to us how grazing animals discriminate be-
tween what is harmful to them and what is not harmful. Many
plants have characteristic odours offensive to us. Others are
odourless to the olfactory nerves of man, but they may make
themselves known to the animal’s sense of smell. Wild animals
probably recognise the dangerous plant by colour, smell, or taste.
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The leaves of nettles, etc., have stinging hairs or bristles as
protection against the attacks of large herbivorous animals. The
stinging hair plays an important part, as it penetrates the skin
and injects into the wound a poison which causes the painful
“burning” sensation.

In the cactus-like plants the variety of weapons is consider-
able. A single species often bears three or four kinds of weapons.
They are armed with large spines and small bristles, short,
thick and thin, knotty and smooth, straight-pointed and barbed.
And so by thorns, spines, and prickles, plants often protect
themselves.

The nectar of some flowers intoxicates the bees, who are
believed to acquire a taste for it. In his Botany of To-day, Pro-
fessor Scott Elliott describes a well-known orchid which has a
hinged lip:

When the unsuspecting msect enters the flower and
passes over the lip, it is suddenly jerked forward and thrown
into a sort of bath of liquid; as it painfully crawls out, with
wetted wings, it has to carry away the pollen masses, and so
effect pollination. There is no cruelty in this, for the insect
is supposed to visit another flower and cannot be much
harmed.

§9

HOW PLANTS ARE REPRODUCED

In that great burst of activity in spring which heralds the
approach of warmer weather, plants make an irresistible appeal
to the eye. 'We welcome the clear colours of the snowdrop, celan-
dine, and violet, and still more the bursting bud and shooting
blade covering the earth with a hundred delicate shades of green.
The tree unfolds its leaves, and root-stock and bulb push up new
shoots through the soil; such plants wake from their annual rest
and embark again on an active period. Among them arise myriads
of seedlings, new plants growing from germinating seeds; in these
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we see a complete new start, the production of new individuals,
the result of reproductive processes completed months before, in
the previous summer and autumn. (See the article on the
B10LOGY OF THE SEASONS.)

The Meaning of the Flower

The seed—the kernel in the nut, the pip in the apple—
comes from the fruit, and the fruit is the end of the flower. So
it is the flower that is concerned with the reproduction of the
higher plants.

What is a flower? If we examine a buttercup or a lesser
celandine, we find to the outside a number—five or more—of
green scales, the sepals (together forming the calyx), which in
the bud protect the delicate internal parts, and afterwards steady
the full-blown flowers. Then comes the corolla of bright yellow
petals. Inside the corolla are numerous stamens, each with a
stalk or filament bearing a head, the anther, which contains the
pollen. In the centre are many small green grains, the carpels,
in each of which is an ovule or possible seed, containing an egg-
cell.

The shape, colour, number, and arrangement of these parts
vary greatly from flower to flower, and on the floral characters
the classification of the flowering plants is largely based. In
many flowers some of the parts are wanting or are greatly altered
in appearance. In the tulip the calyx, like the corolla, is brightly
coloured, and the carpels, three in number, are united to form
an ovary containing many ovules. This union of the carpels
occurs too in the poppy, foxglove, and many others. In the
grasses the calyx and corolla are absent, or represented by minute
scales; the work of protection is taken over by small green leaves
which correspond to the three leaves which stand out below the
flower of the anemone. In the hazel there are flowers with sta-
mens only, gathered in golden drooping catkins, and flowers with
an ovary only, grouped in buds, each crowned with a tuft of



Photo: J.J. Wa(d.
WOOD-SORREL (Oxalis)

The leaves are seen in ‘‘sleep” position. They fold up at night, and seem to with-
stand cold better. They also fold in very bright sunlight, and thus avoid overheating.
Apart from these conspicuous movements the leaflets continually move slightly in an
irregular fashion. They also close if shaken violently.

Photo: J.J. Ward.
A CACTUS (MAMMILLARIA)

The Cactuses are inhabitants of the arid regions of America.
The thorns are modified hairs and effectively protect the plant
from animals.



Photo: James's Press Agency.
LADY'S-SLIPPER ORCHIS (Cypripedium insigne)

The lip of the flower forms the “slipper.” Insects such as bees
wander inside this and can only get out in one particular way, in
which they must touch first the stigma and then the stamens, thus
carrying out cross-pollination. Flowers have endless contrivances
by which the insect is forced to do work of this kind.

Photo: J.J. Ward.
THE BUTTERFLY ORCHIS (Oncidium papilio)

The orchids show the utmost refinement of floral
structure. This West Indian flower resembles a
butterfly, and like the British Bee Orchis, which
resembles a bee, it seems to frighten away insect
visitors. The result is that pollination often fails
and the flower sets no seed. The mimicry is here
of no apparent use.
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crimson filaments. In the willow the two kinds of flower grow
on separate bushes.

The Secret of the Seed

Before the ovule can develop into a seed, the egg-cell it
contains must be fertilised by the pollen. The pollen is received
on the stigma, a moist receptive surface, sometimes borne on a
long style, as in the sage, sometimes sessile on the ovary, as in
the tulip. The pollen-grain germinates and sends a fine tube
down through the tissues of the style and ovary to the ovule.
The process of fertilisation is preceded by a long process of intri-
cate preparation. In the ovule there has been formed a single
large cell—the embryo-sac—containing a number of cells, of
which two are important; of these one is the egg-cell or female
reproductive body.

The germinating pollen-grain contains three nuclei, one of
which is the male reproductive body or sperm. When the pollen-
tube reaches the ovule it brings its contents to the embryo-sac, and
the sperm and the egg-cell fuse together. In each of these there
is packed away the inheritance of one parent; the result of the
fusion, the fertilised egg-cell, contains all the factors which, as
development proceeds, will stamp the new organism with the
features of its kind. The egg-cell, stimulated by fertilisation,
commences to divide and grows into an embryo with a root, two
leaves, and a shoot bud; these parts can be easily seen if we open
up a soaked pea or bean. Development goes so far and then
stops; the young tissues dry up as the seed ripens; it is cast loose
in a state of rest. The higher plants, like the highest animals,
liberate young ones; they are truly viviparous.

Why Flowers are Bright

In the flower, then, we recognise the ovary as the organ
which contains the female reproductive bodies, in which the seed
is matured ; the stamens produce the fertilising pollen; the calyx

voL. 11—3§
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is protective. But we have assigned no function to the corolla,
that part which, to our asthetic sense, is the essence of the flower,
giving it distinctive form, giving it colour, frequently giving it
scent and sweetness. For the nectar glands are in some flowers
associated with the petals, though in others with the stamens or
ovary.

The form of the flower, in particular the character of the
corolla, is intimately bound up with the pollination, with the
means by which the pollen is transferred from the stamens to
the stigma.

The flower is now understood as an arrangement by which
pollination is secured. Though the four parts of the flower have
different names and forms and uses, they have fundamentally a
common nature, for they are all leaves, transformed in various
ways and combining to fulfil the plant’s chief end—that it should
produce seeds which will develop into full-grown plants and bear
next year’s flowers. All the differences in the form and position
of the floral parts, which give individuality and character to differ-
ent flowers, may be referred to the variety of means employed
for securing the transference of pollen, which precedes fertilisa-
tion. Perhaps nowhere else in nature can we see so clearly the
fineness with which two organisms—flowers and their insect vis-
itors—are fitted to each other.

But while on the whole the variety of bright flowers corre-
sponds to the variety of insects that visit them, or to the different
ways in which one insect may work, it is not true that insects
alone are important in carrying pollen. There are flowers in the
Tropics pollinated by humming-birds; a few of our native flowers,
for example those of the golden saxifrage, are pollinated by
slugs; aquatic plants, the grasswrack of the sea as well as the
pondweeds and others of fresh water, have water-borne pollen.
These are relatively small classes, but rivalling the insect-pollin-
ated plants in numbers are all those plants with inconspicuous
flowers, trees and grasses, which are pollinated by the wind.
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If the supply of food gives the insect a material inducement
to frequent flowers, colour and fragrance guide the visitor in
choosing its particular source of supply. The golden standard
of the broom, the glowing purple of the sage, heather, or thyme,
the massed yellow flower-heads of sunflower or marigold, the
white expanses of hedge-parsley and hawthorn, are illuminated
signs advertising the goods within. That insects can distinguish
between different colours is still a little doubtful, for it is not
easy to discriminate between colour as such and the intensity of
light reflection. To our senses colour is the most prominent
feature of the flower, but to the insect scent may be more im-
portant. We know that insects can perceive odours to us quite
imperceptible; it may be that they can discriminate between
scents which to our coarser senses are the same.

While colour and scent are the guides, floral structure deter-
mines what insects can profitably visit a particular flower, and
often decides the manner of the visit. Thus a flower like the
hedge-parsley has its nectar freely exposed so that flies and such
short-tongued insects can easily reach it; the nectar cup being
shallow all may drink, and flies wander about over the inflor-
escences distributing pollen indiscriminately. But in a flower
like the sage the nectar is concealed at the bottom of the deep
corolla tube; it can be reached only by long-tongued bees, and the
bee must enter the flower in one particular way. The lower lip
forms a landing-stage to which it clings; it thrusts head and
thorax into the corolla throat, pushing against the lower ends of
the two pivoted, lever-like stamens, the upper ends of which swing
down and dust the bee’s back with pollen at a definite point. On
subsequently visiting a somewhat older sage flower the bee first
pushes against the forked stigma, which at this stage projects
from the hooded upper lip, and so the pollen from one blossom is
deposited on the stigma of another of the same kind. In such a
flower as the sage, pollination can take place only in a perfectly
definite fashion. Thus, small flies cannot work the lever of the
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stamens: they are of no use to the plant, and in fact they are

prevented from reaching the nectar by a circle of stiff hairs half-

way down the corolla tube, a palisade which they cannot
- penetrate.

Such refinements are especially characteristic of those highly
specialised flowers which, like the sage, the orchids, the toad-flax,
and the broom, possess bilateral symmetry. This permits of the
formation of a landing-stage for heavy insects, and also leads to
adaptations which keep the visitor to one path. These adaptations
are well fitted to secure cross-pollination, which is advantageous
as regards both quantity and quality of seed. Insect-pollinated
flowers are not always bright. Thus the cuckoo-pint attracts flies
by a carrion stench, perhaps also by the lurid purple of the club of
its flowering axis. The flies are trapped among the female flowers
by a circle of hairs (modified stamens) inside the base of the
hood. They are liberated by the withering of the hairs, when
the staminate flowers are ripe; dusted with pollen, they then
escape to other plants.

There are fruits, for example, the banana, which ripen with-
out pollination. There are even cases, like the brambles and the
hawkweeds, where the sexual process has been so completely
dispensed with that seeds are formed without fertilisation. But
usually pollination is a necessary preliminary to fruit and seed
production alike. Sometimes, when a plant is grown in a foreign
country, artificial pollination must be resorted to; the marrows
and peaches in our gardens and hot-houses are commonly pollin-
ated by hand. The red clover never set seed in New Zealand
till the humble-bee, to which it is adapted, was introduced.

Wind Pollination

In wind-pollinated plants the adaptations run on different
lines. The pollen is dust-like and is produced in enormous quan-
tities, for the chances of a grain borne in the air reaching the
stigma of a flower of its own species are remote. The grains are

e o E—— |
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Photo: James's Press Agency.
CUCKOO-PINT (Arum maculatum)
The flowers are hidden in a large green hood or spathe, in the mouth of which can be seen the club-like end of the floral
axis. Thisclubattracts flies by itslurid colour and its fcetid smell. A kind of arrow-root has been obtained from the root, but
it is difficult to separate it from the poisonous juice.

Photo: J.J. Ward.
GOAT'S-BEARD (Tragopogon prasense)

Two of the seed-like fruits are seen floating in the air sus-
tained by their parachutes of firm stiff hairs. The flowers of
this plant close before midday, and it is often called Jack-go-
to-bed-at-Noon.



Photo: F. R. Hinkins & Son.
CUCKOO-PINT (Arum macula'um)

Part of the sheath has been cut away to show the little
flowers inside. The female flowers, at the foot, are mature
before the male flowers. Small flies are trapped by the ring of
hairs, which are modified stamens. When the fertile stamens
have shed their pollen the hairs wither and the flies escape,
carrying the pollen to other flowers.

Photo: F. R. Hinkins & Son.
CARLINE THISTLE

The enormous success of the plants of the thistle family is
largely due to the effectiveness of their method of seed distribu-
tion. The lightest breeze is sufficient to raise thistledown and
to carry it over long distances.
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small and light; in the pine they are provided with two little blad-
ders, the better to float in the air. Conspicuous corollas are use-
less; they would even be a hindrance, catching the flying pollen
and preventing it reaching the stigma. The corolla has almost
entirely disappeared, the wind flower is small and inconspicuous.
The stamens hang far out of the flower on slender filaments,
dangling in the air, shaken by every gust. The stigmas, too, pro-
trude—the crimson filaments, of the hazel, the feathers of the
plantain, the brushes which hang from the grass ear—winnowing
the air for drifting pollen.

Cross-pollination is secured by having male and female flow-
ers on separate plants, as in the poplar, or by ripening the stamens
and stigmas at different times, as in the grasses and plantains.

Cross-Pollination: its Meaning

Cross-pollination is of great importance to the progress of
evolution. By it the various new characters which are always
cropping up in different plants of a species are combined and
recombined, so that an infinite number of races is produced for
the sifting process of natural selection to work on. By cross-
breeding, in nature as in the garden, the advance of evolution is
speeded up. There are also cases where cross-pollination secures
a stronger progeny; the maize is a notable example, and one
thinks of Darwin’s primroses. But it seems that this is due to
a re-arrangement of the hereditary complex, and not to any
essential stimulation. There are certainly many plants which get
on very well without cross-pollination, and there are many others
which are adapted to secure self-pollination if the cross fails.

The abundant well-filled capsules which ripen among the
leaves of the sweet violet in autumn are not the product of the
spring flowers, so well adapted for insect visits but somehow so
seldora visited ; they come from flowers hidden among the leaves, .
little green buds which never open, the stigmas of which receive
pollen from the stamens of the same flower.
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Significance of the Seed

The seed is generally considered the reproductive body of
the flowering plant, but if we consider the process outlined above
we see that the true reproductive bodies are the egg-cell and the
sperm-cell. When the egg-cell is fertilised by the sperm-cell the
initiation of a new individual is complete. All subsequent events
are stages in the development of that individual; the seed is
merely a phase, at which development has been temporarily
arrested.

This arrest, the formation of a seed, has two functions. It
provides for a dormant period and it provides for distribution.
Delicate leaves and shoots are not fitted to withstand extreme
conditions, whether the rigours of the northern winter or the
prolonged drought of more arid climates. The resistant leaves
of the evergreens persist through the cold months, but broad-
leaved trees shed their leaves and present bare branches to the
storms; herbaceous plants die down, persisting underground as
root-stock, rhizome, and bulb, buried deep from the cold. But
the seed is the most striking resting phase in the plant’s life-
history. Dried up, its vital activities are reduced to a minimum;
its close-textured coats protect it; it can resist temperatures far
below any occurring in the coldest winter; it can withstand con-
siderable heat; many seeds preserve their life for decades. The
seed can carry the plant over the most unfavourable conditions of
nature; for many plants it is the only resting and resistant stage.

As important is the function of distributing the individuals
of the race. Fixed in the soil as soon as it germinates, the plant
can travel only at this specialised stage of its career. So the ripe
seed is cast loose from its parent.

§ 10
The Travels of Plants

Plants travel in many ways. As the pod of the broom ripens,
the drying tissues contract at different rates, and internal strains
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are set up. There comes a point, usually when the sun is hot,
when the junction of the valves gives way, and, with a little
report, they flick into spirals, jerking the seeds out to a distance
of some feet. It is not far, but it is far enough to prevent that
immediate overcrowding which would occur if all the harvest
of the bush fell straight to earth. Then the seeds may be carried
away by ants for the sake of their little orange oil bodies; these
travel further, and if they come to be buried, not too deep, in an
anthill, their chance of germinating in favourable conditions is
rather increased. .

Many plants depend on animals for seed distribution. The
burr of the goose-grass is a dry fruit covered with hooked spines,
which catch in the coat of a passing sheep or rabbit. The water-
fowl lifts a little dab of mud as it rises and flies to a fresh marsh.
In the mud there may be a dozen seeds. But most conspicuously
adapted for animal distribution are the fleshy fruits, attracting
by their colour and rewarding by their food-value. The seeds of
such fruits—apple, cherry, gooseberry—are protected by very
resistant coats, and pass undigested through the animal’s food-
canal. The germinating seedling benefits from the circumstances
of its deposition. The thrush eats the berries of the mistletoe,
and wipes the seeds off its bill on to the bough on which it sits.
The seeds adhere firmly to the branch as the glutinous juice
dries, and in the following spring germinate in the position they
require. '

Movements of wind and water carry seeds to great distances.
Darwin showed that many seeds can float on salt water for weeks
or even months and germinate at the end. By ocean currents
the vegetation of strand and mangrove swamp has spread through
great regions of the Tropics. It is probable, too, that seeds of
inland plants washed down rivers, stuck in crevices of sticks, have
crossed the seas and colonised new countries.

The wing of the maple fruit, of the pine seed, of the ash,
allows the burden it supports to volplane through long distances
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as gusts of wind lift and scatter. Still more effective are the
tufts of hair which crown the fruits of dandelion and thistle with
down, or the seeds of willow, cotton, and willow-herb. A light
fruit like that of the groundsel is sustained in the air by the
gentlest of currents. It has even been suggested that the eddy
caused by the sun’s rays striking the white tuft, and warming the
atmosphere round it, is sufficient to lift the seed in perfectly
calm air.

It is not surprising that plants which drift in currents of
water and air should be widely distributed. The duckweed, float-
ing in slow streams, carried on the feathers of aquatic birds, is
cosmopolitan. The groundsels, an immense genus with over 2,000
species, took their origin in the Bolivian Andes. Evolving new
species on their way, they travelled along the great mountain
chains till they covered the earth. Beside such wanderings the
feats of a Marco Polo, even of a De Rougemont, pale.

Vegetative Multiplication

Gardeners often propagate plants by methods which dis-
pense with seeds. They use slips and cuttings, they graft and
bud. The success of the cutting depends on the ready formation
of roots from near the cut surface; to go a little deeper, it
depends on the loose integration of the plant’s organs, on the
power of independent existence possessed by separated parts.
In the case of grafting there must be added the faculty of uniting
with the tissues of the stock. This is not true reproduction; here
is no fresh start from a fertilised egg-cell. We may call it vege-
tative multiplication.

In nature similar processes are of frequent occurrence. The
runners of bugle or silverweed take root and grow into new
plants, separated in time from the parent by the death of the
connecting pieces. Rhizomes of the bracken, anemone, or couch-
grass, branch, and the branches become separate plants. Bulbs
and tubers, as of the scilla and lesser celandine, bud off young




Crown or Rind grafting. Splice grafting. Cleft grafting. Saddle grafting.

In-arching. Whip grafting. Notch grafting.
Photo: F. R. Hinkins & Son.
METHODS OF GRAFTING

The fact that the growing tissues, or cambiums, of two stems can unite intimately makes it possible to graft one plant on
another, if the two are fairly closely related. We are able thus to supply a fine fruit or flower with abundant water and salts
from a vigorous stock.



Photo: The Fleet Agency.
TREE SURGERY
Modern tree surgeons prolonging the life of valuable trees by chiselling out the decayed part. After treatment with disin-

fectant and water, the cavity is filled with a concrete preparation. This is possible because the pulk of the central wood is not
necessary for carrying water and may be removed if the tree is mechanically strong enough. The removal of the decayed part

prevents infection spreading.
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plants. Water plants branch vigorously, and the branches, torn
apart, start life on their own. The water thyme, introduced from
America to two or three places in England in the forties, is now
spread over the whole country; at various places and times it has
been a serious menace to navigation. This enormous multiplica-
tion has been entirely vegetative. The male and female flowers
are formed on different plants, and only the female was brought
to England. In its eighty years’ colonisation it has never set
seed. A

Such plants seem to have entirely dispensed with the process
of sexual reproduction. Whether they can go on indefinitely or
whether, for continued vigour, sexual union must take place now
and again, we do not know. It is remarkable that so important
a food plant as the banana has been multiplied vegetatively for
hundreds or even thousands of years.

Reproduction of Lower Plants

In the lower plants the reproductive processes are very
different from those of the flowering plants. The cone-bearers
—yew, pine, fir, cedar, juniper—produce seeds which are not
enclosed in a fruit; the ovules are exposed on the surface of the
cone scales. Even the “berry” of the yew is merely a fleshy out-
growth only partly covering the seed.

A degree lower we come, among existing plants, to the ferns
and their allies, the club-mosses and horsetails, and these bear -
no seed.

On the back of the frond of a fern are to be seen little
clusters of spore-cases, each of which contains numerous spores.
A spore is a reproductive body consisting of a single cell. When
it germinates it grows, not into a fern plant, but into a green
blade or prothallus a quarter of an inch long. On the lower
side of this prothallus are formed sexual reproductive organs,
producing egg-cells and sperms. The sperm is provided with
cilia, and lashes itself through the films of surface moisture to
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the egg-cell, which it fertilises. The fertilised egg-cell develops
into a new fern plant. A single cycle of the life-history of the
fern is divided into two phases, a sexual prothallus and an asexual
spore-bearing fern plant. There are two alternating generations.
The mosses, a side branch of the evolutionary tree, show the same
features. The moss plant is the sexual generation; the capsule,
parasitic on its parent, is the spore-bearer. The resting distribut-
ing body is, in both mosses and ferns, the spore.

§ 11

The main line of evolution was that which led through the
fern-like plants to the flowering plants. There was evolved a
vegetative equipment suitable to life in moist soil and dry air;
absorbing root-hairs, roots, water-conducting tissues; light-
absorbing leaves, borne aloft on a branching stem. The method
of reproduction was gradually transformed till, in the flowering
plant, a stage has been reached where the original equipment is
barely recognisable. The plant is definitely emancipated from
the medium in which it took its origin; fertilisation is now pre-
ceded by pollination, and in providing for that the plant has
evolved, in relation to the insect, the flowers we know to-day.

The Fall of the Leaf

Some plants are annuals and some perennials. Once annuals
have flowered and the seed has been set, they wither and die.
Perennials live on for several seasons. In these, and in shrubs
and trees, reserve food stores of starch and oil are available in
spring for forming the new foliage. Lilies and onions store
reserve material, accumulated during the summer, in their bulbs.
Other plants store material in underground tubers, which may
be modified stems or roots. We may fitly close our study of
the living plant by picturing the fall of the leaf, which so often
marks the end of the year’s activity. We have taken the follow-
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ing passage from Professor J. Arthur Thomson’s Natural His-
tory Studies:

The life of the plant is like a tide; it sets in with a
flood in the spring, manifesting itself in growth of stem and
exuberance of foliage; it rises to the high-water mark, and
turns in summer when the blossoms burst and the flowers
shine forth; it is well on the ebb by autumn, bearing on its
breast all manner of ripe fruits and seeds, treasures to be
cast on the shores of another spring. Each of these tidal
periods, one may say, has its characteristic colour: green
and gold are the colours of early spring; orange, red, and
purple mark the full splendour of summer flowers; the
autumn, with its flame-like, often blood-like, withering
leaves, rivals all that has gone before. Is it not true to say
that the ebb-tide gleams with the glare of burning wrecks?

Throughout the summer the leaf has lived an intense
life, far more intense than we are inclined to give plants
credit for, building up with the aid of the sunlight no small
quantity of sugar and more complex carbon compounds,
which are laid up in reserve in various parts of the plant.
In autumn, however, the vitality is checked; the movements
of the sap become very slight; and the leaves begin to die.
It is partly that they are in some measure worn out by the
summer’s work, just as the bees are; it is partly that the
outer world has changed. It is well that they should die,
lest they begin to undo what they have so well done.

But before they die they surrender to the plant that
bears them all the residue of their industry that is worth
having. There is a gentle current of sugar and other val-
uable materials from the dying leaf into the stem before the
breath of approaching winter.

Virtually dead the leaves now are, empty houses, all dis-
mantled, with little more than ashes on the hearth. But
these ashes—how glorious! for in yellow and orange, in red
and purple, in crimson and scarlet, the withering leaves shine
forth. They are transfigured in the very article of death,
in the low beams of the autumn sun. The yellowness is often
due to the breaking up of the green colouring matter called
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chlorophyll; the brighter tints are due to the presence of
special pigments, which are by-products or waste-products
of the leaf’s intense life.

Finally, the leaves fall gently from the trees, or, after
writhing and rustling in the wind, as if loath to be separated,
are violently wrenched off and whirled along the ground.
But the tree is not really impoverished by the yearly loss
of its leaves, while they, on the other hand, weathered, faded
and torn, and mouldered by fungi, are buried by earth-
worms, to form, with the help of bacteria, the vegetable
mould in which are cradled the seedlings of another year.
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INTER-RELATIONS OF LIVING CREATURES

THE BALANCE OF NATURE—THE WEIRD WAYS OF PARASITES

ANY naturalists have had the vision of “the web of

life,” but none so vividly as Darwin. It was central

in his picture of Animate Nature. By ‘“the web of
life” we mean that no creature lives or dies to itself; that each
life is linked to other lives, often in obscure and unsuspected
ways. Everything, as the philosopher Locke put it, is a retainer
to other parts of the vast system of Nature.

Balance of Nature

We have seen that green plants feed on' air, water, and
dissolved salts; that by utilising the energy of the sunlight they
are able in the laboratory of the leaf to build these up into com-
pounds; and that on these products all animal life depends, either
directly in the case of vegetarian animals or indirectly in the
case of carnivores. There is a deep biological sense in which all
flesh is grass. This is one aspect of the Balance of Nature, that
there must be sufficient vegetable materials in an area to keep
the animals agoing. ,

Another aspect of the Balance of Nature has to do with
oxygen and carbon dioxide. Few people realise that the bulk of
the oxygen in our atmosphere has been formed by green plants,
which in the daylight are always splitting up carbonic acid gas
and liberating oxygen into the air. This oxygen is used by ani-
mals, and by plants as well, for keeping up the oxidation or

combustion of carbon compounds which living always implies.
643
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Nutritive Linkages

The system of Animate Nature involves nutritive chains,
one creature being dependent upon another for sustenance. Ani-
mals eat plants or other animals, or, in some cases, what plants
and animals have made, e.g. fallen leaves and stored honey. In
any case, there is a continual circulation of matter from one em-
bodiment to another. There is an endless cycle of incarnations.
The codfish eats the whelk, the whelk devours marine worms,
worms feed on the sea dust—meaning by that the microscopic
organisms that swarm in the waters. A cartload of bracken is
tumbled into a loch; it is acted on by bacteria which break it
down into particles and simpler substances; on these and on the
bacteria themselves myriads of infusorians feed; these in turn
are devoured by small crustaceans, and these are devoured by
trout. It is very important for practical purposes to discover
these nutritive chains.

The most insignificant plants and animals often play an
important part in the economy of nature, or what we call the
Balance of Life. Thus earthworms may seem to form a “despic-
able link in the chain of nature,” yet they are all-important.
Vegetation would fare ill without them. How well Gilbert White
(1777) appreciated their importance!

Earthworms, though in appearance a small and despic-
able link in the chain of Nature, yet, if lost, would make a
lamentable chasm. Worms seem to be the great promoters
of vegetation, which would proceed but lamely without them,
by boring, perforating, and loosening the soil, and render-
ing it pervious to rains and the fibres of plants, by drawing
straws and stalks into the soil; and most of all by throwing
up such infinite numbers of lumps of earth. . . . The earth
without worms would soon become cold, hard-bound, and
void of fermentation, and consequently sterile.

When he was a young student in Edinburgh, Charles Dar-
win began studying the work of earthworms, counting the num-




Photo: J.J. Werd.

BRANCHED HAIRS FROM THE BODY OF A HUMBLE-
BEE, WITH POLLEN-GRAINS ENTANGLED

The pollen, with which the humble-bees become dusted on

" their visits to the flowers, is used as food, and is often stored in

special * pollen-tubs'’ within the nest. But in securing pollen

for themselves the bees carry some of the grains from one blos-

som to another blossom of the same kind. Thus pollination is
effected in ‘‘bee-flowers.""

EARTHWORMS AT WORK

The agricultural activities of earthworms are fourfold. They bruise the earth in their gizzards and make soil-solution easier.
They make burrows which aerate the soil and open it up for rootlets and rain. They bury the surface with the castings which they
bring up, turning the soil round and round in the course of time. They also bury leaves, some of which are eaten, while others rot
away into vegetable mould. Darwin noted that they often deal with leaves in a very effective way; but in cases where they drag down
feathers their “instinct ' is probably working somewhat * blindly.”



Reproduced from Fabre's ' The Wonders of Instinct.”
’ A BURYING-BEETLE EXPERIMENT

A dead mouse is placed on the branches of a tuft of thyme. By
dint of jerking, shaking, and tugging at the body, the Burying-beetles
succeed in extricating it from the twigs and bringing it down.

Photo: J. J. Ward.

A FLOWER-HEAD OF CLOVER, SHOWING HOW THE FLORETS TURN DOWN OUT OF THE WAY AFTER THEY ARE POLLIN-
ATED OR FERTILISED BY THE VISITING BEES

The fourth flower-head shows only one floret left upstanding. In the last flower-head they have all turned down. Of all the
linkages in the web of life this inter-relation between flowers and their appropriate visitors is perhaps the most important.
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ber of holes in measured areas, weighing the castings brought up
on sample square yards, and estimating the number of leaves
they took down into their burrows. With his characteristic
-patience he continued the study all his life, and it was not till
1881, the year before he died, that he published his remarkable
book The Formation of Vegetable Mould through the Agency
of Earthworms, which proved that earthworms have made the
bulk of the fertile soil of the globe.

Let us take three or four of his statistics. In an acre of
British soil there are on an average 53,000 earthworms, and in
fine old fallow ground there may be half a million. On an
average, they pass 10 tons per acre through their bodies in a
year, and they have been doing this for many millions of years.
With their castings they cover the surface at the rate of 3 inches
in 15 years, and they are thus continually circulating the soil—
an age-long ploughing field which was so thickly covered with
hard flints that it was known as “the stony field” was left un-
touched for thirty years, after which, we are told, a horse could
gallop from one end to another without ever striking a stone.

Darwin sums up:

‘When we behold a wide, turf-covered expanse, we should
remember that its smoothness, on which so much of its beauty
depends, is mainly due to all the inequalities having been
slowly levelled by worms. It is a marvellous reflection that
the whole of the superficial soil over any such expanse has
passed, and will again pass, every few years, through the
bodies of worms. The plough is one of the most ancient and
most valuable of man’s inventions; but long before he existed
the land was, in fact, regularly ploughed by earthworms.
It may be doubted whether there are many other animals
which have played so important a part in the history of the
earth as have these lowly organised creatures.

Earthworms are thus great promoters of vegetation. They
also play their part in the disintegration of rocks, letting the

VOL. 111—6
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solvent humus-acids of the soil down to the buried surface. Their
castings on the hill-slopes are carried down by wind and rain
and go to swell the alluvium of the distant valleys.

Linkages Securing Survival

The most important linkage in the world is that between
many flowering plants and their insect visitors, as we have seen
(see Borany). The insects carry the fertilising pollen from one
blossom to another and bring about not merely fertilisation but
cross-fertilisation, which increases the yield and the quality of
the seed. Unless the egg-cell, inside the ovule inside the ovary of
the flower, be fertilised by a male nucleus from the pollen-grain,
the possible seed will not become a real seed capable of develop-
ment or germination. Some flowers, like peas, are self-pollinat-
ing; in some other cases, like pine-trees, the pollen is carried by
the wind, but most flowers are cross-pollinated by insects, and it
has been proved experimentally that cross-pollination is best.

Cats and Clover

In illustrating the linkage between flowers and their
welcome insect visitors (for there are others that do nothing but
harm), Darwin told the “cats and clover” story, which soon spread
round the world. Round a hundred heads of the purple clover
he put muslin bags, so that air got in and sunlight got in, but no
insects. From these hundred heads he got not a single real seed,
while from another hundred heads without muslin bags he
obtained 27,000 seeds. These heads had been visited by the
humble-bee, which effects cross-fertilisation. So the more humble-
bees the better next year’s clover crop.

But the nests of the humble-bees are rifled by the field-mice
or voles, which are fond of the delicate white grubs. Therefore,
the more field-mice the fewer humble-bees, and the poorer next
year’s clover crop.

But in the neighbourhood of villages there are fewer field-
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mice than in the open country, for the cats hunt them down,
killing them though they do not eat them. Therefore, the more
cats the fewer field-mice, and the fewer field-mice the more
humble-bees, and the more humble-bees the better next year’s
clover crop. It is easy to extend these “House-that-Jack-built”
stories. The more clover the richer the pasture for the cattle, and
the more roast beef for John Bull. The more kindly old ladies
there are in the village the more cats there will be, and this again
will favour the clover! Thus cats and clover and cattle are linked
together.

It has been stated that in some instances the purple clover
has seeded satisfactorily in the absence of humble-bees. This may
be due to the occurrence of self-pollination or to the visits of some
other insect which fills the humble-bee’s réle as pollinator. But
the main fact is well illustrated in the case of a country like New
Zealand.

The Case of Red Clover

When the farmers there first tried to cultivate the purple or
red clover, it failed to produce seeds, for there were no humble-
bees in the islands. Bees were introduced and they multiplied
apace; the raising of clover-seed became commercially profitable.
A subsequent importation of American species of humble-bees
with longer tongues, readily able to reach far down into the floral
tube, was followed by further improvement in the yield of clover-
seed. In one province, in 1912, an area of 610 acres was sown
with red clover and yielded an average of 158 pounds to the acre.

Distribution of Seeds

Hardly less important than the pollination of flowers is the
distribution of seeds, and again we may begin with a classic case
from Darwin. When birds get their feet wet, clodlets of earth
often form on them, and these may include the seeds of plants,
and, besides these, small animals or their larval stages. When the
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bird gets its feet washed clean at some other place the seeds are
liberated from the clodlets, and thus there is scattering of seeds.

Many facts [Darwin writes] could be given showing how
generally soil is charged with seeds. For instance, Prof.
Newton sent me the leg of a red-legged partridge (Caccabis
rufa) which had been wounded and could not fly, with a ball
of hard earth adhering to it, and weighing six and a half
ounces. The earth had been kept for three years, but when
broken, watered, and placed under a bell glass, no less than
82 plants sprung from it: these consisted of 12 monocotyle-
dons, including the common oat, and at least one kind of
grass, and of 70 dicotyledons, which consisted, judging from
the young leaves, of at least three distinct species.

When a bird is killed and rots away on the earth, or is buried by
sexton-beetles, the undigested seeds in its crop may, similarly, be
sown far from where they were gathered.

Ants and Seeds

Ants are particularly fond of seeds which have “oil-bodies” or
“food-bodies” on their coats, e.g. violet, bluebell, mignonette, and
fumitory. In some cases they eat only the external “food-body,”
so that the seeds thrown out from the ants’ nest may still germi-
nate. Moveover, in many cases the seeds are lost by the ants as
they are carrying them home. Proféssor F. E. Weiss placed the

seeds of gorse and broom, which have very distinct food-bodies,
on the ants’ tracks, and found that they were soon picked up, while

the seeds of various other plants were left alone. It is reasonable,
therefore, to conclude that ants assist in the distribution of gorse
and broom.

§1
Freshwater Mussels and Minnows

Another example of the way in which one creature depends

on another for the continuance of its kind may be found in the
1 Origin of Species, p. 328.




Photos: J.J. Ward. 1 2
RIPE FLOWER-HEAD OF THE GOAT'S-BEARD (Tragopogon pratensis)

(1) Ripe flower-head of the Goat's-beard (Tragopogon pratensis) commencing to open.
The flower-head in composite flowers, such as dandelion and thistle, consists of numerous
florets. At the base of each is a nutlet-like ovary, and in this, after pollination, a seed de-
velops. On each nutlet there grows a tuft of hairs (pappus), which serves as a parachute
when the fruits are ready to be scattered by the wind. In the Goat’s-beard the hairs of the
so-called pappus are hygroscopic, changing their position according to the moisture in the
air. (2) Ripe flower-head of the Goat's-beard a day later.

3 4 5

(3) Ripe flower-head of the Goat's-beard on the third day. (4) Ripe flower-head of the Goat's-beard on the fourth day. (5)
Ripe flower-head of the Goat's-beard fully expanded with the fruits ready to be floated away by the wind and thus sown, often at a
distance. Asthe flower-head is in process of ripening moist weather affects the pappus hairs in such a way that the whole inflorescence
closes up and is thus kept dry. Each parachute is like dandelion-down, beautifully constructed, and obviously suited for aerial
transport.



Photo: F. R. Hinkins & Son.
DRY FRUITS OF HONESTY (Lunaria biennis)
The séeds of this plant are scattered by the wind, and this is
facilitated by the delicate, translucent, papery membranes to

which these seeds are attached. Two of the seeds are seen in
the photograph as dark disks.

THE CROCODILE-BIRD AND ITS REPTILIAN PARTNER

" Inthis quaint external partnership the bird is benefited because it eats leeches and other parasites which it finds about the Croco-
dile's back and mouth. The Crocodile is benefited because the bird is very wary and flies away with loud cries when any danger
threatens.
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linkage between freshwater mussels and minnows. The eggs of
the freshwater mussel are produced about midsummer in Britain,
but they are not set free. They develop in a special brood-
chamber, the cavity of the basketwork-like outer gill. They turn
into pin-head bivalve larve called Glochidia, which are not allowed
to escape till early in the following year. Moreover, they are not
liberated unless a fish such as a minnow comes swimming slowly
past. When the larva are set free they swim in the water clap-
~ ping their valves together, exuding delicate gluey threads, and
making for the fish. Some lucky ones get attached to the min-
now and burrow a little into the flesh. Here they undergo a great
change and eventually drop off into the mud, often far from where
they were born. It is very striking to find that a Continental
fish, the bitterling (Rhodeus amarus), uses a long egg-laying tube
to inject its eggs into the freshwater mussel. The eggs develop
in the mussel’s gill-chamber, and the larval bitterlings spend some
time there before they find their way out. So the freshwater
mussel is dependent on some fish, and the bitterling is dependent
on the freshwater mussel! This is what is meant by linkage, and
scores of striking instances will be found in books that deal with
life-histories.

One Creature on Another

It often happens, especially in a crowded area such as the
sea-shore, that one animal settles down on the back of another,
as rock-barnacles on a crab’s shell or a tube-inhabiting worm on a
buckie. This mode of life is called epizoic, and it may be adopted
by plants as well as by animals. Thus seaweeds are often at-
tached to crabs and even to aged lobsters, and a green Alga grows
on the shaggy hair of the tree-sloth. It may be an advantage to
the epizoic animals or plants to be carried about by an active
bearer. To the bearer it is probably in some cases a burden; but
it is often quite indifferent; occasionally, as has been noticed in
the article on Disguise, it has a camouflaging utility.
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There is a vivacious plover that lives in an interesting
partnership with the crocodile, as Herodotus reported long ago.

Observant, inquisitive, excitable, clamorous, and gifted
with a far-reaching voice, it is well fitted to serve as watchman
to all less careful creatures. No approach, whether of beast
of prey or of man, escapes its suspicious observation; every
sailing-boat or rowing-boat on the river attracts its attention;
and it never fails to tell of its discovery in loud cries.!

This sentinel is at home on the sandbanks on the Nile where
the crocodiles are wont to rest. It often perches on the reptile’s
back, from which it picks leeches, and it will even jerk a morsel
of food from between the teeth. Dr. Leith Adams writes that
the Egyptians of to-day have put a tail to the account that
Herodotus gave of the partnership.

They say, that in addition to its office of leech-catcher to
the crocodile, it occasionally does happen that the zic-zac—
so called from its note of alarm—in searching for the leeches,
finds its way into the reptile’s mouth when the latter is bask-
ing on a sandbank, where it lies generally with the jaws wide
open. Now this is possible and likely enough, but the captain
of our boat added, that occasionally the crocodile falls asleep,
when the jaws suddenly fall, and the zic-zac is shut up in the
mouth, when it inmediately prods.the crocodile with its horny
spurs, as if refreshing the memory of his reptilian majesty,
who opens his jaws and sets his favourite leech-catcher at
liberty.?

There seem to be two of these crocodile-birds, both plovers,
the black-headed Pluvianus cegyptius and the spur-winged
Hoplopterus spinosus. This case must serve in illustration of
partnership, but we may mention the small horse-mackerels that
sometimes swim about under the shelter of a big jellyfish’s
umbrella, the beef-eater birds that perch on cattle and clean their

! Brehm’s From North Pole to Equator.
*Notes of a Naturalist in the Nile Valley, 1870.
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hide, and the pilot-fish that accompanies the shark. There is noth-
ing hard and fast in our grouping of these associations, and what
we have called partnership passes insensibly into something more
definite. Thus the little tiny pea-crab often lives within the horse-
mussel, finding shelter and apparently food as well.

It is naturally difficult to draw a firm line where shelter stops
and some sort of co-operation begins. There is a brilliant Indian
Ocean fish, about two inches long, called Amphiprion, that lives
in association with a large reef-anemone (Discosoma). It lives
among the tentacles of the anemone and retires into the food-
cavity on the slightest alarm. It dies when it is removed from the
sea-anemone. As Mr. Banfield says in his delightful My Tropic
Isle (1910), “it is almost as elusive as a sunbeam, and most dif-
ficult to catch, for if the anemone is disturbed it contracts its folds
and shrinks away, offering inviolable sanctuary.” The benefit to
the little fish is plain enough—it finds shelter and crumbs; but
is there any benefit on the other side? Many sea-anemones are
in the habit of stinging and seizing small fishes which intrude in-
quisitively or incautiously, but Discosoma does not seem to do
this to Amphiprion. It has been suggested that the brilliantly
coloured fish serves as a lure; it seems more likely that the move-
ments of the fish in and about the sea-anemone keep up useful
currents of water. '

§ 2

Commensalism

In a previous section reference has been made to an external
partnership, mutually beneficial, between two quite different
kinds of animals, which is usually spoken of as “commensalism,”
—meaning eating at the same table (con, together, and mensa, a
table) : the word is almost the same as companionship (eating the
same bread). Fine instances are found in the associations be-
tween hermit-crabs and sea-anemones. Certain kinds of hermit-
crabs place sea-anemones on the back of the buckie or other shells
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which they have commandeered for the shelter of their flabby tails.
There may be three or more sea-anemones on the top of a big shell.
The advantages to the hermit-crab are that the anemones mask
its real nature and that they can sting. In certain crabs a sea-
anemone is actually fixed on each of the great claws, as if the
crustacean made a weapon of the polyp. The advantages to the
sea-anemones are that they are carried about and that they get
morsels from the hermit-crab’s meals, which are many. In this
mutually beneficial partnership there are several points of much
interest. Thus a hermit-crab deprived of its partner was seen to
stalk about restlessly, ill at ease until it obtained another of the
same kind. When a hermit-crab has grown too large for its
borrowed shell it has to flit. This means leaving the sea-anemones
behind, but the hermit-crab has been seen removing them from the
relinquished shell and establishing them on the new one. A sea-
anemone removed from its partner was seen, after a while, to
fasten itself to the leg of a passing hermit-crab and gradually
move on to the top of the shell. In certain cases the sea-anemone
is never seen apart from the hermit-crab, and vice versa.
. Getting away from marine animals, we may notice that asso-
ciations which may be called commensalism are well known among
insects. Thus Mr. William Beebe has recently described a minute
blind cockroach (Attaphila) that lives in the subterranean nests
of the Atta leaf-cutter ants. They clean the bodies of the giant
soldier-ants and seem to do no harm in the nest. We need not
refer to other instances of commensalism which have been

mentioned elsewhere in this work. We have also had occasion to

refer to examples of symbiosis.

Symbipsis
The term symbiosis, which simply means living together
(syn, together, and bios, life), has been earmarked for mutually

beneficial internal partnerships between two organisms of dif-
ferent kinds. Thus a green Alga lives inside the little marine
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worm called Convoluta, and makes the worm a sort of plant-
animal, and a very sucessful association it is.

The Double Life of Lichens

It was the great botanist De Bary who first applied the term
symbiosis to the partnership illustrated by those strange encrust-
ing plants called lichens which are so familiar on trees and rocks.
They are even stranger than they look, for they are double-plants,
as we have seen (see p. 610).

It is impossible not to be interested in lichens, pioneers in soil-
making, sheltering and feeding those animals that are the outposts
of life’s ceaseless campaign, but is not their supreme interest
that they represent a very distinctive adventure in evolution—the
adventure of symbiosis?

The Seamy Side of Heather

Everyone knows that heather grows well on poor and un-
promising soil where relatively few other plants will thrive. The
water of the moorland is apt to be in such an acid state that the
roots of plants cannot use it. The nitrogenous supplies in the soil
are unavailable because bacteria do not flourish in peaty environ-
ment. The same is true of earthworms, which make soil elsewhere.
What, then, is the heather’s secret, for it certainly thrives on
mountain and moorland? It has a partner-fungus that sends its
threads or hypha not only into the cells of the root, but through
and through the stem and leaves, and even into the seed-box. The
fungus acts as the intermediary between the heather and the soil;
it absorbs water and organic material; it is perhaps able in some
measure to fix atmospheric nitrogen. In any case, the heather
has been able to effect a compromise with what was probably, to
start with, a predatory intruder; indeed, the compromise has gone
so far that the heather cannot thrive without its partner. As Dr.
Rayner says, the heathers “have solved the problem of growth on
poor and unpromising soils, but have solved it at the price of their
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independence.” The infection of the heather seems to take place
shortly after the germination of the seeds, and it is a remarkable
fact that the seedlings do not develop roots in a pure sterilised
culture where there is no partner-fungus. But infection with the
right fungus brings about normal development. The heather’s
health and continuance depend on its symbiosis with a Fungus.
More information in regard to these partnerships will be found in
the article on Borany.

3
Man and the Web of Life §

If the world of living creatures is a vast interlinked system,
the fact must be carefully appreciated by everyone who would
operate on Animate Nature, and that is what Man is always
doing. If he is to control Nature, he must first know and then
respect the web of life. By ignoring it or defying it, Man has
brought much trouble upon the earth. Let us consider some
illustrations of his mistakes and of his achievements.

1. Man is a distributor of plants and animals. About 1860
he took rabbits to Australia, and there, in the absence of their
natural enemies, these adaptable creatures (though they will not
take to Ireland) multiplied excessively and turned vast areas of
fertile country into barren desert. Over a dozen times the Euro-
pean sparrow was introduced into the United States, partly in
the hope of checking the elm-tree caterpillars. This it did in some
measure, but only to become itself a greater pest, doing much
damage to the crops and driving away native insectivorous birds.
The annual cost to the States amounts to a prodigious sum.

Of course, man is not always doing such stupid things. He
imports fruit-trees into South Africa and wheat into America; he
establishes turkeys from Mexico in Europe and sheep from Scot-
land in New Zealand. It must be noted, however, that his suc-
cesses have been greatest with domesticated animals and cultivated
plants, over which he had previously established some control.




Photo: J. J. Ward.
THE MITE (GAMASUS) THAT 1S CARRIED ABOUT BY THE DOR BEETLE (GEOTRUPES)
(shown in the upper inset.)

There may be over a score on one beetle, moving about and hanging on by means ot their four
long curved and clawed legs. The photograph shows the under surface of the mite. As usual
there are two pairs of mouth-parts, the nipper-like chelicera and the pedipalps. This mite is blind.



Photo: F. R. Hinkins & Son.
A COMMON BRITISH LICHEN (Evernia Prumnastri)
It grows on trees and old palings, and is greenish-grey above, white beneath, with strap-like branched fronds. The fungus

partner absorbs the rain-water and may get something in the way of inorganic'salts from the surface of its support.
The alga partner, which consists of green cells, manufactures carbohydrates. These are utilised by the fungus.
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2. Man has sometimes brought about very unfortunate re-
sults by encouraging, rather than directly extending the range of
certain living creatures. Thus by careless and unthrifty ways of
dealing with refuse and crumbs of all sorts, he has encouraged the
multiplication of rats to an extent that is ominous, to say the least.
Many millions of brown rats are at present being supported in
Britain alone, and the damage is not confined to the destruction
of all sorts of stores; they foul much more than they eat. Further-
more, they harbour a dangerous human parasite, Trichinella spir-
alis, which has the pig as its second host, intermediate between rat
and man. Again, the microbe (Bacillus pestis) of the bubonic
plague of India, once known as “the black death” in Britain, is
more or less at home in the rat, and is imbibed by the rat-flea along
with its meals of rat’s blood. From a dead rat the fleas jump
away, and an infected flea may inoculate a man with the bacillus
of the plague. Nothing could better illustrate the intricacy of in-
ter-relations, and the instance becomes still more picturesque when
we notice the report that plague is distinctly less frequent in those
Indian villages that abound in cats. For the more cats the
fewer rats, and the fewer rats the fewer rat-fleas, and the less
plague.

3. In many cases man’s disturbance of the Balance of Nature
is just the tax that has to be paid on a laudable achievement. The
potato-beetle, or Colorado beetle (Doryphora decemlineata),
which has occasionally shown face in Britain, used to be restricted
to the central west of North America, where it fed on the deadly
nightshade, and did not multiply greatly, being kept in check by
natural enemies. But the introduction of the potato plant (a
relative of the deadly nightshade) and the great extension of
potato-fields year after year gave the beetle a chance for prolific
multiplication. It spread gradually eastward, and its enemies
could not any longer keep it in check. Year after year it con-
tinued its eastward march until it reached the Atlantic seaboard.
Many counteractive methods have been tried, but the Colorado
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beetle remains unconquered, and continues to levy a very serious
toll. Yet no one can say that man was much to blame.

4. Occasionally man’s knotting of the web of life is ac-
cidental, as in the diagrammatic case of the Gipsy Moth (Ocneria
dispar), which a naturalist, Trouvelot by name, imported about
1869, for some scientific purpose, from Europe to Massachusetts.
By an accident some of the caterpillars got free, and although
Trouvelot did all he could to avert the consequences he did not
succeed in retrieving all the escapes, and the Gipsy Moth “caught
on.” Along with another introduction, the Brown-tail Moth, it
continues unconquered to do terribly destructive work in defoliat-
ing trees in the States.

But let us look at a brighter picture. In his valuable book
on Organic Evolution (1917) Professor R. S. Lull writes:

One instance where Nature’s balance has been restored
after being upset by human interference is in the case of a
scale insect accidentally introduced into California from
Australia on some young lemon-trees. This multiplied until
it became a most pernicious pest which various mechanical
remedies failed to control. Search was made in Australia,
and a natural enemy, a lady-bug, was brought over to Cali-
fornia, with the result that the scale was not only reduced but
almost completely eliminated. It was then found that the
lady-bug depended upon the scale for food to such an extent
that it died in turn, and now protected colonies of scale
insect and lady-bug are kept in readiness to control future
outbreaks of the pest.

This importation of a natural enemy to counteract the de-
structiveness of an introduced alien has been tried in a number of
cases with great success.

5. Sometimes man disturbs the Balance of Nature by elimin-
ating, not by fostering.

There is an Australian story which reads as if written
for our instruction. On certain Murray River swamps




Photo: J.J. Ward.
FEMALE FLEA OF RAT (Magnified so diameters.)

The flea is a wingless insect, with great powers of leaping, as the length of the legs suggests. Unlike
most insects it is much taller than it is broad. The male is much smaller than the female. The eggs arelaid
in crevices, and there the metamorphosis, through larva and pupa stages, is accomplished. The larva eats
fragments of organic matter. When an adult flea bites man it injects a secretion from its mouth, and this sets
up irritation. But the piercing mouth-parts may have been contaminated with microbes, and these increase
the irritation or may produce disease. Thus when the rat-flea of warm countries has been biting a rat whose
blood contains the bacillus of the plague, it may proceed to bite man and infect him.
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several species of cormorants used to swarm in thousands,
but ruthless massacres, ordered on the supposition that the
birds were spoiling the fishing, reduced them to hundreds.
But the fishing did not improve; it grew worse. It was then
discovered that the cormorants fed largely on crabs, eels, and
some other creatures which devour the spawn and fry of the
desirable fishes. Thus the ignorant massacre of the cor-
morants made for the impoverishment, not for the improve-
ment, of the fishing. The obvious moral is that man should
get at the facts of the web of life before, not after, he has had
recourse to drastic measures of interference with the webs of
life.?

The Importance of Birds

One of the risks to which the Balance of Nature is exposed is
the multiplication of insects. There are so many of them and they
are so prolific. Their over-population is often disastrous for a
time in a limited area, as is familiar in an invasion of locusts; but
this is obviated as a worldwide catastrophe by the changeable
weather and by insectivorous animals. Among these the place of
first importance must be given to insect-eating birds. It is not
possible to make precise calculations, but some experts have said
that siz to ten years without birds would suffice to bring our
whole system of Animate Nature to an inglorious end—a vast
hecatomb of insects—devouring and smothering one another.
This is the biological reason for opposing the destruction of insect-
eating birds except under careful scrutiny. That they are irre-
placeable masterpieces of beauty is another reason of a different
order but not less cogent.

One cannot pretend that the question of elimination is easy;
one .can only plead that wholesale massacres should not be
permitted without the most careful consideration. Poisonous
snakes are proscribed, but is it clearly understood that their
destruction implies a multiplication of mice and other “vermin”

* Thomson in Dendy’s 4nimal Life and Human Progress, 1919, p. 88.
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on which many snakes feed? Anti-squirrel clubs have been
started because of the damage done to young trees. A price is
put on the beautiful rodent’s head, and the heads come tumbling
in. Sometimes, however, the squirrel club has had to be dissolved,
because of the over-multiplication of wood-pigeons, which eat
enormous quantities of grain, and may mean a serious loss to the
farmer. The usually vegetarian squirrel levies toll on the young
squabs of the wood-pigeon.

Just as man encourages rats without wishing to, so he dis-
courages wild things without meaning to. Agriculture spreads;
marshes are drained; forests are cleared; the stretch of wildness
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