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                                        EBTRACT FROM THE DEED OF TRUST, ES-TABLISHING THE HORSE LECTURESHIP."THE general subject <strong>of</strong> the Lectures, I desireto be:"<strong>The</strong> relation <strong>of</strong> the Bible to any <strong>of</strong> the <strong>Science</strong>s,as Geography, Geology, History, <strong>and</strong> Ethnology, thevindication <strong>of</strong> the inspiration <strong>and</strong> au6henticity <strong>of</strong> theBible, against attacks made on scientific grounds,<strong>and</strong> the relation <strong>of</strong> the facts <strong>and</strong> truths containedin the Word <strong>of</strong> God, to the principles, methods <strong>and</strong>aims <strong>of</strong> any <strong>of</strong> the <strong>Science</strong>s."Upon one or more <strong>of</strong> these topics a course <strong>of</strong> tenpublic Lectures shall be given at least once in two orthree years, by a Lecturer, ordinarily to be chosen twoyears in advance <strong>of</strong> the time for delivering <strong>of</strong> theLectures." <strong>The</strong> appointment <strong>of</strong> the Lecturer shall be by theconcurrent action <strong>of</strong> the Founder <strong>of</strong> the Lectureship,during his life, the Board <strong>of</strong> Directors, <strong>and</strong> the faculty<strong>of</strong> said Seminary.

                                                    

                                                    viEXTRACT FROM DEED OF TRUST."<strong>The</strong> funds shall be securely invested, <strong>and</strong> the in-terest <strong>of</strong> the same shall be devoted to the payment <strong>of</strong>the Lecturer, <strong>and</strong> to the publication <strong>of</strong> the Lectureswithin a year after the delivery <strong>of</strong> the same."<strong>The</strong> copyright <strong>of</strong> the Lectures shall be vested inthe Seminary."(Signed)SAM~EL F. B. MORSE.

                                                    

                                                    LECTURE VII.Mm's PLACE IN T~IE WORLD.Human organism modelled on the same plan as lower organisms-Prevailingopinion opposes an attempt to refer allhuman activity to organism-Religious thought not directlyinvolved-<strong>Science</strong> must include the study <strong>of</strong> humanlife-<strong>Science</strong> by discovery <strong>of</strong> the structure <strong>and</strong> functions<strong>of</strong> the nerve s~stem has explained many phases <strong>of</strong>action formerly regarded as voluntary-<strong>The</strong> contrast remainsbetween muscular action <strong>and</strong> human conduct-Acquired aptitudes -Intellectual superiority - Hsckel'ssuggestion <strong>of</strong> " mind cells "-Adverse evidencle-Nervecells, varied sizes, the largest found in the spinal canal, aswell as in the brain-Government <strong>of</strong> human conduct--Man's application <strong>of</strong> a higher law-Benevolence, as anillustration-Contrast with struggle for existence-Man'sideal law, constituting the ought in human conduct. . . . . . 239LECTURE VIESummary <strong>of</strong> recent scientific conclusions with which religiousthought is to be harmonized-Religious conceptionsas to divine interposition, in their relation to fixed law-MIRACLE-Its place as evidence for the Messiahship <strong>of</strong> JesusChrisGCredibility <strong>of</strong> miracles-Our Saviour's miracles-<strong>The</strong>irbenevolent purpose as bearing on their evidentialvalue-How related to the laws <strong>of</strong> naturo-Incapable <strong>of</strong> explanation by these laws-<strong>The</strong>y do notconflict with these laws in any intelligible sense-Meaning<strong>of</strong> the old formula, "a violation <strong>of</strong> the laws <strong>of</strong> nature"-Importance <strong>of</strong> the scientific position that violation <strong>of</strong>natural law is inconsistent with our knowledge <strong>of</strong> thegovernment <strong>of</strong> the world-Method <strong>and</strong> result in miracleworking,as related to natural law-Explanation <strong>of</strong> the antagonism<strong>of</strong> scientific thought to the conception <strong>of</strong> miracle

                                                    

                                                    CONTENTS. S%-PRAYER-HOW its answer st<strong>and</strong>s related to natural law-<strong>The</strong> cruder thoughts concerning the province <strong>of</strong> prayer-All law, fixed law, whether physical, intellectual, or moral-<strong>The</strong>selaws a harmony-It is in recognition <strong>of</strong> this,with subordination <strong>of</strong> physical to moral, that the spirit <strong>of</strong>prayer lives-Fixed law is concerned with varying conditions,<strong>and</strong> with varying results-Interpretation <strong>of</strong> "fixedlaw9'-Dependence <strong>of</strong> physical results on moral action-That there are two spheres is no help out <strong>of</strong> difficulty-Nothing in scientific teaching to warrant denial <strong>of</strong> the doctrinethat God interposes for moral ends-Warrant forprayer rests on a divine promise, involving moral conditions-Toask evidence <strong>of</strong> its answer, irrespective <strong>of</strong> theseconditions, is to seek evidence in neglect <strong>of</strong> that which isessential for the result-<strong>The</strong> answer <strong>of</strong> prayer must be inall cases more an evidence <strong>of</strong> divine righteousness then itis <strong>of</strong> divine power.. 276...................................APPENDIX............................................................................................................................................................................................................................................................................................................................................I. <strong>Relation</strong>s <strong>of</strong> <strong>Science</strong> <strong>and</strong> <strong>Religion</strong>.. 31311. Spontaneous Generation.. 313111. Energy <strong>and</strong> Force.. 314IV. All Organized Existence is Constructed on a CommonPlau 314V. Embryology 316VI. Non-advancement <strong>of</strong> Lower Orders.. 319VII. Protoplasm. 319VIII. Number <strong>of</strong> Species <strong>of</strong> Insects.. 320IX. Fertilization <strong>of</strong> Flowers by Insects.. 320X. Ants 320XI. Likeness <strong>of</strong> the Ape's Brain to the Human Brain.. ... 321XII. <strong>The</strong> Large Sized or Multipolar Celk. 322XIII. <strong>The</strong> Conception <strong>of</strong> Duty.. 323

                                                    

                                                    530 BROADWAY, NEW YORE,OCTOBER, 1880.NEW BOOKSAND NEW EDITIONS OF IMPORTANT BOOKS,PUBLISHED BYROBERT CARTER & BROTHERS.*** Any Book in this Catalogue, not to? lavge to go by mail, will be sent postagep~epnid, on recezpt <strong>of</strong> the p~ice.<strong>The</strong> End <strong>of</strong> a Coil. A Story. By the author <strong>of</strong> the "Wide WicleWorld." 717 pp. $1.75.My Desire. A Tale. By the author <strong>of</strong> the "Wide Wide World." .$1.75.Christie's Old Organ, Saved at Sea, <strong>and</strong> Little Faith.In one volume. $1.00.Cllrist ancl His <strong>Religion</strong>. By Rev. John Reid, author <strong>of</strong>'' Voices <strong>of</strong> the Soul," &c. $1.50.<strong>The</strong> Sun, Moon, <strong>and</strong> Stars. By Agnes Gilberne. >lustrated.12mo. $1.50.<strong>The</strong> Gentle Heart. By Rev. Alex. Macleod, D.D., author <strong>of</strong>" Wonderful Lamp," &c. $1.25.<strong>The</strong> Cup <strong>of</strong> Consolation ; or, Bright Messages for the Sick-Bed. $1.25.Pn Christo. By J. R. Macdue D.D.Family Prayers. Ey J. Oswald Dylrcs, D.D.Voices <strong>of</strong> Hope <strong>and</strong> Gladness. By Ray Palmer, D.D $1.60.Modern Scottish Pulpit. Sermons by Scottish Ministers.8vo. $1.50.Murdock's Mosheim's Ecclesiastical History. A cheapedition. Three volumes in one. 1,461 pp. $3.00.

                                                    

                                                    2 BOOKS PUBLISHED BYNora Crena. By L. T. Meade. $1.26.Andrew Harvey's Wife. By L. T. Meade. $1.26.* Pool's Annotations. 3 vols. Royal 8vo. 3,077 pages. In cloth.Price, $7.50. (Half the former price.)'' Pool's Annotations are sonnd, clear, <strong>and</strong> sensible; <strong>and</strong>, taking for all In all, Iplace him at the head <strong>of</strong> English commentators on the whole Bible." -Rev. J.C. RZfle.* Matthew Henry's Commentary on the Bible. 5 vols.,quarto. (Sheep, 820.00.) Cloth, $15.00. Another edition in 9 vols.,octavo. Cloth, $20.00.Rev. C. H. Spnrgeon says: "First among the mighty for general usefulnesD wearebound to mention the man whose name is a household word,-Matthew Henry.He is most pions <strong>and</strong> pithy, sound <strong>and</strong> sensible, suggestive <strong>and</strong> sober, terse <strong>and</strong>trustworthy. . . . I venture to say that no better investment can he made by aminister than that peerless exposition."*Dr. Mecosh's Worlcs. New <strong>and</strong> neat editiou (reduced from$16.00). 5 vols., 8vo., uniform, $10.00. Comprising : -GOVERNMENT. 3. THE INTUITIONS OF THE MIND.2. TYPICAL FORMS. 4. DEFENCE OF FUNDAMENTAL TRUTH.6. THE SCOTT~SH PHILOSOPHY.Any volume sold s~parntely at $2.00.1. PIVINE'6 Thous<strong>and</strong>s <strong>of</strong> earnest, thoughtful men have found treasures <strong>of</strong> argument, illnstration, <strong>and</strong> learning in these pages, with which their minds <strong>and</strong> hearts have beenenriched <strong>and</strong> fortifled for better work <strong>and</strong> wider inlluences." -N. Y. Observer.* Dr, Merle D'Aubigne's History. 13 vols., uniform, $12.50,VIZ. : -*HISTORY OP THE REFORMATION IN THE SIXTEENTH CENTURY.5 vols. Brown cloth. In a box. $4.50.+ I

                                                    

                                                    RUBERT CARTER C+ BROTHERS. 3Guide to Family Devotion. By the Rev. Alex<strong>and</strong>er Fletclier,I1.D. Royal quarto, with 10 steel plates (Iialf morocco, $7.50; Turkeymorocco, $12.00), cloth, gilt, <strong>and</strong> gilt edges, $5.00."<strong>The</strong> more we look over the volume the more we admire it, <strong>and</strong> the moreheartily feel to commend it to families <strong>and</strong> devout <strong>Christian</strong>s. It is emphatically abook <strong>of</strong> devotion, from the st<strong>and</strong>point <strong>of</strong> an intelligent, broad-minded <strong>Christian</strong>minister, who has here expressed many <strong>of</strong> the deepest emotions <strong>and</strong> wants <strong>of</strong> thesool. <strong>The</strong> selections <strong>of</strong> Scripture <strong>and</strong> tile hymns are all admirably adapted to increasedevotion; <strong>and</strong> the prayers are such as can but aid the suppliant, even w11enhot uttered from liis precise stimdpoint, <strong>and</strong> are especially valuable to many heads<strong>of</strong> families wlio find it difficult to frame words for themselves in conducting fa~nilyworship." - Jol~rnal a d icfessezger.<strong>The</strong> A. L. 0. E. <strong>Library</strong>. In 55 vols., 18m0, in a neat woodencase, $40.00."All these stories have the charm <strong>and</strong> pure <strong>Christian</strong> character which havemade the name <strong>of</strong> A. L. 0. E. dear to thons<strong>and</strong>s <strong>of</strong> homes." - Ltitkeran."Tl~e writings <strong>of</strong> this author have become a st<strong>and</strong>ard, <strong>and</strong> the mystic imprint,A. L. 0. E., is ample assurance that the truth <strong>of</strong> the Gospel is beneath."--Episcopalian.Bicl.~ersteth (Rev. E. H.). Yesterday, To-day, <strong>and</strong> Forever.A Poem. Pocket edition, .60; l6m0, $1.00; 12m0, $1.50.If any poem is destined to endure in the compa~iionslrip <strong>of</strong> &lilton's hithertrmatcl~less epic, we believe it will be 'Yesterday, To-day, <strong>and</strong> Forever.' "- Lmdon Globe.Butler (Rev. William Archer). Sermons. 2 vols., $2.60.Lectures on Ancient Philosophy. 2 vols., $2.50."A few weeks ago we spoke <strong>of</strong> the reprinting, by (?arter & Brothers, <strong>of</strong> the Sermons<strong>of</strong> Archer Butler, a body <strong>of</strong> preaching so strong <strong>and</strong> massive as to be reallywonderful. Tlie 'Lectures on Ancient Pllilosophy' that are now added, were deliveredat the University <strong>of</strong> Dublin, about the year 1840, when the author waascarcely thirty years old." - Watcl~iltan.<strong>The</strong> ]Book <strong>and</strong> Its Story. 12mo. $1.60.Fresh Leaves from the Book <strong>and</strong> Its Story. 121110.$1.50."Let any one who is inclined to think the bare Scriptures 'dry' readlng, perusethem in connection wit11 a volume like this, <strong>and</strong> they will be clothed to him wit11 anew life. He will learn how the separate books <strong>of</strong> the Bible were, as it were, builtinto one another, <strong>and</strong> made to form a glorious whole: he will read iutetelligently<strong>and</strong> with deep interest." - KegslMK.

                                                    

                                                    Bonar (Horatias, D.D.). IIymus <strong>of</strong> Faith <strong>and</strong> Hope. 3 vols.,1Smo. &2.2.5.Bible Thoughts <strong>and</strong> TPaem~ies. G vols. 12m0, viz. :-GENESIS ...... $2.00 ACTS, &C.. ..... $2 00L'Witl~ no attcnlpt at, exposition, except wlrat is found in comparing Scripturewit11 Scriptare, <strong>and</strong> drawing illi1~tri~Liu11s <strong>and</strong> 11leans <strong>of</strong> im~~ressiilg rich gospeltrot11 from alrnost every source. tlla antllor procceclu \vitl! theme upon theme, givingfloods <strong>of</strong> edifying ancl comforting light from beginning to end. It is a goodbook for the priribte Cl~ristian to 1l:~ve on his table for frequent use, ood uiinisterswill <strong>of</strong>ten fiud iu it that which will be suggestive <strong>and</strong> useful.:' - Cl~ristiatb 1Trstrtctor.WAY OF PCACE .. $0.60 THE RENT VEIL .....$1 25WAY OF HOLINESS .. .60 MY OLD LETTERS .... 2.00NIGIIT OF \Vccrrna . .60 HYMKS OF TI~E NATIVITY, gilt, 1.00MORNING OP JOY .. .60 TIIE CHRIST OF GOD ... 1.26~OLLOW THE LAMB. . .40 TRUTH AXD ERROR .... .6OTIIE EVERLASTING RIGHTEOUSNESS .... $0.60Clialmers (TBaomas, D.D.). Sermons. 2 vols. in one. $3 00.Cowper (Wrpn.). Tlie Task. Illustrated by Birket Foster. $9.50.Cuyler (Rev. T. E.).POINTED PAPERSTHOUGIIT........... $1.50HIVES ........... 1.50EXPTY CRIB. ............ 1.00" Dr Cuyler holds steadily the position which he reached years ago, as tbe bestwrittar <strong>of</strong> pointed, racy, religious articles in our country."- Presbg,yleriata.Dick (John, D.D.). Lectures on <strong>The</strong>ology. 8vo. 63.00."It is, as a whole, superior to any other system <strong>of</strong> theology in our language.",<strong>Christian</strong> J3unaal. ,Dickson (Rev. Alex<strong>and</strong>er, D.D.)."His boolc is a 'bundle <strong>of</strong> myrrh,' <strong>and</strong> will be specially enjoyed by those whoare in trouble."- Rev. Dr. W. M. Taglor."Luscious as a honeycomb with sweetnew drawn from God's word " -Ur. CuyIer.

                                                    

                                                    ROBERT CARTER 65 BIZOTHERS. 5Dykes (Osn-alcl, D.D.), on the Serinon on the mount.3 vols., 53.00.AURAHAJI, THE FRIEND OF GOD . . . . . . . $1.50"We are ever <strong>and</strong> anon surprised by some new view or fresh thouglit thatnever Iiad occurred to us in this eonnectiort. <strong>The</strong> book (Abral~am) is a thoughtful,scholarly ~~roduction, in vig~rous English." - N. Chrzstza?~ Advocate.* Eilwards (Jonatllan). Worlrs. I11 4 vols., octavo. $6.00." 1 consider Jonathan Edwards the greatest <strong>of</strong> the sons <strong>of</strong> men." -Robert Hall.Fraser (Rev. Donald). Synoptical Lectures on the Books <strong>of</strong> theBible. 3 vols., $6.00."Dr. Fraser has observed, lilte many others <strong>of</strong> us, the mischief which resultsfrom cutting the Bible into fragments, <strong>and</strong> using it piecenreal. In these volumeshe discourses <strong>of</strong> the Bible at large, indicates the scope <strong>of</strong> each book, <strong>and</strong> furnisl~esa brief digest <strong>of</strong> its contents. Tlie design was in itself most laudable, <strong>and</strong> it hasbeen well carried out." - Spurgeois.Green (Pr<strong>of</strong>. Wm. Henry, D.D.). <strong>The</strong> Argument <strong>of</strong> the Book<strong>of</strong> Job Unfolded. 121no. $1.75.'' That ancient composition so mnrvellous in beauty, <strong>and</strong> so rich in philosophy,is here treated in a thorouglrly analytical manner, <strong>and</strong> new depths <strong>and</strong> gr<strong>and</strong>erproportions <strong>of</strong> the divine original portrayed. It is a book to stimulate research "- Metlwd&st Recorder.GutIlrie (Thornas, D.D.). Life <strong>and</strong> Works. 11 vols. $15.00." His pages glow with the deep piety, tlie Scriptural beauty, the rich imagery,<strong>and</strong> the tender pathos which breathed from his lips." - N. Y. Observer.Hamilton (James, D.D.). Select Works. 4 vols. $5.00. Containing<strong>The</strong> Royal Preacher; Mount <strong>of</strong> Olives ; Pearl <strong>of</strong> Parables ;Lamp <strong>and</strong> Lantern ; Great Biography ; Harp on the Willows ; Lake<strong>of</strong> Galilee ; Emblems from Eden ; Life in Earnest."Those familiar wit11 the works <strong>of</strong> Dr. Hamilton will perceive that this uet <strong>of</strong>volumes contains the choice gold from the autlior's mine. <strong>The</strong>y are put up in aneat box, <strong>and</strong> sold at the low price <strong>of</strong> $5 for the set.'' - It~terior.Han~lin (Cyrus). Among the Turks. 12mo. $1.50.Hanna (Rev. William, D.D.). Life <strong>of</strong> Christ. 3 vols. 121110.$4.50." We can heartily commend the 'Life <strong>of</strong> our Lord,' by Dr. Hanna."- CongregaliorsalQiiarterlg." Besides the beauty <strong>of</strong> the style <strong>and</strong> the careful scholarship wllich mark thesevolumes, we cannot too warmly commend them for their deep piety <strong>and</strong> heartyonforeelllent <strong>of</strong> the doctrines <strong>of</strong> <strong>Christian</strong>ity." - N. Y. Obse~.usr.

                                                    

                                                    6 BOOKS PUBLISHED BYHill (George). Lectures on Divinity. 8vo. $2.50.'' Tile c<strong>and</strong>or <strong>and</strong> fairness <strong>of</strong> this author are remarkable, an unfailing indication<strong>of</strong> real greatness." - Cl~ristia?~ Illzrror.Woclge (Charles, D.D.!. Commentaries.ON ~~OMANS. 1ho S......... $1.7512mo ......... 1.75ON EPZIESIANS.ON CORINTHIANS. 2 vols. 12mo ..... 3.50Rev. C. H. Spurgeon says: "Most vduable. With no writer do we more fi~llyagree. <strong>The</strong> more we use Hodge, the more we value him. This applies to a11 hisCommentaries."Hodge (Rev. A. A., D.D.). Outlines <strong>of</strong> <strong>The</strong>ology. Revised <strong>and</strong>Enlarged Edition. 8vo. 83.00."At its first publication in 1860, this work attracted much attention, <strong>and</strong> ever~ince it has hada hrge sale, <strong>and</strong> been carefillly studied both in this country <strong>and</strong> inGreat Britain. It has been translated into Welsll <strong>and</strong> modern Greek, <strong>and</strong> hasbeen used as a text-book in several tl~eological schools. Prepared originally ingood part from notes taken by the author from his distinguisl~ed father's lectures,with the assistance <strong>of</strong> st<strong>and</strong>ard tl~eological writers, after fourteen years <strong>of</strong> serviceas a tl~eological instructor, he has, with increased knowledge <strong>and</strong> experience as ateacher, embodied ill tills new <strong>and</strong> enlarged editior. not only the treasures <strong>of</strong> thevolume as it tirst appeared, but the rich results <strong>of</strong> his additiorlal studiev <strong>and</strong> investigations.This new edition contains fifty per cent more <strong>of</strong> matter than the formerone. Two cliapters have been dropped, <strong>and</strong> five new ones have been added." -Presbyterian Bajater.Holt (Emily Sarah). Historical Tales.ISOULT BARRY. 121110 ........... $1.50ROBIN TREPAYNE. 12mo. ......... 1.60THE WELL IN THE DESERT. 16mo 1.25......ASHCLIFPE HALL. l6m0 .......... 1.25VERENA; A TALE. 12mo ......... 1.50THE WHITE ROSE OF LANGLEY. 12mo .... 1.50IMOGEN. 12mo. ............. 1.50CLARE AVERY. 12mo ........... 1.60LETTICE EDEN. 12lIl0 . . . . . 1-60FOR TBE MASTER'S SAKE. 16mo ....... 1.00MARGERY'SON. 12mo .......... 1.50LADY SYBIL'S CHOICE. 12mo ........ 1.50THE MAIDEN'S LODGE. 12mo ........ 1.25"Whether it is regarded in its historical or its religious aspect, 'Isoult Barry ufWynscote' is the finest contribution to English literature, <strong>of</strong> its peculiar class,which has been made in the present century." - Awricaa Baptwt.

                                                    

                                                    <strong>Library</strong><strong>of</strong>Adel bert College<strong>of</strong>Western Reserve UniversityPRESENTED BY

                                                    

                                                    RELATIONS OF SCIENCE ANDRELIGION.

                                                    

                                                    I. NATURE AND THE BIBLE.A Course <strong>of</strong> Lectures on the Morse Foundation <strong>of</strong> the Union <strong>The</strong>ologicalSeminary, by J. W. DAWSON, LL.D. 12mo. $1.75."Pr<strong>of</strong>essor Dawson discusses his topic from the various st<strong>and</strong>points <strong>of</strong> a student<strong>of</strong> nature, not from the single st<strong>and</strong>point which hasmostly been occupied by theologians.<strong>The</strong> book is not a partisan publication. It will be found by those opposedto be perfectly c<strong>and</strong>id <strong>and</strong> fair, admitting difficulties in their full force, <strong>and</strong>not seeking to evade, misinterpret, or exaggerate any fact or argument."-Interior.II. CHRISTIANITY AND POSITIVISM.A Series <strong>of</strong> Lectures to the Times on Natural <strong>The</strong>ology <strong>and</strong> Apologetic~.By JAMES MCCOSH, D.D., LL.D., President <strong>of</strong> PrincetonCollege. 1zmo. $1.75."This book grapples directly with the vital questions. Every reader must admirerts fairness. It is all the better adapted to popular reading from having beenwritten to be delivered to an audience. Indeed, the thinking isgenerally so clear.<strong>and</strong> the style so animated <strong>and</strong> luminous, that any person <strong>of</strong> average intelligence<strong>and</strong> culture may underst<strong>and</strong> <strong>and</strong> enjoy the dbcussion; <strong>and</strong> no such person whohas begun to read the work will be likely to rest satisfied till he has finished it.It is in some parts eloquent <strong>and</strong> beautrful, <strong>and</strong> is throughout forcible <strong>and</strong> effectivefor its end. Would that thous<strong>and</strong>s <strong>of</strong> the young people <strong>of</strong> our country, <strong>and</strong> <strong>of</strong> allclasses whose faith may be in peril, might read it with the attention it deserves."Independent.Ill. CHRISTIANITY AND SCIENCE.A Series <strong>of</strong> Lectures. By Rev. A. P. PEABODY, D.D., <strong>of</strong> HarvardCollege. $I .75."One <strong>of</strong> the best books we have read in a long time -a manly, c<strong>and</strong>id, noblereasonable defence <strong>of</strong> the <strong>Christian</strong> faith. We do ndt see how any thoughtfniperson can read it in vain. Dr. Peabody plants himself fairly on the very postulates<strong>of</strong> scientific men, <strong>and</strong> proceeds to show how all that they claim for true scienceis fulfilled in the religion <strong>of</strong> Jesus."-Illustrated <strong>Christian</strong> lYeeR&.ROBERT CARTER AND BROTHERS.

                                                    

                                                    SHO\\'ING I'OLI.EN \'I;SSBL, SEED STORE. AND IIOXEVI. SECTION OF ORCHID FLOWER.ST\ORE. 2. BEE ENTERING 3. POI.I.E\ VESSEL. 4. BEE RETREATING.5. BEE PREPARED FOR ESTERISG ANOTEER FLOWER.

                                                    

                                                    RELATIONS OF SCIENCE AND RELIGION.LECTURE I.CONDITIONS OF THE INQUIRY.AMONG the many advantages enjoyed bythe present generation, one <strong>of</strong> the mostconspicuous is that arising from the large advancemade in physical science. <strong>The</strong> highvalue <strong>of</strong> this is apparent from whatever st<strong>and</strong>pointit is regarded. <strong>The</strong> vastly wider range<strong>of</strong> knowledge, the increase <strong>of</strong> appliances forinquiry, the greater facilities for work <strong>of</strong> allkinds, the freer intercommunion <strong>of</strong> all thedivisions <strong>of</strong> our race, <strong>and</strong> the greater altitudefrom which the whole realm <strong>of</strong> existence canbe contemplated; all these involve an immensegain for the present century.With these advantages, however, therecomes the difficulty <strong>of</strong> using them aright, adifficulty which we may expect to be greaterwhen we are dealing with wider <strong>and</strong> moregeneral aspects <strong>of</strong> existence, than when we

                                                    

                                                    10 SCIENCE AND RELIGION.are concerned with more restricted ranges <strong>of</strong>knowledge. It may be a much easier thingto state precisely how recent advances haveaffected a particular branch <strong>of</strong> science, suchas astronomy or geology, than to say howthey bear upon the general conception <strong>of</strong> theuniverse. Yet, while the latter is the moredifficult question, it is that with which mengenerally must be more concerned. Only avery limited number <strong>of</strong> men can belong to theranks <strong>of</strong> specialists devoted to a single branch<strong>of</strong> science. All men, specialists as well asothers, are concerned with the wider questionas to the true conception <strong>of</strong> the universe, <strong>and</strong>the bearing it has on human life <strong>and</strong> destiny.It is impossible to imagine that marked advancecan be made ill any <strong>of</strong> the sciences,without its having some bearing on the moregeneral problem in which all men are practicallyinterested. Each specialist perceivesthis more or less clearly as he is working outthe result <strong>of</strong> complicated observations or calculations.<strong>The</strong> public mind may be said ratherto feel that some modification <strong>of</strong> common beliefis taking place, while there is great uncertaintyas to the actual change. What givesa sense <strong>of</strong> security to the general conv~ction

                                                    

                                                    COflDITIONS OF THE INQUIR Y. 11<strong>of</strong> educated men is that all increase <strong>of</strong> knowledgeis clear gain, <strong>and</strong> that all advance is securedon familiar <strong>and</strong> well-tried lines. Progressis transition, <strong>and</strong> in a sense unsettling;but it is also accumulation, <strong>and</strong> thus in amore enduring sense, consolidating. Freshobservatioil in some one departinei~t <strong>of</strong> researchdoes not overthrow all that wascredited previously. It extends the area <strong>of</strong>knowledge, or carries us into a more minuteacquaintance with particulars, <strong>and</strong> only in arestricted way modifies accepted positions, byiiltroducing relations formerly unrecognized.Thus, progress iiz a particular science doesnot unsettle scientific belief.In a manner exactly analogous, becauseresting on the same intellectual conditions,the combined advance <strong>of</strong> the whole order <strong>of</strong>sciences does not unsettle the mass <strong>of</strong> convictionbelonging to instructed <strong>and</strong> ordinarilyreflective men. It must, indeed, modify theform <strong>of</strong> general conviction, as it quickens intellectualinterest, for the public mind receives,not reluctantly but gladly, additionalresults gathered under carefully tested scientificmethods. This is nothing more thansaying, that love <strong>of</strong> truth, <strong>and</strong> submission to

                                                    

                                                    12 SCIENCE AND RELIGION.the laws <strong>of</strong> evidence, are characteristic <strong>of</strong> alldisciplined intelligence. Scientific inquirersare the trained iiistructors <strong>of</strong> the race, <strong>and</strong>others receive what they commuiiicate, withtrue sense <strong>of</strong> its abiding worth. At the sametime, such inquirers work from an intellectualbasis which is common to all, finding applicationin all fields <strong>of</strong> activity. Upon that basisall men lean as they shape <strong>and</strong> regulate theirlife, finding themselves involved in disaster,or confirmed in a wise course, according asthey are partial or thorough in their adherenceto the conditions <strong>of</strong> rational life. As themass <strong>of</strong> human interests can not be isolatedfrom the results discovered in the path <strong>of</strong>advancing science; so neither can any form<strong>of</strong> inquiry be separated from the conditionswhich are common to all intellectual life,including even the least cultivated. So ithappens that the race as a whole has a clearshare in all the products <strong>of</strong> science, such asit has not in the products <strong>of</strong> industry. Rationalconditions provide for a community<strong>of</strong> interest in intellectual work <strong>and</strong> results,greater than can be approached by all thevalue <strong>of</strong> material production.<strong>The</strong>se few general aiid very obvious con-

                                                    

                                                    NERVE SYSTEM OF THE I~SECT,SHOWING DISTINCT CENTRES.DIAGRAM OF CEREBRO-SPINAL NERVE CENTRES.DARK REPRESENTIKG SENSORY; THE LIGHT, hlOTOR CENTRES.INDICATETHE DIRECTION OF THE CURRNT OF INFLUENCE.THE ARR0bT'I.SCaZde~eru,no~f s Lecfures.

                                                    

                                                    C0NDITrolv.S OF THE INQUIRY. 13siderations bring us into direct line with therelations <strong>of</strong> religion <strong>and</strong> science. <strong>Religion</strong>has a rational basis, as the condition <strong>of</strong> itspractical worth. It takes its start from thatcommon intellectual basis, which affords toscience its essential conditions. <strong>Religion</strong> <strong>and</strong>science are exactly alike in these respects,that both present a body <strong>of</strong> harmonized conceptions,a clearly defined circle <strong>of</strong> iiitelligiblestatements, <strong>and</strong> both have a definite bearingon human action. <strong>The</strong>ir practical valuedepends upon conformity with the commonrequirements <strong>of</strong> intelligence, <strong>and</strong> harmonywith recognized fact. I place this declarationin the foreground <strong>of</strong> the present discussion,not only as a clear avowal <strong>of</strong> the footingon which religion presents its claims toacceptance, but more especially as a distinct<strong>and</strong> broad acknowledgment that the wholerange <strong>of</strong> tests afforded by the entire circle<strong>of</strong> the sciences is legitimately applied to religion,<strong>and</strong> is to be deliberately met.<strong>The</strong> object <strong>of</strong> tlie present course <strong>of</strong> lecturesis to consider the relations <strong>of</strong> science to the<strong>Christian</strong> religion, as authoritat'ively revealedin the Bible, <strong>and</strong> as understood <strong>and</strong> acceptedby those who pr<strong>of</strong>ess themselves <strong>Christian</strong>s, in

                                                    

                                                    HUMAK BRAIN,WITH CENTRES OF ELECTRIC EXCITATIOK.Caldevwood's Lectures.

                                                    

                                                    BRAIK OF THE COD,THE TWO LARGFR LOBES BEING THOSE OF VISION, THE BRAINBEING IN FROKT OF THESE.

                                                    

                                                    14 SCIENCE AND RELIGION.grateful acknowledgment <strong>of</strong> what the Scripturesdeclare. <strong>The</strong> relations now to be dealtwith are those subsisting between religion aspresented in the Bible, (which is in the h<strong>and</strong>s<strong>of</strong> all, to be exaiiiined <strong>and</strong> dealt with by scientificinquirers), <strong>and</strong> science as presented tous in the present day, for the acceptance <strong>of</strong>all. <strong>The</strong> claim to universal acceptance foundhere on both sides, is that which gives specialinterest <strong>and</strong> true logical importance to theproblem. <strong>Christian</strong>ity pr<strong>of</strong>esses to discovera religion to be accepted <strong>of</strong> all men, <strong>and</strong> apractice to be observed by all: science pr<strong>of</strong>essesto give an account <strong>of</strong> the state <strong>of</strong> thingsaround us in the world, to be accepted by all,<strong>and</strong> acknowledged in practice if men wouldadapt themselves to the natural conditions <strong>of</strong>their life. This claim to universal acceptanceis not affected on either side by the fact thatdiversities <strong>of</strong> interpretation <strong>and</strong> applicationemerge among the upholders <strong>of</strong> <strong>Christian</strong>ity,<strong>and</strong> the expounders <strong>of</strong> science. Such diversitiesare well known to exist in both spheres<strong>of</strong> thought. It needs to be recogilized at alltimes, <strong>and</strong> prominently stated in such a discussioiias ;the present, that under the conditioiisdeterminiiig the attaiilmeiit <strong>of</strong> know-

                                                    

                                                    BRAIN OF HORSE.WITH HULB OF SMELL IN FRONT, LITTLE BRAIN IN REARTHE UPPER IS THE SENSORY, WITH BULB, NERVE LINE,AND NERVE CELL.THE UNDER IS THE MOTOR, WITH MUSCLE, NERVE LINE, AND NERVE CELL.

                                                    

                                                    Cafderurood's Lectures.BRAIN OF MONKEY,WITH CEREBELLUM BENEATH.

                                                    

                                                    CONDITIONS OF THE INQUIRY. 15ledge, there must be diversity <strong>of</strong> opinion.Indeed, the wider the area <strong>of</strong> acquired truth,the more extensive becomes the field <strong>of</strong> possibledifferences, both in respect <strong>of</strong> what isinvolved under conclusions already reached,<strong>and</strong> <strong>of</strong> what may transcend the boundaries <strong>of</strong>present knowledge. It is, therefore, no marvelthat there is large diversity <strong>of</strong> opinionamong scientific men, on many problems arisingout <strong>of</strong> universally accepted positions. Itis only by the same necessity that there isdiversity <strong>of</strong> opinion on matters <strong>of</strong> religion.<strong>The</strong> materials <strong>of</strong> study are set before us inthe mass, <strong>and</strong> our knowledge is to be obtainedby the slow processes <strong>of</strong> intellectualprocedure, in accordance with which somethings become clear, while many more remainobscure. Whether we are dealing withbook knowledge, or with knowledge obtainedby direct observation <strong>of</strong> existing things, doesnot affect this matter. <strong>The</strong> intellectual conditionsare the same in both cases, <strong>and</strong> it isfrom exactly the same intellectual source thatinevitable conflict <strong>of</strong> opinion arises.<strong>The</strong> simple <strong>and</strong> obvious truth is that therecan be no field <strong>of</strong> human inquiry in whichdiversity <strong>of</strong> opinion can be avoided, for two

                                                    

                                                    16 SCIENCE AND RELIGION.reasons, that all knowledge possessed by usis incomplete, <strong>and</strong> active intelligence can notrest in the incomplete. Neither science northeology can afford to dispense with hypothiesis,that is conjecture, <strong>and</strong> where conjectureis, there is a wide region for devious w<strong>and</strong>ering.Conjecture means inquiry into the unknown,<strong>and</strong> this is essential to intellectual life,equally necessary for science <strong>and</strong> religion, <strong>and</strong>accordingly diversity <strong>of</strong> opinion is inevitablein the history <strong>of</strong> both, as in the history <strong>of</strong> allforms <strong>of</strong> human activity. In every region <strong>of</strong>human knowledge there is a realm <strong>of</strong> the certain,<strong>and</strong> another <strong>of</strong> the uncertain, <strong>and</strong> accordinglythere is diversity <strong>of</strong> opinion <strong>and</strong> conviction.Occasionally, in controversial writing,it is suggested that there is greater diversity<strong>of</strong> view in matters religious, than in mattersscientific; <strong>and</strong> it is implied that such diversityis a reasonable ground <strong>of</strong> reproach. Both allegationsare at fault, <strong>and</strong> the error arisesfrom want <strong>of</strong> observation, involving imperfectacquaintance with the facts. <strong>Religion</strong> as it isconcerned with the life <strong>of</strong> man himself, <strong>and</strong>is the subject <strong>of</strong> interest to all, has not onlyits common positions generally recognized, butalso many <strong>of</strong> its phases <strong>of</strong> conflicting thought.

                                                    

                                                    CONDITrONS OF THE INQUIRY. 17<strong>Science</strong>, as it is beyond the range <strong>of</strong> the greatmajority as a subject <strong>of</strong> personal research, <strong>and</strong>within reach <strong>of</strong> only a limited number asa subject even <strong>of</strong> book knowledge, has itsquestions <strong>of</strong> conflict concealed to some extentfrom the public view. But, even moderateacquaintance with science makes us aware <strong>of</strong>the fact that there is conflict <strong>of</strong> opinion inevery region <strong>of</strong> inquiry. Indeed it should bealien to the reflective observer, to marvel atthe discovery <strong>of</strong> diversity <strong>of</strong> thought in anyregion, or to make its existence a ground foradverse criticism. Commonly accepted conclusionsmust afford the basis for competentcriticism, whatever be the field <strong>of</strong> inquirybrought under review; diversity <strong>of</strong> opinionbeyond <strong>and</strong> around these, must be acceptedas the uniform att'endant <strong>of</strong> human knowledge,indicating at once the provision for intellectualprogress <strong>and</strong> the inducement to it.Thus, on grounds indisputable from a scientificbasis, we escape the need for vindicatingreligion from the charge <strong>of</strong> having its claimsto rational homage weakened, by the diversity<strong>of</strong> opinion found within the boundaries<strong>of</strong> religious thought. Such diversity is instrict accordance with familiar facts connected

                                                    

                                                    18 SCIENCE AND RELIGION.with every branch <strong>of</strong> science. Whatever maybe said <strong>of</strong> the strong <strong>and</strong> paradoxical, becauseone-sided, utterance <strong>of</strong> Lessing," it must bemanifest that in all directions we are <strong>of</strong> necessitysearchers after truth, <strong>and</strong> it is in suchcircumstances an intellectual weakness to objectto the reliability <strong>of</strong> generally acceptedconclusions, because they become startingpointsfor many lines <strong>of</strong> conflicting speculation.In religious thought, as in scientific,there are on all h<strong>and</strong>s the marks <strong>of</strong> the unfinished;<strong>and</strong> the varieties <strong>of</strong> opinion associatedwith generally accepted conviction onlyafford needful evidence <strong>of</strong> healthy intellectualactivity.As we daily hear much <strong>of</strong> the conflict betweenscience <strong>and</strong> religion, <strong>and</strong> ns it is onepart <strong>of</strong> the purpose <strong>of</strong> the present course todeal with wliat is loudly proclaimed to be aserious feature in modern thought, it becomesneedful to clear the ground considerably, withthe view <strong>of</strong> discovering where the alleged con-* '

                                                    

                                                    C'ONDITZONS OF Tfl. INQUIRY. 19flict is, <strong>and</strong> what form it assumes. In this, asin many conflicts, there is much more din <strong>and</strong>tumult, than damage. We shall by <strong>and</strong> byhear much less <strong>of</strong> con$ict than we are hearingat present. Meanwhile, however, thework is considerable which needs to be donein clearing the field, tracing boundaries, <strong>and</strong>disclosing the exact position <strong>of</strong> parties. Inthe ruder warfare <strong>of</strong> nations, this clearingwork is undertaken by the combatants themselves,<strong>and</strong> if not accomplished by preliminarymeasures, it is at length achieved bythe actual events <strong>of</strong> the struggle. But in thiscase, it may be done quietly enough by noncombatants,while it may contribute largely tothe restricting <strong>of</strong> the conflict, <strong>and</strong> the establishment<strong>of</strong> peace. This I desire to attempt,in the hope that some service may be renderedboth to the scientific, <strong>and</strong> non-scientific,by contributing towards a general underst<strong>and</strong>ing<strong>of</strong> the actual position <strong>of</strong> affairs. A quietsurvey <strong>of</strong> events occurring during the lasttwenty-five years or so, which have influencedthe relations <strong>of</strong> science <strong>and</strong> religion,may suffice to convince us that there hasbeen on both sides needless planting <strong>of</strong> batteries,<strong>and</strong> pouring forth <strong>of</strong> shot. In many

                                                    

                                                    20 SCIENCE AND RELIGION.cases, the shot has only sunk into s<strong>and</strong> bankswit11 no other result than heavy expenditure;in other cases, it has only shattered timberdefences which were going at any rate, <strong>and</strong>soon to be ab<strong>and</strong>oned. <strong>The</strong> worst result hasbcen that the whole district around has beenthrown into trouble under fear <strong>of</strong> disastrousresults. This description must be held to applyto outbreaks <strong>of</strong> theological fury, as wellas <strong>of</strong> scientific. I apprehend that there arefew friends <strong>of</strong> religion conversant with thehigher phases <strong>of</strong> intellectual life during theperiod to which reference is here made, whowill not grant that scientific theories havebeen assailed with undue severity, <strong>and</strong> quiteaeedless apprehension, under the influence <strong>of</strong>religious zeal. On the other h<strong>and</strong>, it is equallybeyond dispute that there has been in somescientific quarters an eagerness to interpretscientific theories in a manner adverse totheological belief, <strong>and</strong> <strong>of</strong>ten with undisguisedpleasure in the task, as if some real gain tothought <strong>and</strong> practical interests were to besecured by injury to religion. <strong>The</strong> best workon both sides has been done quite apart fromthese outbreaks <strong>of</strong> antagonism. But it wouldbe unwise to omit reference to them here, or

                                                    

                                                    CONDITIONS OF THE INQUIRY. 21to overlook the lesson they convey, all themore that both sides admit reasonable groundfor regret. <strong>The</strong>re has been, on the one h<strong>and</strong>,too great readiness in charging an atheisticconclusion as the logical result <strong>of</strong> scientifictheory; <strong>and</strong>, on the other, too hasty an assumptionthat newly recognized facts mustprove damaging to <strong>Christian</strong> faith. Detailedillustration would be in every sense undesirablehere, but outstaildii~g examples will readilyoccur. Take the theory <strong>of</strong> the Development<strong>of</strong> Species by Natural Selection, towhich detailed reference will be made hereafter,which has a great multitude <strong>of</strong> factsto favor it, <strong>and</strong> at the same time a mass <strong>of</strong>facts presenting most serious logical difficulties;it is obvious that even if this theorywere accepted in the form in which it is atpresent propounded, not only would the rationalbasis for belief in the Divine existerice<strong>and</strong> government not be affected by it, but thedenialid on a Sovereign Iiitelligence would beintensified. <strong>The</strong> contrast in the form <strong>of</strong> thegeneral question may be represented thus: inthe one case, to account for the origin <strong>of</strong> va-ried forn~s <strong>of</strong> life entirely distinct <strong>and</strong> independent;in the other, to accoui~t for an ori-

                                                    

                                                    22 SCIENCE: AND RELIGION.gin in the simplest germinal form, or in afew primordial forms, which shall neverthelessprovide for the appearance <strong>of</strong> all the varieties<strong>of</strong> species <strong>of</strong> animal life now knowllto us. In presenting the latter hypothesis,science presses into notice a much greaterperplexity affecting the origin <strong>of</strong> the universe,originating a difficulty towards the solution<strong>of</strong> which it is altogether unable to <strong>of</strong>ferthe slightest contribution. In this single illustration,there is much to convince theologians<strong>and</strong> scientific men that each division<strong>of</strong> thinkers will best fulfil its own part, <strong>and</strong>most honor religion <strong>and</strong> science, by workingunreservedly on data within its own reach,without apprehension as to ultimate conflict.Frorn the other side, it is not difficult t<strong>of</strong>ind evidence that continued inquiry <strong>and</strong> reflectionhave led to the abatement, if not theactual withdrawal, <strong>of</strong> scientific hypotheseswhich seemed at variance with common belief,<strong>and</strong> which might be taken as adverse toreligious thought. For example, as a branch<strong>of</strong> the inquiry connected with the theory <strong>of</strong>development <strong>of</strong> species, <strong>and</strong> coming directlyupon the position <strong>of</strong> man in the scale <strong>of</strong> being,we had for a time a wonderful amount

                                                    

                                                    CONDITIONS OF THE INQUIRY. 23<strong>of</strong> obscrvation, description, <strong>and</strong> discussionconcerning monkeys <strong>and</strong> apes. Laboriousinquiries became provocative <strong>of</strong> grotesquefancy. In the train <strong>of</strong> science came theworkers who minister to the popular imagination,<strong>and</strong> there appeared a whole series <strong>of</strong>comic pictures, amusing narratives, <strong>and</strong> evenmusical compositions, representing monkeys<strong>and</strong> apes as taking part in human occupations.<strong>The</strong>se have left their testimony to thepower <strong>of</strong> scientific hypothesis in determiningthe thought <strong>and</strong> interest <strong>of</strong> the time duringwhich they find favor. It was demonstratedincontestably that the anatomical structure<strong>of</strong> the ape was much more like to that <strong>of</strong> manthan the structure <strong>of</strong> the dog, or the horse;<strong>and</strong> that the brain <strong>of</strong> the ape was so likein form <strong>and</strong> arrangement to the human brain,that it might be represented as a smaller <strong>and</strong>undeveloped example <strong>of</strong> the human brain.But when the work <strong>of</strong> observation <strong>and</strong> descriptionhad been well nigh completed; whenthe work <strong>of</strong> deliberate thinking was commencedwith the assurance that the factswere pretty fully <strong>and</strong> fairly before us, therecame a considerable abatement for the eiithusiasm<strong>of</strong> scientific speculation in the new

                                                    

                                                    24 SCIENCE AND RELIGION.line <strong>of</strong> discovcry. Next came the acknowledgmentthat even with all the analogies <strong>and</strong>homologies <strong>of</strong> structure, seen <strong>and</strong> unseen,there was a vast chasm between the ape <strong>and</strong>man. Forthwith, the stimulus to comic talentbegan to die away; <strong>and</strong> it must be confessedthat the department <strong>of</strong> anthropologyhas not been greatly advanced from this newregion <strong>of</strong> observation.<strong>The</strong>se examples may suffice to impress atonce upon theologians <strong>and</strong> scientists,-<strong>and</strong>upon the public mind also,-the obvious, buteasily forgotten lesson, that there is need fordeliberation before we can clearly decide theexact significance <strong>of</strong> new scientific discoveries.Neither t,he spirit <strong>of</strong> religion, nor the scientificspirit, disposes inquirers to make haste.<strong>The</strong>re is a basis <strong>of</strong> certainty, sufficientlybroad <strong>and</strong> deep to deliver the mind fromconcern lest intellectual confusion should arisefrom continued observation <strong>and</strong> thought.Enthusiasm, acuteness, patience, <strong>and</strong> alsoboldness <strong>of</strong> speculation, are needed in orderto widen the range <strong>of</strong> our knowledge <strong>of</strong> themysteries <strong>of</strong> existence; but caution is as certainlya necessary feature in the gathering <strong>of</strong>appliances which must lie at the comm<strong>and</strong>

                                                    

                                                    CONDITIONS OF TKE INQUIRY. 25<strong>of</strong> theologians <strong>and</strong> also <strong>of</strong> scientific observers.In fact, there is at every fresh advance inscience, much thinlcing to be done, after observation<strong>and</strong> exposition have accomplishedtheir partl <strong>and</strong> this thinking can not bequickly done.Towards a clear marking out <strong>of</strong> the boundaries<strong>of</strong> science <strong>and</strong> religion, it is needfulthat some definition or description <strong>of</strong> both beattempted. It is easy to be religious withoutsharply marking <strong>of</strong>f for one's self the exactboundaries <strong>of</strong> religion; <strong>and</strong> equally easy to bescientific, without exactly laying down thelimits <strong>of</strong> science. But any intelligent view<strong>of</strong> the relations <strong>of</strong> the two is not to be hadwithout caref~~lly marking <strong>of</strong>f the territorywhich they respectively occupy. <strong>Science</strong> atleast should seek for itself " a scientific boundary,"<strong>and</strong> though this is not always easilyfound, it is essential for keeping up friendlyrelations with neighboring states. In view,therefore, <strong>of</strong> the requirements <strong>of</strong> the presentsubject, something must here be done in theway <strong>of</strong> definition, or at least, description, delicate<strong>and</strong> difficult as is the task.<strong>The</strong> object <strong>of</strong> these lectures is, to vindicatethe place <strong>of</strong> the <strong>Christian</strong> religion within the

                                                    

                                                    EVOLUTION AND CHRISTIANITY.DARWIN AND HIS RELATION TO RELIGION DIS-CUSSED BY DR. IEWTON.TLle Rev. Dr. R. Heber Newton, in All Sonls'Charch, in Forty-eighth street, near Sixth avenue,preached ih the mornin, on Darwinism, from thetext <strong>of</strong> the first two verses <strong>of</strong> Genesis. Darwinismis only a special form <strong>of</strong> a larger theory. One maybe an evolutionist without holding to Mr. Darwin'sview concerning the origin <strong>of</strong> man. 'Evolution isnot what it was once snpposed to b?, novel <strong>and</strong>unheard <strong>of</strong>, but is as old as historic human thought.Augustine knew it. <strong>The</strong> Roman <strong>and</strong> Greek philosopherswrote <strong>of</strong> it. &stern mystics dreamed <strong>of</strong> it. <strong>The</strong>Chnrch might have been in less <strong>of</strong> a hurry to bescared at it if it had looked behind this new theory<strong>and</strong> reco,onizod the old conception. While it hasforced upon the churches the giving up <strong>of</strong> muchthat was once claimed as divine it has invalidatedno essciltinl faith, <strong>and</strong> in the changes it has broughtabout it has becn working n11consciously in the interest<strong>of</strong> real religion.THE BIBLE AS IT IS.<strong>The</strong> doctrine <strong>of</strong> evo111tion has nndonbtedly placeditself in direct onposition to the traditional reading<strong>of</strong> the Bible i~nd has forced upon us the qncstion<strong>of</strong> the true nature <strong>of</strong> this venerablebook. What then? Have we lost onr dear Bible?We have lost wl?at we thought u7e had <strong>and</strong> what wenever had-a11 infallible work on science. We havereceived the true Bible, the literature <strong>of</strong> the peoplewhose mission has been to teacll ni;rnkind spiritnala d ethical relicrion ancl prepare the way for therAslation <strong>of</strong> t& highest, holicst nanhood-JesusChrist. <strong>The</strong> firet chapter <strong>of</strong> Genesis bears on itsfacc its trne chiaractgr. Tt is a prose poem. It isthe dc-wish cosmogony or theory <strong>of</strong> the beginning.I never knew how ~vonderfnl, how heantifi~l, howpr<strong>of</strong>ound, ho.,r- spiritual, this first chapter <strong>of</strong> Genesiswas till I ceased to regard it superstitiously. Thisconflict, which the theors <strong>of</strong> cvolntion precipitatedupon the Chamh, has been in tlich<strong>and</strong>s <strong>of</strong> God. It ha3 becn the menus<strong>of</strong> fieeing the concect.ion <strong>of</strong> ths Bible froinits old errors a11d superstitions <strong>and</strong> <strong>of</strong> forcing forwarda new aud higher couceptiou <strong>of</strong> it. And thisis, indeed, an imniorise boon to religion. It is truethat t'volnt~ion llas arrayecl itself against the oldthought <strong>of</strong> Gon, which we lcarllcd from the Hebrew.It \\rill no longcv allow the conception <strong>of</strong> God's actionurhich \\-:W in the mind <strong>of</strong> the pout who putinto its biblical form the noble nqth <strong>of</strong> eroation.Dr. Ncwton said tlmt the- enlightened <strong>Christian</strong>s <strong>of</strong>to-day have snbstitnted for tills the story <strong>of</strong> thc'! forlllatio~l <strong>of</strong> the globe <strong>and</strong> its animal lite as toldby science. <strong>The</strong> readj~lstmelit <strong>of</strong> faith as tocreation was not get complete. Our cosceptiorisarc Aryan <strong>and</strong> thc moulds intozbich we have to run them are Semitic,Ihe nineteenth century aCt.cr Christ a~id thc tenthoertury before Christ are still jlllubled 11p togetheraltboot any satisf:~ctory assimibtion. Forther, letIt bs noted that faith in God has never been an easymatter, though necessary <strong>and</strong> indispensable tooiind though; end noble life. You cannot, dcmonirateGod. H.: is not found at the end <strong>of</strong> a syllomism..Vliexr the light <strong>of</strong> reason <strong>and</strong> couscienco focus !h tllo~beolnte oonviction <strong>of</strong> Gocl the form is not so rcbolsedas 10 admit <strong>of</strong> uo qllestionings. <strong>The</strong>re arehuestions nrlrioh any one eau raise, to which no oneEsn return conclusive answer.

                                                    

                                                    26 SCIENCE AND RELIGION.region <strong>of</strong> human intelligence, to show its rationalharmony with science, <strong>and</strong> to promoteactive co-operation between the two. Andthis is to be done for the <strong>Christian</strong> religionin view <strong>of</strong> all the advantages, <strong>and</strong> <strong>of</strong> all thealleged disadvantages too, <strong>of</strong> what has beenreproachfully named " a book religion," whichassuredly it is, just as all science must become" book science," if it is to become aliving <strong>and</strong> abiding intellectual power amongmen. For all reliable knowledge must beformulated, must take a definite orderly shape,if it is to find a place <strong>and</strong> dominion. In thehistory <strong>of</strong> intelligent being in this world, religionfirst <strong>of</strong> all met this requirement, <strong>and</strong> subjecteditself to this test, adapting itself also tosuccessive ages, <strong>and</strong> submitting itself to theircriticism. <strong>Science</strong> owns a like intellectualnecessity, <strong>and</strong> has had to write <strong>and</strong> rewrite,to correct <strong>and</strong> exp<strong>and</strong>, in order that the booksciencemight be the true science <strong>of</strong> the day.Whatever be the nature <strong>of</strong> the truth receivedby man, its statement is greatly enhanced invalue when it has been reduced to writtenform, suitable not only for being passed fromh<strong>and</strong> to h<strong>and</strong>, but for being pondered withall deliberation.

                                                    

                                                    CONDITIONS OF THE INQUIRI'. 27While, however, it is a great advantage to<strong>Christian</strong>ity that it can be described as thereligion <strong>of</strong> the Bible,-<strong>and</strong> it is to <strong>Christian</strong>itythat reference is directly made here when religionis named,-there is in religion as inscience that which comes before the writtenform. Observation <strong>and</strong> reflection are naturalavenues to religion, as well as to science.<strong>The</strong> Bible appeals to the intelligence <strong>of</strong> manfor its acceptance, subjecting to rational testnot only its evidence but also its teaching. Itsuniform dem<strong>and</strong> is that men put its teachingto pro<strong>of</strong>. It thus presupposes a natural religionas the prerequisite for special revelation<strong>of</strong> the supernatural. <strong>The</strong> full breadth <strong>of</strong>the argument in exposition <strong>and</strong> defence <strong>of</strong><strong>Christian</strong>ity is seen only by starting from thisposition, that all religion, whatever its form,rests on a rational basis. And its correlativeis this, irreligion is the irrational. <strong>The</strong> vindication<strong>of</strong> the <strong>Christian</strong> religion thus impliesat its basis the defence <strong>of</strong> religious thought<strong>and</strong> feeling in whatever associations they maybe found. For though it is true that the<strong>Christian</strong> religion may be said to war againstall religions besides, seeking to supplant them,in order to become the universal religion, it

                                                    

                                                    28 SCIENCE AND RELIGION.tloes so only on the footing. that religiousthought <strong>and</strong> feeling wherever found have agenuine intellectual value, which must work.towards deliverance from what is immoral<strong>and</strong> what is inconsistent in tradition. If itbe here remarked that science also tends tothe destruction <strong>of</strong> the traditional beliefs belongingto many <strong>of</strong> the religions <strong>of</strong> the world,it may thereby appear that science becomesa fellow-worker with <strong>Christian</strong>ity in a process<strong>of</strong> demolition required in the interests equally<strong>of</strong> intelligence, morality, <strong>and</strong> religion. Butwhatever may be said <strong>of</strong> this destructive processas one in which <strong>Christian</strong>ity performs aconspicuous part, the religion <strong>of</strong> Jesus recognizesa voice in the works <strong>of</strong> creation speakingto the hearts <strong>of</strong> men, in all l<strong>and</strong>s, insomuchthat " there is no speech nor languagewhere their voice is not heard." Religiousbelief is thus recognized as a natural possession,<strong>and</strong> reverence for the Most High asfollowing by rational sequence.When therefore we <strong>of</strong>fer a defence <strong>of</strong> the<strong>Christian</strong> faith <strong>and</strong> practice, we necessarilyundertake some defence <strong>of</strong> the varied mani-festations <strong>of</strong> natural religion presenting themselvesin the world's history. We are not

                                                    

                                                    CONDITIONS OR THE: INQUIRY. 29precluded from assigning value to the l<strong>of</strong>tier<strong>and</strong> purer thought <strong>of</strong> ancient civilization tes-. tifying against l' the gods many <strong>and</strong> lordsmany " <strong>of</strong> the popular religion; nor do we refuseto make acknowledgment <strong>of</strong> those ruder<strong>and</strong> baser examples <strong>of</strong> religious observanceappearing among tribes <strong>of</strong> uncivilized men inmodern times. In defending religion, we areupholding the l<strong>of</strong>ty conceptions <strong>of</strong> the Greekphilosopher, who said that " God is not theauthor <strong>of</strong> evil, but <strong>of</strong> good only;" who declaredthat God "is one <strong>and</strong> the same, immutablyfixed in his own proper nature," <strong>and</strong>that " God <strong>and</strong> his attributes are absolutelyperfect." * On the other h<strong>and</strong>, we can notescape the serious entanglement found amongheathen idolatries, for even while such idolatriesare utterly condemned, we are ready tomaintain that the most irrational idolatrieshave more <strong>of</strong> reason in them than the lifewhich has been emptied <strong>of</strong> religious faith <strong>and</strong>exercise.In view <strong>of</strong> the wide range <strong>of</strong> natural religion,<strong>and</strong> the defence <strong>of</strong> it here implied, wemay define religion, as the recognition <strong>of</strong> aSovereign Intelligence originating <strong>and</strong> gov-*Plato's Republic 11. 380, 381.

                                                    

                                                    30 SCfENCE AND REZTG'fON.erning all dependent being, with the homagedue from intelligent beings to the SovereignIntelligence. This is the definition which willinclude all natural religion, <strong>and</strong> present theground <strong>of</strong> its defence in view <strong>of</strong> scientificsuggestions <strong>and</strong> perplexities.But taking the <strong>Christian</strong> religion as thecrown <strong>and</strong> centre <strong>of</strong> religious life in theworld, we have a more full <strong>and</strong> comm<strong>and</strong>ingtestimony as to the glory <strong>of</strong> the divine nature,<strong>and</strong> the genuine exercises <strong>of</strong> a religious life.He is God creating <strong>and</strong> sustaining all, rulingin righteousness, revealing himself in JesusChrist, whose glory is "the glory as <strong>of</strong> the onlybegotten <strong>of</strong> the Father full <strong>of</strong> grace <strong>and</strong> truth."He is a God seeking the reconciliation <strong>of</strong> theguilty with himself'. He is a God <strong>of</strong> mercy,calling all intelligent creatures to fellowshipwith him, <strong>and</strong> requiring them all to be "holyeven as he is holy." Such is a summary <strong>of</strong>the teaching <strong>of</strong> Scripture as to the DivineBeing, <strong>and</strong> our relation to him. Thus are weguided in our utterance before him, " 0 Lord<strong>of</strong> hosts, God <strong>of</strong> Israel, that dwellest betweenthe cherubim, thou art the God, even thoualone, <strong>of</strong> all the kingdoms <strong>of</strong> the earth: thouhast made heaven <strong>and</strong> earth " (Is%. xxxvii. 16).

                                                    

                                                    COATDZTrONS OF ?.E! INQUIRY. 81I content myself with a mere summary;for a full knowledge we must take the Bibleitself, knowledge <strong>of</strong> which must be presumedas the condition <strong>of</strong> criticism, though criticismhas been abundant which has borne witnessto ignorance <strong>of</strong> the revelation criticised,-ignorance so marked that had it applied toscience it would have been held a pro<strong>of</strong> <strong>of</strong>incompetence for criticism. We are now totake the Bible representation <strong>of</strong> God, <strong>and</strong> <strong>of</strong>his relation to us; <strong>and</strong> on the other h<strong>and</strong><strong>of</strong> man's faith in him, <strong>and</strong> spiritual devotion<strong>and</strong> service. <strong>The</strong>se are the materialsto be harmonized with the teachings <strong>of</strong> science,by demonstrating that the testimony <strong>of</strong>science points to a government <strong>of</strong> the universeharmonizing with the testimony <strong>of</strong>Scripture. And here it is needful that therebe explicitness, that our thesis may be placedbeyond doubt. <strong>The</strong> purpose is not merely toshow that science lays no foundation for denial<strong>of</strong> a Supreme Intelligence, or for an atheist.icconception <strong>of</strong> the universe; nor merelythat it affords no place for belief in Deitywithout knowledge <strong>of</strong> his nature, for utterance<strong>of</strong> an empty name, without intelligible content,or an agnosticism, which affects to cele-

                                                    

                                                    32 SCIENCE AND RELIGION.brttte the praises <strong>of</strong> Ignorance, in homage tothe name <strong>of</strong> science; nor merely an immanentor indwelling Deity, who is in all things, gndall things in him, so that he is the unifyingpower, the soul <strong>and</strong> life <strong>of</strong> all that is, includingthose strange contrasts which we call good<strong>and</strong> evil; but passing all these representationsas strange <strong>and</strong> alien to the Bible, to showthat religion <strong>and</strong> science find their harmonyin recognition <strong>of</strong> a Transcendent Deity, a personalDeity, distinct from the universe,-a personalityruling in righteousness, <strong>and</strong> delightingto meet the desires <strong>of</strong> intelligent beingslonging after the perfection <strong>of</strong> holiness.I can imagine that some devoted students<strong>of</strong> science are prepared to object to havingany share in a discussion which is to includeas one <strong>of</strong> its terms such a purely spiritual conceptionas this, involving a spiritual relation,-<strong>and</strong> having as its practical expression a spirituallife.Not a few scientific men may be preparedto say that all this is quite remote from theregion with which they are familiar,-thatscience can hardly be said to come into contactwith such a spiritual region <strong>of</strong> inquiry.And 1 grant that there is reason for urging

                                                    

                                                    CONDITIONS OF THE INQUIRY. 33such a consideratioii. <strong>Science</strong> can not occupythe place <strong>of</strong> religion, any more than religioncan occupy the place <strong>of</strong> science. But if therebe any on that account feeling themselves precludedfrom entering on the discussion, theydo thereby proclaim themselves disqualifiedfor making any affirmation as to conflict betweenthe two courses <strong>of</strong> thought <strong>and</strong> interest.<strong>The</strong> logical fairness <strong>of</strong> this argument admits<strong>of</strong> no challenge. Either scientists mustrefrain from assertions <strong>of</strong> conflict,-or theymust take the declarations <strong>of</strong> the Bible, <strong>and</strong>prove their antagonism to the teachings <strong>of</strong>science, recognized as belonging to a differentsphere <strong>of</strong> inquiry. As well propose tocriticise the conclusions <strong>of</strong> astronomy in disregard<strong>of</strong> spectrum analysis, as propose tocriticise the intellectual worth <strong>of</strong> religion inneglect <strong>of</strong> its spiritual significance.I next pass over to inquire what <strong>Science</strong>is, taking its own testimony concerning itsprovince <strong>and</strong> purpose, as I have taken thetestimony <strong>of</strong> religion. <strong>Science</strong> has for itssphere or province the whole field <strong>of</strong> outwardobservation; <strong>and</strong> has for its purpose theexplanation <strong>of</strong> facts within this field, eitherby means <strong>of</strong> direct observations as to the re-

                                                    

                                                    34 SCIENCE AND RZLTGION.lations <strong>of</strong> things, or by logical inference fromsuch observations. This field <strong>of</strong> study is full<strong>of</strong> interest, <strong>and</strong> practically inexhaustible. <strong>The</strong>trustworthiness <strong>of</strong> the method admits <strong>of</strong> nodoubt, whether we consider direct observation,or guarded <strong>and</strong> careful inference fromthings observed. To trust our powers <strong>of</strong> observation,<strong>and</strong> to rely on our reasoning faculty,are the fundamental conditions <strong>of</strong> allknowledge. Through these avenues religiousknowledge must come, as well as scientific.<strong>The</strong> risk <strong>of</strong> conflict is thus excluded here.Nor will any one dispute the inherent value<strong>of</strong> scientific knowledge." Least <strong>of</strong> all couldsuch a challenge come from a religious basis,for the book <strong>of</strong> nature is to the religiousmind the revelation <strong>of</strong> God in its own place<strong>and</strong> form, just as the Bible is in a different<strong>and</strong> higher form. <strong>The</strong> reverence belongingto religion will not derogate from the dignity<strong>of</strong> science. <strong>The</strong> natural <strong>and</strong> genuine tendency <strong>of</strong> religious thought must be to exaltscience, in its proper sense, as a verified explanation<strong>of</strong> the facts <strong>of</strong> existence. A contrary tendency can arise only in one <strong>of</strong> twoways, either when religion is driven back onthe defensive on account <strong>of</strong> scientific theorySee Appendix L

                                                    

                                                    CONDITIONS OF THE INQUZR Y. 35assuming an attitude <strong>of</strong> antagonism; or whenreligious thought has been contracted intonarrow <strong>and</strong> hardened form, such as to encourageisolation from regions <strong>of</strong> investigationpersonally disliked. In the one case, dishonoris reflected on scientific thinking, in theother, dishonor is cast on religious thought.<strong>The</strong>se considerations will indicate the trueintellectual spirit in which we should face thequestion concerning the relations <strong>of</strong> religion<strong>and</strong> science. To our rational nature, everything which is entitled to rank as genuineknowledge must be matter <strong>of</strong> interest; <strong>and</strong> relianceon common means <strong>of</strong> acquiring knowledge,must involve confidence in the unity <strong>of</strong>all truth, <strong>and</strong> the possibility <strong>of</strong> demonstratingsuch unity, if only it be possible for us topenetrate deep enough, <strong>and</strong> extend our researcheswide enough,-a confidence whichwill not be sacrificed even when the actualunity waits discovery. As each one <strong>of</strong> theplanets diffuses its own share <strong>of</strong> light, <strong>and</strong> allcombine to constitute the solar system, soeach science must be a centre <strong>of</strong> knowledge,<strong>and</strong> all combined must constitute a system <strong>of</strong>truth.This being granted on purely intellectual

                                                    

                                                    36 SCIENCE AND RELIGION.grounds, our concluding point is connectedwith competency to enter upon critical inquiryas to the harmony <strong>of</strong> religion <strong>and</strong> science.What has been said as to knowledge<strong>of</strong> the Bible as a prerequisite for the discussion<strong>of</strong> our problem, must equally hold as toscience. One thing, however, needs to befairly stated <strong>and</strong> deliberately allowed; thepossibility <strong>of</strong> intelligent <strong>and</strong> adequate criticismdoes not iinply full acquaintance withscientific methods, <strong>and</strong> personal ability to testthe results <strong>of</strong> their application. Most <strong>of</strong> usmust be content to take our scientific knowledgeon trust, as Chaucer did, when he declinedto enter upon the intricacies <strong>of</strong> astronomicalstudy, because he was too old formaking satisfactory progress.* To acceptscientific conclusions without personal verificationis simply inevitable. When scientificmen themselves have come to a general agreement,<strong>and</strong> are not any longer in conflict on aparticular conclusion, this must be enough forthe great majority <strong>of</strong> intelligent inquirers." 'Wilt thou learne <strong>of</strong> sterres ought?''N&y, certailily,' quod I, 'right naught.''And why ? ' quod he. For I am old. "'HOUSE OF FUE, B. 11, 487.

                                                    

                                                    CONDITIONS OF THE INQUIR Y. 37<strong>The</strong>re is not, in this, absolute security for accuracy,but neither is there such security inthe circumstances for scientific men tliemselves,<strong>and</strong> there can be no reasonable ground for hesitancyor complaint, either on our part or ontheirs, if we are ready to accept general agreementas sufficient testimony for the time. Itwould be utterly impracticable <strong>and</strong> unreasoningto insist that we can not intelligentlyaccept the conclusions <strong>of</strong> astronomy unlesswe are able to go through the mathematicalprocesses; or the main facts <strong>of</strong> humanphysiology unless we have verified each positionby personal investigation into the structure<strong>of</strong> the organs, <strong>and</strong> the conditions <strong>of</strong> functionalactivity. Conjectures find from anintelligent public no higher acknowledgmentthan is due to conjecture, simply becausethose who have devoted themselves to research'inthe department concerned are notagreed in attributing to them any higher significance.On the other h<strong>and</strong>, conclusions areaccepted as true, however much they may beat variance with previously existing convictioa,when the great majority <strong>of</strong> scientific inquirershave admitted the observations to beundoubted or the reasonings conclusive. This

                                                    

                                                    38 SCIENCE AND RELIGION.is the only conceivable test. It is that whichscientific thinkers must themselves recognizeas the rule <strong>of</strong> credence in all departments <strong>of</strong>investigation lying beyond their own familiarfield <strong>of</strong> study; <strong>and</strong> it is that which is naturallyaccepted by the whole body <strong>of</strong> non-scientificreaders <strong>and</strong> thinkers interested in the advance<strong>of</strong> knowledge. All practiced theologians, <strong>and</strong>all upholders <strong>of</strong> religion on the ground <strong>of</strong> intelligentwarrant for belief <strong>and</strong> practice, onlytake the ground <strong>of</strong> common intelligence whenthey accept implicitly the conclusions reachedby scientific procedure.Whatever then may be the evidence <strong>of</strong>conflict between science <strong>and</strong> religion, <strong>and</strong>whatever the difficulties lying in the way <strong>of</strong>working out reconciliation, there is clearwarrant for claiming common ground fromwhich to start, <strong>and</strong> that so ample <strong>and</strong> securethat it is provided by scientific inquiry itself,<strong>and</strong> generally accepted by educated men <strong>of</strong>all classes. <strong>The</strong>re can be no patchwork contrivance,made up <strong>of</strong> what may be taken tobe final statements <strong>of</strong> theological <strong>and</strong> scientificpositions. We do not aim at some agglomeration<strong>of</strong> materials gathered from oppositequarters <strong>and</strong> brought together with the de-

                                                    

                                                    CONDITIONS OF THE INQUIRY. 39sign <strong>of</strong> constructing a compact <strong>and</strong> durableunity. Neither from the side <strong>of</strong> religion, norfrom that <strong>of</strong> science, could such a proposalfind countenance. Each must work fromits own basis, the one from Revelation, theother from Nature. Each must go on itsown course <strong>of</strong> development <strong>and</strong> active service,unaided <strong>and</strong> undeterred by the other.And from age to age in the world's progressit must continue part <strong>of</strong> the task connectedwith intelligent existence, to go from one tothe other, in search <strong>of</strong> the lines <strong>of</strong> harmony.From both sides must come an impulse tothis search for agreement. From the scientificside, by an intellectual necessity, for allintelligent research presses on towards unityin a complete conquest <strong>of</strong> the region <strong>of</strong> investigation,pushing out in distinct lines withfull conviction <strong>of</strong> the harmony <strong>of</strong> being, <strong>and</strong><strong>of</strong> conclusions expressing so much <strong>of</strong> thisharmony as has been definitely ascertained.And what is no less certain, though not s<strong>of</strong>reely admitted, all investigation as to thelaws <strong>of</strong> existence, even that which proclaimsconfidence only in observation, with inferencefrom what it discloses, is urging the humanmind onward to a higher range <strong>of</strong> cluestions

                                                    

                                                    40 SCIENCE AND RELIGION.as to existence beyond observation, <strong>and</strong> thecauses <strong>of</strong> things visible. Impotent in the extremehas been the voice <strong>of</strong> a "positive '' philosophy,denouncing the search for causes,sounding its trumpet call to rally all divisions<strong>of</strong> scientific workers to search exclusively forfacts, as if such workers were but a b<strong>and</strong><strong>of</strong> quarrymen, boring, blasting, <strong>and</strong> gatheringup shattered fragments <strong>of</strong> rock. Forfacts must science ever search; with nothingshort <strong>of</strong> ascertained facts can it be satisfied;but, having found them, it must classify <strong>and</strong>harmoiiize, seeking for the laws which regulatetheir occurrence, <strong>and</strong> for the causes bywhich they may be rationally explained.On the other h<strong>and</strong>, from the sphere <strong>of</strong>religion must ever arise a powerful impulseto seek harmony <strong>of</strong> conviction with the verifiedresults <strong>of</strong> scientific research. This maybe expected to prove a more urgent <strong>and</strong>practical necessity than that which operatesfrom within the region <strong>of</strong> science. <strong>The</strong> beliefin a personal Deity, as the source <strong>of</strong> alldependent existence, <strong>and</strong> the controller <strong>of</strong> all,leads by a necessity both intellectual <strong>and</strong>spiritual to a search for order in all things,<strong>and</strong> a harmony <strong>of</strong> the universe. Viewed

                                                    

                                                    CONDZTZONS OF TNE ZNQUZRII: 41only as an intellectual discipline,-<strong>and</strong> thisis an important though partial view <strong>of</strong> it,-religion develops what may be described asthe intellectnal instinct, craving for knowledge,with expectation <strong>of</strong> order <strong>and</strong> harmonyeverywhere, <strong>and</strong> with prospect <strong>of</strong> amplereward for patient research. <strong>Religion</strong>, beginningwith the conception <strong>of</strong> a transcendentBeing,-seeing in finite existence a creation<strong>and</strong> a cosmos,--gives inore powerful stimulusto search for harmony <strong>of</strong> truth, than can besaid to spring from science. <strong>The</strong> latter bythe necessity <strong>of</strong> its procedure begins by contractingthought in order to concentrate, <strong>and</strong>is apt to encourage its most devoted servantsto work on isolated divisions <strong>of</strong> existence,relegating to a distant future the greater <strong>and</strong>more puzzling task <strong>of</strong> contenlplating the harmony<strong>of</strong> all sciences. It is, then, by pressinginto view an urge~at practical <strong>and</strong> personalneed, that religion may be said in the history<strong>of</strong> individual life to contribute the strongestmotive power towards such intellectual effortas is concerned with the harmonizing <strong>of</strong> alltruth. This will appear in personal experienceaccording to the intellectual activity <strong>of</strong>the individual, under the requirenlents <strong>of</strong> his

                                                    

                                                    42 SCIENCE AND RELIGION.religious life, <strong>and</strong> in study <strong>of</strong> all that belongsto the system <strong>of</strong> the universe. This beingrecognized <strong>and</strong> avowed, as following from thevery nature <strong>of</strong> religion, it devolves on theChurch in all its divisions,-the brotherhood<strong>of</strong> believers,-to manifest a genuine <strong>and</strong> pr<strong>of</strong>oundinterest in the progress <strong>of</strong> science,making felt in the world the full influence <strong>of</strong>the spirit, at once scientific <strong>and</strong> religious,which seeks to discover <strong>and</strong> demonstrate theharmony <strong>of</strong> created existence.

                                                    

                                                    LECTURE 11.EXPERIENCE GATHERED FROM PASTCONFLICTS.THERE have been within quite recenttimes conflicts as to the relations <strong>of</strong>science <strong>and</strong> religion, which have now losttheir living interest. All classes greatly affectedby current literature, <strong>and</strong> scientific discussion,whether ranking themselves' on theaide <strong>of</strong> religion, or otherwise, were deeplymoved by them. It appeared at the time,as if some new position were to be marked<strong>of</strong>f, destined to affect our whole conception <strong>of</strong>the government <strong>of</strong> the universe. <strong>The</strong> expectationwas not verified; public interest diedaway; <strong>and</strong> preparatioi~s for conflict wereab<strong>and</strong>oned, on account <strong>of</strong> the unexpected discoverythat there was nothing to fight about.It is a wise rule affecting our busy life,crowded with present-day duties, that we al-Tow subjects quietly to drop out <strong>of</strong> viewwhich ha& lost. living interest. But this wise

                                                    

                                                    44 SCIENCE AND RELIGION.rule is turned to unwise ends, if it make usforgetful <strong>of</strong> the lessons <strong>of</strong> the past. Scientificprogress consists in the ab<strong>and</strong>onment <strong>of</strong> untenablepositions, for occupancy <strong>of</strong> othersproved to be more reliable. Accordingly theconflict which seems to threaten the interests<strong>of</strong> religion wears now one aspect <strong>and</strong> now another,as determined by the stage <strong>of</strong> scientificprogress which has been reached. But allintellectual progress is an evolution, bearingat every moment some trace <strong>of</strong> what has beenleft behind, as well as evidence <strong>of</strong> accretion.A large amount <strong>of</strong> the experience connectedwith intellectual life is gathered from eventsconnected with ab<strong>and</strong>oning positions <strong>of</strong> pastinterest, as well as from those associated withwhat is new. I propose, therefore, thoughwithin comparatively narrow limits, to referto past conflicts, quite recent, but practicallyat an end. <strong>The</strong> ebb <strong>and</strong> flow <strong>of</strong> intellectualinterests follow in such rapid succession, <strong>and</strong>each is so absorbing during its continuance,that we readily forget the tangled waste buriedfrom sight under the spring-tide <strong>of</strong> risingexpectation. We easily lose sight <strong>of</strong> the past,even though it lie close at h<strong>and</strong>, <strong>and</strong> as wefeel the pulse <strong>of</strong> life beat high in proportion

                                                    

                                                    EXPERIENCE: LWOM PAST CONFLICTS. 45to the vividness <strong>and</strong> apparent value <strong>of</strong> ourprospects, we are ever liable to overestimatethe importance <strong>of</strong> the present position, thussevering ourselves too readily from all thatlies behind. <strong>The</strong>re may be reason for cuttingdown bridges in the rear, if there be apprehension<strong>of</strong> cowardice in the ranks; but wherethe calmness <strong>and</strong> courage <strong>of</strong> resolute progressare found, there is no need for a yawningchasm behind. It is true, indeed, that justbeyond some bridges recently crossed, therelie a good many traces <strong>of</strong> humiliation. Andit is according to the tendency <strong>of</strong> humannature, whether religious or anti-religious, toturn away froin that which occasions uneasiness.But there is a moral, as well as an intellectualdem<strong>and</strong>, for thoroughness in recognizingthe continuity <strong>of</strong> events. <strong>The</strong> scielitificspirit can not excuse a covering up <strong>of</strong> pastfailures, as the formulating <strong>of</strong> verified resultsmust imply testinlony concerning them. It is<strong>of</strong> the very nature <strong>of</strong> religious conviction thatwe should learn from the failures <strong>of</strong> the past,<strong>and</strong> should advance out <strong>of</strong> them with higherwisdom. By common consent, therefore, wecan have no accurate survey <strong>of</strong> the presentsituation, without making account <strong>of</strong> what has

                                                    

                                                    46 SCIENCE AN. RELIGION.been recently passed, as well as what may beregarded as pressing upon our notice in thesedays.We do not need to travel a long way tothe rear in order to discover how far astrayvr7e may be, both in expectations <strong>and</strong> in apprehensions;how readily we may get intoconfusion as to the interests involved in excitingcontroversies; <strong>and</strong> how much we needcaution, making allowance for our partial survey<strong>of</strong> facts, <strong>and</strong> our uncertainty as to whatmay open up.By way <strong>of</strong> illustration, I shall refer to thehistory <strong>of</strong> discussions concerning so-called"spontaneous generation," mixed up with ascertainedfacts as to protoplasm, bathybius,or " living slime," as it has been called, <strong>and</strong>bacterium. <strong>The</strong> question eagerly discussedwas whether there might be origin <strong>of</strong> life,without development from germ, seed, orovum. <strong>The</strong> problem was one <strong>of</strong> those suggestionsapt to arise under pressure <strong>of</strong> newconjectures <strong>and</strong> theories. While the scientificworld was astir on the question <strong>of</strong> development,attention was turned for a time towardsthe possibility <strong>of</strong> a fresh beginning <strong>of</strong>organic forms, life which should be no de-

                                                    

                                                    EXPERIENCE FROM PAST CONFLICTS. 47velopment, but should rather seem as anuncaused existence,-" spontaneous generation."It might have been urged that thesuggestion was contrary to reason; that " inexorablelogic," <strong>of</strong> which we <strong>of</strong>ten hear fromscientific observers, forbade the supposition ;that all the conditions <strong>of</strong> scientific thoughtwere against it ; that the very conception <strong>of</strong>~pont~aneous generation " m7as a logical inconsistency,alien to the requirements <strong>of</strong> scientificthought, as implying uncaused existence;but we were reminded that we areprohibited from supposing any thing is impossiblein the pathway <strong>of</strong> science, .that observationmust be first, <strong>and</strong> reason only second,<strong>and</strong> accordingly the needful experiments wenton under all due precautions. <strong>The</strong> briefchapter in the history <strong>of</strong> science which recordsexpectations <strong>and</strong> results connected withthese experiments, well deserves to be remembered.It is here selected for illustration,both on account <strong>of</strong> its inherent importance,<strong>and</strong> its relation to the theory <strong>of</strong>development, which must afterwards havespecial attention.Some descent is required from ordinaryscientific observation to the level where this

                                                    

                                                    48 SCIENCE AND RELIGION.question is discussed. From the germ-cell,we pass down to an albuminous substancespread over the ocean-bed, said to have life,or we descend to microscopic organisms, suchas bacteria; <strong>and</strong> a step lower down still, weare introduced to the question whether inwater passed through the boiling process soas to guard against the presence <strong>of</strong> germinalforms, we may not witness the origin <strong>of</strong> life.<strong>The</strong> question so raised had additional interestbecause <strong>of</strong> the bearing it rnight have onthe first appearance <strong>of</strong> life in the history <strong>of</strong>this world. This interest was shared on bothsides, by those who held that creation is aconception not only alien to scientific thought(which it may well be *), but inconsistent withit; <strong>and</strong> by those who regarded creation as theonly conception adequate to meet rational requirements.<strong>The</strong> question had at the sametime a direct practical interest connected withpublic health, on acco~ult <strong>of</strong> its bearing uponthe diffusion <strong>and</strong> vital tenacity <strong>of</strong> spores orgerminal forms capable <strong>of</strong> spreading contagiousdisease.?* <strong>Science</strong> can not reach the beginning <strong>of</strong> things.t Fee Disease Germs, their Nature <strong>and</strong> Origin, by Beale. London,Churchill; Philadelphia, Lindsay <strong>and</strong> Blaikiston.

                                                    

                                                    EXPERIENCE I;ROM PAST CONFLICTS. 49<strong>The</strong> controversy on this subject was at itsheight in the years 1876, <strong>and</strong> 1877, having alarge amount <strong>of</strong> most carefill <strong>and</strong> difficult experimentdevoted to it. <strong>The</strong> result has beena valuable addition to scientific knowledge asto the vitality <strong>of</strong> germinal forms, <strong>and</strong> a quietusto theories as to " spoiitaneous generation."<strong>The</strong> direct object placed before the scientificmind ~vl~eii the discussioii arose was this,-to ascertain whether an origin <strong>of</strong> vital activitycould be observed in the midst <strong>of</strong> materialsfrom which all germinal forms <strong>of</strong> lifewere certainly excluded.<strong>The</strong> selection <strong>of</strong> materials to experimentupon was for a time according to the fancy<strong>of</strong> the experimenter. It was not proposedthat a vacutun should be made by withdrawal<strong>of</strong> all air from a glass vessel, thereafter watchingfor the appearance <strong>of</strong> some organic form.Nor was it suggested that pure water mightbe taken from. a spring, <strong>and</strong> boiled, <strong>and</strong> leftst<strong>and</strong>ing under daily observation. A greatvariety <strong>of</strong> materials was selected to provide'an infusion which might afford the conditionsfor application <strong>of</strong> scientific tests. In this waythe followii~g materials were used <strong>and</strong> tested,infusion <strong>of</strong> turnip, <strong>of</strong> pounded cheese, hay,

                                                    

                                                    60 SCIENCE AND RELIGION.meat, fish, besides egg-albumen, blood, <strong>and</strong>urine. Vegetable productions, animal tissue,<strong>and</strong> secretions <strong>of</strong> the human body closely connectedwith vital processes, were thus subjectedto test. In the history <strong>of</strong> investigation,attention ultimately concentrated on theinfusion <strong>of</strong> hay <strong>and</strong> on urine. Observationswere conducted in Paris <strong>and</strong> London; resultswere published from time to time; singulardivergence became apparent in these recordedresults; this led to controversy, which becameso keen, that the Academy <strong>of</strong> <strong>Science</strong>s in Parisappointed a commission <strong>of</strong> three to adjudicateupon a challenge given by M. Pasteur <strong>of</strong> Paristo Dr. Bastian <strong>of</strong> London; which Commissionmet in Paris on 15th July, 1877, butnever adjudicated in the matter."<strong>The</strong> perplexities encountered in con.ducti11gobservations arose chiefly from two causes:the difficulty <strong>of</strong> ascertaining the temperatureat which living organisms were certainly destroyed,<strong>and</strong> the materials sterilized; <strong>and</strong> that<strong>of</strong> guarding against interference with this statewhen established, by contact with the atmosphere.<strong>The</strong> latter perplexity, involving muchcare, skilful manipulation, <strong>and</strong> mechanical con-* Nature vol. xvi. p. 276.

                                                    

                                                    EXPERIENCE FROM PAST CONFLICTS. 51trivance, was at last overcome by the construction<strong>of</strong> glass tubes, separating for a timethe distinct materials, with facility for theirmixture at the proper moment without contactwith the air.<strong>The</strong> true scientific difficulty, however, wasdetermination <strong>of</strong> a reliable test for destruction<strong>of</strong> germinal forms, either adhering to thematerials, embedded in them, or floating inthe atmosphere. <strong>The</strong> history <strong>of</strong> observationsbearing on this question is deeply interesting.In the earlier tentative experiments, the materialplaced under observation was boiled; itwas concluded that no vital organism couldendure this process; <strong>and</strong> the material waskept for a time in a temperature <strong>of</strong> fromseventy to eighty degrees Fahr., which wasregarded as favorable to the development <strong>of</strong>K . In process <strong>of</strong> time, a deposit appearedin the tube, <strong>and</strong> this when examined underthe microscope was found to contain bacteria,*living, moving germinal forms so minuteas to require high magnifying power for theirdiscovery. Here then was " spontaneous generation."Who could be so credulous as to* Examples <strong>of</strong> the bacteria magnified 1,800, 3,000, <strong>and</strong> 5,000times are given in Plate I. p. 16, <strong>of</strong> Beale's Disease Gems,

                                                    

                                                    52 SCIENCE AND IPELIGION.believe that minute organic forms could livethrough the boiling process? If this appearedtoo absurd to fancy, then spontaneous generation,or actual origin <strong>of</strong> life out <strong>of</strong> non-organizedmatter, must be held to be established.It was only the audacity <strong>of</strong> prejudice,<strong>and</strong> hopeless alienation from the " advancedthought " <strong>of</strong> the time, which could induce anyone to doubt, in face <strong>of</strong> these experiments,carefully recorded <strong>and</strong> published.* Scientificobservers <strong>of</strong> great experience <strong>and</strong> reputationfelt it needful to express themselveswith caution, leaving results to be tested.A considerable number <strong>of</strong> investigators beganto turn their attention to the subject, <strong>and</strong>a period <strong>of</strong> seven years was occupied beforethe results became so certain as to be practicallyfinal. Pasteur, Pouchet, <strong>and</strong> Joubertwere at work in France, Crookes, Child,Beale, Roberts, Bastian, Tyndall <strong>and</strong> othersin Engl<strong>and</strong>.All experiments concentrated upon certaintyin sterilizing the substance operatedupon. Pasteur pointed out that the chemicalproperties <strong>of</strong> the infusion affected the* For Dr. Bastian's experiments see Times, April 13, 1870;<strong>and</strong> Nature, June <strong>and</strong> July, 1870.

                                                    

                                                    EXPERIENCE FROM PAST CONPLICTS. 53vitality <strong>of</strong> the microscopic germs inclosed init; <strong>and</strong> Roberts at a later stage confirmed thisby independent investigation, proving " thatslightly alkaline liquids are more difficult tosterilize by heat than slightly acid liquids."In this way, it was shown that distinct records<strong>of</strong> temperature were needful, greaterintensity <strong>of</strong> heat being required in somecases than in others, in order to secure destruction<strong>of</strong> germs. <strong>The</strong> facts were illustratedby hay infusion, " the acid infusion invariablyremaining barren after a few minutes' boiling,<strong>and</strong> the neutralized infusion invariably becomingfertile after a similar boiling." -/- <strong>The</strong>neutralizing element was liquor potasss, <strong>and</strong>the next question started was this, Did theliquor potasss enable the germs to livelonger under the boiling process, or did itsinfusion operate so as to originate life wheregerms no longer had any existence ? A contrivancewas adopted by which the boilingcould be applied to the hay inf~~sion, whilethe liquor potasss was kept enclosed in anotherpart <strong>of</strong> the tube, ready to be added* Contribution to Royal Society <strong>of</strong> London. Nature xv. p.802, Feb. 1, 1877.t lb.

                                                    

                                                    54 SCIENCE AND RELrGfON.without exposure to the air, after the boilingprocess was over. When added in this way,"the liquor potassae had not any power toexcite germination:'' the expectation that acertain mixture <strong>of</strong> acid <strong>and</strong> alkali wouldoriginate life was disappointed; all the earlierexperiments were discredited. Still, someclung to their expressed belief, for there is aprejudice <strong>of</strong> advanced thought, as there isa prejudice <strong>of</strong> old beliefs. Tenacity <strong>of</strong> avowedopinion, with strong love <strong>of</strong> research, prolongedthe inquiry, <strong>and</strong> led to more decidedevidence.<strong>The</strong> controversy was conducted by Dr. Robertsagainst Dr. Bastian, while all the experiments<strong>of</strong> Pr<strong>of</strong>essor Tyndall were convergingupon the same conclusions as those reachedby Roberts.* That Bastian had obtained bacteriaafter boiling, admitted <strong>of</strong> no doubt, <strong>and</strong>he naturally clung to this fact as encouraging;others regarded it as only misleading. Bastianmaintained that the allrali had a positivepower <strong>of</strong> originating life, <strong>and</strong> stated one hundred<strong>and</strong> twenty-two degrees Fahr. as favorableto the appearance <strong>of</strong> life. Roberts tookten examples <strong>of</strong> sterilized urine, <strong>and</strong> twenty-* Nature vol. xv. p. 303, <strong>and</strong> Appendix IL

                                                    

                                                    EXPERIENCE FROM PAST CONFLXTS. 55nine examples <strong>of</strong> fermentible liquids whichhad renzained over from the earlier experiments<strong>of</strong> 1873-74, <strong>and</strong> these thirty-nine exampleswere subjected to careful experiment<strong>and</strong> observation. In the first ten cases, thetube was heated in oil for fifteen minutes upto two hundred <strong>and</strong> eighty degrees Fahr.; theten tubes were then set in a warm place (fromseventy degrees to eighty degrees Fahr.) fora fortnight; the contents were transparent; thealkali was then allowed to mingle with it, <strong>and</strong>the tubes were placed in an incubator keptat a temperature <strong>of</strong> one hundred <strong>and</strong> fifteendegrees Fahr.; at the end <strong>of</strong> two days therewas a sediment, <strong>and</strong> the liquor was clear; thetubes were replaced in the incubator, the temperaturebeing raised to one hundred <strong>and</strong>twenty-two degrees Fahr. as recommendedby Dr. Bastian; there they ~ontinued for threedays; they were then withdrawn <strong>and</strong> placedunder the microscope, but no trace <strong>of</strong> livingorganism was found either in the fluid or inthe deposit under it. <strong>The</strong> twenty-nine cases,including a variety <strong>of</strong> vegetable <strong>and</strong> animalpreparations were next treated in like manner,<strong>and</strong> with like results. Tyndall's experimentswere reported to the Royal Society <strong>of</strong> London

                                                    

                                                    56 SCIENCE AND RELIGION.at the same time, with exactly the same result.M. Pasteur had previously reported tothe Academy <strong>of</strong> <strong>Science</strong>s in Paris to the sameeffect. It was thus proved by a mass <strong>of</strong> evidencethat if proper precautions were takento destroy germinal forms, no mixture <strong>of</strong> alkaliwith acid, whatever the variety <strong>of</strong> materialsselected, was adequate to produce life.A few months later than the communications<strong>of</strong> Roberts <strong>and</strong> Tyndall, that is, May,1877, the results <strong>of</strong> ten years' experiment,first by Mr. Dallinger himself, <strong>and</strong> thereafterby Mr. Dallinger <strong>and</strong> Mr. Drysdale conjointly,were communicated to the Royal Institution,London, on " t,he origin <strong>and</strong> development <strong>of</strong>minute <strong>and</strong> lowly life forms." " <strong>The</strong> purpose<strong>of</strong> these experiments was to watch the growth<strong>of</strong> the minutest germs, capable <strong>of</strong> being seenonly under a powerful microscope, putting toactual test their tenacity <strong>of</strong> life. <strong>The</strong> largestobjects were one-thous<strong>and</strong>th <strong>of</strong> an inch, thesmallest, the four-thous<strong>and</strong>th <strong>of</strong> an inch. Sixdistinct forms were selected for observation,<strong>and</strong> their history was made out. A magnifyingpower <strong>of</strong> five thousai~d degrees was used.In the glairy fluid a monad larger than usual* Nature vol. xvi. p. 24

                                                    

                                                    EXPERIENCE FROM PAST CONFLICTS. 67seized on a smaller; they became fused afterswimming about together; the single objectthen appeared a motionless spec; this provedto be a sac, from which at the close <strong>of</strong> a periodvarying from ten to thirty-six hours, itburst, <strong>and</strong> young spores became visible in theBuid, which were kcpt under observation tillthey reached maturity. Special interest wasconnected with these observations not onlyas illustrating the growth <strong>of</strong> spores, or germs;but as allowing application <strong>of</strong> the test <strong>of</strong> heatat different stages <strong>of</strong> growth. When this testwas applied, it was found that one hundred<strong>and</strong> forty degrees Fahr. was sufficient to causethe death <strong>of</strong> adults, whereas the young sporeswere able to live notwithst<strong>and</strong>ing the application<strong>of</strong> three hundred degrees Fahr. for tenminutes. In this direction fresh discoverywas to be made.In June 1877,-a month later,-Pr<strong>of</strong>essorTyndall gave the record <strong>of</strong> further researches.*<strong>The</strong>se presented additional results as to degrees<strong>of</strong> temperature requisite for destroyinglnicroscopic organisms. It had been alreadyshown that alkaline liquids are more difficultto sterilize, than acid liquids; it was further* Ndure vol. xvi. p. 127.

                                                    

                                                    68 SCIENCE AND RELIGION.shown that the death point was higher in air,than in water; for Pr<strong>of</strong>essor Tyndall extendedhis researches to air, as well as liquid.First dealing with the fluid form, he foundgerms possessed <strong>of</strong> vitality so singular thatfive or six hours <strong>of</strong> boiling did not destroythem, <strong>and</strong> in one case eight hours was insufficientfor the purpose. In this connection, hecame to tlie conclusion that some germinalorders were more easily destroyed than others.When dealing with bacteria, he found thatthey differed from other forms in this, thatthey rose to the air as if it were a requisite,whereas other germs, such as those belongingto the process <strong>of</strong> fermentation, couldexist without oxygen. This led to an additionalform <strong>of</strong> experiment, with the view <strong>of</strong>deciding whether bacteria could be destroyedby withdrawal <strong>of</strong> air; <strong>and</strong> if so, whether thebacteria would reappear after the existing microscopiclife had been stifled. Tyndall beganby applying the air-pump. Under this processthe bacteria were enfeebled greatly, butnot destroyed. <strong>The</strong>reafter Sprengel pumpswere used, by means <strong>of</strong> which the air dissolvedin the infusions was withdrawn, as wellas that diffused in the spaces above. In

                                                    

                                                    EXPERIENCE FROM PAST CONFLICTS. 59numerous cases there was success in destroyingthe germs by removal <strong>of</strong> the air in thisway without any boiling process. In thesecases, the air was carefully restored, precautJionsbeing adopted to guard against admission<strong>of</strong> germinal forms, <strong>and</strong> in no case did lifereappear in the infusions. As in the morecorninoil style <strong>of</strong> experiment, the warmthsuitable could not charm the life back again;so in this, the restoration <strong>of</strong> oxygen, couldnot secure restoration <strong>of</strong> life.Thus evidence from all sides directed surelyto the conclusion that the alleged discovery<strong>of</strong> " sponta~ileous generation " was a delusion,the result <strong>of</strong> hasty <strong>and</strong> insufficient experiment.Dr. Bastian, nevertheless, stuck heroicallyto his original position, <strong>and</strong> cameinto conflict with M. Pasteur <strong>of</strong> Paris, bymeans <strong>of</strong> a communication which the EnglishPr<strong>of</strong>essor had sent to the Academy <strong>of</strong> <strong>Science</strong>sin July <strong>of</strong> the previous year, 1876. In thebeginning <strong>of</strong> 1877, M. Pasteur threw downan explicit challenge to Pr<strong>of</strong>essor Bastian,which resulted in the appointment <strong>of</strong> a commissioilto observe the experiment,^ <strong>and</strong> adjudicate.With this terminates the history <strong>of</strong>nearly ten years <strong>of</strong> curious <strong>and</strong> singular in-

                                                    

                                                    60 SCIENCE AND RELIGION.vestigation, <strong>and</strong> Dr. Bastian himself has suppliedthe history <strong>of</strong> the closing scene, layingopen the whole correspondence to public investigation,as if he were unconscious <strong>of</strong> theconlplete demolition <strong>of</strong> his favorite theory<strong>of</strong> " spontaneous generation." <strong>The</strong> 15th <strong>of</strong>July, 1877, witnessed the close <strong>of</strong> a battle hehad been fighting against steadily increasingodds, <strong>and</strong> which he had begun in June, 1870.Dr. Bastian's position was " that a solution <strong>of</strong>boiled potash caused bacteria to appear insterile urine at fifty degrees Cent., added ina quantity sufficient to neutralize the latter."<strong>The</strong>se he regarded as the physico-chemicalconditions for spontaneous generation <strong>of</strong>bacteria.<strong>The</strong> challenge from M. Pasteur was in theseterms;-" I defy Dr. Bastian to obtain, in thepresence <strong>of</strong> competent judges, the result towhich I have referred with sterile urine, onthe sole condition that the solution <strong>of</strong> potashtvliicli he employs be pure, i. e., made withpure water <strong>and</strong> pure potash, both free fromorganic matter. If Dr. Bastian wishes to usea solution <strong>of</strong> iinpure potash, I freely authorizehim to take any in the English or any otherPharmacopeia, being diluted or concentrated,

                                                    

                                                    BXPERTEKCE FROM PAST CONFLICTS. 61on the sole condition that that solution shallbe raised beforeh<strong>and</strong> to one hundred <strong>and</strong> tendegrees for twenty minutes, or to one hundred<strong>and</strong> thirty degrees for five minutes."A Commission was appointed by the Academy,<strong>and</strong> Dr. Bastian agreed to appear beforeit, but only on conditions he laid down greatlyrestricting the range <strong>of</strong> inquiry. He ignoredthe first <strong>and</strong> most searching form <strong>of</strong> M. Pasteur'schallenge; claimed that the adjudicatioil<strong>of</strong> the Commission should be only on the second;<strong>and</strong> further stated that if the Commissionwere " to express an opinion upon the interpretation<strong>of</strong> the fact attested, <strong>and</strong> upon itsbearings on 'the germ theory <strong>of</strong> fermentation,'or ' spontaneous generation,' " he wouldrespectfully decline to take part in this widerinquiry. <strong>The</strong> Commission refused to be restrictedto the worst form <strong>of</strong> the experiment,<strong>and</strong> to be bound to withhold an opinion as toits bearing on the question <strong>of</strong> " spontaneousgeneration." Dr. Bastian went to Paris, butthe inembers <strong>of</strong> the Commission declined todeal with less than the challenge given, <strong>and</strong>the meeting was never properly constituted." Thus ended," as Dr. Bastiai~ has said, " theproceedings <strong>of</strong> this remarkable Commission

                                                    

                                                    62 SCIENCE AND RELIGION,<strong>of</strong> the French Academy." <strong>The</strong> proceedingsended before they had begun. Dr. Bastian byhis re~t~rictions, surrendered the real questionat issue, <strong>and</strong> practically acknowledged that hewould not submit it to the judgment <strong>of</strong> theCommission. He sought only testimony as tohis own form <strong>of</strong> experiment, which there wasthen good reason to know was accurate, becauseM. Pasteur had stated a temperaturetoo low, <strong>and</strong> a time too short, but which wasat the same time an experiment <strong>of</strong> no scientificvalue for establishing " spontaneous generation."Thus ended a battle which hadbeen protracted long after it was to all observersmanifestly lost.<strong>The</strong> discussion thus narrated may be easilyoverestimated, but there seems even more riskthat the manifest failure should lead to anoversight <strong>of</strong> the value <strong>of</strong> the protracted investigations.<strong>The</strong>se convey lessons <strong>of</strong> specialvalue to scientific inquirers on the one h<strong>and</strong>,<strong>and</strong> to theologians on the other. <strong>The</strong>y are <strong>of</strong>great value for illustrative purposes in such acourse <strong>of</strong> lectures as the present, <strong>and</strong> thatbecause they provide needful training for intelligentobservation <strong>of</strong> the advance <strong>of</strong> science.<strong>The</strong> promulgation <strong>of</strong> the development the-

                                                    

                                                    EXPERIENCE FROM PAST CONFLICTS. 63ory <strong>of</strong> species has given a conception <strong>of</strong> theunity <strong>of</strong> organic life in the world, which evenin its most modified form has an imposinggr<strong>and</strong>eur. Influenced by this, scientific menare naturally concerned to make out, if possible,some connection between inorganic <strong>and</strong>organic being. To work at this, is part <strong>of</strong> theinevitable task <strong>of</strong> science, even though the resultshould be only to establish the helplessness<strong>of</strong> science in dealing with it.We have chemical <strong>and</strong> dynamical theories<strong>of</strong> life which stimulate repetition <strong>of</strong> experiments,in the hope that some gr<strong>and</strong> discoverymay be made. Those just described presenta curious illustration. In the circumstances,we can well underst,<strong>and</strong> the persistence withwhich Dr. Bastian clung to his supposed discovery<strong>of</strong> the physico-chemical conditions forproduction <strong>of</strong> living organism.<strong>Science</strong> finds in these experiments a freshlesson <strong>of</strong> the need for caution, guarding againstthe hampering influence <strong>of</strong> popular notions, asin reference to the probable effects <strong>of</strong> the boilingprocess. For if the experiments haveproved a failure so far as support to a theory<strong>of</strong> spontaneous generation is concerned, theyhave revealed a tenacity <strong>of</strong> life belonging to'

                                                    

                                                    64 SCIBNCE AND RELIGION.the lowest microscopic organisms, far beyondhigher organic forms, <strong>and</strong> the consequentweakness <strong>of</strong> ordinary human devices in strugglingagainst the development <strong>of</strong> such germs.<strong>The</strong>se experiments also emphasize the needfor attention to the laws <strong>of</strong> rational procedure,as well as to skill in experimental observation,if science is to be exempted fromneedless toils.<strong>The</strong>ology has here also a lesson <strong>of</strong> patience,for it may well leave science to do its ownwork, undisturbed by apprehensions as topossible consequences to morality <strong>and</strong> religion.All that the telescope can reveal, <strong>and</strong>the microscope can make known, throughyears <strong>of</strong> experimenting, we wish to have discovered,for only thus shall we come to underst<strong>and</strong>the world's lessons <strong>of</strong> wisdom <strong>and</strong>power lying far beyond the range <strong>of</strong> our unaidedvision. All the churches <strong>of</strong> Christ havereason to hail the extension <strong>of</strong> scientific knowledge.Those who set high account on patientinterpretation <strong>of</strong> the written Revelation, havereason to value this laborious reading out <strong>of</strong>the lessons written in the book <strong>of</strong> Nature.A wider <strong>and</strong> more general result may beexpected than that which bears directly on

                                                    

                                                    EXPERIENCE FROM PAST CONFLICTS. 65the relations <strong>of</strong> science <strong>and</strong> religion. All intelligentreaders <strong>of</strong> scientific discussions willfind discipline from pondering these experiments.<strong>The</strong>y illusti-ate the toil connectedwith scientific research, the risks which besetsuch inquiry, <strong>and</strong> the limits <strong>of</strong> scientific investigations.<strong>The</strong>re lies in these experiments awarning <strong>of</strong> the constant need for falling backnot only on the laws <strong>of</strong> evidence, but also onthe laws <strong>of</strong> reason. <strong>The</strong> mere conception <strong>of</strong>" spoiitaneous generation," rigidly interpreted,were a curiosity, coming wonderfully near acontradiction <strong>of</strong> scientific thought itself, whichseeks for causes, <strong>and</strong> repudiates uncaused occurrences.<strong>The</strong>re may naturally enough be adiscovery <strong>of</strong> the chemical elements belongingto definite types <strong>of</strong> organism, or <strong>of</strong> theform <strong>and</strong> nieasure <strong>of</strong> energy operating in life.Even when surmising " that possibly we mayby the help <strong>of</strong> physical principles, especiallythat <strong>of</strong> the dissipation <strong>of</strong> energy, sometime attainto a notion <strong>of</strong> what constitutes life, merevitality, notiliiig higher,'' Pr<strong>of</strong>essor Tait hasthought it needful to add, " but let no oneimagine that, should we ever penetrate thismystery, we shall thereby be enabled to produce,except from life, even the lowest form

                                                    

                                                    66 SCIENCE AND RELIGION.<strong>of</strong> life." " If it were suggested that physicochemicalelements could originate life, chemistrywould easily supply the ingredients. Ifit were hinted that reliance might be placedexclusively on the action <strong>of</strong> air or <strong>of</strong> heat forproducing living organism from inorganic matter,this were to fall back on the old elementalphilosophy <strong>of</strong> ancient Greece, which thethought <strong>of</strong> Greece easily repudiated withoutthe aid <strong>of</strong> experimental science.Attention is, however, here concentratedon the failure <strong>of</strong> these experiments meant toestablish " spontaneous generation," <strong>and</strong> inthis failure we find illustration <strong>of</strong> the fact thatsupposed conflicts between science <strong>and</strong> religionare <strong>of</strong>ten misunderst<strong>and</strong>ings <strong>and</strong> nothingmore, based on unreliable experiments or unwarrantedexpectations.One other fact deserves to be recorded <strong>and</strong>placed in companionship with that just stated,that some <strong>of</strong> the alleged conflicts between science<strong>and</strong> religion are delusively so described,on account <strong>of</strong> misunderst<strong>and</strong>ing or misrepresentation<strong>of</strong> religion. <strong>The</strong>y are fictitious articles,requiring to be properly br<strong>and</strong>ed, <strong>and</strong>quietly laid aside. A single illustration mayRecent Advances in Physicd <strong>Science</strong>, p. 24.

                                                    

                                                    EXPERIENCE FROM PAST CONFLICTS. 67suffice, taken from Dr. Draper's Zistory <strong>of</strong> theCon$ict between <strong>Religion</strong> <strong>and</strong> Hcience, which iseasily accessible, <strong>and</strong> reasonably claims someattention in connection with the present subject.<strong>The</strong> criticism here <strong>of</strong>fered is not meantto carry a general condemnation <strong>of</strong> the book.This work includes a vast deal more than itstitle suggests; in the midst <strong>of</strong> much that isextraneous, there is not a little <strong>of</strong> valuablehistorical matter written in a clear <strong>and</strong> attractivestyle. <strong>The</strong> book is, however, inmany parts misleading, <strong>of</strong>ten by its stylesuggesting that the author has allowed himselfto be carried away in his eagerness tomake out serious conflict. <strong>The</strong> plan <strong>of</strong> thebook is hardly compatible with fairness. Thismay be illustrated by reference to the groundsfor selecting illustrations <strong>of</strong> <strong>Christian</strong>ity. Ourauthor says, " In speaking <strong>of</strong> <strong>Christian</strong>ity referenceis generally made to the Roman Church,partly because its adherents compose the majority<strong>of</strong> Christendom, partly because its dem<strong>and</strong>sare the most pretentious, <strong>and</strong> partlybecause it has commonly sought to enforcethose dem<strong>and</strong>s by the civil power."* Inview <strong>of</strong> these explanations, it may be in a* Pr@aoe X.

                                                    

                                                    68 SCIENCE AND RELIGION.sense satisfactory, as suggesting more harmonybetween science <strong>and</strong> religion than thegeneral tenor <strong>of</strong> the book conveys, that Pr<strong>of</strong>essorDraper has " had little to say " respectingthe Protestant <strong>and</strong> Greek Churches. Butthe reasons for making the Roman division <strong>of</strong>the Church representative <strong>of</strong> the whole arefar from satisfactory. It is as if one werebent on fighting, but determined always to selectthe weakest antagonist to be found. Noris the case improved by the defence <strong>of</strong>fered.Dr. Draper says, "In thus treating the subject;it has not been necessary to pay muchregard to more moderate or intermediate opinions,for, though they may be intrinsically <strong>of</strong>great value, in conflicts <strong>of</strong> this kind it is notwith the moderates, but with the extremists,that the impartial reader is mainly concerned.<strong>The</strong>ir movements determine the issue." * Thisis, I think, an unwise conclusion. Extremistsmay determine the erratic deflections <strong>of</strong> amovement; they do not decide its issues. <strong>The</strong>ydiscover the heat, rather than the thought, involvedin intellectual conflict. <strong>The</strong>y contributeto vortex movement, rather than onward.In consequence <strong>of</strong> his plan <strong>of</strong> procedure,g Preface X.

                                                    

                                                    EXPERIENCE FROM PAST CONFLICTS. 69Dr. Draper gives <strong>of</strong>ten a misleading view <strong>of</strong>the relative positions <strong>of</strong> religion <strong>and</strong> science.A reference to Chapter VI. will afford illustration.<strong>The</strong> subject is, " Conflict Respectingthe Nature <strong>of</strong> the World." <strong>The</strong> two prominentcontrasts placed at the head <strong>of</strong> this chapterare these:-" Scriptural view <strong>of</strong> the world;the earth a flat surface: scientific view; theearth a globe.'' <strong>The</strong>se are, indeed, completecontrasts; but the question is, Are they accuratelystated ? Is there any warrant for sayingthat Scripture teaches that the earth is aflat surface? Most Bible readers <strong>of</strong> the presentday will take this as quite a discovery.That there was long <strong>and</strong> earnest discussion <strong>of</strong>the question whether the earth was flat or aglobe, is certain. But it is erroneous to referto Scripture as the source <strong>of</strong> the f~rmer position.<strong>The</strong> opening <strong>of</strong> the chapter sufficientlydisposes <strong>of</strong> the suggestion. Dr. Draper says,-" An uncritical observation <strong>of</strong> the aspect <strong>of</strong>nature persuades us that the earth is an extendedlevel surface which sustains the dome<strong>of</strong> the sky, a firmament dividing the watersabove from the waters beneath; that the heavenlybodies-the sun, the moon, the starspursuetheir way mo~ing from east to west,

                                                    

                                                    70 SCIENCE AND RELIGION.their insignificant size, <strong>and</strong> motion round themotionless earth, proclaiming their inferiority.Of the various organic forms surrounding mannone rival him in dignity, <strong>and</strong> hence he seemsjustified in concluding that every thing hasbeen created for his use-the sun for the purpose<strong>of</strong> giving him light by day, the moon <strong>and</strong>stars by night.Comparative theology showsthat this is the conception <strong>of</strong> nature universallyadopted in the early phase <strong>of</strong> intellectuallife. It is the belief <strong>of</strong> all nations in allparts <strong>of</strong> the world in the beginning <strong>of</strong> theircivilization.'' *In determining the relations <strong>of</strong> religion <strong>and</strong>science it is impossible to accept a passage sogeneral, <strong>and</strong> full <strong>of</strong> mixed references as this.<strong>The</strong>re is, indeed, no reason to complain <strong>of</strong>statements as to the general impressions resultingfrom " an uncritical observation " <strong>of</strong>nature, <strong>and</strong> <strong>of</strong> the testilnony which may bedrawn froin " comparative theology." Suchreferences are to be valued, as belonging toan important branch <strong>of</strong> inquiry; but they arenot to be mixed up with statements concern-* Histoy <strong>of</strong> the ConBict between <strong>Religion</strong> <strong>and</strong> <strong>Science</strong>, by J. W.Draper, M.D., LLD., Pr<strong>of</strong>essor in the University <strong>of</strong> New York,12 ed., p. 153.

                                                    

                                                    EXPERIENCE FROM PAST CONFLXTS. 71ing Scripture teaching. Such comminglingleads to confusion, <strong>and</strong> deprives a discussion<strong>of</strong> historical accuracy <strong>and</strong> scientific precision.In view <strong>of</strong> the immense practical, as well asscientific interests involved, it is needful toguard against loose statements encouraging abelief in conflict between religion <strong>and</strong> science,where no such conflict exists. <strong>The</strong> passagehere selected is taken as an example, <strong>and</strong> itscriticism will indicate what claims religion hasa right to make upon scientific men in theirmanagement <strong>of</strong> such discussions. It may bethat with equal reason a similar claim can beturned upon defenders <strong>of</strong> religion in view <strong>of</strong>their criticisms <strong>of</strong> scientific discussions. Butthe real value <strong>of</strong> such investigations, fromwhatever side they come, depends upon accurate<strong>and</strong> guarded statement. It is to befeared, however, that Dr. Draper's theorythat " extremists determine the issue," maytempt him to favor a different rule.To state that the scriptural view <strong>of</strong> theworld is, that "the earth is a flat surface,"is misrepresentation. And the variety <strong>of</strong>form into which this statement is thrownthroughout the chapter makes it greatlyworse. Thus our author speaks <strong>of</strong> " the fiat

                                                    

                                                    72 SCIENCE AND RELIGION.figure <strong>of</strong> the earth, as revealed in the Scriptures,"*as if this quasi-scientific statementwere part <strong>of</strong> Bible revelation. Again hespeaks <strong>of</strong>" the theological doctrine <strong>of</strong> the flatness<strong>of</strong> the earth" being irretrievably overthrown.?Once more, where speaking <strong>of</strong> theCopernican system <strong>of</strong> astronomy, he speaks<strong>of</strong> Copernicus not only as influenced by hisexposure to punishment from the RomanChurch, but as being " aware that his doctrineswere totally opposed to revealedtruth." j:<strong>The</strong>se successive statements in-volve additional exaggeration.Our author gives no references which thereader may examine for himself. <strong>The</strong>re canbe little doubt that he points to the exceedinglygr<strong>and</strong> <strong>and</strong> impressive passage at theopening <strong>of</strong> the book <strong>of</strong> Genesis. But in thatpassage there is nothing to support the statementthat " the flat figure <strong>of</strong> the earth '' ispart <strong>of</strong> Bible revelation. That the earth hasbeen supposed flat, <strong>and</strong> that this is reallytaught in Scripture, are two very differentthings. <strong>The</strong> Bible which says, that " theearth was without form <strong>and</strong> void, <strong>and</strong> dark-* History <strong>of</strong> the Conflict between <strong>Religion</strong> ancl Sdence, p. 163.t lb. p. 165. $ lb. p. 167.

                                                    

                                                    EXPERIENCE EiPOM PAST CONFLICTS. 73~css was upon the face <strong>of</strong> the deep," <strong>and</strong> recordsthe will <strong>of</strong> the Supreme Ruler at alater stage in these words, " And God saidlet the waters under the heaven be gatheredtogether into one place, <strong>and</strong> let the dry l<strong>and</strong>appear," * does something quite the oppositei<strong>of</strong> teaching that " the earth is a flat surface."Nor do the Scriptures teach that "theearth sustains the dome <strong>of</strong> the sky." In remotetimes such an opinion as to the restingplacefor the great dome had its supporters.But there is no pretext for attributing theteaching <strong>of</strong> this to the Bible. <strong>The</strong> scripturalstatement is " God made the firmament, <strong>and</strong>divided the waters which were under the firmamentfrom the waters which were above thefirmament; <strong>and</strong> it was so. And God calledthe firmament Heaven." <strong>The</strong>re is no reader<strong>of</strong> these words, even if he have only " an uncriticalobservation <strong>of</strong> the aspect <strong>of</strong> nature,"who can suppose that the " firmament " heremeans " the dome <strong>of</strong> the sky." This statementplaces certain waters " above the firmament,"<strong>and</strong> there is no one who is at oncea reader <strong>of</strong> the Bible, <strong>and</strong> an observer <strong>of</strong> nature,who thinks <strong>of</strong> the clouds as above the* Genesis i. 2, 9.

                                                    

                                                    74 SCIENCE AND RELIGION.sky; but every one knows that there is anexpanse which bears these water treasuresfar up from the earth's surface. <strong>The</strong> wordrendered "firmament17'* from the Vulgate$rnzccmentunz, really means " expanse," <strong>and</strong>most naturally <strong>and</strong> obviously refers to theatmosphere surrounding the earth, uponwhich the clouds are borne al<strong>of</strong>t, <strong>and</strong> carriedto <strong>and</strong> fro. Taking into account the want<strong>of</strong> scientific knowledge <strong>of</strong> the structure <strong>of</strong> theearth in far past ages, <strong>and</strong> the representationsinconsistent with facts which found currency,the true marvel is that the statements<strong>of</strong> Scripture so simply <strong>and</strong> naturally har~nonizewith discoveries not made till the sixteenthcentury <strong>of</strong> the <strong>Christian</strong> era. This isa marvel which will more deeply iqpress usthe longer it is pondered.If we extend our consideration to the crudernotions which found acceptance in the darkages, such as that to which Bruno referred,that the earth is a flat surface, supported onpill~lrs, the scriptural evidence pled in itsfavor appears grotesquely inadequate. <strong>The</strong>passages are these. First st<strong>and</strong>s Hannah's* y:~, Raqia, from y?? to spread out.

                                                    

                                                    EXPERIENCE FROM PAST CONFLICTS. 75outburst <strong>of</strong> devotional feeling on the occasion<strong>of</strong> presenting her son Samuel before the Lord.In magnifying the greatness <strong>of</strong> God, she says,"the pillars <strong>of</strong> the earth are the Lord's, <strong>and</strong> hehath set the world upon them." * Next comethe utterances <strong>of</strong> Job, when enlarging on thepower <strong>of</strong> the Almighty. In one <strong>of</strong> his repliesto his irritating counsellors, when speaking <strong>of</strong>the works <strong>of</strong> Jehovah, he says, " which shakeththe earth out <strong>of</strong> her place, <strong>and</strong> the pillarsthere<strong>of</strong> tremble." j- In another passage <strong>of</strong>similar construction, he says <strong>of</strong> God, " Hehath compassed the waters with bounds, untilthe day <strong>and</strong> night come to an end. <strong>The</strong> pillars<strong>of</strong> heaven tremble, <strong>and</strong> are astonished athis repro<strong>of</strong>.'' f <strong>The</strong>re is no Bible reader whocan readily fall into such an obvious mistakeas to treat these highly figurative utterances,as if they vere formal revelations concerningthe structure <strong>of</strong> the universe. As well mightwe, in reading the words <strong>of</strong> Paul concerningthe position <strong>and</strong> influence <strong>of</strong> prominent disciplesin the early church, in which he says thatJames, Cephas, <strong>and</strong> John " seemed to be pillars,"proceed to deduce from this statementthe revelation that the spiritual kingdom is a* I Samuel ii. 8. t Job is. 6. $ Job xxvi. 10, 11.

                                                    

                                                    76' SCIENCE AND RELIGION.flat surface on which are based the pillars upholdingthe heavenly kingdom into which theSaviour has entered.This short reference to the structure <strong>and</strong>relative position <strong>of</strong> the earth, will suffice toillustrate the fact that in dealing with the allegedconflicts between religion <strong>and</strong> science,it is needful to cast aside a number <strong>of</strong> manufactureddifficulties, which do not arise fromlegitimate interpretation <strong>of</strong> Scripture. <strong>The</strong>particular criticism here introduced is adoptedfor a general purpose,-to lessen complications,<strong>and</strong> secure a proper underst<strong>and</strong>ing <strong>of</strong>the actual relation <strong>of</strong> the Bible to scientificresearch.From a very early period in the history <strong>of</strong>scientific inquiry, it has been more or lessclearly recognized that the Bible is not a science-revelation,but a revelation <strong>of</strong> religioustruth <strong>and</strong> duty, discovering the true ideal <strong>and</strong>destiny <strong>of</strong> man in fellowship with God. Letus have it kept clear on both sides, that thereis no divine revelation <strong>of</strong> scientific truth. Natureis its own revelation, <strong>and</strong> the only revelation,whose secrets must be laboriouslysought out by successive generations <strong>of</strong> investigators,from all <strong>of</strong> whom is required pa-

                                                    

                                                    EXPERIENCE FROM PAST CONFLICTS. 77tient, persevering research, with undeviating<strong>and</strong> single love <strong>of</strong> truth. Those early inquirerswho found themselves in painful contactwith the persecuting power <strong>of</strong> the RomanChurch, such as Galileo, <strong>and</strong> Bruno, recognizedto some extent that conflict with theChurch <strong>and</strong> conflict with the Bible were notexactly identical. And those <strong>of</strong> us who areclearly <strong>and</strong> resolutely on the side <strong>of</strong> religiousfaith <strong>and</strong> religious life, have need to ponderthis lesson <strong>of</strong> history, that those defendingthe Bible have not always been guided byits teaching in their defence, <strong>and</strong> have notalways fully apprehended the Bible teachingon the subject with which their efforts wereconcerned.But what we most need in these days tokeep conspicuous is the true view <strong>of</strong> the Bibleas a pr<strong>of</strong>essed revelation from God. It doesnot pr<strong>of</strong>ess to be a revelation <strong>of</strong> facts such asscientific appliances are adequate to ascertain,while it does pr<strong>of</strong>ess to discover facts both asto the universe <strong>and</strong> as to man, which sciencecan not approach. It is not a history <strong>of</strong> theearth, but it includes within it, historical records<strong>of</strong> events closely connected with man'smoral <strong>and</strong> spiritual well-being. It does not

                                                    

                                                    78 SCIENCE AND RELIGION.train man " to regard himself as the principalobject <strong>of</strong> the care <strong>of</strong> Nature "; " it does not evensuggest thought in this direction, but it teachesthat God cares for righteousness more thanhe cares for material things; that man as abeing <strong>of</strong> flesh <strong>and</strong> blood is unspeakably insignificant,his life being " even a vapor that appearethfor a little time, <strong>and</strong> then vanishethaway ";t that his spiritual life, in the love <strong>of</strong>God <strong>and</strong> in fellowship with him, is immeasurablygreat, the purpose <strong>of</strong> the Bible concerningman, as revealed by Jesus Christ, God'sSon, being this, that man shall be like to Godin moral purity.From these few statements it may readilyappear what is the attitude <strong>of</strong> the Bible towardsscience. It leaves man to his own researchfor the structure <strong>of</strong> science in all itsdivisions; it pr<strong>of</strong>fers no help in such work;but has a range <strong>of</strong> application quite beyondthe area traversed by science.In this way we find the natural interpretation<strong>of</strong> inevitable conflicts in the past, whichhave been roughly <strong>and</strong> <strong>of</strong>ten inaccurately describedas conflicts between religion <strong>and</strong> sci-* Conflict between <strong>Religion</strong> <strong>and</strong> <strong>Science</strong>, p. 172.t. James iv. 14.

                                                    

                                                    EXPERIENCE FROM PAST CONFLICTS. 79ence. <strong>The</strong>se conflicts were in the strictestsense inevitable, simply because thought <strong>and</strong>discovery have been progressive; <strong>and</strong> it is impossiblefor those not personally engaged inresearch to accept without reluctance new representations<strong>of</strong> familiar facts. If men longcontinued unwilling to admit that the earthmoves round the sun, <strong>and</strong> that the rising <strong>and</strong>setting <strong>of</strong> the luminary are delusions, whilethe succession <strong>of</strong> light <strong>and</strong> darkness is real, wecan not wonder at this slowness <strong>of</strong> assent, orcharge it to the power <strong>of</strong> religious thought.<strong>The</strong> conflict was not between religion <strong>and</strong> science,but between popular notions <strong>and</strong> scientificobservations. Often in the earlier periods<strong>of</strong> awakened thought, following the slumber<strong>of</strong> the middle ages, the contest accidentallywore a religious aspect, but it was so onlybecause the higher intelligence <strong>and</strong> the generalwork <strong>of</strong> instruction belonged to the religiousorders.If, however, we give due weight to historicalfacts, it will appear that the rectification<strong>of</strong> common thought as to the form <strong>of</strong> theearth, <strong>and</strong> its place in relation to the heavenlybodies, was achieved through the conflict <strong>of</strong>a later science with an earlier. <strong>Science</strong> has

                                                    

                                                    80 SCIENCE AND RELIGION.first taught one thing, <strong>and</strong> then ab<strong>and</strong>oned itsold positions to teach something different, <strong>and</strong>if religious thought was at times found in theranks <strong>of</strong> the antagonists <strong>of</strong> change, it was onlyas the popular thought was opposed, <strong>and</strong> asall had been placed in opposition by the earlierforms <strong>of</strong> scientific teaching. We rightlyinterpret the facts, only in representing thatscience both makes its own difficulties <strong>and</strong>clears them; first presents the imperfect orerroneous views which are to be swept away,<strong>and</strong> afterwards trains men to more carefulsifting <strong>of</strong> evidence <strong>and</strong> exercise <strong>of</strong> thought,thereby clearing <strong>and</strong> widening its own path.Thus are we enabled to trace the boundaries<strong>of</strong> two distinct regions <strong>of</strong> thought, closelyrelated, yet clearly separated. <strong>Science</strong> cannot do the work <strong>of</strong> religion, nor can religiondo the work <strong>of</strong> science. Each must fulfil itsown part, <strong>and</strong> abide its proper tests. <strong>Science</strong>has its own place <strong>and</strong> its own task. <strong>Religion</strong>will simply wait upon science, leaving it tomake its own discoveries, gladly accepting eachone <strong>of</strong> them as it is established. <strong>The</strong> mostreverend students <strong>of</strong> the Bible do not regardit as a revelation presenting a key to scientificresearch; though they do not hesitate to

                                                    

                                                    EXPERIENCE FROM PAST CONFLICTS. 81express their conviction that neither in expressstatement, nor in the spirit inculcated,does it place itself in antagonism to the searchfor truth, or the claims <strong>of</strong> any conclusionswhich can be legitimately described as philosophicalor scientific. But its upholders pressthis consideration specially on scientific men,that the Bible has this title to be regarded asa book for all nations <strong>and</strong> for all ages, that ithas proved itself intelligible to men in agesthe least enlightened, <strong>and</strong> has also maintaineda comm<strong>and</strong>ing influence in ages specially distinguished<strong>and</strong> favored by the advance <strong>of</strong>science <strong>and</strong> the widening power <strong>of</strong> literature.

                                                    

                                                    INORGANIC ELEMENTS IN THE UNIVERSE.IN view <strong>of</strong> the wide range <strong>of</strong> materials atcomm<strong>and</strong>, <strong>and</strong> the limits <strong>of</strong> the presentinquiry, there is need for some definitemethod <strong>of</strong> selection, which may secure acareful, though necessarily very general survey<strong>of</strong> the whole ground. That which seemsto give most promise <strong>of</strong> meeting these requirementsis the contemplation in order <strong>of</strong>the great leading conceptions which have receivedprominence within recent years in consequence<strong>of</strong> continued research under strictlyscientific methods. <strong>The</strong>se may be said to constitutethe scientific revolution <strong>of</strong> the nineteenthcentury, giving occasion for reconstructingthe popular conceptions <strong>of</strong> theuniverse. <strong>The</strong>y claim to mark the trulyscientific period, inaugurated by comm<strong>and</strong><strong>of</strong> instruments never before within reach,allowing an immense advance in the modes<strong>of</strong> research, <strong>and</strong> placing the secrets <strong>of</strong> na-

                                                    

                                                    INORGANIC ELEMENTS. 83ture within compass <strong>of</strong> human observationas they had never been before. <strong>The</strong> intellectual conditions for observation <strong>and</strong> inferenceno doubt remain simply what theyhave been; the laws <strong>of</strong> intelligent inquiry arethe same, determining sufficiency <strong>of</strong> evidence,<strong>and</strong> trustworthiness in reasoning ; but therange <strong>of</strong> observation has been indefinitelymultiplied, <strong>and</strong> things transcending previousconjecture have become matters <strong>of</strong> certainobservation. <strong>The</strong> telescope <strong>and</strong> the microscopeprovided for this revolution. <strong>The</strong>ybrought the uiiiverse within range as it hadnever previously been, <strong>and</strong> thus making anenormous addition to the sum <strong>of</strong> humanknowledge, suggested new modes <strong>of</strong> contemplating<strong>and</strong> explaining the facts whichhad been familiar through all the ages.<strong>The</strong>re can be no reversal <strong>of</strong> all this-noreturn on the old methods. Nor can therebe reversal in the sense <strong>of</strong> ~ve~turiiiiig presentlyrecognized conclusions. <strong>The</strong>re are indeedhosts <strong>of</strong> theories <strong>of</strong> which it may besafely predicted that they will be overturned<strong>and</strong> forgotten; but a veritable knowledge hasbeen acquired, which will certainly be preservedamong the treasures <strong>of</strong> the race. We

                                                    

                                                    84 SCIENCE AND RELIGION.now know the constituent elements <strong>of</strong> manyforms <strong>of</strong> existence, <strong>and</strong> the laws which determinechange <strong>and</strong> continuance, as these werenever previously known; <strong>and</strong> thus there hasbeen vastly extended for us the range <strong>of</strong> recognizedfacts.To this advance, the whole human race hasto adapt itself. It is not merely one class <strong>of</strong>men, but all; not merely one department <strong>of</strong>thoughtl, but all departments which must adjustthemselves to this new order <strong>of</strong> things.Religious thought is not thrown into any singularposition; it merely shares in the commonexperience, that is, the common advantage.And we may say religious thought is mostprepared for the mighty revolution. Thisstartling success in unlocking the mysteries<strong>of</strong> nature; this sudden accession to the wealth<strong>of</strong> our ideas, apt to have an intoxicating effectupon those who value science <strong>and</strong> nothinghigher, a,wakens reverence <strong>and</strong> gratitudein the religious thinker. <strong>The</strong> greater the application<strong>of</strong> human intelligence to the study<strong>of</strong> nature, <strong>and</strong> the greater the discoverieswhich reward such labor, so much greater becomesthe dem<strong>and</strong> upon intelligence in accountingfor the origin <strong>and</strong> continuance <strong>of</strong> the

                                                    

                                                    INORGANIC ELEMENTS. 85universe, involving innumerable phases <strong>of</strong> activitynever to be witnessed by ordinary observerswho are absorbed in their daily avocations.<strong>The</strong> supernatural is not more remotefrom us by such discoveries as science canboast, but is in reality brought nearer. <strong>The</strong>fancy that enlarged knowledge <strong>of</strong> the natural,is steadily driving before it all recognition <strong>of</strong>the supernatural, is one <strong>of</strong> which thinking menwill by <strong>and</strong> by be ashamed. That men shouldconsider the discovery <strong>of</strong> the compoiient parts<strong>of</strong> certain forms <strong>of</strong> existence, or <strong>of</strong> the laws <strong>of</strong>well known movements, as a final disposal<strong>of</strong> the dem<strong>and</strong>s <strong>of</strong> intelligence, only showshow little the intellect <strong>of</strong> inquirers has beenprepared for appreciation <strong>of</strong> the full dem<strong>and</strong>s<strong>of</strong> reason. In this connection, it should beremembered that the most pr<strong>of</strong>oundly scientific,have been the most cautious, least inclinedto boast <strong>of</strong> discovery, or to anticipatethe overthrow <strong>of</strong> the deeper convictions<strong>of</strong> the moral <strong>and</strong> spiritual life, which, as thenecessaries <strong>of</strong> life in all ages, are least liableto be touched by any thing belonging to theregion <strong>of</strong> science. Even after every allowancehas been made for sanguine <strong>and</strong> passionatetemperament, <strong>and</strong> for reaction against unten-

                                                    

                                                    86 SCIENCE AND RELIGION.able forms <strong>of</strong> religious belief among opponents<strong>of</strong> religion," the award can not be otherwisethan suggested. <strong>The</strong> facts are already onrecord bearing on the most testing period,-the transition from an old <strong>and</strong> restrictedknowledge, to a new <strong>and</strong> greatly enlargedknowledge <strong>of</strong> the universe,-<strong>and</strong> the roll <strong>of</strong>names st<strong>and</strong>ing high in the annals <strong>of</strong> science,while devoted to religious faith <strong>and</strong> practice,may be accepted as a reasonable forecast <strong>of</strong>coming results.?That greater knowledge <strong>of</strong> nature by discovery<strong>of</strong> the natural causes in operation, intensifiesthe rational dem<strong>and</strong> for recognition<strong>of</strong> Supernatural Intelligence, is the positionto be maintained throughout this argument.<strong>The</strong> most rigid test <strong>of</strong> this position is to befound in the outst<strong>and</strong>ing scientific conceptionsconcerning inorganic <strong>and</strong> organic nature, <strong>and</strong>t'he contrasts recognized between lower <strong>and</strong>higher organisms. <strong>The</strong> order most suitablefor application <strong>of</strong> this test is progress upwardsfrom the most subordinate forms <strong>of</strong>* <strong>The</strong>se allowances may well be made for Pr<strong>of</strong>essor Clifford,one <strong>of</strong> t,he most extravagant assailants <strong>of</strong> religious faith.t Pr<strong>of</strong>essor Tait in answer to Mr. Froude has advanced theevidence. lnternationnl Review, Nov. 1878, vol. v. No. 6. <strong>The</strong>collected papers have been republished, AtEas Series, No. 11.

                                                    

                                                    INORGANIC ELEMENTS. 87existence to the most complex organism. Abeginning will, therefore, be ma,la with theinorganic world, after which lower organismsmay be considered, after that the relativeplace <strong>of</strong> higher organisms, <strong>and</strong> finally thewhole class <strong>of</strong> questions concerning the powers<strong>and</strong> requirements <strong>of</strong> mind. In each <strong>of</strong>these relations, I desire to inquire into thereasonableness <strong>of</strong> our acknowledgment <strong>of</strong> thesupernatural.As the world presents a vast range <strong>of</strong> inorganicexistence, we have to consider themost prominent scientific conceptions concerninginorganic elements, as these afforda general view <strong>of</strong> the material structure <strong>of</strong>the earth.Concentrating on this region <strong>of</strong> observation,<strong>and</strong> taking no account, meanwhile, <strong>of</strong>the manifold phases <strong>of</strong> life, there are tw<strong>of</strong>orms <strong>of</strong> existence to be recognized, Matter<strong>and</strong> Energy. Matter is solid, visible, tangible;Energy is invisible <strong>and</strong> intangible, butmeasurable by the work it is capable <strong>of</strong> doing.<strong>The</strong> one may be represented as thesolid inert mass, the other as the movingpower whose action is the source <strong>of</strong> continualchange. This duality we must regard as es-

                                                    

                                                    88 SCIENCE AND RELIGION.sential to the structure <strong>of</strong> the universe, for itis impossible to identify the two, so as to regardthe world as merely a mass <strong>of</strong> matter.This duality is now commonly admitted asthe result <strong>of</strong> recent scientific investigations.To quote the words <strong>of</strong> Pr<strong>of</strong>essor Tait,-" Itis only within comparatively recent years thatit has been generally recognized that there issomething else in the physical universe whichpossesses to the full as high a claim to objectivereality as matter possesses, though it isby no means so tangible, <strong>and</strong> therefore theconception <strong>of</strong> it was much longer in forcingitself upon the human mind." * This is Energy.l' Just as gold, lead, oxygen, etc., aredifferent kinds <strong>of</strong> matter, so sound, light,-heat, etc., are now ranked as different forms<strong>of</strong> energy." -j-Here, then, is one <strong>of</strong> the conspicuous results<strong>of</strong> recent scientific research to which allour thoughts <strong>and</strong> theories need to adaptthemselves. And it must be obvious withoutargumentation, that theological thoughtwill not experience any serious shock, or* Recent Advances in Physical <strong>Science</strong>, by P. G. Tait, Pr<strong>of</strong>essor<strong>of</strong> Natural Philosophy, University <strong>of</strong> Edinburgh, p. 17.t lb. p. 2.

                                                    

                                                    INORGANIC ELEMENTS. 89even jolt, in passing over to this new line<strong>of</strong> rails prepared for it.Taking these two, Matter <strong>and</strong> Energy, asdistinct, let us concentrate for a little uponeach <strong>of</strong> them separately. Let us first turnattention upon MATTER. This form <strong>of</strong> existenceis most easily contemplated, as mostdirectly presenting itself to observation. Apiece <strong>of</strong> metal may best serve for illustration,such as the iron out <strong>of</strong> which we formso many <strong>of</strong> our industrial implements. Thismetal may be mingled through earth or rock;it may be held in solution in water, or madeto flow out in liquid form from the furnace; itmay be hardened either in the more brittleform <strong>of</strong> cast iron, or in the more rigid formknown as malleable; but through - all thesechanges the material is the same. Further,suppose we were to receive a quantity <strong>of</strong> ore,<strong>and</strong> for the sake <strong>of</strong> experiment were to havepart presented in each one <strong>of</strong> these forms, thequantity would continue exactly the sameas was originally received. To quote againfrom the same author:-" <strong>The</strong> gr<strong>and</strong> test <strong>of</strong>the reality <strong>of</strong> what we call Matter, the pro<strong>of</strong>that it has an objective existence, is its indestructibility<strong>and</strong> uncreatability-if the ter~

                                                    

                                                    90 SCIENCE AND RELIGION.may be used-by any process at the comm<strong>and</strong><strong>of</strong> man. <strong>The</strong> value <strong>of</strong> this test to modernchemistry can scarcely be estimated. Infact we can barely believe that there couldhave existed an exact science <strong>of</strong> chemistryhad it not been for the early recognition <strong>of</strong>this property <strong>of</strong> matter; nor in fact wouldthere be the possibility <strong>of</strong> a chemical analysis,supposing that we had not the assuranceby enormously extended series <strong>of</strong> previousexperiments, that no portion <strong>of</strong> matter, howeversmall, goes out <strong>of</strong> existence, or comesinto existence in any operation whatever.If the chemist were not certain that at theend <strong>of</strong> his operations, provided he has takencare to admit nothing <strong>and</strong> to let nothing escape,the contents <strong>of</strong> his vessels must be preciselythe same in quantity as at the beginning<strong>of</strong> the experiment, there could be nosuch thing as chemical analysis.'' *If now we press our inquiry further, seekingsome explanation <strong>of</strong> the ultimate natureor structure <strong>of</strong> matter, that is, the commonphysical characteristics <strong>of</strong> matter in all itsforms, whether air, water, or solid mass, sciencehas no certain answer to give. <strong>The</strong>re is* Recent Advances in Physical <strong>Science</strong>, p. 14.

                                                    

                                                    ZA.'OX'GANZC ELEMENTS. 91no theory <strong>of</strong> the ultimate structure <strong>of</strong> matterwhich has secured general acceptance. Onthe contrary, there is the acknowledgmentthat the complexity <strong>of</strong> the problem is so greatas completely to baffle the present resources<strong>of</strong> science. <strong>The</strong>re have been discussions, <strong>and</strong>careful investigations as to the divisibility <strong>of</strong>matter, <strong>and</strong> it has been generally admitted onrational grounds, that there must be in allmatter particles or atoms so minute as to bequite beyond the range <strong>of</strong> the microscope.This has led to the acceptance <strong>of</strong> an atonzictheory as in one form or another applicable tothe structure <strong>of</strong> matter, belief in such particlesor molecules being a natural result <strong>of</strong> scientificprocedure. I say belief, for the existence <strong>of</strong>such ultimate atoms is not established onexperimental evidence, <strong>and</strong> yet is generallyacknowledged; for it is clearly enough recognizedthat there is a region <strong>of</strong> faith for science,as for theology, just as there must befor all ordinary exercise <strong>of</strong> human intelligence.Besides the actual divisibility <strong>of</strong> matter, wehave in the same connection to consider itscompressibility, for the recognized facts as tocompression <strong>of</strong> iron, for example, or <strong>of</strong> anymetal, seem to imply that there are certain

                                                    

                                                    92 SCIENCE AND RELIGION.particles related to each other, which can bepressed in upoil each other, or brought intonearer proximity. <strong>The</strong>re is, however, a clearlimit to cornpressibility, as there is to divisibility<strong>of</strong> matter. Even if this be granted,however, we are still without a scientific account<strong>of</strong> the ultimate structure <strong>of</strong> matter.This is still a perplexity to be h<strong>and</strong>ed on t<strong>of</strong>uture workers. <strong>The</strong>re may, indeed, seem tobe promise <strong>of</strong> aid in the analysis <strong>of</strong> differentforms <strong>of</strong> matter, as in the reduction <strong>of</strong> waterto its constituent gases by the action <strong>of</strong> a galvanicbattery; but such processes, howeverrich in suggestiveness, are insufficient to advancethe main inquiry. It is <strong>of</strong>tentimes inthis very class <strong>of</strong> experiments, that science atonce manifests its power, <strong>and</strong> discovers thelimits which encircle <strong>and</strong> restrain its efforts.It can decompose, what it can not recompose,thus leaving difficulties as perplexing as before.And besides, even when by analysisthe ultimate parts or chemical constituents,<strong>of</strong> compound substances have been discovered,science is unable to demonstrate that the constituentelements are ultimately composed <strong>of</strong>distinct atoms, as for example that oxygen<strong>and</strong> hydrogen are so constituted. We are

                                                    

                                                    INORGANIC ELEMENTS. 93thus without a science <strong>of</strong> the ultimate nature<strong>of</strong> matter. <strong>The</strong>re is, indeed, the suggestion<strong>of</strong> Sir William Thomson that matter <strong>of</strong> allBinds may be regarded as <strong>of</strong> a common nature,only variously compounded, filling spacein a fluid state, <strong>and</strong> that itsl compressibilitycan be accounted for on the supposition thatits ultimate forms are vortex sings capable <strong>of</strong>compression <strong>and</strong> expansion like an india-rubberball; but this can not be regarded otherwisethan as a bold conjecture, beset with ahost <strong>of</strong> difficulties both physical <strong>and</strong> mathematicalwhich neither Thomson nor any <strong>of</strong>his fellow-workers in physical science, pr<strong>of</strong>essesto have yet grappled with.<strong>The</strong>re are thus before us the chief results 06physical science, as to the nature <strong>of</strong> MATTER,when we specify that it is indestructible, thatit consists <strong>of</strong> ultimate molecules or atoms, <strong>and</strong>that its compressibility is to be explained bypressure upon such atoms, or cohesion, or comparativecloseness <strong>of</strong> relation between them,this being greater in solids, less in liquids, <strong>and</strong>least in gases.From the structure <strong>of</strong> matter, we are ledby science to the consideration <strong>of</strong> ENERGY, asdistinct from matter. <strong>The</strong>se two st<strong>and</strong> in

                                                    

                                                    94 SCIENCE AND RELIGION.some respect in contrast with each other.In taking a survey <strong>of</strong> the physical aspects <strong>of</strong>the world, we can not limit attention to themere mass, or to questions bearing on itsstructure. Observation must now be turnedon the perpetual change going on in form,arrangement, <strong>and</strong> distribution <strong>of</strong> materials.<strong>The</strong>re is need for a science <strong>of</strong> all this, in accordancewith which the perpetual round <strong>of</strong>change may be reduced to order by referenceto causality <strong>and</strong> the laws <strong>of</strong> its operation.Thus we are introduced to our ordinary conceptionsconcerning positiwn, that is, the situationor place <strong>of</strong> objects, or <strong>of</strong> masses <strong>of</strong>material, or even <strong>of</strong> worlds, to each other;motion, or change <strong>of</strong> position, modifying oraltering the relations <strong>of</strong> objects; <strong>and</strong> force,that is the relative amount or proportion o.fenergy at work for the accomplishment <strong>of</strong> suchchanges as those already mentioned. In theseconnections we are introduced to recentlyformulated doctrines <strong>of</strong> energy, reached insearching for " the cause which alters or te~dsto alter a body's natural state <strong>of</strong> rest,'' as thisproblem was indicated in Newton's first law <strong>of</strong>motion. In the earlier stages <strong>of</strong> inquiry, attentionwas directed mainly on the active forces

                                                    

                                                    INORGANIC ELEMENTS. 95<strong>of</strong> nature, as these are recognized in operation,admitting <strong>of</strong> calculation as to rate <strong>of</strong> movementon the one h<strong>and</strong>, <strong>and</strong> relative amount<strong>of</strong> force on the other. Computations <strong>of</strong> thiakind were necessarily involved in research connectedwith the movements <strong>of</strong> the heavenlybodies. When astronomical theory had beenmatured <strong>and</strong> a truli scientific underst<strong>and</strong>ing<strong>of</strong> the solar system had been reached, physicalscience had next to deal with the more generalproblem raised by the contemplated forces<strong>of</strong> nature, having a reference at once wider<strong>and</strong> more minute. It is not possible here todo more than give a very summary view <strong>of</strong>the doctrine <strong>of</strong> energy, its mutations, dissipation,<strong>and</strong> conservation, as developed throughstudy <strong>of</strong> the laws <strong>of</strong> gravitation, electricity,light, heat, etc., <strong>and</strong> now generally accepted.An outline will, however, suffice for an underst<strong>and</strong>ing<strong>of</strong> the general conclusions.Energy is the term now employed to designateevery form <strong>of</strong> power belonging to thephysical world capable <strong>of</strong> doing work, <strong>and</strong> <strong>of</strong>being estimated according to the comparativeamount <strong>of</strong> work it can perform. <strong>The</strong> wholephenomena <strong>of</strong> motion thus belong to this department<strong>of</strong> inquiry. <strong>The</strong> first distinction

                                                    

                                                    96 SCIENCE AND RELIGION.here has been described as the difference between energy <strong>of</strong> position <strong>and</strong> energy <strong>of</strong> motion."Both <strong>of</strong> these must be taken into account inorder to have a full view <strong>of</strong> the facts. ENER-GY OF POSITION, is illustrated by a water-head,or reservoir, where an accumulation <strong>of</strong> wateris laid up in store, ready to be drawn upon formotive power when machinery set up in a positionsomewhat lower is to be brought into action<strong>and</strong> made to do the work for which it hasbeen constructed. ENERGY OF MOTION is seenwhen the storehouse <strong>of</strong> water is opened <strong>and</strong>the rush <strong>of</strong> the current sweeps along the preparedchannel descending upon the greatwheel, which sets in motion the whole machinery.In such a case as this, the amount<strong>of</strong> work done by the revolutions <strong>of</strong> the greatwheel is an exact measure <strong>of</strong> the amount<strong>of</strong> water which has passed to a lower level.Or let us suppose there is only a limited supplyin the water-head, <strong>and</strong> that there are n<strong>of</strong>eeders, but that the streamlets <strong>and</strong> springsfrom which it is supplied, have ceased to flow,<strong>and</strong> let us suppose that the mill comes to ast<strong>and</strong> because <strong>of</strong> failure <strong>of</strong> motive power, theamount <strong>of</strong> work done up to that moment isthe measure <strong>of</strong> the energy stored in the water-* See Appendix III.

                                                    

                                                    INORGANIC ELEMENTS. 97head before the sluice was opened. This illustrationindicates the mode <strong>of</strong> calculation tobe applied to energy in all its forms, includingthe great forces <strong>of</strong> nature, before which hu-man power is as nothing.Taking thus thecorrelatives position <strong>and</strong> motion, we may regardthe former as preparation for the latter,for, as Pr<strong>of</strong>essor Balfour Stewart has said," It is the fate <strong>of</strong> all kinds <strong>of</strong> energy <strong>of</strong> positionto be ultimately converted into energy<strong>of</strong> motion." * On this account, energy <strong>of</strong> niotionmost naturally exemplifies what we underst<strong>and</strong>by energy; but on the other h<strong>and</strong>what has been called the energy <strong>of</strong> positionmust be regarded as a power distinctly calculable.If a stone be thrown into the air, theenergy expended in propelling it to a certainheight, is the exact measure <strong>of</strong> the energy expendedin its descent. <strong>The</strong>re is no need forentering here upon the calculations <strong>of</strong> the relationbetween energy <strong>and</strong> velocity, showingthe exact proportion <strong>of</strong> the one to the other,or the ratio <strong>of</strong> increase according to velocity,which is expressed in the formula "that theenergy varies as the square <strong>of</strong> the velocity,"giving us an exact measure <strong>of</strong> force.<strong>The</strong> Conservalion <strong>of</strong> Energy, by Balfour Stewad, p. 96.

                                                    

                                                    98 SCIENCE AND RELIGION.Aided by the conceptions <strong>of</strong> position <strong>and</strong>motion, we take the next step when we advanceto transnzutation or conversion <strong>of</strong> energy.What is made visible to us by motion is thetransference <strong>of</strong> energy from one object or portion<strong>of</strong> matter to another. And this is thesole explanation <strong>of</strong> what occurs. <strong>The</strong>re is nosuch thing known to physical science as theorigin or creation <strong>of</strong> energy; all that is recognizedis the disappearance <strong>of</strong> energy from oneposition <strong>and</strong> its appearance in another. Ifwork has been done, energy was somewherestored capable <strong>of</strong> doing it; a transmutation hastaken place; <strong>and</strong> the work accomplished is therecord <strong>of</strong> the process. In recognition <strong>of</strong> this,every machine is merely a more or less skilfulcontrivance for transmuting energy into a formmore convenient or suitable for human purposes.<strong>The</strong> intelligence <strong>of</strong> man simply recognizesthe law <strong>of</strong> transmutation, <strong>and</strong> dealswith the problems which arise connected withthe mechanical arrangements facilitating theprocess.We next advance a further step, only toembrace another phase <strong>of</strong> the same truth,-the complement <strong>of</strong> what has been alreadystated,-that is, the conservation <strong>of</strong> energy.

                                                    

                                                    INORGANIC ELEMENTS. 99As we have seen, all that appears m motion,is transmutation or conversion <strong>of</strong> energy; accordinglyit follows, that there is change <strong>of</strong>position, but no destruction <strong>of</strong> energy, or absolutedisappearance <strong>of</strong> it from existencc.This generalization is illustrated by a mostattractive series <strong>of</strong> observations, introducingto a fuller knowledge <strong>of</strong> the laws <strong>of</strong> heat.<strong>The</strong> natural tendency <strong>of</strong> ordinary observationis to favor the opinion that when work hasbeen done, energy is spent or lost. And thispopular notion, which has a kind <strong>of</strong> accuracy,in so far as it is needful to make fresh draughtsupon available resources, is favored by referenceto the economy <strong>of</strong> our bodily existenceconstantly renewing its dem<strong>and</strong> for fresh foodsupply. But this popular tendency is easilyexplained by the circumstance that ordinaryobservation makes much more account <strong>of</strong> thephenomena <strong>of</strong> motion, than <strong>of</strong> the development<strong>of</strong> heat as a direct consequence. <strong>The</strong>machinist can not, indeed, afford to make little<strong>of</strong> the consequences <strong>of</strong> friction; but theordinary observer makes much more <strong>of</strong> mass,<strong>and</strong> complication <strong>of</strong> mechanical contrivance,&!d velocity <strong>of</strong> movement. From this hepasses easily to the fabric, or other produc-

                                                    

                                                    100 SCIZNCE AND RELIGION.tion, sent forth; <strong>and</strong> then he may occupyhimself with calculations bearing on the expenditurefor coals <strong>and</strong> labor, along with tear<strong>and</strong> wear <strong>of</strong> machinery. But scientific observationhas concentrated much more on theevolution <strong>of</strong> heat, <strong>and</strong> out <strong>of</strong> this has comethe completed theory <strong>of</strong> the laws <strong>of</strong> energy.In this way, it became matter <strong>of</strong> distinct calculationthat friction <strong>and</strong> percussion convertenergy into heat.Along with these observations we have toremark upon an attendant conclusion, whichhas an important bearing on all speculationconcerning the destiny <strong>of</strong> the universe. Irefer to the fact that transmutation <strong>of</strong> energyinvolves a deterioration <strong>and</strong> dissipation <strong>of</strong> energy.As in the history <strong>of</strong> energy, improvedposition adds to the advantage for the doing<strong>of</strong> work, so transmutation tends to diminish theadvantage or utility <strong>of</strong> the energy for humanpurposes. Thus the energy expended in workinga machine gives return in a product <strong>of</strong>recognized value, but the energy spent in contendingwith friction generates heat which is<strong>of</strong> no practical value in respect <strong>of</strong> accomplishedwork. Or as the latter fact has been statedby Pr<strong>of</strong>essor Balfour Stewart, friction proves

                                                    

                                                    INORGANIC ELEMENTS. 101" itself to be, not the destroyer <strong>of</strong> energy, butmerely the converter <strong>of</strong> it into some less apparent,<strong>and</strong> perhaps less useful form," * Inthis connection, scientific observation was directedupon the appearance <strong>of</strong> heat simulta-neously with the disappearance <strong>of</strong> visible energy.Gradually the conception dawned uponscientific observers that heat is a form <strong>of</strong> naotion,<strong>and</strong> this has found general acceptance,although it is impossible to give direct pro<strong>of</strong><strong>of</strong> the doctrine. <strong>The</strong> conclusion has beensupported by a11 the experiments <strong>of</strong> Davis,Rumford, Joule, Colding, <strong>and</strong> Helmholtz.This conception having been launched asto the probable explanation <strong>of</strong> heat, it immediatelyfound, in accordance with the analogies<strong>of</strong> scientific thought, a greatly extendedcircle <strong>of</strong> application. Light <strong>and</strong> sound cameto be classified with heat, as only differentforms <strong>of</strong> motion. It would involve too extendeda range to include here a detailedaccount <strong>of</strong> these experiments, or to considerwhat is involved in dissipation <strong>of</strong> energy, asbearing upon a still wider aspect <strong>of</strong> the order<strong>of</strong> things in the universe. I must, therefore,be content with the reference just given to* <strong>The</strong> &mwuatiota <strong>of</strong> Energy, p. 38.

                                                    

                                                    102 SCIENCE AND RELIGlaN.the conception <strong>of</strong> heat as a form <strong>of</strong> moIecularmotion; <strong>and</strong> in doing so may revert to theconsideration already adduced, that this isanother doctrine <strong>of</strong> scientific 6elief, <strong>of</strong> whichthere is a constant tendency to increase thenumber, as science widens the range <strong>of</strong> itsinquiries <strong>and</strong> speculations.<strong>The</strong> outst<strong>and</strong>ing general results <strong>of</strong> scienceas to the nature <strong>of</strong> energy are now before us.A11 observations concerning motion only presentto view transmutations <strong>of</strong> energy, all <strong>of</strong>them imply that there is no such thing as theorigin <strong>of</strong> energy, <strong>and</strong> no such thing as its extinction.<strong>The</strong>re is indeed a constant tendencytowards the degradation <strong>of</strong> energy, <strong>and</strong> a constantequalizing process which may bring toan end the present order <strong>of</strong> things in the universe.But the leading scientific conceptionwith which we have specially to deal is thatexpressed in the phrase, "Conservation <strong>of</strong> energy,"which must be regarded as completingour view <strong>of</strong> inorganic existence along with theother doctrine <strong>of</strong> the indestructibility <strong>of</strong> matter.As Pr<strong>of</strong>essor Tait has expressed it,-" <strong>The</strong> gr<strong>and</strong> principle <strong>of</strong> conservation <strong>of</strong> energy,which asserts that no portion <strong>of</strong> energycan be put out <strong>of</strong> existence, <strong>and</strong> no amount

                                                    

                                                    INORGANIC ELEMENTS. 103<strong>of</strong> energy can be brought into existence byany process at our comm<strong>and</strong>, is simply astatement <strong>of</strong> the invariability <strong>of</strong> the quantity<strong>of</strong> energy in the universe, -a companionstatement to that <strong>of</strong> the invariability <strong>of</strong> thequantity <strong>of</strong> matter." *<strong>The</strong> position is now reached at which it becomespossible to combine the results <strong>of</strong> scientificresearch as to matter <strong>and</strong> energy intoa harmonious unity, with which to test theview <strong>of</strong> the world recognized by religiousthought. <strong>Religion</strong> as an intelligent <strong>and</strong> devotionalacknowledgment <strong>of</strong> a Supreme Being,involves a very clear <strong>and</strong> definite conceptionconcerning the origin <strong>of</strong> the universe<strong>and</strong> its continuance. What is thus impliedwill be best indicated by negative as well aspositive statements, in some such form as thefollowing. First, negatively, the world we inhabitdoes not carry within it any explanation<strong>of</strong> the origin <strong>of</strong> its own existence; that is tosay, neither the materials existing, nor theforces operating, are sufficient to account forits origin; neither can it have had existencewithout beginning. In positive form, the universecan be accounted for only by that whichRemnt Advances <strong>of</strong> Physioal <strong>Science</strong>, p. 17.

                                                    

                                                    104 SCIENCE AND RELIGION.transcends itself; the supernatural is the keyto the natuial; Nature is a creation to be attributedto an Intelligent First Cause.Are science <strong>and</strong> religion here in harmonyin the form <strong>and</strong> measure compatible in thecircumstances ? This qualified <strong>and</strong> guardedform <strong>of</strong> the question is obviously required,for religious thought does not pr<strong>of</strong>ess to bescientific, or in any sense authoritative as tothe phenomena <strong>of</strong> nature, that is, as to thefacts which observation alone can ascertain,or as to the immediate causes by which thesefacts are to be explained. On the other h<strong>and</strong>,science is exclusively a knowledge <strong>of</strong> nature,consisting <strong>of</strong> methodized observations concerningdistinct orders <strong>of</strong> facts, <strong>and</strong> rationalinferences founded upon these. It can notin true sense be concerned with the supernatural,but can only present conclusions asto the order <strong>and</strong> processes <strong>of</strong> nature, whichby subsequent <strong>and</strong> independent exercise <strong>of</strong>our intelligence may be contemplated in theirrelation to the conception <strong>of</strong> the supernatural,as Intelligent First Cause. This subsequentexercise <strong>of</strong> thought, whether criticalor constructive, is more properly the task<strong>of</strong> philosophy, in prosecution <strong>of</strong> .those re-

                                                    

                                                    INORGANIC ELEMENTS.l05flective <strong>and</strong> speculative exercises, which, proceedingfrom scientific conclusions as accepteddata, consider their intellectual valueas contributing towards a theory <strong>of</strong> the universe.Scientific men will, <strong>of</strong> course, moreor less readily pass over to take some sharein such philosophic speculation; just as religiousmen, purely under the impulse <strong>of</strong>religious interests, will be more or less disposedto do, in proportion to the range <strong>of</strong>their intellectual life. What is here said isnot intended as an argument for any restrictionupon such speculation on the parteither <strong>of</strong> scientific or <strong>of</strong> religious men, forsuch questions are common property, <strong>and</strong>the arguments bearing upon them are to betested by all. But it is <strong>of</strong> some consequence,specially in the present unsettled <strong>and</strong> sensitivestate <strong>of</strong> the public mind, that it beclearly recognized that science is not itselfresponsible for the thoughts <strong>of</strong> scientific menon these questions; <strong>and</strong> that religion is notresponsible for the thoughts <strong>of</strong> religious menupon them. <strong>Science</strong> can not determine anything as to a philosophy <strong>of</strong> the supernatural,any more than religion can determine anything as to a science <strong>of</strong> nature. Whether

                                                    

                                                    106 SCIENCE AND RELIGION.we take the violent <strong>and</strong> even passionate antipathyto any acknowledgment <strong>of</strong> the supernaturalwhich is found in the Essays <strong>of</strong>Clifford, or the pr<strong>of</strong>oundly reverential acknowledgment<strong>of</strong> the Deity in the writings<strong>and</strong> life <strong>of</strong> Faraday, science is to be creditedwith neither. And so in like manner, whenwe have violent denunciations <strong>of</strong> science pr<strong>of</strong>essedlyin the name <strong>of</strong> religion, or intelligentappreciation <strong>of</strong> its high value from accreditedupholders <strong>of</strong> religious truth, religion itself isto be credited with neither the one nor theother. This is a matter which comes withinthe range <strong>of</strong> ordinary intelligence. It mayindeed belong to philosophy to formulate <strong>and</strong>develop the arguments in strict harmony withthe recognized laws <strong>of</strong> mind; but it .belongsequally to all men to estimate the generalsweep <strong>and</strong> range <strong>of</strong> acquired knowledge asto the structure <strong>and</strong> order <strong>of</strong> the universe, asbearing upon the more general conceptionsto be rationally entertained regarding its government.With this branch <strong>of</strong> the subject,ordinary thought may readily deal withoutentanglement in technicalities.<strong>The</strong>re is ps we have seen a duality <strong>of</strong> existencein the inorganic structure <strong>of</strong> the world,

                                                    

                                                    INORGANIC ELEMENTS. 107<strong>and</strong> a continual succession <strong>of</strong> changes, on account<strong>of</strong> the interaction <strong>of</strong> these two. Differentforms <strong>of</strong> matter st<strong>and</strong> in different relations;<strong>and</strong> these relations are being constantlyinterchanged by the transmutation <strong>of</strong> energy.Thus taking the world as presented to us, ithas a constitution which requires for its explanationthat we go beyond every thing tobe found within itself. <strong>The</strong> matter in the universecan not account for the energy; nor canthe energy account for the mat'ter; <strong>and</strong> therelations between the two must find explanationin something higher than both. Whattheir source may be, science is incapable <strong>of</strong>telling; it can not contribute towards satisfyingthe requirements <strong>of</strong> the law <strong>of</strong> causalityin view <strong>of</strong> the mutual relations <strong>of</strong> matter <strong>and</strong>energy which it has itself revealed. Butequally by what it has revealed, <strong>and</strong> by acknowledgment<strong>of</strong> its inability to transcend thelimits <strong>of</strong> its own discoveries, does it presentharmony with religious thought in the form<strong>and</strong> measure in which it is possible that suchharmony could be manifested. Discoveringthe objective existence <strong>of</strong> matter <strong>and</strong> energy,<strong>and</strong> the laws in accordance with which the latteracts upon the former, it presents an un-

                                                    

                                                    _108 SCIENCE AND RELIGIOXsolved prdblem affording the most direct <strong>and</strong>positive testimony possible to science in support<strong>of</strong> the existence <strong>of</strong> a First Cause, transcendingthe universe itself. How matter <strong>and</strong>energy came into being, it can not tell; but itmost explicitly declares that by no power existing<strong>and</strong> operating within range <strong>of</strong> observationis it possible either to add to the sum <strong>of</strong>existence, or in the least degree to diminishit. Religious thought could expect nothingmore direct <strong>and</strong> explicit in the form <strong>of</strong> scientifictestimony as confirmation <strong>of</strong> its fundnmentalposition. Scientific thought while dealingwith inorganic existence could not, evenby a single line <strong>of</strong> approach, be brought nearerto the actual support <strong>of</strong> religious belief.Here the question may be raised,-Maynot the world have existed from eternity?In the answer to this question there areseveral considerations requiring to be distinguished.First, science has no testimonyto <strong>of</strong>fer, inasmuch as it does not get beyondthe area <strong>of</strong> laws now operating. Second, thetestimony <strong>of</strong> science concerning the world asnow existing is inconsistent with the supposition<strong>of</strong> its eternal existence. <strong>The</strong> matterwhich is constantly operated upon by en-

                                                    

                                                    INORGANIC ELEMENTS. 109ergy distinct from itself, does not possess theproperty <strong>of</strong> self-subsistence; neither does theenergy which is constantly undergoing change.Continual transition or change from one phase<strong>of</strong> existence, or set <strong>of</strong> relations, to another, isa mark <strong>of</strong> the not-abiding, an evidence <strong>of</strong>subjection to, <strong>and</strong> dependence on, what isbeyond <strong>and</strong> above itself. <strong>The</strong> non-enduring,or ever-changing, is constantly pointing to theever-enduring.Full underst<strong>and</strong>ing <strong>of</strong> the situation <strong>of</strong>things as discovered by science will producea much deeper impression on the public mindthan has yet been effected. <strong>The</strong> reasonableness<strong>of</strong> this expectation will readily appear,if only some few <strong>of</strong> the positions be placedconspicuously in view.It is <strong>of</strong> special consequence to note thatscience has in this direction $nisiied its work,<strong>and</strong> reached its ultinzatum, in demonstratingthe physical impossibility <strong>of</strong> either increasingor diminishing the existing sum total <strong>of</strong> matter,or <strong>of</strong> energy. <strong>The</strong> conclusions are notsuch as can be regarded as provisional, liableto be overreached, modified, or enlarged,by what may afterwards be discovered. Weare so much influenced at present,-<strong>and</strong> sci-

                                                    

                                                    1x0SCIENCE AND RELIGION.entific men share in the experience, as well asothers, -by the general <strong>and</strong> well- groundedexpectation <strong>of</strong> the unceasing advance <strong>of</strong> science,that it is peculiarly easy in sight <strong>of</strong> agreat general problem such as the origin <strong>and</strong>government <strong>of</strong> the world, to overlook the significance<strong>of</strong> ultimate conclusions in given directions.In this way, we too readily fallinto the delusive tendency <strong>of</strong> regarding accreditedconclusions as still hanging in ameasure <strong>of</strong> uncertainty, or at least as havinga dubious future before them, because theyborder upon the region <strong>of</strong> the unknown so faras science is concerned, or upon a realm <strong>of</strong>mystery, which science regards either withaversion, or with cherished determination <strong>of</strong>attack. In the present singularly favorableposition <strong>of</strong> science, it is impossible for thepublic mind to escape this tendency; but .itbecomes only the more imperative to distinguishas occasion <strong>of</strong>fers, those conclusionswhich are to be taken a.s final. This is <strong>of</strong>immense consequence as bearing upon generalconceptions concerning the universe.That matter can not be originated, <strong>and</strong> cannotf by even a single atom be destroyed, isone <strong>of</strong> those ultimate statements, upon which

                                                    

                                                    INORGANIC ELEMENTS. 111physical science itself relies as on a foundation.This is a universally accredited truth,that "no portion <strong>of</strong> matter, however small,goes out <strong>of</strong> existence or comes into existencein any operation whatever." " <strong>The</strong> wonderfulchemical laboratory <strong>of</strong> living organismmay change many forms <strong>of</strong> matter into livingtissue, but all returns again to its place inthe inorganic mass. Material may pass fromone phase into another, but there is nothingmore than change. <strong>The</strong> sum total <strong>of</strong> materialexistence is unaltered. To suggest thecontrary,-<strong>and</strong> specially to do so in the name<strong>of</strong> science,-were to bring science face to facewith the conceptions rejected as alien to itsvery nature; for to say that matter may beoriginated, is to affirm creation; to say that itmay be destroyed, is to affirm the possibility<strong>of</strong> annihilation; <strong>and</strong> these two are beyond therange <strong>of</strong> science, <strong>and</strong> if once admitted withinits boundaries, they would destroy scienceitself.So it is when we pass over to the doctrine<strong>of</strong> energy. <strong>The</strong> same clear <strong>and</strong> ultimate conclusionis proclaimed. <strong>The</strong> doctrine <strong>of</strong> theconservation <strong>of</strong> energy is the ultimatum on* Tait's Recent Advances, p. 15.

                                                    

                                                    112 SCIENCE AND RELIGION.wliich physical science finds sure <strong>and</strong> firmfoothold. In those two ultimate positions <strong>of</strong>scientific research concerning inorganic existence,religion finds support, <strong>and</strong> that <strong>of</strong> akind so powerful, that science itself dependsupon its immovability.<strong>The</strong>re is, however, a further point connectedwith the doctrine <strong>of</strong> energy, whichdeserves consideration as bearing on the tendencyto anticipate an indefinite line <strong>of</strong> progressionin the history <strong>of</strong> this world, that is,deterioration or degradation in the form <strong>of</strong>energy, while it continues <strong>of</strong> cqual amount.<strong>The</strong> efficient value <strong>of</strong> energy is according tothe possibilities <strong>of</strong> transformation or transmutation.But its use implies limitation <strong>of</strong> theavailable forms, or steady deterioration <strong>of</strong>value. "Thus the energy <strong>of</strong> the universeis, on the whole, constantly passing fromhigher to lower forms, <strong>and</strong> therefore the possibility<strong>of</strong> transformation is becoming smaller<strong>and</strong> smaller, so that after the lapse <strong>of</strong> sufficienttime all higher forms <strong>of</strong> energy musthave passed from the physical universe, <strong>and</strong>we can imagine nothing as remaining, exceptthose lower forms which are incapable, so faras we yet know, <strong>of</strong> any further transforma-

                                                    

                                                    INORGANIC ELEMZNTS. 113tion." * Such a statement <strong>of</strong> the position,though it can not be regarded as an ultimateone in scientific research, is so obviously adeduction from present knowledge that itmust to some extent modify prevailing conceptions.It may, indeed be suggested thatsome catastrophe may terminate the presentorder <strong>of</strong> things, <strong>and</strong> that some action <strong>of</strong> thelaw <strong>of</strong> gravitation may combine the fragments<strong>of</strong> worlds, <strong>and</strong> give a fresh start with newcombinations <strong>of</strong> energy; but the bare suggestion<strong>of</strong> this implies a much wider rangefor scientific research than any thing yetknown to us, <strong>and</strong> at the same time a largerdem<strong>and</strong> upon intelligence in the control <strong>and</strong>regulation <strong>of</strong> what must nevertheless seem tous violent catastrophes. Such speculation,if it may warrantably find encouragementunder purely scientific conditions, religiousthought will neither gainsay nor resist; butwill find itself in no perplexity to accept.Waiving, however, all speculation as to thepossible future <strong>of</strong> the physical universe, wehere concentrate attention on the past; wetake the most recent scientific testimony asto the structure <strong>of</strong> the physical universe, ;tsRecent Advances, p. 20.

                                                    

                                                    11.4 SCIENCE AND RELIGION.it bears on the problem concerning the origin<strong>of</strong> our world. Here the testimony <strong>of</strong> scienceis clearly <strong>and</strong> unmistakably in favor <strong>of</strong>the creation or absolute origin <strong>of</strong> matter <strong>and</strong>energy, in the only form in which sciencecan bear any testimony on the subject. It is,<strong>of</strong> course, impossible that science should presentdirect testimony to the fact <strong>of</strong> creation, asit is impossible that history should; for such afact as creation must be entirely beyond therange <strong>of</strong> science. But in testifying to theindestructibility <strong>and</strong> uncreatability <strong>of</strong> matterunder the conditions capable <strong>of</strong> being investigatedby observational science; <strong>and</strong> in bearingthe same testimony as to the energy in theworld, it <strong>of</strong>fers all the support it is capable <strong>of</strong><strong>of</strong>fering to the reality <strong>of</strong> the supernatural,-testifying to the dependence <strong>of</strong> nature on somepower altogether transcending itself. Buthere I prefer rather to use the words <strong>of</strong> apurely scientific observer. When dealing withthe doctrine <strong>of</strong> energy, <strong>and</strong> specially with theconsequences <strong>of</strong> dissipation <strong>of</strong> energy, Pr<strong>of</strong>essorTait uses these words,-" As it alone isable to lead us, by sure steps <strong>of</strong> deductive reasoning,to the necessary future <strong>of</strong> the universe-necessary, that is, if physical laws remain

                                                    

                                                    INORGANIC ELEMENTS.l15forever unchanged-so it enables us distinctlyto say that the present order <strong>of</strong> things has notbeen evolved through infinite past time bythe agency <strong>of</strong> laws now at work; but musthave had a distinctive beginning, a state beyondwhich we are totally unable to penetrate;a state, in fact, which must have beenproduced by other than the now visibly actingcauses." * This is the utmost that sciencecan say, bearing on the great problem <strong>of</strong> theorigin <strong>of</strong> the universe; <strong>and</strong> nothing more powerfulcould be said in direct testimony to thereality <strong>of</strong> the supernatural, <strong>and</strong> the reasonableness<strong>of</strong> <strong>Christian</strong> faith, thus shown to bein complete harmony with science.It is not here suggested that all scientificmen would employ such language as that nowquoted, or even readily acquiesce in its use.I have been careful to indicate, that a passionatelyexcited antagonism to any recognition <strong>of</strong>the supernatural is avowed by some scientificmen. Accordingly, it must be granted thatthe conclusion here stated is not so manifest adeduction as to preclude denial. <strong>The</strong> testimony<strong>of</strong> the senses commonly terminates dispute,but such testimony is not available as* Recent Advunces, p. 22.

                                                    

                                                    116 SCIENCE AND RELIGIOfl.to the reality <strong>of</strong> the supernatural. <strong>The</strong> onlytestimony that can be given here must be <strong>of</strong> adifferent kind; <strong>and</strong> if there be some who refuseto credit anything save what conies withinrange <strong>of</strong> the senses, or is deducible directly<strong>and</strong> simply from what the senses make known,there is no help for them. Neither science,nor philosophy, nor religion can deliver themfrom the narrow round <strong>of</strong> materialism. Butneither science, nor philosophy, nor religion,can restrict itself to the testimony <strong>of</strong> thesenses. A deeper, <strong>and</strong> wider range <strong>of</strong> inquiryis dem<strong>and</strong>ed <strong>of</strong> the man who wouldwalk at large in the vast field spread out innature. All human life is subjected to thetest <strong>of</strong> accepting evidence other than thatthe senses supply. If some refuse to submitto this deeper <strong>and</strong> wider test, narrowing theirconvictions accordingly, others are not to berestricted in this way, nor are they to beinfluenced by such determination even on thepart <strong>of</strong> highly distinguished scientific men.For, it can not be overlooked that this is nota question <strong>of</strong> science, nor does it imply anything but an ordinary exercise <strong>of</strong> intelligence.<strong>The</strong> one test for the public mind is this,-Isit or is it not true that not an atom <strong>of</strong> matter

                                                    

                                                    INORGANIC ELEMENTS. 117can be originated or destroyed ? Is the doctrine<strong>of</strong> the conservation <strong>of</strong> energy to betaken as scientifically demonstrated? <strong>The</strong>sethings science must decide, <strong>and</strong> beyond these,all is clear for ordinary intelligence. Of thetestimony <strong>of</strong> science on these two questionsthere is no doubt whatever. <strong>Religion</strong>, therefore,has no conflict with science here; it simplyaccepts the teaching <strong>of</strong> science, findingin it ample support for its fundamental position.What creation really means, or how wecan fittingly represent it to our minds, doesnot in the least affect the question here underdiscussion, for these are not points on whichscience can <strong>of</strong>fer any testimony. Nor havethe defenders <strong>of</strong> religion any complaint tourge against the claims which science makesto explain all that belongs to nature. Butwhen those who make the largest claims forscience, acknowledge that science is baffledhere, their testimony gains in value by reason<strong>of</strong> the strength <strong>of</strong> their antipathy to the acknowledgment<strong>of</strong> the miraculous. When froman accredited scientific witness we have thesewords:-'' <strong>The</strong> investigation <strong>of</strong> nature does notshrink from enrolling life <strong>and</strong> the processes<strong>of</strong> life in the world <strong>of</strong> the comprehensible,"

                                                    

                                                    118 SCIENCE AND RELIGION.followed up by this explicit statement, " Weare foiled only at the conception <strong>of</strong> matter<strong>and</strong> force" ;* t,he claims <strong>of</strong> science are raisedto the highest pitch; <strong>and</strong> yet its insuperablelimits are clearly defined. <strong>The</strong> defender <strong>of</strong>the harmony <strong>of</strong> scientific with religious thoughthas nothing more to desire. <strong>The</strong> very placewhere science comes to a halt, acknowledgingthat its utmost boundary has been reached, isthe place where it is demonstrated that scientificthought <strong>and</strong> religious are not involved inreal conflict.* <strong>The</strong> Doctrine <strong>of</strong> Descent, by Oscar Schmidt, p. 20.

                                                    

                                                    LECTURE IT.ORGANIZED EXISTENCE: LIFE AND ITS DEVEL-OPMENT.-(DARWIN'S "THEORY OFEVOLUTION. ")IN prosecuting our inquiry as to the mostrecent advances in science, we pass nowfrom inorganic to organic existence; from thetestimony <strong>of</strong> physicists, to that <strong>of</strong> zoijlogists.This transition in itself starts a scientific problem,beyond which we are carried onward toa distinct <strong>and</strong> very complicated area <strong>of</strong> existence,higher in order, <strong>and</strong> pressing upon attentionan incalculable variety <strong>of</strong> details, exceedinglydifficult to harmonize. In the earlierstage <strong>of</strong> physical research, all observation <strong>and</strong>experiment lead forward to general results,which gain ready acceptance "bcause theymay be said to be involved in scientific procedureitself. In this more advanced stageit is otherwise. In the former, unorganizedmatter is the same everywhere; <strong>and</strong> the laws<strong>of</strong> energy can be studied with equal facility

                                                    

                                                    120 SCIENCE AND RELIGION.in Europe or in America, in northern latitudesor in southern. But when we begin to directattention upon life in its manifold forms, asthese are scattered a11 over the world, multitudes<strong>of</strong> distinct observations have to be prosecuted,<strong>and</strong> their results slowly accumulated,before even the most competent workers canoccupy a position from which it is possible tomake a beginning with our forecast <strong>of</strong> generalconclusions. Even in the most favorable circumstances,a great deal must be left to problematicinference, <strong>and</strong> even to imagination.Gatherings <strong>of</strong> facts may be recorded in amanner which places them beyond reach <strong>of</strong>doubt, while theories founded upon them hanglong in suspense, waiting confirmation on condition<strong>of</strong> being able to endure protracted criticism,<strong>and</strong> manifold applications. This accountsfor the difficulty experienced in findingready to h<strong>and</strong> general conclusions which havesecured universal acceptance, when we beginto move somewhat freely over the wide regionspresenting the manifold problems <strong>of</strong>organized existence. And as it is solely withgeneral conclusions, that religious thought isconcerned, some share <strong>of</strong> perplexity must attachto the attempt to discuss the question <strong>of</strong>

                                                    

                                                    LIFE AND ITS DEVELOPMENT. 121harmony. We must here therefore be considerablyinvolved in questions affecting theorieswhich have gained wide favor in scientific circles,as well as with clearly recorded <strong>and</strong> certainresults. Some general questions, such asthat affecting the classification <strong>of</strong> animals,must be regarded as peculiarly scientific.Whether the classificgtion <strong>of</strong> Linnseus, or <strong>of</strong>Cuvier, or some other more recently suggested,is to be preferred, is a matter which does nothere concern us. But a theory <strong>of</strong> the origin<strong>of</strong> species must be considered, because it isnot purely scientific, but brings science intodirect relation with common thought as tothe order <strong>of</strong> the universe, <strong>and</strong> may thereforest<strong>and</strong> related to religious thought.Immediately on directing attention to organizedexistence,-to LIFE in any form,-weencounter a new problem, namely the relation<strong>of</strong> the organized to the unorganized.How is the appearance <strong>of</strong> this higher order<strong>of</strong> existence to be. accounted for ? Can wefind in the nature <strong>of</strong> matter, <strong>and</strong> in the mechanical<strong>and</strong> chemical laws influencing its position<strong>and</strong> combination, any explanation <strong>of</strong>the appearance <strong>of</strong> life in the world? Ormust we regard life as a new <strong>and</strong> higher fact,

                                                    

                                                    122 SCIENCE AND RELIGION.unexplained by reference to the lower form<strong>of</strong> existence, <strong>and</strong> incapable <strong>of</strong> explanation inthis way? Whether there is a clear line <strong>of</strong>demarcation between vegetable <strong>and</strong> animallife is a comparatively subordinate question.It is the wider <strong>and</strong> more perplexing questionwhich most fundamentally affects our generalconceptions as to the history <strong>and</strong> government<strong>of</strong> the world? And when this question ispressed singly,-how can we account for theappearance <strong>of</strong> life in the world ?-science hasno answer to present. Life still remains amystery in scientific times, as it had been inpast ages. Much has been written as to theorigin <strong>of</strong> species; nothing to any purpose hasyet been said as to the origin <strong>of</strong> life itself.<strong>The</strong> secrets <strong>of</strong> the universe in this respecthave eluded discovery, <strong>and</strong> a constrained silenceis the consequence.But if science itself has nothing to say asto this fundamental problem, scientific menhave much to say as to the probability <strong>of</strong> atrue solution <strong>of</strong> the mystery being forthcoming.<strong>The</strong>re is in many quarters an expectationthat we may yet underst<strong>and</strong> the physicalprinciples, that is, the mechanical <strong>and</strong> chemicalcombinations, which go to explain life as

                                                    

                                                    LIFE AND ITS DEVELOPMENT. 123a working organism." <strong>The</strong> suggestions <strong>of</strong>Rumford <strong>and</strong> Joule may yet bear results inthis direction, for it is matter <strong>of</strong> general agreementthat living organism may be regarded as anengine doing a given amount <strong>of</strong> work, on condition<strong>of</strong> being supplied with a given amount<strong>of</strong> fuel in the form <strong>of</strong> nourishment. Whentherefore Rumford suggests that the animalis a more economical engine than any <strong>of</strong> themechanical contrivances which man constructs,<strong>and</strong> when Joule advances considerably beyondthis to suggest that the animal more resemblesan electro-magnetic engine, than a heat engine,it seems quite within the range <strong>of</strong> possibilitythat in some such direction discovery may yetbe made <strong>of</strong> the physical principles involvedin life.This, however, leaves untouched the deeperquestion as to the origin <strong>of</strong> life. We are entirelyignorant <strong>of</strong> any beginning <strong>of</strong> life whichis not traced directly to a preceding livingorganism. Either, as in the case <strong>of</strong> plants,there is increase <strong>of</strong> life by fission, or separationfrom an earlier growth, or by means <strong>of</strong>seed grown upon the parent plant; or, as inthe cme <strong>of</strong> animals, by germ or ovum. But the* Tait's Recent Advasces, p. 83.

                                                    

                                                    124 SCIENCE AND RELIGION. 8question <strong>of</strong> the origin <strong>of</strong> life is remote fromus historically, <strong>and</strong> perplexing to us experimentally.7If we seek guidance historically,we turn to geology, <strong>and</strong> learn that the structure<strong>of</strong> the earth has involved successive formations.<strong>The</strong> materials <strong>of</strong> the earth's crustare not thrown together confusedly, but " exhibita certain order <strong>of</strong> arrangement ";* themineral masses are partly aqueous, partly igneous,in formation; according as they are oneor other, they contain organic remains, or aremarked by their absence. All that can beinferred from the data thus afforded is thatat a certain period in the world's history,when temperature <strong>and</strong> other conditions affectingthe possibility <strong>of</strong> organic existencewere favorable, life appeared. As to thecause <strong>of</strong> its appearance, geology can give notestimony. I' If next, we refer to palaeontology,we learn <strong>of</strong> the existence <strong>of</strong> colossal animalswhich have long since become extinct;but such researches only widen our acquaintancewith different orders <strong>of</strong> animals, contributingnothing towards the solution <strong>of</strong> theproblem concerning the origin <strong>of</strong> life. <strong>The</strong>experimental science <strong>of</strong> the present day, with* Lyell's Elements <strong>of</strong> (feology, P. 2.

                                                    

                                                    LIFE AND ITS DEVELOPMENT. 125all the advantages arising from microscopicalobservation, is altogether unable to oEer anyexplanation. Experiments for the purpose<strong>of</strong> testing the probability <strong>of</strong> "spontaneousgeneration" have been already described, <strong>and</strong>their failure leaves experimental science withoutany direct test.imony; while their historyyields powerful indirect evidence in support<strong>of</strong> the position that origin <strong>of</strong> life apart fromgerm is unknown.It is, however, desirable here, in order togive completeness to our view <strong>of</strong> the presentsituation, to remark that among scientific menthere are some who have no expectation <strong>of</strong> ascientific explanation <strong>of</strong> the origin <strong>of</strong> life;while others are exceedingly hopeful thatsuch explanation may be reached, in the latterclass appearing naturally all those whoopenly proclaim against what they name an" incomprehensible act <strong>of</strong> creation," <strong>and</strong> voluntarilyplace themselves in antagonism toreligious thought. It is, therefore, <strong>of</strong> someconsequence to indicate the grounds on whichsuch opposite views rest. On the one side,Pr<strong>of</strong>essor Tait, while suggesting the possibility<strong>of</strong> yet discovering the physical principles whichdetermine life, nevertheless adds, "Let no one

                                                    

                                                    126 SCIENCE AND RELIGION.imagine that, should we ever penetrate thismystery, we shall thereby be enabled to produce,except from life, even the lowest form <strong>of</strong>life." * On the other h<strong>and</strong> Pr<strong>of</strong>essor Schmidt<strong>of</strong> Strasburg maintains the opposite view, affirmingthat "the investigation <strong>of</strong> nature doesnot shrink from enrolling life, <strong>and</strong> the processes<strong>of</strong> life in the world <strong>of</strong> the comprehensible."j-This latter assertion is not to beaccounted for on the ground that Schmidt isthe ardent admirer <strong>and</strong> defender <strong>of</strong> the theory<strong>of</strong> origin <strong>of</strong> species by natural selection, for itis clear, as he maintains in replying to MaxMiiller, that " the origin <strong>of</strong> life has in factnothing to do with actual Darwinism, or naturalselection, unless the principle <strong>of</strong> selectionbe extended to the inorganic world <strong>of</strong> matter.77$ Mr, Darwin himself does not suggestany such extension, <strong>and</strong> his theory <strong>of</strong> speciesis not chargeable with it. It should, indeed,be clearly recognized on all h<strong>and</strong>s that thenaturalist confines himself to a narrower range<strong>of</strong> inquiry, taking existing phases <strong>of</strong> life asthe subject <strong>of</strong> his study. Accordingly, whoeverclaims that the origin <strong>of</strong> life comes within* Recent Adtx-tnces, p. 24. f Doctrine <strong>of</strong> Descent, p. 20.$ B. p. 161.

                                                    

                                                    LIFE AIVD ITS DE TELOPMENT. 127the compass <strong>of</strong> science, does so on the groundthat there is no demarcation between t,he organic<strong>and</strong> the inorganic,-that the former mayarise directly from the latter,-<strong>and</strong> so he commitshimself to a doctrine <strong>of</strong> descent worldwidein its application, involving developmentin the world <strong>of</strong> all its varied phases <strong>of</strong> existencefrom a mass <strong>of</strong> unorganized matter.This explains the difference <strong>of</strong> opinionamong scientific men as to the possibility <strong>of</strong>accounting for the origin <strong>of</strong> life. A certainnumber deny the possibility, as they do thepossibility <strong>of</strong> explaining scientifically the origin<strong>of</strong> matter on the explicit ground indicatedby Laplace,-" Present events are connectedwith the events <strong>of</strong> the past by a linkresting on the obvious principle, that a thingcan not begin to exist without a cause whichproduces it." * <strong>The</strong>y do not find in inorganicmatter sufficient cause to account for life, <strong>and</strong>their expectations are restricted accordingly.Those who cherish a contrary expectation, donot vindicate it by contradiction <strong>of</strong> the obviousprinciple enunciated by Laplace, or evenby maintaining that inorganic matter is adequateto produce living organism. <strong>The</strong>y cling* Idroduction to the <strong>The</strong>ory qf <strong>Science</strong>.

                                                    

                                                    128 SCIENCE AND RELIGION.to the more general <strong>and</strong> doubtful position thatno limits are to be assigned to science, or asit is <strong>of</strong>ten stated, all nature belongs to thecomprehensible. <strong>The</strong> failure <strong>of</strong> past experimentsis no pro<strong>of</strong> that inevitable failure awaitsother experiments which may yet be made. Toab<strong>and</strong>on expectation seems to them to be unfaithfulto science. In this fashion, Pr<strong>of</strong>essorSchmidt declares that "to any one who holdsopen the possibility that, even now, animatemay be evolved from inanimate, without themediation <strong>of</strong> progenitors, the$rst origin <strong>of</strong> lifein this natural method is at once self-evident." *To this view the other side may legitimatelyreply, that if the origin <strong>of</strong> life be as easily accountedfor, as provision is here made for thel' self-evident," science will soon be at a dis-count. To those regarding the matter fromwithout, <strong>and</strong> waiting for testimony as to whatis scientifically established, it is clear thatthere is no explanation <strong>of</strong> the origin <strong>of</strong> life;<strong>and</strong> I think it will be most commonly heldthat the weight <strong>of</strong> reason as to expectationsfor the future lies with those who ab<strong>and</strong>onthe anticipation <strong>of</strong> any scientific explanation.<strong>The</strong>re is, however, in actual conclusions on* Doctri~ <strong>of</strong> Descent, p. 163.

                                                    

                                                    LIFE AND ITS DEVELOPMENT.l29scientific evidence nothing involving conflictwith r'eligious conviction; <strong>and</strong> allowance willbe made for continued <strong>and</strong> extended experiments,provided only that the " holding openthe possibility," does not make the probability" self-evident."Passing thus from the unsolved problem <strong>of</strong>the origin <strong>of</strong> life,-with the attendant acknowledgmentthat there is no scientific theory <strong>of</strong>the world's descent from primordial atoms,we advance to the testimony <strong>of</strong> science concerningdifferent orders <strong>of</strong> life, <strong>and</strong> their relationsto each other. Here there is no restrictionas to the use <strong>of</strong> scientific methods;there is wide range for free action by thehosts <strong>of</strong> observers required for the work. Asense <strong>of</strong> the relief which this implies, in contrastwith the hampering restraints surroundingthe earlier question, imparts to the words<strong>of</strong> Schmidt a more jubilant tone, as he says," Between beginning <strong>and</strong> end, we naturalistsmay do as we please." *In this region it will be universally admittedthat the development <strong>of</strong> species byselection is the conception which has gainedgreatest hold upon the scientific mind within* Doctrine <strong>of</strong> Descent, p. 162.

                                                    

                                                    130 SCIENCE AND RELIGION.recent times. Accordingly it seems better tobegin with an outline <strong>of</strong> this theory, <strong>and</strong> <strong>of</strong> itshistory as developed by Mr. Darwin, keeping,however, steadily in view the range <strong>of</strong> problemwith which the theory has to deal.As already remarked the origin <strong>of</strong> life is aproblem quite dist,inct, <strong>and</strong> the theory <strong>of</strong> selectiondoes not entangle itself by maintainingorigin <strong>of</strong> life by development from unorganizedmatter. Mr. Darwin clearly guardedhimself against responsibility for such a conception<strong>of</strong> its origin." Restricting thus far,we have to keep in view the vast range <strong>of</strong> theproblem dem<strong>and</strong>ing scientific explanation.Animal life manifests itself by spontaneousmovement,-movemelit from within the livingorganism, in contrast with nlovementcaused by energy applied from without. Thisholds true <strong>of</strong> every living germ, from which amature animal form may be developed. Thisis the test <strong>of</strong> the presence <strong>of</strong> life under the microscopein minute germinal structures otherwiseincapable <strong>of</strong> observation. In its lowestknown form life appears in a minute vesselcontaining so much nourishment, which is withina nucleus or vital centre from which move-* Origin <strong>of</strong> Species, p. 577.

                                                    

                                                    LIFE AND ITS DE YELOPMENT. 131ment originates.* This depends for its developmenton external conditions such as heat <strong>and</strong>moisture.-/- Advance in the scale is connectedwith greater complexity in the organism. Aswe ascend, separate organs appear, fulfillingdistinct functions, <strong>and</strong> controlled by means <strong>of</strong>a nerve system whose ramifications are accordingto the intricacy <strong>of</strong> the organism. <strong>The</strong>appearance <strong>of</strong> such a nerve system impliessensibility <strong>and</strong> motor activity, provision foran experience more or less varied, <strong>and</strong> movementin some measure according with it, oradapted to it. From a nerve system consisting<strong>of</strong> a cent're <strong>and</strong> a few fibres, we graduallyascend, until in the higher vertebrate orders,we find a vast system <strong>of</strong> nerves harmonized<strong>and</strong> governed from a gr<strong>and</strong> centre or terminusconstituting the brain.$ With the steadilyadvancing complexity <strong>of</strong> nerve system, thereis great diversity in the orders <strong>of</strong> animals, inthe variety <strong>of</strong> actions <strong>of</strong> which they are capable,in adaptation to different conditions <strong>of</strong>life, <strong>and</strong> in the nodes in which they obtainsubsistence. <strong>The</strong> scientific problem is-Howfar can we account for all this coinplex system<strong>of</strong> thipgs by the action <strong>of</strong> natural ca.uses?As we are here specially concerned with* See Appendix VII. t See Appendix V. f See Appendix IV.

                                                    

                                                    132 SCIENCE AND RELIGION.ruling conceptions, <strong>and</strong> only indirectly withdetails, the relations <strong>of</strong> the animal <strong>and</strong> vegetablekingdoms may be passed, with the acknowledgmentthat the two are obviouslydistinct, <strong>and</strong> yet that the vegetable verynearly merges into the animal at certainpoints, as illustrated by sensibility, if notby locomotion. So may we waive discussion<strong>of</strong> the classification <strong>of</strong> aiiimals, whichinvolves important points closely connectedwith the main question. Allowing that thewonderful diversity in animal organization,may adrnit <strong>of</strong> different modes <strong>of</strong> classification;<strong>and</strong> yet granting that the structure <strong>of</strong>the animal econoiny in all its forms proceedson common principles, which must lead topractical agreement as to modes <strong>of</strong> classification;we deal with the single question asto the natural causes serving to explain differentorders.Mr. Darwin's suggestion, largely supportedby evidence from many quarters, <strong>and</strong> nowcomm<strong>and</strong>ing a very general support is, thatall this diversity may be regarded as theproduct <strong>of</strong> a long process <strong>of</strong> development.This theory takes the whole orders <strong>of</strong> existenceinto one sweep. <strong>The</strong> lowest type <strong>of</strong>

                                                    

                                                    LIFE AND ITS DEPrELOPMENT. 133animal life presents to view the beginning<strong>of</strong> a protracted history; the highest order <strong>of</strong>animate existence indicates the stage <strong>of</strong> advanceat which we observe things at thepresent period. For such a theory the history<strong>of</strong> individual development belonging towhatever order, <strong>and</strong> the history <strong>of</strong> distinctorders as indicating improvement <strong>and</strong> deviation<strong>of</strong> whatever aspect, present evidence<strong>of</strong> special value. <strong>The</strong> most important causesrelied upon as contributing to the formation<strong>of</strong> a scientific theory may be presented underthese four heads-(l)<strong>The</strong> action <strong>of</strong> externalcauses as provided for by environment; (2)power <strong>of</strong> adaptability within each organism,providing for changes according to requirementfrom without, which may be describedas " adaptive changes <strong>of</strong> structure;" (3) " thestruggle for existence," in accordance withwhich the strongest gain the mastery <strong>and</strong>consequent advantage in obtaining the means<strong>of</strong> subsistence; <strong>and</strong> (4) " natural selection "among the sexes, giving to the <strong>of</strong>fspring alladvantages according to the laws <strong>of</strong> hereditarydescent.<strong>The</strong> essential feature in this theory is thepower <strong>of</strong> adaptability inherent in the organisnz.

                                                    

                                                    134 SCIENCE AND RELIGION.This is postulated as characteristic <strong>of</strong> all organizedexistence; <strong>and</strong> it is implied, that thispower <strong>of</strong> adaptability multiplies in a degreeapproximating to the measure <strong>of</strong> complexitybelonging to the organism. <strong>The</strong> inhemntcapacity for deviation is thus much lessin the mollusk than in the bird; <strong>and</strong> in thebird much less than in the quadruped.Thus the development process which must,according to this view, have been exceedinglyslow in the earlier stages, must havebeen greatly accelerated when more complexorganisms had come into existence, <strong>and</strong> allthe advantages accrued from greater diversity <strong>of</strong> materials. Such is a brief outline <strong>of</strong>the theory; <strong>and</strong> looked at simply as a theory,there is a manifest attraction in the boldness<strong>of</strong> the conception, <strong>and</strong> the wide sweep <strong>of</strong>the generalization which it includes. Takenmerely as an intellectual representation settingforth a conceivable order <strong>of</strong> things inthe universe, it has a great deal to comm<strong>and</strong>attention <strong>and</strong> awaken interest. It is, indeed,a novelty in the history <strong>of</strong> scientific thought,<strong>and</strong> as such at variance with previous conceptions,both scientific <strong>and</strong> lion - scientific.But it is no more at variance with religious

                                                    

                                                    LIFE AND ITS DEVELOPMENT. 135thought, than with ordinary notions <strong>of</strong> precedingtimes; while to the author whosename is now associated with it all over thescientific world, it is a more striking testimony<strong>of</strong> the marvels <strong>of</strong> creative power," thannotions previously current, which regarded itas historically true that every existing variety<strong>of</strong> animal was launched into being by a distinctcreative act. Whatever may be the ultimateview <strong>of</strong> the history <strong>of</strong> life on the earth,based on purely scientific data,-<strong>and</strong> we arestill a far way removed from what may beregarded as scientific evidence fox such aview,-the fewer the primordial forms towhich the multiplicity <strong>of</strong> existing speciescall be traced, the greater is the marvelwhich science presents, <strong>and</strong> the more convincingbecomes the intellectual necessity bywhich we travel back to a Supernatural Intelligenceas the source <strong>of</strong> all. On the otherh<strong>and</strong>, the slow process by which scientificresearch tends to make out the natural Iiistory<strong>of</strong> living organisms far removed fromeach other in the scale <strong>of</strong> being, tracingmany groups to a common parentage, <strong>and</strong>assigning their appearance in the world to,* Oviyin <strong>of</strong> Species, p. 577.

                                                    

                                                    136 SCIENCE AND RELIGION.distinct periods in its history, will be seento be so far anticipated <strong>and</strong> favored by thegraphic description <strong>of</strong> the introduction <strong>of</strong> animallife given in the opening page <strong>of</strong> revelation,where different orders are assigned tosuccessive epochs.While, however, these things are said atthe outset, as affording commencement forthe study <strong>of</strong> an evolution theory, <strong>and</strong> deliveringus from the supposition that there isan inevitable antagonism between science <strong>and</strong>recognition <strong>of</strong> the supernatural, we revert tothe ruling principle for this whole inquiry,that science must prosecute its own researches,unfettered by forecast <strong>of</strong> consequences; <strong>and</strong>that the Bible is not to be h<strong>and</strong>led as if itwere a book <strong>of</strong> science, for it neither lays restraintsupon human inquiry, nor delivers usfrom the need for it.<strong>The</strong> best method for entering up011 a study<strong>of</strong> the theory <strong>of</strong> evolution by natural selectionis to take Mr. Darwin's own account<strong>of</strong> the manner in which it began to take shapebefore his mind. In his " historical sketch <strong>of</strong>the recent progress <strong>of</strong> opinion on the origin<strong>of</strong> species," * he traces to Lamark the first sug-* <strong>The</strong> Origin <strong>of</strong> Species, xiii. 4th ed.

                                                    

                                                    LIRE AND ITS DEVELOPMENT. 137gestions on the subject, directing public attentionto the question in 1801; thereafter asuccession <strong>of</strong> naturalists including St. Hilaire,Wells, <strong>and</strong> Patrick Matthew, from separate<strong>and</strong> incidental observations, dwelt upon thedifficulty <strong>of</strong> distinguishiiig species, <strong>and</strong> on theevidence <strong>of</strong> an archetypal idea, or commonplan <strong>of</strong> structure, being applicable in the history<strong>of</strong> whole orders. Mr. Darwin then givesthe following biographical references at theoutset,-" When on board H. M. S. ' Beagle,'as naturalist, I was much struck with certainfactjs in the distribution <strong>of</strong> the organic beingsinhabiting South America, <strong>and</strong> in the geologicalrelations <strong>of</strong> the present to the past inhabitants<strong>of</strong> that continent. <strong>The</strong>se facts seemedto throw some light on the origin <strong>of</strong> species-that mystery <strong>of</strong> mysteries, as it has beencalled by one <strong>of</strong> our greatest philosophers.On my return home, it occurred to me in1831, that something might perhaps be madeout on this question by patiently accumulating<strong>and</strong> reflecting on all sorts <strong>of</strong> facts whichcould possibly have any bearing on it. Afterfive years' work I allowed myself to speculateon the subject, <strong>and</strong> drew up some shortnotes; these I enlarged in 1844 into a sketch

                                                    

                                                    138 SCIENCE AND RELIGION.<strong>of</strong> the concl~xsions which then seenled to meprobable: from that period to the present dayI have steadily pursued the same object." *Such is Mr. Darwin's opening paragrnph inthe now celebrated Origin <strong>of</strong> !Species. Noone interested in such investigations will hesitateto approve <strong>and</strong> trust the " patiently accumulating<strong>and</strong> reflecting on all sorts <strong>of</strong>facts;" nor can there be any hesitation illgranting the warrantableness <strong>of</strong> his beginningto speculate as to the probable results. Onthe other h<strong>and</strong>, even the most ardent admirers<strong>of</strong> the evolution theory can not refuse toallow that only its principles are certain,while its ultimate form is still matter <strong>of</strong>conjecture <strong>and</strong> speculation. Quite divergentlines <strong>of</strong> speculation have found a start withinthe compass <strong>of</strong> the phenomena brought underreview, <strong>and</strong> it is already apparent that oppositetendencies <strong>of</strong> thought have effected alodgment under the common name <strong>of</strong> evolution.In these circumstances there is no directcall, as there are no proper materials, forattempting a reconciliation between the principles<strong>of</strong> religion, <strong>and</strong> definite scientific conclusionsas to the origin <strong>of</strong> species. We are* me Origin <strong>of</strong> Species, p. 1.

                                                    

                                                    LIFE AND ITS DEVELOPMENT. 139still occupying that position which makes historicaltreatment <strong>of</strong> the subject the most appropriate,leaving to speculation the probablelines <strong>of</strong> adjustment which may render possiblea wider induction bearing on a general theory<strong>of</strong> the universe.<strong>The</strong> observations <strong>of</strong> Alfred Russell Wallacein the Malay Archipelago led towards thesame conclusions as those indicated by Darwin,to whom Mr. Wallace dedicated hisbook," giving the results <strong>of</strong> research extendingfrom 1854 to 1862, <strong>and</strong> in confirmation<strong>of</strong> Darwin's theory, though differing on importantpoints, Wallace published in 1870 hisContribution to the <strong>The</strong>ory <strong>of</strong> Natural flelection.Mr. Darwin's views when first promulgatedreceived decided though somewhatguarded support from Sir Charles Lyell,whose geological studies marked him out asa highly qualified witness on the subject, <strong>and</strong>were strongly favored by Dr. Hooker, author<strong>of</strong> Introduction to Me Australian PZora, whilethey encountered not a little criticism, <strong>and</strong>were met with announcements <strong>of</strong> formal reservations,on the part <strong>of</strong> distinguished naturalists.* Malay Archipelago, 1869.

                                                    

                                                    140 SClENCE AND RELIGION.A fuller statement as to the history <strong>of</strong> hisown thought was given by Mr. Darwin in thefifth edition <strong>of</strong> his work, <strong>and</strong> also in a letterto Hsckel, author <strong>of</strong> the bolder venture asto the History <strong>of</strong> the Creation, <strong>and</strong> the Bolution<strong>of</strong> Mun. This letter to Hackel may begiven here as having considerable value in itsbearing on the formation <strong>of</strong> the theory <strong>of</strong> evolution.After referring to his early researchesas to lower forms <strong>of</strong> life, Mr. Darwin proceedsthus-" Having reflected much on the foregoingfacts, it seemed to me probable that alliedspecies were descended from a common ancestor.But during several years I could not conceivehow each form could have been modifiedso as to become admirably adapted to its placein nature. I began therefore to study domesticatedanimals <strong>and</strong> cultivated plants, <strong>and</strong> aftera time perceived that man's _l- power __-_ <strong>of</strong> selecting<strong>and</strong> breeding from certain individuals was themost powerful <strong>of</strong> all means in the production<strong>of</strong> new races. Having attended to the habits <strong>of</strong>animals <strong>and</strong> their relations to the surroundingconditions, I was able to realize the severestruggle for existence to which all organismsare subjected; <strong>and</strong> my geological observationshad allowed me to appreciate to a certain ex-

                                                    

                                                    LIFE AND ITS DEVELOPMENT. 141%~L?tent the duration <strong>of</strong> past geological periods.IWith my mind thus prepared, I fortunatelyhappened to read Malthus's Essay on Popula- ,tiolz; <strong>and</strong> the idea <strong>of</strong> natural selection throughthe struggle for existence at once occurred tome. Of all the subordinate points in thetheory, the last which I understood was thecause <strong>of</strong> the tendency in the descendants froma common progenitor to divevge in character." *This short passage in personal history mayconsiderably aid others in their study <strong>of</strong> thetheory.This letter may with advantage be supplementedby one or two brief extracts from <strong>The</strong>Origin <strong>of</strong> #pecies. In one <strong>of</strong> his most recenteditions, our author sa.ys,-" It may be metaphoricallysaid, that !latural selcctiorl is daily<strong>and</strong> hourly scrutinizing throughout the worldthe slightest variatioas, rejecting those thatare bad, preserving <strong>and</strong> adding up all thatare good; silently <strong>and</strong> insensibly working,whenever <strong>and</strong> wherever opportunity <strong>of</strong>fers,at the improvement <strong>of</strong> each organic being inrelation to its organic <strong>and</strong> inorganic condi-*<strong>The</strong> passage is quoted rts given by Schmidt in his Doctrine<strong>of</strong> Descent, p. 132. Italics are inserted to guide the eye <strong>of</strong> thereader to the suocessive stages.

                                                    

                                                    142 SCZBNCE AND RELIGION.tions <strong>of</strong> life." Such a metaphorical representationattributing to nature different processes,such as scrutinizing, rejecting, preserving, <strong>and</strong>working, considerably aids us by pointing tothe intellectual conditions involved in the acceptance<strong>of</strong> the theory <strong>of</strong> evolution. To thisit may suffice if there be added the closingpassage in our author's work on species, indicatinghis view <strong>of</strong> the relation <strong>of</strong> all to thesupernatural. It is in these words-" Thus,from the war <strong>of</strong> nature, from famine <strong>and</strong> death,the most exalted object which we are capable<strong>of</strong> conceiving,* namely, the production <strong>of</strong> thehigher animals, directly follows. <strong>The</strong>re isgr<strong>and</strong>eur in this view <strong>of</strong> life, with its severalpowers, having been originally breathed bythe Creator into a few forms or into one; <strong>and</strong>that whilst this planet has gone cycling onaccording to the fixed law <strong>of</strong> gravity, from sosimple a beginning endless forms most beautiful<strong>and</strong> most wonderful have been, <strong>and</strong> arebeing evolved." -f- On this passage, Schmidthas remarked-" In this concession, Darwinhas certainly been untrue to himself; <strong>and</strong> itsatisfies neither those who believe in the con-* Referring to organized being.- j Origin <strong>of</strong> Species, p. 577.

                                                    

                                                    LIFE AND ITS DEVELOPMENT. 143tinuous work <strong>of</strong> creation by a personal God,nor the partisans <strong>of</strong> natural evolution." Inthis criticism we have a good example <strong>of</strong> themanner in which an impression <strong>of</strong> conflict isfostered. <strong>The</strong> rejoinder to Schmidt is obvious.Those who value religion seek no concessions,but desire to banish from scientific <strong>and</strong> philosophicwriting all thought tending in this direction.If, however, needless complicationsare to be avoided, we must have exact statements<strong>of</strong> the relative positions. <strong>The</strong> sentencejust quoted involves a misrepresentationequally <strong>of</strong> religion <strong>and</strong> science. Beliefin the supernatural does not imply belief ina continuous work <strong>of</strong> creation, <strong>and</strong> thereforedoes not carry any thing inherently antagonisticto the conception <strong>of</strong> evolution undernatural law. On the other h<strong>and</strong>, belief inevolution <strong>of</strong> species under the action <strong>of</strong> naturallaw does not decide the question, concerningthe origin <strong>of</strong> life, just as a science <strong>of</strong> naturecan decide nothing concerning the supernatural.Pr<strong>of</strong>essor Schmidt is, however, so far fromclearly <strong>and</strong> consistently recognizing the exactlimit <strong>of</strong> the theory, that within the compass<strong>of</strong> a single page he first affirnls the limitation,<strong>and</strong> then denies it. First vindicating Darwin

                                                    

                                                    144 SCIENCE AND RELIGION.from the attack <strong>of</strong> Max Miiller as to beginning<strong>and</strong> end <strong>of</strong> living organism, he says," <strong>The</strong> origin <strong>of</strong> life has in fact nothing to dowith actual Darwiiiism, or natural selection,unless the principle <strong>of</strong> selection be extendedto the inorganic world <strong>of</strong> matCterlv * an entanglementwhich Schmidt is willing to avoid,<strong>and</strong> which Darwin carefully shuns, distinctlystating that " <strong>Science</strong> in her present statedoes not countenance the belief that livingcreatures are now ever produced from iiiorganicmatter."? But Schmidt has no sooner)placed himself behind this line <strong>of</strong> defence,i;thanChe attacks Darwin for acknowledgingJorigin <strong>of</strong> life by creation, maintaining thatl" it is directly incompatible with the doctrine1 <strong>of</strong> descent." he theorist must take eitherlone side or the other. Either he must mainjtainthat the theory <strong>of</strong> descent has " nothingto do with the origin <strong>of</strong> life," <strong>and</strong> in that casethere is no conflict with religious thought; orthat the theory <strong>of</strong> descent is incompatiblewith creation, <strong>and</strong> in that case there is conflictwith religious thought, <strong>and</strong> at the same* Doct. <strong>of</strong> Descent, p. 161-2.t Origin <strong>of</strong> Species, 4th ed. p. 143.# Doot, <strong>of</strong> Desceat, 162.

                                                    

                                                    LIFE AND ITS DEVELOPMENT. 145time inconsistency with science, in respect <strong>of</strong>its own definition as an explanation <strong>of</strong> nature,<strong>and</strong> in respect <strong>of</strong> its own results which do notinvolve " spontaneous generation," but do includethe position that not a single particle <strong>of</strong>matter can be originated or destroyed by anypower recognized in operation. No one will" dispute the claims <strong>of</strong> the investigation <strong>of</strong>nature to its logical inferences," but " wherethe material substratum is deficient,?' mostreasonable men will dem<strong>and</strong> that distinct acknowledgmentbe made <strong>of</strong> the fact, <strong>and</strong> thatthe boundaries <strong>of</strong> science be defined accordingly.If, however, any one be inclined tomaintain that "where the material substratumis deficient," all inquiry must terminate,<strong>and</strong> human thought must refuse to go furtsher,or to attempt to rise higher, this certainly isnot science, but an illogical attempt to makethe science <strong>of</strong> nature commensurate with theboundaries <strong>of</strong> thought,-an arbitary declara-tion that " the causal series " within the rnaterialuniverse is the sum total <strong>of</strong> causality.Such an affirmation can not warrantably attachitself to a theory <strong>of</strong> descent, as it cannot be tested by observational methods, butaltogether by reference to the laws <strong>of</strong> thought

                                                    

                                                    146 SCIENCE AND RELIGION.deterinining the value <strong>of</strong> rationalizing processes.<strong>The</strong> theory <strong>of</strong> " natural evolution,"implies evolution from something; it postulatesa beginning from which it takes procedure,<strong>and</strong> it exhausts itself in observations concerningsuch deviations as occur in the annals<strong>of</strong> natural history. If, therefore, any <strong>of</strong> " thepartisans <strong>of</strong> natural ev~lut~ion," take up a positioninvolving denial <strong>of</strong> a rational acknowledgment<strong>of</strong> the supernatural, they isolatetheinselves in so doing, leaving the tbeoryfree from responsibility as to their attitude,<strong>and</strong> taking upon themselves the logical necessityfor vindicating their position on groundswith which the theory <strong>of</strong> evolution itself hasno concern.Having thus vindicated the theory <strong>of</strong> naturalevolution from all share in the denial <strong>of</strong>creation, <strong>and</strong> having entered a protest uponpurely scientific grounds against the attemptto translate a scientific theory concerning alimited order <strong>of</strong> facts within the universe intoa ~netaphysical theory concerning the origin<strong>of</strong> the universe, we are in a position to concentrateupon the theory itself as an attemptto provide a scientific explanation <strong>of</strong> the history<strong>of</strong> living organism. And this is here

                                                    

                                                    LIFE AND ITS DEVELOPMENT. 147done with the view <strong>of</strong> ascertaining, in a general<strong>and</strong> necessarily restricted manner, thevalue <strong>of</strong> the evidence pressnted for its acceptance,thereby ascertaining its relations to theessential characteristics <strong>of</strong> religious thought.<strong>The</strong> first <strong>and</strong> simplest part <strong>of</strong> the task is toindicate the favorable impression it has madeon the minds <strong>of</strong> men,-the conquest it hasalready won for itself,-as a theory carryingwithin it a large amount <strong>of</strong> truth, whatevermay be its final form, after the very intricate<strong>and</strong> difficult questions involved have beencarefully examined. <strong>The</strong> theory has carriedgeneral approval for the position that " alliedspecies are descended from a common ancestor,"or, stating the same view in the mannersuggested by experiment, that it is possibleto obtain in the history <strong>of</strong> a single race <strong>of</strong> animals,considerable deviations in structure,<strong>and</strong> to give these deviations fixedness or permanenceby continuance <strong>of</strong> selected featuresalong the line <strong>of</strong> hereditary descent. Thishas been amply illustrated by the examples<strong>of</strong> the various orders <strong>of</strong> pigeons, <strong>and</strong> <strong>of</strong> dogs;both classes <strong>of</strong> animals having been largelyexperimented upon, <strong>and</strong> the distinct varietiesbeing easily recognized <strong>and</strong> popularly known.

                                                    

                                                    148 SCIENCE AND RELfGZON.Comparatively little hesitation exists as to acknowledgingthat the different orders <strong>of</strong> pigeonshave had a common ancestry; <strong>and</strong> thatthe same may be said <strong>of</strong> the different races<strong>of</strong> dogs. <strong>The</strong>se examples afford the governingconception <strong>of</strong> the evolution theory, presentingthe type <strong>of</strong> evidence which has ledon to the wider generalization. Under thediscussions which the theory has originatedfacts previously familih have been contemplatedin a different light, as bearing upon ageneral plan or order <strong>of</strong> procedure apparentin the history <strong>of</strong> organized existence. <strong>The</strong>consequent gain for the theory is altogetherfavorable to the restricted doctrine that alliedspecies have had a common descent, orthat a single type <strong>of</strong> organism may under thelaw <strong>of</strong> evolution lead to the appearance <strong>of</strong>different orders or races <strong>of</strong> animals.<strong>The</strong> clear advance thus made in our conceptions<strong>of</strong> the history <strong>of</strong> the universe willappear by simple statement <strong>of</strong> negative resultsfollowing from the admission <strong>of</strong> the modifiedform <strong>of</strong> doctrine just given. <strong>The</strong>se involvethe rejection <strong>of</strong> views previously held,not by religious men in religious interests,but by men generally, as the natural conse-

                                                    

                                                    LIFE AND ITS DEVELOPMENT. 149quence <strong>of</strong> the want <strong>of</strong> scientific investigationsfitted to guide the public mind. So far as ageneral conclusion has gained assent, menshow no reluctance to accept the clear logicalinferences following from the investigation <strong>of</strong>nature.Among these results is rejection <strong>of</strong> Jxedness<strong>of</strong> speci2s as implying impossibility <strong>of</strong> deviationfrom a single normal type <strong>of</strong> structure. <strong>The</strong>possibility <strong>of</strong> adaptive changes being granted,the absolute fixedness <strong>of</strong> species in the rigidsense formerly ackiiowledgcd is ab<strong>and</strong>oned.How great the modification <strong>of</strong> view must be,is much more difficult to decide, <strong>and</strong> hardlyadmits- <strong>of</strong> exact statement. <strong>The</strong>re is certainlyno denial <strong>of</strong> distinction <strong>of</strong> species, nor can suchdenial ever find acceptance, whatever be theadvance <strong>of</strong> theory, for the distinctions are sobroad as to render this impossible. But thewhole work <strong>of</strong> classification <strong>of</strong> the differentorders <strong>of</strong> animal life, exceedingly difficult inany case, has been rendered much more perplexingin consequence <strong>of</strong> the accumulation<strong>of</strong> evidence favoring the doctrine <strong>of</strong> evolution.What can properly'be regarded as the origin<strong>of</strong> a new species, <strong>and</strong> what as a mere nzodificationor advance in a species already recog-

                                                    

                                                    150 SCIENCE AND RELIGION,nized, are questions for which it is difficult t<strong>of</strong>ind an exact answer. <strong>The</strong> theory <strong>of</strong> the" origin <strong>of</strong> species" by natural selection seemsplaced in an awkward perplexity as to whatconstitutes origin <strong>of</strong> a new order <strong>of</strong> life. Andthis diFiculty must be regarded as a constantattendant on the scheme <strong>of</strong> thought, since" adaptive changes" must be <strong>of</strong> slow progress,<strong>and</strong> historically obscure, inasmuch as asuccession <strong>of</strong> very slight differences must contributeto a general result. In this way itmay even become matter <strong>of</strong> keen discussionwhat actually constitutes organic advance.Mr. Darwin admits serious difficulty at thispoint. He says, "Here we enter on a veryintricate subject, for naturalists have not definedto each other's satisfaction what is meantby an advance in organization." * Thus thereis dispute among competent authorities as towhich may properly be considered the highestorder <strong>of</strong> plants, <strong>and</strong> which the highest order<strong>of</strong> fishes. On the other h<strong>and</strong>, it is comparativelyeasy to decide among the more highlyorganized animals, when an advance is made,by reference to illcreased complexity in structure,or provision <strong>of</strong> separate organs for ac-* Origin <strong>of</strong> @ecies, 4th e& p. 141.

                                                    

                                                    LIFE AND ITS DE YEL OPMENT. 151complishment <strong>of</strong> distinct functions. <strong>The</strong>seconsiderations, however, suffice to indicatehow many <strong>and</strong> complicated are the subjectsrequiring to be examined on evidence, <strong>and</strong>adjusted in their relations to each other, beforeit can be possible to get beyond surmise,in order to formulate a complete scientifictheory. That " adaptive changes " by naturallaw <strong>of</strong> evolution are not only possible,but that they frequently occur under observation,admits <strong>of</strong> no question; but whetherthis includes changes <strong>of</strong> structure such as implyorigin <strong>of</strong> species may still be subject <strong>of</strong>grave doubt. <strong>The</strong> alterations made by Mr.Darwin in successive editions <strong>of</strong> his book,from the first edition in 1859, to the sixthedition in 1872," introduced, as he explains," according as the evidence has become somewhatstronger or weaker," are sufficient tosuggest that a vast amount <strong>of</strong> work remains tobe done before a well-defined theory can be formulated.While there is universal agreementas to the possibility <strong>of</strong> " adaptive changes " towhich Mr. Darwin provisionally restricted histheory on account <strong>of</strong> the investigations <strong>of</strong>' It may be well to mention here that the third American editionis from thejtjth English edition.

                                                    

                                                    153 SCIENCE AND RELIGIOA?Nageli as to plants, <strong>and</strong> those <strong>of</strong> Broca as toanimals, there is much diversity <strong>of</strong> opinionconcerning the wider application <strong>of</strong> the theory<strong>of</strong> evolution. This diversity arises in part fromthe varying estimate <strong>of</strong> the value <strong>of</strong> evidenceas now accumulated, <strong>and</strong> in part from thevarying conception <strong>of</strong> the completeness <strong>of</strong>our records <strong>of</strong> the ancient history <strong>of</strong> organismas presented by geology. <strong>The</strong>re is as yet nogeneral consensus <strong>of</strong> opinion, nor is therelikely to be for a long time to come. Mr.Darwin himself is sufficiently cautious <strong>and</strong>faithful to observational methods, to admitthat there are serious difficulties, <strong>of</strong> some <strong>of</strong>which he ventures only to say that they " aregreatly diminished," while some have disappeared.Other writers, such as Hzckel, withgreatly less caution, <strong>and</strong> with much greateralacrity in leaping over chasms, are preparedto go much further <strong>and</strong> faster than Darwin.XlIany more are exceedingly doubtful as tothe scientific value <strong>of</strong> the evidence at comm<strong>and</strong>,being, as Mr. Darwin has said, "muchshaken in their former belief." * And <strong>of</strong> manyit must be said that they are convinced thatthe evidence is far from warranting the con-* Origin <strong>of</strong> Epee&, 6th ed, p. 289.

                                                    

                                                    LIFE AND ITS DE YELOPMENT. 153clusion that all organized existence can betraced to " only a few forms," or to " one,"according to the alternatives suggested byDarwin in the closing sentence <strong>of</strong> his book.Waiving, then, meanwhile, as the state <strong>of</strong>scientific evidence warrants us to do, thequestion <strong>of</strong> the probable number <strong>of</strong> primordialforms in which organized existence appeared,there is at least another definite resultto be recorded as following from even amodified recognition <strong>of</strong> a theory <strong>of</strong> development,that is the rejection <strong>of</strong> 6elief in thesinzultaneous origin <strong>of</strong> all species or orders<strong>of</strong> animal life existing now in the world.<strong>The</strong> scientific conception <strong>of</strong> the history <strong>of</strong>animal life is, that there has been a historicalprogression in the appearance <strong>of</strong> animals,in so far as lower orders took precedence<strong>of</strong> higher, while the higher have shown largepower <strong>of</strong> adaptation to the circumstances inwhich they have been placed. In accordancewith the whole principles regulating the relations<strong>of</strong> religion <strong>and</strong> science, religious men,scientific <strong>and</strong> non-scientific, will readily acquiescein this modification <strong>of</strong> general belief,as largely favored by evidence which geologysupplies, <strong>and</strong> supported by testimony drawn

                                                    

                                                    154 SCIENCE AND RELIGION.from the actually existing order <strong>of</strong> things;<strong>and</strong> they will do so with clear recognitionthat this view involves no conflict with scripturalstatement, <strong>and</strong> is so far from containingin it any thing antagonistic to the fundamentalconception <strong>of</strong> the supernatural origin <strong>of</strong>existence, that it harmonizes with it, evenintensifying the dem<strong>and</strong> upon a transcendentcause for the rational explanation <strong>of</strong> the admittedorder <strong>of</strong> things.Having thus indicated in definite form thefavorable impression made on the public mindby the theory <strong>of</strong> evolution under a law <strong>of</strong> naturalselection, it will suffice to indicate verybriefly the more prominent dificulties withwhich the theory has grappled, but fromwhich it has not escaped. In doing so, itshould be said that the careful <strong>and</strong> deliberatemanner in which Mr. Darwin has facedthe host <strong>of</strong> difficulties which have gatheredaround is deserving <strong>of</strong> highest praise, as inharmony with the scientific spirit, <strong>and</strong> inmarked contrast with the light-<strong>and</strong>-go-easystyle in which others, such as H~ckel, <strong>and</strong>even Schmidt, pass over the ground, announciilgthings as undoubted facts, <strong>and</strong> even" self-evident" truths, <strong>of</strong> which no maa can

                                                    

                                                    LIFE AND ITS DEVELOPMENT. 155speak with. any degree <strong>of</strong> certainty. On theother h<strong>and</strong>, it seems a reasonable ground <strong>of</strong>complaint against many opponents <strong>of</strong> the theory,which Mr. Darwin urges specially againstMr. St. George Mivart, that it is no part <strong>of</strong>their plan " to give the various facts <strong>and</strong> considerationsopposed to their own conclusions,1'while marshalling the difficulties against anevolution theory. And yet it should be rememberedthat a great service is done toscience in a period <strong>of</strong> transit,ion, when difficultiesare powerfully urged against a popularhypothesis, as an injury is done to scienceby precipitate <strong>and</strong> ill-considered argumentsin support <strong>of</strong> such a hypothesis.Of the most serious difficulties in the way<strong>of</strong> a theory <strong>of</strong> descent by evolution, the $rstconcerns the rzature <strong>of</strong> the evidence, inasmuchas all change coming under observation doesnot indicate progression or improvement in theorganism. <strong>The</strong> importance <strong>of</strong> this may bebest indicated by quoting Mr. Darwin's explanatorywords as to alterations in the fifthedition <strong>of</strong> his book oil species. He says, " Inthe earlier editions <strong>of</strong> my Origin <strong>of</strong> flpecies,I probably attributed too much to the action<strong>of</strong> natural selection or survival <strong>of</strong> the fittest.

                                                    

                                                    156 SCIENCE AND RELIGION.I have altered the fifth edition <strong>of</strong> the Originso as to confine my remarks to adaptivechanges <strong>of</strong> structure. I had not formerlysufficiently considered the existence <strong>of</strong> manystructures, which appear to be, as far as wecan judge, neither beneficial nor injurious, <strong>and</strong>this I believe to be one <strong>of</strong> the greatest oversightsas yet detected in my work." Whenit is certain that deviation from the normalstructure may take place which is a disadvantageto the individual, <strong>and</strong> that this nzay descendto <strong>of</strong>fspring; when it is also shown thatdeviation may occur which appears to serveno end, that is, contributes to no phase <strong>of</strong>functional activity; when besides advantagesgained are lost, <strong>and</strong> the race returns to itsoriginal type <strong>of</strong> structure; <strong>and</strong> when fartherthere are examples <strong>of</strong> degeneration, as in parasiticraces,-such facts interpose special difficultiesin the way <strong>of</strong> an all-embracing theory<strong>of</strong> progress by natural selection. Besides, asdeviations occur <strong>of</strong> an unfavorable kind anlongdomesticated animals under the care <strong>of</strong> man,it becomes obvious that progress inq- be readilylost even in most favorable circumstances.<strong>The</strong> next outst<strong>and</strong>ing difficulty is that <strong>of</strong>meethg the requirements <strong>of</strong> logical inference

                                                    

                                                    LIFE AND ITS DE EEL OPIMENT. 157This has been specially urged by Mr. Mivartas bearing upon the " incipient stages " <strong>of</strong> advance,<strong>and</strong> the difficulty certainly pressesheavily at that point. Natural selection mayaccount for much in the history <strong>of</strong> higher organismswhere powers <strong>of</strong> sensibility <strong>and</strong> locomotionare great, but how can we find innaturd selection an adequate explanation <strong>of</strong>progress jg? organisms within which these powersare at the lowest. <strong>The</strong> difficulty is to geta cause sufficient to account for the start <strong>of</strong>a movement so vast as that which is to culminatein man. Mr. Darwin feels the force<strong>of</strong> this difficulty, <strong>and</strong> replies thus, "as we haveno facts to guide us, speculation on the subjectis almost useless."* But this perplexitywhich is most glaring at the beginning <strong>of</strong> theupward course, clings to the theory at everystage in the combination <strong>of</strong> struggle <strong>and</strong> improvement,-descentinvolving a real ascent.Whether the organism be more or less complex,it depends upon external causes for itsimprovement, <strong>and</strong> the dependence continuesat every stage. Granting that there is everywherestruggle for existence <strong>and</strong> survival <strong>of</strong>the fittest, are these sufficient to account for* Origin <strong>of</strong> Species, 6th. ed. chap. iv. p. 100.

                                                    

                                                    158 SCIENCE AND RELIGION.results so great as are involved in unceasingadvance <strong>of</strong> organism ?If it be argued that they are sufficient, aserious perplexity comes from the. oppositequarter,-How does it happen that all organicexistence does not advance together to a commonelevation? If the theory accounts foradvance, how shall we account for the want<strong>of</strong> it? <strong>The</strong> difficulties are as gre& for thetheory in view <strong>of</strong> the large body <strong>of</strong> facts itdoes not attempt to include, as in the facts itstrives to embrace. Agassiz put this difficultywith much force in 1857, <strong>and</strong> it has not receivedany satisfactory answer. He said, " Itis a fact which seems to be entirely overlookedby those who assume an extensive influence<strong>of</strong> physical causes upon the very existence <strong>of</strong>organized biiags, that the most diversifiedtypes <strong>of</strong> animals <strong>and</strong> plants are everywherefound under identical circumstances." * If, asMr. Darwin says, " looking to the first dawn<strong>of</strong> life," we may believe that " all organicbeings present,ed the simplest structure "; ifthe struggle for existence is uniformly en-- * Contributions to the Tuturul History <strong>of</strong> the United States, Introduction,Boston, 1857; <strong>and</strong> Essay on Classijlcation, p. 15, publishedseparately; London, 1859. See Appendix VL

                                                    

                                                    countered <strong>and</strong> leads to survival <strong>of</strong> the fittest,how is it that within the same area, organismhas not advanced to similar complexity?If under constraint <strong>of</strong> the evidence for thetheory, we surrender the doctrine <strong>of</strong> inevitablefixedness <strong>of</strong> species, how shall we neverthelessaccount for the permanence <strong>of</strong> species?It is not suggested that there is at successivestages " new <strong>and</strong> simple forms continually beingproduced by spontaneous generation."This hypothesis <strong>of</strong> Lamark is rejected byMr. Darwin,* as it is by almost all scientificobservers? How, then, can we explaiii thefacts? We are told that certain orders have"fallen out" in the march <strong>of</strong> progress; butwe need a scientific accouiit <strong>of</strong> this whichshall harmonize with a theory <strong>of</strong> action <strong>of</strong> environment,<strong>and</strong> such an account is not forthcoming.It may be said that the very success<strong>of</strong> the theory by accumulation <strong>of</strong> most striking<strong>and</strong> important evidence, is bringing it intodifficulty, <strong>and</strong> suggesting its insufficiency. <strong>The</strong>illore powerful <strong>and</strong> imposing the action <strong>of</strong> thelaw <strong>of</strong> natural selection, the more pressingbecomes the need for a scientific explanation,at once distinct <strong>and</strong> harmonious, which will* Oriy;?~, 4th ed. p. 143.

                                                    

                                                    160 SCIENCE AND A'ELIGIOIi.account for the persistence <strong>of</strong> species, whenstruggle for existence goes on under similar oreven analogous action <strong>of</strong> environment. <strong>The</strong>presence everywhere <strong>of</strong> these lower formsalongside <strong>of</strong> the higher, adds greatly to the attractiveness<strong>of</strong> nature, <strong>and</strong> not even the gr<strong>and</strong>eur<strong>of</strong> a universal advance towards the higherlevels <strong>of</strong> organization would make up forthe disappearance <strong>of</strong> the marvels <strong>of</strong> lowerorders <strong>of</strong> animals. A monotony <strong>of</strong> gr<strong>and</strong>eurmay compare unfavorably with the wealth <strong>of</strong>variety <strong>and</strong> adversity; <strong>and</strong> so a law <strong>of</strong> continuityor persistence may be found addingto the greatness <strong>of</strong> a universe in which n, law<strong>of</strong> progress or evolution also finds uniformapplication.Upon this contrast between persistence <strong>and</strong>progress, general attention will henceforth beconcentrated in judging <strong>of</strong> the place <strong>and</strong> value<strong>of</strong> a theory <strong>of</strong> descent. <strong>The</strong>re is no needfor hurry or impatience in this matter. <strong>The</strong>words <strong>of</strong> Mr. Darwin will find ready assentas he says, " No one ought to feel surprise atmuch yet remaining unexplained on the origin<strong>of</strong> species, if we make due allowance for ourpr<strong>of</strong>ound ignorance on the mutual relations<strong>of</strong> the inhabitants <strong>of</strong> the world at the present

                                                    

                                                    LIFE AND ITS DEVELOPMENT. 161time, <strong>and</strong> still more during past ages." * Inaccordance with this acknowledgment, a widerange <strong>of</strong> scientific research still remains to beundertaken, <strong>and</strong> religious thought can havenothing but friendly interest in the work,as it may well be assured <strong>of</strong> drawing thencefresh contributions <strong>of</strong> great value for higherspeculation concerning the government <strong>of</strong>the universe.* Origin <strong>of</strong> Species, 6th. ed. chap. iv. p. 100.

                                                    

                                                    LECTURE V.RELATIONS OF LOWER AND HIGHER ORGAN-ISMS.FROM the general aspects <strong>of</strong> the theory<strong>of</strong> species, we pass to the consideration<strong>of</strong> distinct groups <strong>of</strong> organism, with the view<strong>of</strong> ascertaining their relations to each other.In doing so, it is better to begin at the lowerend <strong>of</strong> the scale, leaving for a more advancedstage <strong>of</strong> inquiry the higher types <strong>of</strong> organism.In this department <strong>of</strong> the subject, special obligationsare due to the wide range <strong>of</strong> investigationseither occasioned or stimulated bythe theory <strong>of</strong> evolution. For, whatever maybe the ultimate award passed on this theory,there will be a unanimous recognition <strong>of</strong> thegreat value to science attending on the variedforms <strong>of</strong> inquiry stimulated by the writings<strong>of</strong> Mr. Charles Darwin. And one obvious<strong>and</strong> strong reason for such acknowledgmentis that so many <strong>of</strong> the results <strong>of</strong> these researcheshave an inherent value quite dis-

                                                    

                                                    RELA TIOOYS OF ORGANISMS. 163tinct froin their testimony in favor <strong>of</strong> thetheory that the struggle for existence is theprincipal factor in the origin <strong>of</strong> new species.One <strong>of</strong> the most interesting fields <strong>of</strong> observationthus opened, is that concerned withthe fertilization <strong>of</strong> plants by the intervention<strong>of</strong> insects <strong>and</strong> birds. A beginning in this departmentwas made by the German naturalist,<strong>Christian</strong> Koiirad Sprengel, who published in1793 the report <strong>of</strong> his observations. In thishe has been followed by Darwin, in 1862; byDr. Hooker, Pr<strong>of</strong>essor Asa Gray whose contributionsappeared in the Anzerican Journal<strong>of</strong> Hcience <strong>and</strong> Art in 1862, <strong>and</strong> 1863,Moggridge, Fritz Miiller, <strong>and</strong> Sir John Lubbock.<strong>The</strong> facts now accum~~lated, asan important contribution to botany <strong>and</strong> zBology,aiid naturally fall within the circle <strong>of</strong>recent advances to which it is desirable thatattention be turned.<strong>The</strong> general result is one <strong>of</strong> great interest,as illustrating a striking degree <strong>of</strong> interdependencebetween lower <strong>and</strong> higher organisms,- the vegetable aiid animal kingdomcontributing to each other's subsistence anclpropagation. Flowers present special attractionsto insects flying around, slluritlg then1

                                                    

                                                    164 SCIENCE AND RELIGION.by varied colors, <strong>and</strong> providing for them bysecreting stores <strong>of</strong> honey; on the other h<strong>and</strong>,these insects (flies, bees, wasps, etc.), seekingthe honey which satisfies their wants, at thesame time~carry the pollen from one flowerto another, thus providing for the fertilizing<strong>of</strong> the plants. In some cases, fertilization issecured by a natural process within the organismitself; in other cases, the pollen isscattered over a region by the wind; butthe most wonderful, <strong>and</strong> at the same timeefficient mode <strong>of</strong> providing for the growth<strong>of</strong> vigorous plants, is fertilization by theagency <strong>of</strong> insect life.A brief outline <strong>of</strong> the ordinary structure <strong>of</strong>the flower will introduce to a ready appreciation<strong>of</strong> the scientific interest attaching to thislast mode <strong>of</strong> fertilization, both as concerlliiigthe f~~nctions <strong>of</strong> different portions <strong>of</strong> the flowers,<strong>and</strong> the relation <strong>of</strong> dependence establishedbetween higher <strong>and</strong> lower forms <strong>of</strong> organism,so that each is dependent on the other.Every flower as it unfolds from the bud,consists <strong>of</strong> a series <strong>of</strong> whorls, or layers <strong>of</strong> substancetwined or twirled round in such a man-ner as to uiifold or coil back, as the floweropens. <strong>The</strong> outermost <strong>of</strong> these whorls (calyx)

                                                    

                                                    XELA TrONS OF ORGANISMS. 165is a mere covering or sheath, usually <strong>of</strong> agreen color, which protects the bud duringthe more tender period, curling up <strong>and</strong> witherirlgas the flower opens, spreading forth itsbeauty. <strong>The</strong> second whorl (corolla) is what wemore commonly regard as the flower proper,the colored leaves, or cup, or bell, accordingto the specific shape distinguishing the plant.<strong>The</strong> third whorl consists <strong>of</strong> a series <strong>of</strong> stalksor filaments (stamens) which as the flower maturesor ripens st<strong>and</strong> up distinct from eachother, each one having at its summit a littletuft or cushion (anther) covered with a finedust or powder (pollen). <strong>The</strong> fourth or innermostwhorl, the centre piece <strong>of</strong> the flower(pistil) is that in which the seed is generated<strong>and</strong> brought to maturity. We may thus say<strong>of</strong> the flower, that its outermost whorl is atemporary covering which withers <strong>and</strong> shrinksout <strong>of</strong> view, when the beauty <strong>of</strong> the innerstructure is laid open; that the second is thatwhich attracts the eye by the loveliness <strong>of</strong> itshues; while the two which belong to the internalstructure <strong>of</strong> the flower are concernedwith the reproduction or propagation <strong>of</strong> theplant, providing for the healthy germ fromwhich a fresh plant <strong>of</strong> the same order may

                                                    

                                                    166 SCIENCE AND RELIGION.spring up. <strong>The</strong> relation <strong>of</strong> the fine yellowpowder produced at the tips <strong>of</strong> the thirdwhorl, to the seeds which are gathered togetherwithin the fourth whorl, is the matterto which special attention has been directedby the recent discoveries which have rewardedpatient research. <strong>The</strong> fine powder or pollenneeds to be carried to the seed, so that itsproperties may operate upon that seed, if itis to be fertilized, or so matured, as to f~~lfilits function in generating a new plant whenit is committed to the soil. In many cases itis enough that the fine powder should falldown from its elevation on the seeds below.This is self-fertilization, <strong>and</strong> is easily providedfor by the mere bending <strong>of</strong> the head <strong>of</strong> theflower as it approaches maturity, or by theswaying <strong>of</strong> it in the breeze. But a more difficult,<strong>and</strong> as we might be inclined to add,more precarious, because less certain, methodfor fertilization is required in many cases.<strong>The</strong> experiments carried on by all our gardeners,<strong>and</strong> in a still more extended scale inall our centres <strong>of</strong> botanic research, have establishedthe fact that in many cases, the yellowpowder <strong>of</strong> one plant must be in some mannercarried over to the seed produced within an-

                                                    

                                                    RELATIONS OF ORGANISMS. 167other flower, if that seed is to yield a satisfactoryresult to the horticulturist.We have thus two prominent facts here.<strong>The</strong> one is the essential importance <strong>of</strong> the pollenfor fertilization; <strong>and</strong> the other, the need for thetransference <strong>of</strong> the pollen from one plant to anotherin order to secure reproduction <strong>of</strong> vigorousgrowth by the sowing <strong>of</strong> the seed. Asto the first, the pollen, which appears a finepowder or flour contains fluid protoplasm,that which Pr<strong>of</strong>essor Huxley has described asthe " single physical basis <strong>of</strong> life under all thediversities <strong>of</strong> vital existence." * <strong>The</strong>se pollengrains falling on the seed discharge their protoplasmicfluid upon it, <strong>and</strong> by this meanscontribute to fertilization. This original orprimordial form <strong>of</strong> vitalising agency is carriedfrom one part <strong>of</strong> the flower to another, <strong>and</strong>this transference is the law regulating thepropagation <strong>of</strong> flowering plants.But, just at this point, we come uponthe most striking results <strong>of</strong> recent research.Though all pollen is <strong>of</strong> this primary nature,named protoplasm, it is not found to holdtrue that pollen is <strong>of</strong> the same value for fertilizationfrom whatever quarter it comes.* Lay Sermons, chap. vii., p. 134.

                                                    

                                                    168 SCIENCE AND RELIGION.On the contrary, most important differencesresult according to the source <strong>of</strong> the pollen.<strong>The</strong>re is first the process <strong>of</strong> self-fertilization.But in many cases,-Mr. Darwin has shownthat this holds <strong>of</strong> the majority <strong>of</strong> the orchids,-transference <strong>of</strong> the pollen from one plantto another proves to be a great advantage, ifnot an actual necessity for propagation <strong>of</strong> theplant. This process, known as cross-fertilization,gives a healthy <strong>and</strong> vigorous growth;want <strong>of</strong> it, will lead to degeneration, <strong>and</strong> ultimateextinction. This discovery has introduceda whole series <strong>of</strong> the most striking observations,throwing a flood <strong>of</strong> light on thedistribution <strong>and</strong> interdependence <strong>of</strong> distinctforms <strong>of</strong> organism. <strong>The</strong> necessary relationbetween the pollen <strong>and</strong> the seed having beenacknowledged, <strong>and</strong> next the value <strong>of</strong> transference<strong>of</strong> pollen from one plant to another, thefirst step in the line <strong>of</strong> discovery was made bythe observation <strong>of</strong> a natural provision to prevelztself-fertilkution by rendering it impossiblethat the pollen <strong>of</strong> a plant sho~~ld fall on theseed <strong>of</strong> that plant. This entrance on the line<strong>of</strong> discovery was made by Sprengel so farback as 1'790, by whom it was observed thatin many plants the pollen <strong>and</strong> the seed did

                                                    

                                                    RELATIONS OF ORGANISMS. 169not come to ripeness at the same time." Insome cases, the pollen is ripened before theseeds are ready; in other cases, the order<strong>of</strong> events is reversed. This observation naturallysuggested transference <strong>of</strong> pollen fromone plant to another; <strong>and</strong> this, connectedwith the continual coming <strong>and</strong> going <strong>of</strong> flies,bees, <strong>and</strong> butterflies, led to the further discovery,that insects unwittingly perform alarge part <strong>of</strong> the work needful in order toprovide for fertilization. Mr. Darwin haspointed out that from the paper <strong>of</strong> RobertBrown in the Linnean Transactions, in 1833 ;<strong>and</strong> from that <strong>of</strong> Dr. Hooker in the PhilosophicTransactions for 1854, the peculiar phenomenahad begun to awaken scientific interest.It was, however, when the researchesas to origin <strong>of</strong> species had given fresh motiveto observatioil concerniilg the relations <strong>of</strong> differenttypes <strong>of</strong> organism, that the whole factswere brought to view, separately recorded,<strong>and</strong> at length systelliatized so as to lead totheir full interpretation. Mr. Darwin hiillselfconcentrated on the orchids as peculiarly interesting<strong>and</strong> suggestive, while a host <strong>of</strong> work-* Darwin's Fertilization <strong>of</strong> Orchids, p. 2; Lubbock's BcientifEaZectures, p. 8.

                                                    

                                                    170 SCIENCE AND RELIGION.ers all over the world were turning their energiesinto this new field <strong>of</strong> observation whichpromised ample return for patient research.As a reward <strong>of</strong> these investigations importantfacts have been established on ampleevidence. First, it has been confirmed byvarying lines <strong>of</strong> evidence that transference <strong>of</strong>pollen, or cross-fertilization, is <strong>of</strong> special valuein the development <strong>of</strong> plant life. Investigationhas strengthened the evidence <strong>of</strong> disadvantagearising from fertilization by exclusivedependence on self-produced pollen. FritzMiiller has recorded a variety <strong>of</strong> observationsthat the pollen <strong>of</strong> some Bowers has so littleinfluence on the seed produced on the samestem that when it falls upon the seeds noeffect is produced; the pollen lies there as ifpossessed <strong>of</strong> no more vitalizing power thangrains <strong>of</strong> dust. And, what is even more surprising,lluller has foulid examples in whichthe pollen does act upon the seeds <strong>of</strong> its ownflower, but acts injui-iozcsly, insomuch that theflower, the pollen, <strong>and</strong> the seed-producingportion <strong>of</strong> the plant begin to decay.'" So+Sir John Lubbock's Sciond$c Lectures, p. 3. Mr. Darwin redfers to Fritz Miiller's papers as reported in Botanische Zeifung,1869-70. Appendix IX.

                                                    

                                                    RELATlONS OF ORGANISMS. 171deep has been the impression made on Mr.Darwin's mind by the evidence <strong>of</strong> provisionfor transference <strong>of</strong> pollen, that he closes hisvaluable <strong>and</strong> interesting book on the Fertilization<strong>of</strong> Orchids with the following statements.Having remarked that " self-fertilization wouldhave been an incomparably safer <strong>and</strong> easierprocess than the transportal <strong>of</strong> pollen fromflower to flower," he adds these words,-" Itis hardly an exaggeration to say that Naturetells us, in the most emphatic manner, thatshe abhors perpetual self-fertilization." *<strong>The</strong> next result secured presents an importantrelation between animal life <strong>and</strong> vegetable.<strong>The</strong>se flowers do not depend for theirfertilization upon the action <strong>of</strong> the wind,which in scattering pr<strong>of</strong>usely in all directionsmust occasion large waste <strong>of</strong> pollen. <strong>The</strong>reis found to be distinct provision for carryingthe pollen from one flower to another by insects,such as the bees, whose industry ingathering honey has been celebrated fromancient times, specially because <strong>of</strong> our interestin the store-house, but with little suspicion<strong>of</strong> the double work being done by* <strong>The</strong> ~'arious Contrivances by which Orchids arefertilized by Insects,2d ed. p. 293.

                                                    

                                                    172 SCIENCE AND RELIGION.the bees, who add to their other industrythat <strong>of</strong> horticulturists. <strong>The</strong>se bees are thepollen-bearers,-the recogilized local carriers,regularly on the road,-doing the workwhich the flowers, in lack <strong>of</strong> locomotivepower, could not do for each other. Or,looking at the relation <strong>of</strong> things from anotherpoint <strong>of</strong> view, the bees are at thesame time gathering the honey, <strong>and</strong> sowingthe seed for a future harvest. This referenceto the honey, however, introduces tonotice a companion series <strong>of</strong> fact's, showingthe provision in completed form for an interchange<strong>of</strong> services. <strong>The</strong> plants supply an attractionto the animals, while the animalsrender a service to the plants. This phase<strong>of</strong> interdependence is made more coiispicuousby the contrast apparent in the structure <strong>and</strong>functions <strong>of</strong> plants fertilized by. the wind,such as the larger shrubs <strong>and</strong> trees, which asthey present a greater surface to the breeze,do not call for the same detailed provision forcarrying the pollen. In contrast with thesemore bulky representatives <strong>of</strong> the vegetablekingdom, the more lowly <strong>and</strong> insignificant insize, as well as more short-lived, presentmany attractions in color, scent, <strong>and</strong> secre-

                                                    

                                                    RELA TZONS OF ORGANISMS. 173tioil <strong>of</strong> honey, all adapted to the nature <strong>of</strong>insects, suited for the work <strong>of</strong> pollen carrying.<strong>The</strong> attractions <strong>of</strong> form, color, <strong>and</strong> scentin the flowers are well known to us; but theyare also appreciated by the insects,-a factwhich may possibly suggest that a high degree<strong>of</strong> intellectual power is not required forappreciation <strong>of</strong> these qualities, as no one pr<strong>of</strong>essesthat bees rank high intellectually. Atthe same time, if comparisons are to he madeat this point, the farther suggestion may alsobe introduced, that there is little testimonyto intelligence where search for food is concerned,<strong>and</strong> while the human race do not feedon flowers, insects are constantly feedingfrom them. <strong>The</strong> attractions in the two casestherefore vary considerably in their significance.Restricting attention, however, to thespecial field <strong>of</strong> observation now before us,with the view simply <strong>of</strong> ascertaining the relations<strong>of</strong> plants <strong>and</strong> insects, color <strong>and</strong> honeypresent the two most prominent attractionsaccounting for the perpetual hum <strong>of</strong> lifeheard amongst the flowering plants. Differentparts <strong>of</strong> the flower provide for variegatedcoloring, <strong>and</strong> stores <strong>of</strong> honey; these presentattractions to the insects; <strong>and</strong> the structure

                                                    

                                                    174 SCIENCE AND RELIGION.<strong>of</strong> the flowers as they provide for the l<strong>and</strong>ing<strong>of</strong> the insects, <strong>and</strong> require that they penetrateto their centre for the secreted honey,secures that the work needful for fertilizationbe effectually done. This last feature <strong>of</strong> adaptationis that on which attention may be speciallyconcentrated here. Mr. Darwin in treating<strong>of</strong> orchids has described this part <strong>of</strong> theirstructure in these words;--" In almost all thespecies, one <strong>of</strong> the petals (or leaves <strong>of</strong> theflower) which is properly the upper one, islarger than the others <strong>and</strong> st<strong>and</strong>s on thelower side <strong>of</strong> the flower, where it <strong>of</strong>fers al<strong>and</strong>ing-place for insects." * Towards the inneror root end <strong>of</strong> this leaf (labellurn) is thegl<strong>and</strong>, in some flowers appearing only as aslit, in others forming like a tube, (nectury)which secrets the honey. Just over the entranceto the part where the honey is to befound st<strong>and</strong>s that which secrets the pollenprepared for fertilizing some other flower.So soon as the bee or other insect presses itshead well into the centre <strong>of</strong> the flower, some<strong>of</strong> the pollen adheres to it; when the head iswithdrawn, this pollen is borne <strong>of</strong>f to theflower which the bee next visits; <strong>and</strong> as the* Fertilization,p 6.

                                                    

                                                    RELATIONS OF ORGANISMS. 175head is pressed into the core <strong>of</strong> this flowerthe pollen is deposited, <strong>and</strong> provision for fertilizationis complete. Special features appearingin certain classes <strong>of</strong> the orchids illustrateBow it is possible for the bee so ladento visit many flowers without depositing thepollen, yet a little later accomplish the objectquite simply. <strong>The</strong> following illustration fromMr. Darwin's account <strong>of</strong> the first orchid selected,will suffice. Just a6ove the entranceto the honey store, lies a pouch connectedwith the pollen store. As the head <strong>of</strong> thebee is pressed down towards the honey, thispouch is burst open, <strong>and</strong> from it issues a littlesticky gl<strong>and</strong> or disc, or it may be two <strong>of</strong>these discs. <strong>The</strong>se adhere at once to the head<strong>of</strong> the bee, <strong>and</strong> being connected by a slightb<strong>and</strong> with packets <strong>of</strong> pollen grains so soon asthe animal retires the pollen is drawn with it,st<strong>and</strong>ing out like a seed vessel on the head.<strong>The</strong> strangest part <strong>of</strong> the contrivance appearsin what thereafter follows. " <strong>The</strong> viscid matterhas the peculiar chemical quality, <strong>of</strong> settinglike cement, hard <strong>and</strong> dry in a few minutes."Suppose both the little viscid ballshave been withdrawn, the b<strong>and</strong>s bearing thepollen will appear "projecting up like horns."

                                                    

                                                    176 SCIENCE AND RELIGION.*' How then can the flower be fertilized ? Thisis effected by a beautiful contrivance; thoughthe viscid surface remains immovably affixed,the apparently insignificant <strong>and</strong> minute disc<strong>of</strong> membrane to which the caudicle adheresis endowed with a remarkable power <strong>of</strong> contraction,which causes the polliniuin to sweepthrough an angle <strong>of</strong> about ninety degrees, alwaysin one direction towards the apex <strong>of</strong> theproboscis, in the course <strong>of</strong> thirty seconds onan average."* That is, the two erections bearingpackets <strong>of</strong> pollen which formerly stoodup almost perpendicular, like horns, begin tolower until they reach the horizontal; in thisway when the bee enters a flower the packets<strong>of</strong> pollen inevitably touch the seed stores, communicatingwhat is required for their fertilization.Nor have we even yet the whole <strong>of</strong>the contrivances adapted for this end. 'l Herecomes into play another pretty adaptation."<strong>The</strong> seed vessel to be fertilized is very sticky,'l but not so viscid as when touched by a polliniumto pull the whole <strong>of</strong>f an insect's head."But it is sufficiently adhesive "to break theelastic threads by which the packets <strong>of</strong> pollengrains are tied together." In this way, it* fitilizcltion, p. l2

                                                    

                                                    RELATIONS OF ORGANISMS. 177tears <strong>of</strong>f so much from the store adheringto the head <strong>of</strong> the bee, <strong>and</strong> still leaves therewhat may supply the requirements <strong>of</strong> manyflowers besides. <strong>The</strong> description thus givenwill suffice to indicate how close is the relatioii<strong>of</strong> the lower orders <strong>of</strong> animal life withvegetable life, <strong>and</strong> will illustrate how thelower organism may be dependent for existenceon the higher, an illustration in somerespect the converse <strong>of</strong> the facts illustratingorigin <strong>of</strong> species by development.<strong>The</strong>re remains in this department <strong>of</strong> inquiryonly one additional set <strong>of</strong> facts, towhich reference may be made, as illustratingilistribution <strong>of</strong> work among insects <strong>and</strong> birds,assigning them to different orders <strong>of</strong> plants.This will illustrate contrivance on a still widerscale, discovering distinct sets <strong>of</strong> affinity, whichimply common localization for given plants<strong>and</strong> animals. In this it appears that flies,humble bees, <strong>and</strong> birds with long slender bills,such as the humming birds, all have a sharein the work required for fertilizing plants.<strong>The</strong>re is one example, ep@actis latifolia,with a cup-shaped labellum, in which honeyis secreted, <strong>and</strong> which bees are never seen t<strong>of</strong>requent. What, however, the bees pass, the

                                                    

                                                    178 SCZELV-CE AND RELIGIOfV.wasps suck eagerly, <strong>and</strong> by them it is fertilized.Of this flower, Mr. Darwin says,-" Itis very remarkable that the sweet nectar <strong>of</strong>this epipactis should not be attractive to anykind <strong>of</strong> bee. If wasps were to become extinctin any district, so probably would theEpirpactis LatifoZia." *Another example there is <strong>of</strong> an orchid(Spiranthes Autu~nnalis), comrnonly known asLadies' Tresses, having a series <strong>of</strong> spikes, <strong>of</strong>which the lowest flowers are first matured,the others following in order as they rise tow-ards the summit.This plant is frequentedby bees, whose practice it is to begin withthe lorvest flowers <strong>and</strong> ascend gradually tothe top. This order in seeking to extract thehoney, proves to be the proper one for fertilizing<strong>of</strong> the plant, because the pollen whichthe bee brings will be received by the riperflower on which it l<strong>and</strong>s, <strong>and</strong> when that hasbeen deposited, fresh pollen will adhere to thebee as it rises to the less matured flowers, <strong>and</strong>thus it departs laden with pollen destined forthe lowest flowers <strong>of</strong> the next plant it visits.j-<strong>The</strong>se examples introduce us to a generalplan for fertilization <strong>of</strong> plants by the inter-* Fertilimtion, p. 102. t Ib. p. 113.

                                                    

                                                    RELATIONS OP ORGANISMS. 179vention <strong>of</strong> insects, so complete in the order <strong>of</strong>distribution that we nlay classify the plants accordingto the insect by which they are fertilized,making it natural to speak <strong>of</strong> flyorchids, spider orchids, wasp orchids, <strong>and</strong> beeorchids. In all cases the search for honeydetermines the visits made, leaving still unesplained,however, the fact that the nectar <strong>of</strong>some plants is shunned by certain insects, <strong>and</strong>eagerly absorbed by others. With the generalsource <strong>of</strong> attraction in the floweringplants, there are diversities <strong>of</strong> arrangementamong the insects, according to the comparativesize <strong>of</strong> the flower, <strong>and</strong> strength requiredin order to penetrate to the innerchamber where the honey is stored. Because<strong>of</strong> the minuteness <strong>of</strong> the aperture, there areflowers from which the bee can not draw supplies;on the other h<strong>and</strong>, because <strong>of</strong> the size<strong>and</strong> strength <strong>of</strong> the flower, there are cases inwhich the ordinary bee is incapable <strong>of</strong> reachingthe store, <strong>and</strong> the stronger humble beealone succeeds in effecting an entrance.<strong>The</strong>re is thus presented in mere outline ageneral view <strong>of</strong> the interdependence <strong>of</strong> lower<strong>and</strong> higher orders <strong>of</strong> organism. While eachflower develops pollen <strong>and</strong> seed, there are

                                                    

                                                    180 SCIENCE AND RELIGION.arrangen~ents connected with the ripening <strong>of</strong>these two, which restrain or even prevent selffertilization.Along with this there are distinctlines <strong>of</strong> evidence to establish the rulethat cross-fertilization, or transferclice <strong>of</strong> pollenfroin one flower to the seed <strong>of</strong> another,secures the growth <strong>of</strong> a much healthier aiidmore vigorous order. Where such transferenceis provided for otherwise than by thewind, the attractiveliess <strong>of</strong> the flowers bringsto them at the proper season, the insects whichcarry the pollen, <strong>and</strong> to each class <strong>of</strong> insect isdistributed a distinct share in the work. Inthese facts we have a natural law for preservation<strong>of</strong> species, discovering in a very strikingmanner the dependence <strong>of</strong> lower organismon higher. As Mr. Darwin has said, -" <strong>The</strong>meaning <strong>of</strong> these facts is clear." Referringto the examples in which the insects have tobore holes in order to reach the honey, wherethere is need for time to allow for the hardening<strong>of</strong> the viscid matter, he has used the followingwords which are most fitly applied,-" If this double relation is accidental, it is afortunate accident for the plants; but I cannot believe it to be so, aiid it appears to meo:re <strong>of</strong> tlle most wo:iderful cases <strong>of</strong> adaptation

                                                    

                                                    RELATIONS OF ORGANISMS. 181which has ever been recorded." * It is mostobviously true, as Sir John Lubbock has said,that " neither plants nor insects would bewhat they are, but for the influence whicheach has exercised on the other." Jf In view<strong>of</strong> the facts here very briefly described it willgenerally be allowed that Mr. Darwin's expectationfrom the study <strong>of</strong> orchids will beverified, -" An examinatioii <strong>of</strong> their manybeautiful contrivances will exalt the wholevegetable kingdom in most persons' estima-tion."$ We have enough before us to enableus to appreciate our autb'or7s feeling whenhe says, " Hardly any fact has struck me somuch as the endless diversities <strong>of</strong> structure,-the prodigality <strong>of</strong> resources for gaining thevery same end.'' Again when giving us hisprevailing impression he says,--" <strong>The</strong> more Istudy nature, the more I become impressedwith ever-increasing force, that the contrivances<strong>and</strong> beautiful adaptations, slowly acquiredthrough each part occasionally varyingin a slight degree, but in many ways, with.the preservation <strong>of</strong> tliose variations which werebeneficial to the organism under complex <strong>and</strong>* Fertilization, p. 44. t Scientijic Lectures, p. 31.$ Fertilization, p. 2. Q Ib. p. 284.

                                                    

                                                    182 SCIENCE AND RELIGION.ever varying conditions <strong>of</strong> life, transcend inan incomparable manner the contrivances <strong>and</strong>adaptations which the most fertile imagination<strong>of</strong> man could invent." *In preparing the present summary <strong>of</strong> recentadvances in this department <strong>of</strong> naturalhistory, I have resorted freely to quot,ation,because <strong>of</strong> the obvious rule, that it is betterfor scientific interest, for proper underst<strong>and</strong>ing,<strong>and</strong> for regulation <strong>of</strong> all subsequent reasoningon the facts, that we have the observationspresented as nearly as possible by thosewho made them, <strong>and</strong> that we have more generalinferences in the very words <strong>of</strong> thosewhose minds have been filled <strong>and</strong> swayed byimpressions made in the field <strong>of</strong> observationitself. In now proceeding to consider thebearing <strong>of</strong> these advances on religious thought,I shall keep as far as possible by the samerule, desiring that science may interpret itself,<strong>and</strong> translate its own special conclusionsinto their fit place within a scheme <strong>of</strong> the universe.And whatever there may be here <strong>of</strong>material for detailed inference, it will be takenby religious men as abundantly clear, thatscience in slowly unfolding to general view* rertiliznlion. p. 285.

                                                    

                                                    RELATIONS OF ORGANISMS. 183these secrets <strong>of</strong> nature, renders a lasting <strong>and</strong>most valuable service to religion. Our religiousconvictions <strong>and</strong> emotions rest on awider intellectual basis according to the fulnesswith which we underst<strong>and</strong> the marvels<strong>of</strong> adaptation <strong>and</strong> contrivance which lie coveredfrom ordinary observation under the attractivesurface <strong>of</strong> nature.Altogether beyond such a general admissionas this, however, it must be obvious that inthe mass <strong>of</strong> deeply interesting material nowbefore us, there lies a considerable number <strong>of</strong>truths needing to be gathered into generalizedform, bearing upon the laws <strong>of</strong> nature applyingto living organism. As records <strong>of</strong> detailsare extended before us, the marvels <strong>of</strong> structureare obvious. <strong>The</strong> multifarious contrivancesbecome quite startling, until we areready to lose our reckoning in the very multiplicity<strong>of</strong> facts narrated. In order to makesure <strong>of</strong> general result, we need to draw <strong>of</strong>fsomewhat from details,-to be content evento lose sight <strong>of</strong> many <strong>of</strong> them,-in order togain a position, sufficiently removed for asight <strong>of</strong> general relations. I11 attempting thisit is clear that there are certain truths bearingon the preservation <strong>and</strong> development <strong>of</strong> spe-

                                                    

                                                    184 SCIENCE AND RELIGION.cies in the vegetable kingdom, <strong>and</strong> an analogousset <strong>of</strong> truths as to the animal kingdom,<strong>and</strong> above these, possibly still more importantfor general appreciation <strong>of</strong> the universe as awhole, a body <strong>of</strong> truth as to the relations <strong>of</strong>plants <strong>and</strong> animals.As to the first <strong>of</strong> these, it seems obviousthat within the single field <strong>of</strong> observation presentedby orchids,-comparatively narrow,in view <strong>of</strong> the wide domain <strong>of</strong> the vegetablekingdom, <strong>and</strong> yet astonishingly extensive, onaccount <strong>of</strong> the richness <strong>of</strong> detail,-there isa large body <strong>of</strong> evidence to support the theory<strong>of</strong> origin <strong>of</strong> species by selection <strong>and</strong> adaptation.Whether all the orchide= now foundin existence have sprung from one order <strong>of</strong>plant, or from several, the testimony appearsample to support at least the following conclusionas presented in the words <strong>of</strong> Mr. Darwin,"that the now wonderfully changedstructure <strong>of</strong> the flower is due to a longcourse <strong>of</strong> slow modification,-each modificationhaving been preserved which was usefulto the plant, during the incessant changes towhich the organic <strong>and</strong> inorganic world hasbeen exposed." "* Fettilizalion, p. 246.

                                                    

                                                    RELATIONS OF ORGANISMS. 185By a line <strong>of</strong> inference exactly similar, a likeconclusiolz must be reached as to insect life.For, important as the observations are, bearingon the transference <strong>of</strong> pollen from theplace where it is generated to the place whereit is wanted, we must notice that the wholework is done in consequence <strong>of</strong> search forhoney by flies, moths, ants, wasps, <strong>and</strong> bees.It naturally follows that all these insects havebeen going through some measure <strong>of</strong> adaptation,as well as the plants. <strong>The</strong> same lawmust have been operating in their historywhile prosecuting the unceasing search forfood. It may be exceedingly difficult to fillup the line <strong>of</strong> progress, or trace the causes inoperation, which could favor the conclusionthat all the insects named have sprung f?oma common stock. Still more perplexing mightit be to maintain the argument that these veryinsects have sprung according to a sure law<strong>of</strong> descent, from vegetable life itself. Butthere is ample evidence to warrant the inferencethat in length <strong>of</strong> proboscis, formation<strong>of</strong> limbs, <strong>and</strong> other features in their structure,modifications have resulted from thestruggle needful to reach the nectar secretedin the flowers.

                                                    

                                                    186 SCIENCE AND RELIGION.But it is clearly impossible to stop here inour inferences. <strong>The</strong>re is interdependence <strong>of</strong>lower <strong>and</strong> higher organisms, to which a distinctplace needs to be assigned in our theory<strong>of</strong> the universe. Even if it be granted, as itreadily will be by those who have studied theresults <strong>of</strong> recent research, that there is a vastbody <strong>of</strong> evidence to prove that there is development<strong>of</strong> species by adaptation <strong>and</strong> selection,it is equally evident that this is not theonly law affecting the existence <strong>of</strong> differentorders <strong>of</strong> organized beings. Just as clear asit is that pollen <strong>and</strong> seed are both required toprovide for the continuance <strong>of</strong> plant life, soclear is it that plants are needed to supportinsects, <strong>and</strong> insects to propagate plants. Proceedingon the same lines <strong>of</strong> reasoning ashave been already employed, we must inqiiirehow this ii~terdepelidence is to be accountedfor under natural law ? <strong>The</strong> struggle for existenceis clearly performing an importantpart in the development <strong>of</strong> plants, <strong>and</strong> also<strong>of</strong> animals; <strong>and</strong> so long as we regard thesetwo orders singly, it seems obvious howchanges in structure may be accounted for;but observations have become so interlaced,that a new problem has been raised in con-

                                                    

                                                    XEL A TZONS OF ORGANISMS. 187nection with facts manifestly abating thestruggle for existence. In view <strong>of</strong> this problemDr. Hooker has said,-" <strong>The</strong> adjustment<strong>of</strong> the parts <strong>of</strong> the flower to the form <strong>and</strong>habits <strong>of</strong> the insect or bird, <strong>and</strong> <strong>of</strong> these tothe flower, is so accurate, that it is in vainto speculate whether the plant was adaptedto feed the animal, or the animal adapted t<strong>of</strong>ertilize the plant."* This suggestion <strong>of</strong> theneedlessness <strong>of</strong> speculation is natural from ascientific point <strong>of</strong> view, <strong>and</strong> we may do wellto remember the warnings against risks attendingthe search for final causes, whichhave been sounded from the days <strong>of</strong> Spinozato the present time; but there is a probleinhere which science can not leave in abeyance.<strong>The</strong> facts are undoubted, <strong>and</strong> the naturalcauses must be sought. <strong>The</strong> parts <strong>of</strong> theflowers are adapted to the forms <strong>and</strong> habits<strong>of</strong> the insects; the insects are adapted to thework <strong>of</strong> fertilizing the plants; the question is,How are these two things secured ? <strong>The</strong> inquirywhich has awakened general interest asto the development <strong>of</strong> species in the history<strong>of</strong> distinct orders such as orchids, insects, pig-* Botany, (<strong>Science</strong> Primers) by Dr. J. D. Hooker, C.B., P.R.S.,p. 79.

                                                    

                                                    188 SCIENCE AND RELIGION.eons, <strong>and</strong> dogs, must strive to complete itswork, by pressing on to this more complicatedquestion concerning the adaptation <strong>of</strong>distinct organisms to influence <strong>and</strong> aid eachother in the work <strong>of</strong> development. In whatway science may deal with this question, <strong>and</strong>how far it may be able to advance in thesearch for an answer, it may be difficult todecide. For it is much easier to indicate thelogical necessity for an advance, than to sayin what manner the advance is to be accomplished.<strong>The</strong> one is a simple question <strong>of</strong> logicalrequirement; the other must be a matter<strong>of</strong> continued observation, <strong>and</strong> scientific inference.Whether science may yet discover ananswer; or whether it may prove true at thispoint, as at other points already mentioned,that science has here reached clear marks <strong>of</strong>its own limits, must be left to the future, tobe determined by those devoted to scientificresearch. As long, however, as this question<strong>of</strong> interdependence remains without a scientificexplanation, it must be obvious thatthere are important facts which seem to implysome modification <strong>of</strong> the theory <strong>of</strong> descent,or evolution <strong>of</strong> species by means <strong>of</strong>selection, under the severe struggle for exist-

                                                    

                                                    RBLA TIONS OF ORGANISMS. 189ence. Or, to put it from another point <strong>of</strong>view, nature has marvellously provided formitigation <strong>of</strong> the struggle for existence, bycontrivances providing both for vegetable anclanimal life; therefore the theory <strong>of</strong> the origin<strong>and</strong> development <strong>of</strong> life which depends chieflyon the struggle for existence must be adjustedto allow for a theory <strong>of</strong> the effects arising fromthe natural provision for obviating the struggle,<strong>and</strong> providing for a large increase <strong>of</strong> life.Quite beyond this, as a matter entirely distinct,is the question as to the primordialforms <strong>of</strong> existence in the history <strong>of</strong> plants<strong>and</strong> insects. As to this, science may be ableto give very little testimony, as it is a question<strong>of</strong> the remote past, on which present factsmay afford little evidence. Still, beyond theseprimordial forms, in a region which sciencecan not enter, there lies the question <strong>of</strong> origin,<strong>of</strong> actual beginning, creation <strong>of</strong> life, as to thereality <strong>of</strong> which science can speak only indirectlyby discovery <strong>of</strong> its own limits, in theterms <strong>of</strong> its ultimatum, nature has providedthat such <strong>and</strong> such things shall be.Before leaving the department <strong>of</strong> insect life,there is a collateral <strong>and</strong> complementary series<strong>of</strong> observations, bearing upon the nature <strong>and</strong>

                                                    

                                                    190 SCIENCE AAD RELIGION.activity <strong>of</strong> ANTS, ,which deserves ' attention.<strong>The</strong> ants are a race <strong>of</strong> iiisects as diligently illdustriousas the bees, like them also fond <strong>of</strong>honey <strong>and</strong> <strong>of</strong> all sweet substances; but unlikethem ready to devour other insects. Alongwith the industry <strong>of</strong> the bee, they have predatorytendelicies, leading them into conflictwith other races, or even involving differentorders <strong>of</strong> their own race in warfare. It is acurious fact, in this connection, that many <strong>of</strong>the flowering plants have contrivances whichguard them from the approach <strong>of</strong> ants. Creepinginsects find the way barred against themwhile the flying insect at once <strong>and</strong> easilyreaches the stores <strong>of</strong> honey, not knowing anything <strong>of</strong> the difficulties in the path <strong>of</strong> the lessfavored rival. Spikes grow with their pointsill a downward direction, against which nocreeping insect can rnake way; waxy or glutinousmatter is spread over the leaves, whichinsects shun as a trap; <strong>and</strong> there are velvetyflexible leaves from the edge <strong>of</strong> which the insecteasily slips <strong>of</strong>f. Special attention hasbeen turned to this field <strong>of</strong> research by Kerner,:':an interesting outline <strong>of</strong> the results <strong>of</strong>* Rozoers <strong>and</strong> their Unbidden GLuests, by Pr<strong>of</strong>. Kerner. University<strong>of</strong> Innsbruck.

                                                    

                                                    RELATIONS OF ORGANISMS. 191his observations being given by Sir JohnLubbock."' <strong>The</strong> conclusion reached as to theutility <strong>of</strong> these contrivances for exclusion <strong>of</strong>creeping insects, is that they perform an auxiliarypart in the general plan for fertilizationwhich has been described. To allow the store<strong>of</strong> honey to go to the ants would be merely t<strong>of</strong>eed them without any equivalent advantageto the flowers. To diminish the supply in thisway, might cause the bees to ab<strong>and</strong>on manyflowers, <strong>and</strong> so greatly diminish fertilization.This would ultimately lead to short supplies,<strong>and</strong> probable extinction <strong>of</strong> several orders <strong>of</strong>plants <strong>and</strong> animals, <strong>and</strong> accordingly these contrivancesto'hinder the access <strong>of</strong> ants, must beadded to those for facilitating the approach<strong>of</strong> bees, <strong>and</strong> other flying insects, affordingfurtl~er evidence <strong>of</strong> the adjustment <strong>of</strong> rivalinterests involved in the relations <strong>of</strong> the vegetable<strong>and</strong> animal kingdoms. <strong>The</strong> serriedspikes are a phalanx <strong>of</strong> bayonets planted forresistance <strong>of</strong> an advancing foe.Contemplating now the ants as in some respectsan excluded race, which with a largeshare <strong>of</strong> pugnacity can not find a basis <strong>of</strong> operations for contending against the bees, we* Scient@c Lectures, p. 36.

                                                    

                                                    192 SCIENCE AND RELIGION.have to turn attention briefly on t,heir modss<strong>of</strong> life. <strong>The</strong> industry <strong>of</strong> the ant is proverbial,<strong>and</strong> can not fail to arrest the attention <strong>of</strong> anyone who spends a few minutes before anant-hill. But carefully recorded observationsprove it to be much greater than could havebeen imagined. Sir John Lubbock has renderedspecial service here by carefully notingthe t'ime occupied, as well as the amount <strong>of</strong>work done, thus preserving a series <strong>of</strong> observationsexceedingly suggestive in many ways,<strong>and</strong> having an important bearing on a considerablenumber <strong>of</strong> difficult questions connectedwith the relative powers <strong>of</strong> lower <strong>and</strong> higherorders <strong>of</strong> life. A similar service has beenrendered in America in the work <strong>of</strong> the Rev.H. C. McCook <strong>of</strong> Philadelphia, on <strong>The</strong> NaturalHistory <strong>of</strong> the Agricultural Ant <strong>of</strong> Texas,-a book recording careful <strong>and</strong> most importantobservations, adding much to the stores<strong>of</strong> knowledge concerning ants.*<strong>The</strong> work <strong>of</strong> the ants is directed mainly tothe two great objects <strong>of</strong> animal life, procuri~lgfood, <strong>and</strong> caring for the young, to which fallsto be added, the repelling <strong>of</strong> attacks upontheir nests, or removal <strong>of</strong> any thing obnoxious.<strong>The</strong>y destroy great numbers <strong>of</strong> smaller* See Appendix X.

                                                    

                                                    RELATIONS OF ORGANISMS. 193insects, bearing them to their nests for consumption,besides going <strong>of</strong>f in search <strong>of</strong> honeywhich may be within reach, <strong>and</strong> not guardedwith spikes. This mode <strong>of</strong> providing impliesa very busy life, <strong>and</strong> they do not as a rulegrudge work. Besides procuring supplies,however, there is a large amount <strong>of</strong> labor inthe care bestowed upon their young. Withoutattempting to distinguish various orders,<strong>of</strong> which "more than seven hundred kindsare known," * a general description <strong>of</strong> theiryoung will suffice. In the earliest stage <strong>of</strong>their existence, the larvz are small conicalshaped grubs, without power <strong>of</strong> movement.In this state they are fed, carried about fromplace to place as if their seniors were seekingchange <strong>of</strong> air <strong>and</strong> temperature for them; <strong>and</strong>in process <strong>of</strong> these removals <strong>and</strong> arrangements,they are <strong>of</strong>ten grouped together inseparate companies, <strong>and</strong> in exact order accordingto their size. In their next stage,they become pupae, sometimes quite exposed,in other cases covered with a thin silken eovering.From this, they pass into the maturestate as perfect insects, <strong>and</strong> in process <strong>of</strong>this transition older ants render assistanceby way <strong>of</strong> aiding the transition, " carefully* See Appendix VIII.

                                                    

                                                    unfolding their legs <strong>and</strong> smoothing out theirwings."In the ant nest there is a singular distinction<strong>of</strong> orders which prevents us speaking <strong>of</strong>the parent ants as doing all this work for theyoung. <strong>The</strong> great majority in every nest areneuters, not producing young; these are theworkers, <strong>and</strong> they are destitute <strong>of</strong> wings.<strong>The</strong> smaller numbers only are the males <strong>and</strong>females producing the young. <strong>The</strong> workers,shorn <strong>of</strong> wings, <strong>and</strong> entrusted with all thatis required in household <strong>and</strong> out-door duties,labor assiduously. <strong>The</strong>se neuter ants haveoccasioned special perplexity to Mr. Darwinas bearing on the theory <strong>of</strong> evolution, a difficultywhich is seriously increased by the factthat in some cases they " differ from eachother, sometimes to an almost incredible degree,<strong>and</strong> are thus divided into two or eventhree castes," <strong>and</strong> these " do not colnmonlygraduate into each other," but are "as distinctfrom each other as any two species."*Without following Mr. Darwin through hisreasoning as to the adaptation <strong>of</strong> neuters fortheir task in life, it may be well to quote hiswords towards its close, where he says, "IOrigin <strong>of</strong> Species, 6th ed. p. 230.

                                                    

                                                    RBLAT'NS OF ORGANISMS. 195must confess, that, with all my faith in naturalselection, I should never have anticipatedthat this principle could have been efficientin so high a degree, had not the case <strong>of</strong> theseneuter insects led me to this conclusion.""Besides the fact that these neuters are theworkers, there is an additional circumstance,established by Mr. Frederick Smith by observationsin Engl<strong>and</strong>, confirmed by theobservations <strong>of</strong> Pierre Ruber in Switzerl<strong>and</strong>,<strong>and</strong> afterwards verified in the clearestway by Mr. Darwin, that there is a species <strong>of</strong>ant (formica sanguinea) which captures slaves<strong>of</strong> a weaker order, making war against theweaker race, carrying <strong>of</strong>f their young, rearingthein within their own nests, <strong>and</strong> trainingthem to serve. Mr. Darwin was himselfsceptical <strong>of</strong> such a statement, but gives an interestingnarrative <strong>of</strong> distinct observations bywhich it was confirmed.<strong>The</strong> amount <strong>of</strong> labor undertaken by theworkers from an ants' nest, may be judged byone or two extracts from the records <strong>of</strong> SirJohn Lubbock. He says, "I once watchedan ant from six in the morning, <strong>and</strong> sheworked without intermission till a quarter* Origin <strong>of</strong> Species, 6th ed. p. 233.

                                                    

                                                    196 SCIENCE Ah7D RELIGION.to ten at night," <strong>and</strong> in that time she hadcarried one hundred <strong>and</strong> eighty-seven larvzeinto the nest.* <strong>The</strong>re is evidence not only <strong>of</strong>coiiperation, but <strong>of</strong> division <strong>of</strong> labor amongthe workers. <strong>The</strong> observations <strong>of</strong> Mr. Fore1lead to the conclusion that " very young antsdevote themselves at first to the care <strong>of</strong> thelttrvs <strong>and</strong> pup=, <strong>and</strong> that they do not takeshare in the defence <strong>of</strong> the nest or other out<strong>of</strong>-doorwork, until they are some days old." -j-By a distinct set <strong>of</strong> observations, watching allants that came <strong>and</strong> went from the nest, <strong>and</strong>laying up in captivity some <strong>of</strong> the number,Mr. Lubbdck came to the conclusion "that certainants are told <strong>of</strong>f as foragers." 1 And inthe winter season, when in the case <strong>of</strong> someorders little food is required, a few only <strong>of</strong> theinhabitants <strong>of</strong> the nest come <strong>and</strong> go, for thepurpose <strong>of</strong> carrying in supplies. This makesobservation much more easy at that season,rendering it possible to number <strong>and</strong> identifyindividual workers. <strong>The</strong> results as applicableto one <strong>of</strong> the nests are given in the followingsentences. "From the 1st <strong>of</strong> November to the5th <strong>of</strong> January, with two or three casual exceptions,the whole <strong>of</strong> the supplies were car-* Scient. Lects. p. 73. t lb. p. 78. # lb. p. 135.

                                                    

                                                    RELATIONS OR ORGANISMS. 197in by three ants, one <strong>of</strong> whom, however,did comparatively little. <strong>The</strong> other two wereimprisoned, <strong>and</strong> then, but not till then, a freshant appeared on the scene. She carried in thefood for a week, <strong>and</strong> then she being imprisoned,two others undertook the task." *One consideration more bearing upon obtainingsupplies deserves to be recorded asaltogether singular. Some species <strong>of</strong> antswatch over a distinct order <strong>of</strong> insects, theaphides, which exude a sweet fluid, using themexactly as we do cows for obtaining supplies<strong>of</strong> milk. <strong>The</strong> ant comes up to the aphis,gently strokes it with her feelers, forthwiththe aphis gives forth its supply <strong>of</strong> honey, whichthe ant drinks up <strong>and</strong> departs. <strong>The</strong> factswere observed by Pierre Huber, <strong>and</strong> verifiedby Mr. Darwin. This verification was so interesting,that I give the narrative in a slightlycondensed form. Mr. Darwin says,-" I removedall the ants from a group <strong>of</strong> about adozen aphides on a dock-plant, <strong>and</strong> preventedtheir attendance during several hours." Mr.Darwin tried in vain by stroking the aphideswith a hair, in imitation <strong>of</strong> the play <strong>of</strong> the feelers<strong>of</strong> the ants, to induce them to give up the* Scientijk Lectures, p. 135.

                                                    

                                                    198 SCIENCE AND RELIGION.honey. "Afterwards," he says, "I allowedan ant to visit them, <strong>and</strong> it immediately seemed,by its eager way <strong>of</strong> running about, to be wellaware what a rich flock it had discovered; itthen began to play with its antenna on theabdomen first <strong>of</strong> one aphis <strong>and</strong> ihen <strong>of</strong> another;<strong>and</strong> each, as soon as it felt the antenn~,immediately lifted up its abdomen <strong>and</strong> excreteda limpid drop <strong>of</strong> sweet juice, which waseagerly devoured by the ant."* So the antshave their " cows " <strong>and</strong> milk them.To attempt any account <strong>of</strong> the ants <strong>of</strong>tropical countries, where ants are most numerous,swarming in the regions they inhabit,<strong>and</strong> marching in hosts, would occupy too muchspace. I give, therefore, only a single referenceextracted from the testimony <strong>of</strong> Mr.Savage concerning the driver ant <strong>of</strong> WesternAfrica (Anomnza Arcens), so called because <strong>of</strong>the success with which it drives every thingbefore it. Mr. Savage annoyed by the proximity<strong>of</strong> a large settlement,, discovered itsquarters in some decaying granite. Kindlinga fire around it, he believed he had succeededin disposing <strong>of</strong> that settlement. Two daysafter, he went back to the spot, <strong>and</strong> instead* Origin <strong>of</strong> Species 6th ed. p. 207,

                                                    

                                                    RELATIONS OF ORGANISMS. 199<strong>of</strong> desolatioil <strong>and</strong> death, he found "a tree at ashort distance, about eighteen inches in diameter,to the height <strong>of</strong> four feet from the ground,with the adjacent plants <strong>and</strong> earth perfectlyblack with them." <strong>The</strong> most striking thing,however, was that the ants had made festoonsfrom the lower branches to the ground,formed in the following manner, as witnessedby Mr. Savage: " ant after ant coming downfroin above, extending their long limbs, <strong>and</strong>opening wide their jaws, gradually lengtheningout the living chain" until first it wasswaying to <strong>and</strong> fro, <strong>and</strong> ultimately fastenedto the ground, when others were ascending<strong>and</strong> descending upon them, thus holding free<strong>and</strong> ready communication with the lower <strong>and</strong>upper portions <strong>of</strong> this dense mass." In thissame manner these ants provide for the crossing<strong>of</strong> water when on the march. "<strong>The</strong>ymake a line or chain <strong>of</strong> one another, graduallyextending themselves by numbers acrosstill the opposite side is reached." * This isexactly similar to the manner in which soniemonkeys are known to construct a naturalbridge, only that the monkeys have the ad-* Nmeum <strong>of</strong> Natural History edited by Riehdson, D~llas, Cobbold,Baird, <strong>and</strong> White, vol. ii. p. 184.

                                                    

                                                    200 SCIENCE AND RELZGZON.vantage <strong>of</strong> greater size <strong>and</strong> muscular strength,as well as prehensile power by the use <strong>of</strong> theirtails. With such characteristics as have beenbriefly described, there is little wonder thata high place in the scale <strong>of</strong> intelligence hasbeen claimed for these small insects. Sir JohnLubbock, who has so patiently conducted hisobservations as to their modes <strong>of</strong> life, hasstated this in the following manner,-" <strong>The</strong>anthropoid apes no doubt approach more toman in bodily structure than do any otheranimals; but when we consider the habits <strong>of</strong>ants, their social organization, their large communities,elaborate habitations, their roadways,their possession <strong>of</strong> domestic animals, <strong>and</strong> evenin some cases <strong>of</strong> slaves, it must be admittedthat they have a fair claim to rank next toman in the scale <strong>of</strong> intelligence."" Whether,even with all this evidence., we may be able torank the ants quite as high as Lubbock heresuggests, may be open to question. <strong>The</strong>remay, for example, be reasonable debate whetherthe dog does not present still higher signs<strong>of</strong> intelligence, but it says a great deal for theants that debate in the case should be possible.A question <strong>of</strong> very great scientific im-* Scient. Lects. p. 68.

                                                    

                                                    RELATIONS OF ORGANISMS. 201portance is here raised, affecting the wholescheme <strong>of</strong> interpretation applicable to animallife, as connected with development <strong>of</strong> brain.Without attempting to enter upon the argumentyet to be conducted through thewider relations concerned, it must be obviousthat the facts bearing on insect lifemust erelong have a larger share than theyhave yet had in influencing our generalizations.By reference to these, it becomes apparent,that anatomical structure is not initself an adequate guide in determining comparativeimportance on the scale <strong>of</strong> organicexistence; <strong>and</strong>, what is still more startling,that even comparative brain structure cannot be taken as the sole test <strong>of</strong> the measure<strong>of</strong> intelligence belonging to animals. <strong>The</strong>whole orders <strong>of</strong> ants, taken collectively, mustbe regarded as presenting quite exceptionaldifficulties, not only for a theory <strong>of</strong> evolutionregarded as an all-embracing science <strong>of</strong> life;but also for that theory <strong>of</strong> intelligence whichseeks to account for diversities <strong>of</strong> power bythe comparative complexity <strong>of</strong> brain structure.Passing from more detailed discussion, it isneedful to observe how wide <strong>and</strong> valuable arethe results <strong>of</strong> these researches concerning the

                                                    

                                                    202 SCIENCE AND RELIGION.relation <strong>of</strong> the vegetable kingdom with lowerorders <strong>of</strong> animals. Facts now recorded in multitudes<strong>of</strong> scientific journals, <strong>and</strong> more elaboratetreatises, illustrate wonderful minuteness<strong>of</strong> contrivance <strong>and</strong> completeness <strong>of</strong> adaptationin the works <strong>of</strong> nature, giving to the range<strong>of</strong> knowledge possessed only a century ago anaspect <strong>of</strong> insignificance. What the microscopehas done by enlarging the range <strong>of</strong> humanvision, subdivision <strong>of</strong> labor among scientificinquirers, <strong>and</strong> proportionate concentration,have done, in the way <strong>of</strong> embracing the vast<strong>and</strong> complicated field. <strong>of</strong> observation lyingopen to all eyes. <strong>The</strong> results exalt to agreatly higher place in our appreciation theevidence <strong>of</strong> design in the world. <strong>The</strong> consequenceis that while t'he line <strong>of</strong> thought followedby Paley, in what he designated Natural<strong>The</strong>ology, has become a thous<strong>and</strong>-foldmore interesting, the familiar <strong>and</strong> now almostantiquated illustration <strong>of</strong> the watch, taken asa model <strong>of</strong> human design, by the comparativesimplicity <strong>of</strong> its adjustments, seems strangelyinadequate to represent even in the most temporaryform, a minr~teness <strong>of</strong> design quiteoverwhelming to the hulaan mind in its attemptsto bring it within a uniform scheme.

                                                    

                                                    XELA TIONS OF ORGANISMS. 203Whether all this was provided for by manifoldcreative acts, or by developmelit from afew primordial forms, does not affect the argument;the latter suggestion only greatly increasesits force. To those who are swayedoilly by an intellectual interest, the facts <strong>of</strong>vegetable <strong>and</strong> insect life must be full <strong>of</strong> significance,suggestive <strong>of</strong> far-reaching reflection.But to no body <strong>of</strong> men can these results <strong>of</strong>scientific research be so attractive as to thosewho require for all nature a supernaturalexplanation.

                                                    

                                                    LECTURE VI.HIGHER ORGANISMS.-RESEMBLANCES0ONTRASTS.-BRAIN STRUCTURE.ANDTHE stage <strong>of</strong> investigation now reachedrequires us to consider recent advancesin our knowledge <strong>of</strong> more complicated organisms.This leads into the line <strong>of</strong> observationdisclosing steadily advancing complexity <strong>of</strong>structure, <strong>and</strong> brings us into contact with theclaim that man be included within the area<strong>of</strong> scientific inquiry, <strong>and</strong> regarded as a morefully organized life to which lower orders arenot only pointing, but actually tending.As to this last claim, about which moremust be said as we approach the close <strong>of</strong>these investigations, it may be remarked byway <strong>of</strong> preliminary, that as man belongs tonature, all the characteristics <strong>of</strong> his life mustcome within the area <strong>of</strong> scientific inquiry, <strong>and</strong>indeed the test <strong>of</strong> any theory <strong>of</strong> existencewhich may be <strong>of</strong>fered, will be found in the

                                                    

                                                    HIGHER ORGANISMS. 205measure <strong>of</strong> success with which it explains ourown nature. That man st<strong>and</strong>s highest in thescale <strong>of</strong> organism belonging to this world admits<strong>of</strong> no doubt, therefore the explanation<strong>of</strong> human nature may be regarded as the supremeeffort <strong>of</strong> science. Around this subject,however, serious differences have arisenamong scientific men, but these differences donot concern the very simple question whetherall that belongs to nature comes within therange <strong>of</strong> the science <strong>of</strong> nature. This is grantedby all, whether there be a preference forincluding all such inquiry under the singlename <strong>of</strong> science, or for distinguishing betweenphysical science <strong>and</strong> mental philosophy. Thisis simply a matter <strong>of</strong> defining terms, <strong>and</strong> tracingthe boundaries <strong>of</strong> recognized departments<strong>of</strong> inquiry. But whether a continued study<strong>of</strong> organism will conduct us to an adequateunderst<strong>and</strong>ing <strong>of</strong> human nature, must be amatter <strong>of</strong> observation <strong>and</strong> inference. If itdo, science has completed its work. If it donot, there remains a still higher question, howshall tve account for features <strong>of</strong> life for whichorganism affords no scientific explanation ?<strong>The</strong> whole field is certainly free to science,<strong>and</strong> the whole task which this immense field

                                                    

                                                    206 SCIENCE AND RELIGION.<strong>of</strong> research imposes must be undertaken, <strong>and</strong>persistently prosecuted to a rational issue.Eiitering now, therefore, on the contenlplation<strong>of</strong> animal life, regarded as a higher order,distinguishable froin vegetable life, we havethe outst<strong>and</strong>ing characteristics <strong>of</strong> sensibility<strong>and</strong> locomotion. Whether there is a distinctline <strong>of</strong> demarcation between vegetable <strong>and</strong>animal does not require special attention, forno matter <strong>of</strong> controversy on this point c<strong>and</strong>elay procedure. <strong>The</strong>re is, as already remarked,in the vegetable kingdom a singularapproximatioii tomarcls animal life, in so faras we have evidence <strong>of</strong> sensibility to touchamong the plants, to a degree which appearswoilderful chiefly by contrast with the commoncharacteristics <strong>of</strong> the vegetable kingdom.On the other h<strong>and</strong>, sensibility to influencesoperating from without is a common feature<strong>of</strong> animal life. Even the very lowest orders<strong>of</strong> animals are sensitive to touch, <strong>and</strong> as thisform <strong>of</strong> experience is closely connected withpower <strong>of</strong> locomotion, all animals have theconditions <strong>of</strong> their life largely affected by interferencewith their own movemeiits, or resistance<strong>of</strong>fered, whether by objects lying intheir way, or by some force restraining their

                                                    

                                                    HIGHER ORGANISMS. 20'7progress, or causing movement i11 an oppositedirection. Now these two characteristics-sensibilityto impression from without,<strong>and</strong> moveinent caused by an exercise <strong>of</strong> energyfrom within the organisill itself-are bothprovided for by means <strong>of</strong> the nerve systembelonging to the animal. This nerve systemvaries in the number <strong>and</strong> coinplexity <strong>of</strong> itsarrangements, according. to the compleaxity<strong>of</strong> the organism with which it is associated.As, therefore, we rise in the scale, passingfrom the s<strong>of</strong>t pulpy form <strong>of</strong> the lowest orders,to those formed in segments or rings, nextto those with distinct portions <strong>of</strong> organismfulfilling separate functions, as in insect life,wit11 head, body, <strong>and</strong> legs; <strong>and</strong> next pass upto the vertebrates, with back-bone <strong>and</strong> skeleton,on which is built up a more or less complicatedmuscular system, we find a nervesystem, growing in complexity along with theappearance <strong>of</strong> different orgalls <strong>of</strong> the body.And in all cases, this system fulfils these tw<strong>of</strong>unctions-sensibility to touch, <strong>and</strong> movement<strong>of</strong> the body. <strong>The</strong>se two are providedfor by distinct lines or nerve fibres; <strong>and</strong> inall cases, these two sets are conibined in acentre, thereby securing that the two sets

                                                    

                                                    208 SCIENCE AND RELIGION.be codperative, unitedly contributing to themanagement <strong>of</strong> the living organism. Thisappears even if we take for illustration an organismso low as the ascidian nzollusk, whichfloats in the water as if it were a sack drawntogether towards the top, bulging out below;<strong>and</strong> which is nourished simply by the passing<strong>of</strong> a current <strong>of</strong> water in at the mouth, <strong>and</strong>out at a vent towards the lower end <strong>of</strong> thesac. A series <strong>of</strong> nerve lines comes from themouth; a distinct ramification spreads overthe lower portion <strong>of</strong> the sac; <strong>and</strong> these twoare united in a single knot or ganglion, alittle above the vent. By these contrivances,this little body, t,hough for the most part stationary,is sensitive to the approach <strong>of</strong> anything injurious, <strong>and</strong> by contraction <strong>of</strong> its massexpels the water with considerable force,driving the injurious matter to a distance.This combination <strong>of</strong> the two sets <strong>of</strong> nervesappears more strikingly in such an animalas the centipede, along whose body are successivegroups <strong>of</strong> nerves, combined in regularorder in a series <strong>of</strong> knots, <strong>and</strong> unitedlongitudinally by connecting t.hreads, attachingthe successive knots. <strong>The</strong> same plan iscarried up into a more articulated form in

                                                    

                                                    HIGHER ORGANISMS. 209the case <strong>of</strong> the winged insect, with head, antennaeor feelers projecting from the head,wings, <strong>and</strong> legs, leading to a more markedappearance <strong>of</strong> separate combinations, givinggreater prominence to the head. When fromthis we rise to the $shl thence to the bird,thence to the quadruped, we find the headmade .conspicuously the central organ <strong>of</strong> theentire nerve system <strong>of</strong> the animal, while itoccupies the front position in the body. Itis no longer one <strong>of</strong> a set or series <strong>of</strong> knots;nor even the largest or more conspicuous ina graduated order <strong>of</strong> centres; but in the head<strong>of</strong> the animal is found that which is the truenerve centre for the whole nerve system, designatedthe brain. In the case <strong>of</strong> the vertebrates,not only does the skeleton afford thesolid frame-work on which the muscular systemis built, but the back-bone containswithin it the main column <strong>of</strong> nerve fibres,which are given out at the several joints accordingto the requirements <strong>of</strong> the body.If meanwhile we concentrate attention onour own bodies, we may by the aid <strong>of</strong> personalexperience find easy illustration <strong>of</strong> theprominent features <strong>of</strong> the nerve system. Weshall take first the two distinct lines <strong>of</strong> nerves

                                                    

                                                    210 SCIENCE AND RELIGION.already mentioned, the one set concerned withsensibility, the other with movement <strong>of</strong> themuscles. From the tips <strong>of</strong> the fingers thererun lines <strong>of</strong> nerve fibre, which are broughtinto combination at the wrist, <strong>and</strong> are carriedup the arm, <strong>and</strong> onward by the shoulder<strong>and</strong> upper portion <strong>of</strong> the back-bone to thehead. <strong>The</strong>se are the nerves <strong>of</strong> sensibility, bymeans <strong>of</strong> which, as by telegraph wires, theslightest impression made on the tips <strong>of</strong> thefingers is instantly conveyed to the great nervecentre in the brain. Distinct from these isanother set <strong>of</strong> nerves issuing from the brain,<strong>and</strong> descending the arm, giving <strong>of</strong>f its fibresas it passes to the several muscles above theelbow, next to those above the wrist, <strong>and</strong>next to the inuscles <strong>of</strong> the h<strong>and</strong> <strong>and</strong> fingers.<strong>The</strong>se are the nerves <strong>of</strong> nzoven~ent, by means<strong>of</strong> which the whole arm may be brought intoaction at pleasure, or the h<strong>and</strong> may be set towork, while the arm is at rest.<strong>The</strong>se two sets <strong>of</strong> nerves-the sensory <strong>and</strong>motor-are exactly sinzilar in structure, consisting<strong>of</strong> an outer covering, within whichfloating in a white fluid is a thread whichconstitutes the nerve proper. <strong>The</strong> outer coveringprovides for isolation <strong>of</strong> the fibre, from

                                                    

                                                    HIGHER ORGANISMS. 211other fibres laid alongside <strong>of</strong> it, jusL as copperwire is isolated by a gutta-percha coveringwhen the two connecting lines from an electricbattery are laid down in close proximityas in the arrangement for electric bells. Bythis provision the nerve fibres are completelyisolated making it possible to distinguish sensoryimpressions so as $0 tell which finger hasbeen touched. <strong>The</strong> similarity <strong>of</strong> structure inthe two lines <strong>of</strong> nerves is a striking fact inview <strong>of</strong> the completely distinct functions fulfilled.This leads to a special explanation <strong>of</strong>the provisioii for different modes <strong>of</strong> action.This is secured by diversity in the terminalarrangemelzts for the two classes <strong>of</strong> nerves.<strong>The</strong> nerves <strong>of</strong> sensibility have a peculiarly sensitivearrangement spread under the skin, constitutingan end-bulb or touch organ. In certainparts <strong>of</strong> the body more sensitive thanothers, such as the tips <strong>of</strong> the fingers, thereare additional minute corpuscles, groupedalongside <strong>of</strong> the nerve, liable to contractunder the slightest pressure, <strong>and</strong> which addgreatly to the sensitiveness <strong>of</strong> the particularparts about which they cluster. <strong>The</strong> terminalarrangements <strong>of</strong> the motor nerves arequite different. <strong>The</strong> nerve fibres pass into

                                                    

                                                    212 SCIENCE AND RELIGION.the substance <strong>of</strong> the muscle to be moved bythem, <strong>and</strong> the nerve fibre is subdivided <strong>and</strong>distributed, so as to bring the several parts<strong>of</strong> the muscle under control. <strong>The</strong>se fibresare so laid <strong>and</strong> connected, that a whole set<strong>of</strong> muscles can be moved simultaneously, beingmade to work in perfect harmony.<strong>The</strong> vital activity <strong>of</strong> this whole arrangement<strong>of</strong> nerve fibres, including sensory <strong>and</strong> motorin one system, depends upon living connection<strong>of</strong> all with the great nerve centre in the brain,where the nerve energy is provided whichkeeps all in functional activity. Only, thereis this striking difference with the two sets <strong>of</strong>fibres, that in the case <strong>of</strong> the sensory nervethe pulsation <strong>of</strong> energy is upwards to thebrain, in the case <strong>of</strong> the motor nerve it isdownwards towards the muscle. <strong>The</strong>re is noscientific explanation yet reached <strong>of</strong> this contrast<strong>of</strong> molecular action. But by means <strong>of</strong>it the one order <strong>of</strong> nerves plays the part <strong>of</strong>a vehicle <strong>of</strong> in~pression providing for knowledge<strong>of</strong> what is without, the other order fulfilsthe part <strong>of</strong> an instrument for moving themuscular system which is part <strong>of</strong> the organismitself.<strong>The</strong>se two orders are not, however, to be

                                                    

                                                    HIGHER ORGANISMS. 213regarded as separate systems quite apart fromeach other, but as two sides <strong>of</strong> one system,which are essentially <strong>and</strong> closely related toeach other. <strong>The</strong>re is a provision for combinedaction <strong>of</strong> the two sets, so that an impulsecommunicated along a sensory nerve orset <strong>of</strong> nerves, may pass over to the motorsystem <strong>and</strong> terminate in muscular activity.This is most simply illustrated by the circumst.ancethat the nerves <strong>of</strong> sensibility becomeinstruments <strong>of</strong> pain, when a severe shock orblow is given, or some injury is inflicted.Suffering becomes a signal <strong>of</strong> risk <strong>and</strong> instantlythe injured part shrinks or starts awayfrom the source <strong>of</strong> suffering. This is a phase<strong>of</strong> sensori-motor activity illustrating a lawwhich has a wide range <strong>of</strong> application inanimal life. This sketch <strong>of</strong> the arrangements<strong>and</strong> functions <strong>of</strong> the two sides <strong>of</strong> the nervesystem though traced in view <strong>of</strong> its applicationto human nature, will suffice to indicate thegenera.1 plan in accordance with which sensibility<strong>and</strong> muscular activity are provided forin the animal kingdom generally. <strong>The</strong> raniificatioii<strong>of</strong> the nerve lines will in each case beaccording to the simplicity or complexity <strong>of</strong>structure belonging to the animal; but the

                                                    

                                                    214 SCIENCE AND RELIGION.provisions for sensitiveness to touch, <strong>and</strong>power <strong>of</strong> movement are in all cases thesame. Fish, bird, <strong>and</strong> quadruped are alikesensitive to touch, <strong>and</strong> they are alike capable<strong>of</strong> movement, though the mechanical contrivancesby which locomotion is secured varygreatly; but a double distribution <strong>of</strong> nervefibres in all cases provides for these two characteristics<strong>of</strong> animal life.From this, we advance to the nerve centre,-the brain,-to which the nerves <strong>of</strong> sensibilityrun up, <strong>and</strong> from which the nerves <strong>of</strong>motion come forth. Here also there is identityin the nature <strong>of</strong> the organ, while there isvariety in its size, wit11 more or less complicatedplans <strong>of</strong> arrangement, according to theextent <strong>of</strong> the nerve system <strong>of</strong> which it is thecentral organ. Still keeping to the- humanbody for illustration, we may find in the mostcomplex organism known to us illustration <strong>of</strong>what holds good in the main so far as essentialstructure is concerned.<strong>The</strong> brain is made up <strong>of</strong> two entirely distinctsubstances. In the interior <strong>of</strong> the organ,<strong>and</strong> altogether concealed from view when adrawing <strong>of</strong> it is made, or the organ itself isexposed to observation, is a white mass con-

                                                    

                                                    HIGHER ORGANISMS. 215sisting <strong>of</strong> a multitude <strong>of</strong> fibres. <strong>The</strong>se are simplycrowds <strong>of</strong> nerve lines gathered together,led up from the extremities <strong>and</strong> trunk, orprovided for intercommunication with the severalparts <strong>of</strong> this central organ. Gathered allround about this, <strong>and</strong> constituting the externalmass, on the summit, sides, <strong>and</strong> base <strong>of</strong>the brain, is a completely distinct substanceknown as the grey matter, folded up in wavings,twistings, or convolutions, enclosing myriads<strong>of</strong> cells from which nerve energy isdischarged. <strong>The</strong>se cells differ considerablyin form <strong>and</strong> size, suggesting the possibility<strong>of</strong> distinct functions being assigned to cells<strong>of</strong> different structure, some being smaller <strong>and</strong>less intimately connected with those around,others so much larger <strong>and</strong> more important asto have suggested the name <strong>of</strong> pyramidal cells,<strong>and</strong> also having lines <strong>of</strong> connection betweentheinselves <strong>and</strong> other parts much more numerousthan in the case <strong>of</strong> the smaller cells.Every cell has a nucleus or central point,which is the centre <strong>of</strong> vitality, while the fibreswhich they send out, varying in number fromone to four or five, establish connection betweencells, or pass into the nerves proper.<strong>The</strong>se cells are packed together in a s<strong>of</strong>t glu-

                                                    

                                                    216 SCIENCE AND RELIGION.tinous substance, in the outer layer <strong>of</strong> whichthey are fewer in number; approaching theinterior, they become more numerous; <strong>and</strong>they are both more abundant, larger in size,<strong>and</strong> more distinguished by the number <strong>of</strong> theirprotoplasmic * fibres as they lie nearer to themass <strong>of</strong> nerve fibres. In this crowd <strong>of</strong> nervecells are the stores <strong>of</strong> nerve energy suppliedto the nerve system, with every exercise <strong>of</strong>which molecular changes in the brain are believedto take place. On this account theremust be regular <strong>and</strong> ample supply <strong>of</strong> nourishmentfor the brain, for which such provisionhas been' made that, according to Haller'scomputation, one fifth part <strong>of</strong> the whole bloodsupply goes to the brain.Regarded as the great central organ, thebrain is divided into two halves or hemispheres,from each one <strong>of</strong> which goes forthsupply <strong>of</strong> nerve fibres <strong>and</strong> nerve energy forthe opposite side <strong>of</strong> the body. Its greatestdepth is in the central part, the front <strong>and</strong>back being rounded down, the frontal regionbeing, however, considerably more massivethan the rear. Besides this great central body,there are several dependent subordinate bodies,* Protoplasm, see Appendix VII.

                                                    

                                                    HIGHER ORGANISMS. 217placed underneath, <strong>and</strong> directly above the upperpart <strong>of</strong> the spine. Most important <strong>of</strong>these is the cere6ellunz1 or little brain, whosefunctions are now generally believed to b'eclosely connected with the equilibrium <strong>of</strong> thebody when moving. Somewhat nearer thecentre, <strong>and</strong> quite under the brain proper isthe pons or bridge, providing for the interlacing<strong>of</strong> the fibres on their way out from thethe central organ, <strong>and</strong> just below that are certainelongated bodies (medulla 06longata), consisting<strong>of</strong> masses <strong>of</strong> fibre just above the spinalcord.Before closing this very brief <strong>and</strong> hasty description<strong>of</strong> the nerve system, there is onepeculiarly striking arrangement to which specialreference may be made. <strong>The</strong> mass <strong>of</strong>nerve fibre which passes down within theback-bone constituting the spinal column,which is formed in two divisions equivalentto the hemispheres <strong>of</strong> the brain, gives out ateach <strong>of</strong> the vertebr~ or spinal joints a supply<strong>of</strong> nerve for the portion <strong>of</strong> the body contiguous.This supply is sent out from each side<strong>of</strong> the column, <strong>and</strong> issues in two roots, a posterior<strong>and</strong> anterior; the posterior root being abody <strong>of</strong> sensory nerves, the anterior root <strong>of</strong>

                                                    

                                                    218 SCIENCE AND RELIGION.motor nerves. Shortly after passing out, thesetwo form into one, uniting to constitute a nervetrunk. Just after they have thus united, thetrunk again opens up into two, <strong>and</strong> in eachone <strong>of</strong> these two a share <strong>of</strong> the sensory <strong>and</strong>motor roots finds a place, <strong>and</strong> thus preparationis made for sending out towards both the front<strong>and</strong> back <strong>of</strong> the body suitable proportion <strong>of</strong>both sets <strong>of</strong> nerves. <strong>The</strong> two roots drawntogether as if to bind them into one, are bysome inexplicable process subdivided, <strong>and</strong> thetwo b<strong>and</strong>s issuing from the united b<strong>and</strong> arefound to have each a share <strong>of</strong> the contents <strong>of</strong>each root. Of all the singular occurrencescoming under scientific observation there isnothing more surprising. <strong>The</strong> fact is certain,but there is no scientific explanation <strong>of</strong>' thecontrivance by which such a singular result issecured.Having now before us in outline a representation<strong>of</strong> the nervous system <strong>of</strong> man, <strong>and</strong>having in this a guide to the underst<strong>and</strong>ing<strong>of</strong> the prominent features involved in the distribution<strong>of</strong> two orders <strong>of</strong> nerves over thebody, <strong>and</strong> their concentration in a centralorgan, we are prepared for considering thecomparative brain development presented to

                                                    

                                                    HIGHER ORGANISMS. 219view as we ascend the scale <strong>of</strong> animal life.<strong>The</strong> main features <strong>of</strong> gradation may be shortlystated. In all cases, the brain is a s<strong>of</strong>t pulpybody, composed as described, the exterior portionbeing cellular tissue, the interior fibrous,from the gathering <strong>of</strong> nerve lines. In thelowest orders <strong>of</strong> animals, the brain is <strong>of</strong> verysmall size. In the insects, such as the ant,bee, <strong>and</strong> wasp, it is only a slight b<strong>and</strong> stretchingfrom eye to eye. In the whole order <strong>of</strong>$shes an advance in organization appears,though the brain is small relatively to the size<strong>of</strong> the body, a fact which seems readily explainedby the fact that there is little articulationin the structure <strong>of</strong> the fish, the wholebody moving in one mass, by simple management<strong>of</strong> the fins <strong>and</strong> tail. <strong>The</strong> brain as a ruleis simply two small round lobes <strong>of</strong> smooth surfacelaid together; <strong>and</strong> what is most to be remarkedis that the brain proper is quite inferiorin size to lobes <strong>of</strong> vision.* In front <strong>of</strong>the brain are slight str<strong>and</strong>s connected withthe organ <strong>of</strong> smell; <strong>and</strong> behind it are the twolarge lobes known as optic lobes, before which* Unless references are otherwise given, illustration <strong>of</strong> thestructure <strong>of</strong> brain here referred to, will be founa in my work,<strong>The</strong> <strong>Relation</strong>s <strong>of</strong> ,Ili?zcl <strong>and</strong> Bmia, from p. 125, onwards.

                                                    

                                                    220 SCIENCE AND RELIGION.the brain appears comparatively insignificant.This is the ordinary arrangement, but in thecase <strong>of</strong> the shark the brain extends to muchlarger proportions, greatly surpassing the opticlobes, <strong>and</strong> having in front <strong>of</strong> it unusuallyample provision for the organ <strong>of</strong> smell.*When we reach the reptiles the normal orderappears which continues thereafter up thewhole range <strong>of</strong> animal life. <strong>The</strong> brain takesprecedence <strong>of</strong> the lobes <strong>of</strong> special sense, <strong>and</strong>is the most important organ. This appearsquite decisively in the brain <strong>of</strong> the frog. Onaccount <strong>of</strong> the possession <strong>of</strong> four limbs, <strong>and</strong>its power <strong>of</strong> locomotion by forward leaps,provided for by the superior size <strong>and</strong> strength<strong>of</strong> the hind legs, there is much greater needfor distribution <strong>of</strong> nerve lines, to place distinctmuscles under control, <strong>and</strong> as a consequencethe brain or central organ assumesa position <strong>of</strong> greater importance.Passing next to 6irds, we find a markedadvance in the structure <strong>of</strong> the brain. <strong>The</strong>two hemispheres are considerably extendedtowards the rear, <strong>and</strong> the two optic lobesunderneath the back part <strong>of</strong> the brain areseparated from each other, being placed some-* <strong>The</strong> Brain as the Organ <strong>of</strong> Mind, by Dr. Bastian, p. 115.

                                                    

                                                    HIGHER ORGANISMS. 221what to the side. <strong>The</strong> cerebellum, or littlebrain, regulating equilibrium becomes moreimportant in size <strong>and</strong> form, being laid upin transverse furrows. <strong>The</strong>se important advancesindicate a life <strong>of</strong> much more varied activitythan in the lower orders. This animalwalks, hops, perches on branches by theclutching <strong>of</strong> its claws, <strong>and</strong> flies from place toplace. To provide for these varied forms <strong>of</strong>activity, there must be a more detailed arrangement<strong>of</strong> nerve system, which is clearlyindicated in the complexity <strong>of</strong> the centralorgan.<strong>The</strong> next advance introduces to notice thesmaller quadrupeds, known as the rodents, <strong>of</strong>which the rat, rabbit, <strong>and</strong> hare may be takenas the most familiar examples. Here we stillhave the smooth surface <strong>of</strong> the brain, withoutany subdivision <strong>and</strong> twining into folds such asafterwards appears, but it is somewhat elongatedin shape. An additional element herecomes into view, that is, extra provision foracuteness <strong>of</strong> smell, in accordance with thewell-known characteristics <strong>of</strong> the class <strong>of</strong> animals.Set out in front <strong>of</strong> the brain are twodistinct lobes, which are the olfactory lobes.Wherever these are so placed in front <strong>of</strong> the

                                                    

                                                    222 SCIENCE AND RELIGION.brain, it is a clear pro<strong>of</strong> that the life <strong>of</strong> theanimal is largely directed by smell, that is, ina relatively greater degree than by sight,though constantly using the organs <strong>of</strong> visionwith rapidity <strong>and</strong> acuteness. <strong>The</strong> cerebellumis in all cases prominent to the rear, presentingthe laminated appearance always distinctive<strong>of</strong> the organ.We now make a very marked transition inthe development <strong>of</strong> brain, introducing to viewthe doubled or convoluted forin occasionedby the folding <strong>of</strong> the material in a series <strong>of</strong>windings,--a form which is in complete contrastfrom the smooth surface characteristic<strong>of</strong> the brain in all lower orders. This series<strong>of</strong> wiiidings or convolutiolzs appears quite decidedlyin the brain <strong>of</strong> the cat, in a mannervery similar in the brain <strong>of</strong> the dog, <strong>and</strong> withstill greater beauty <strong>and</strong> amplitude <strong>of</strong> fold inthe brain <strong>of</strong> the horse. This folding processwhich is resorted to in the case <strong>of</strong> all thehigher quadrupeds, seems a contrivance bywhich it is possible to pack a greater amount<strong>of</strong> material in such a way as to expose agreater degree <strong>of</strong> surface, within the liarrowspace at comm<strong>and</strong> inside the cmnium. In allthe three examples named, great prominence

                                                    

                                                    HIGBER ORGANISMS. 223is given to the bulbs <strong>of</strong> smell, which arespread out quite conspicuously in front <strong>of</strong> thebrain,-implying, as in lower examples, a lifelargely governed by sense <strong>of</strong> smell.Omitting special reference to animals <strong>of</strong>great bulk, <strong>and</strong> possessing enormous muscularpower, such as the elephant <strong>and</strong> the whale,both <strong>of</strong> which have singularly complicated <strong>and</strong>beautiful brains, I pass.to the races <strong>of</strong> nznkeys<strong>and</strong> apes, which are nearest in structure toman. In these animals the configuration <strong>of</strong>body is certainly the nearest approach to thehurnan figure which is to be found anywherein the animal kingdom. <strong>The</strong>y can not, indeed,assume the perfectly erect posture <strong>of</strong>man, but they come very near to it; <strong>and</strong>though they move on all four limbs, feelingthemselves more secure in that mode <strong>of</strong> advance,they have a formation <strong>of</strong> h<strong>and</strong> analogousto that <strong>of</strong> man, with a distinctly formedthumb, enabling them to grasp an object in amanner closely resembling the human grasp.<strong>The</strong> apes have even an advantage over thehuman race, for they have a thumb on thefoot, as well as on the h<strong>and</strong>; which may alsohave its own disadvantages, for it might proveno convenience to us if we were so endowed.

                                                    

                                                    224 SCIENCE AND RELIGION.But the presence <strong>of</strong> the thumb on the lowerextremities suggests the use which it servesin the animal's ordinary life, in grasping thebranches along which it moves. If from thesimilarity <strong>of</strong> outward configuration, we passto contemplate the brain, we find here alsogreat similarity <strong>of</strong> structure. And indeed ifthe relations <strong>of</strong> muscle, nerve, <strong>and</strong> brain beas already indicated, it follows from the resemblances<strong>of</strong> outward form that there mustbe a greater resemblance between the brain<strong>of</strong> man <strong>and</strong> the brain <strong>of</strong> the monkey <strong>and</strong> <strong>of</strong>the ape, than between the human brain <strong>and</strong>that <strong>of</strong> any other animal known to us. Andso it proves to be. <strong>The</strong> brain <strong>of</strong> the monkeyhas its subdivisions <strong>and</strong> convolut~ions very similarto those <strong>of</strong> the human brain, only theconvolutions are simpler in arrangement. Inoutline it is deficient only in the diminishedbulk <strong>of</strong> the front part, <strong>and</strong> also the back part<strong>of</strong> the organ; but in its expansion it .resemblesthe human brain in this, that to the rearit spreads back over the cerebellum, so as tocover it. <strong>The</strong> brain <strong>of</strong> the ape, includingunder this designation the orang, gorilla, <strong>and</strong>chimpanzee, is in still closer resemblance tothe human, being still, however, somewhat

                                                    

                                                    simpler in tlie arrangement <strong>of</strong> its convolutions,but so closely approximating that the exactstate <strong>of</strong> the case is as nearly as possible described,if we say that the brain <strong>of</strong> the ape,while it is decidedly smaller, appears like aminiature <strong>of</strong> the human brain in a slightlyundeveloped state."<strong>The</strong> human brain is an elaborate organ, exceedinglycomplicated in its convolutions. Wecan not, indeed, describe it as the most coiivoluted,for the brain <strong>of</strong> the elephant is at leastas distinguished for the beauty <strong>and</strong> complication<strong>of</strong> its folding, <strong>and</strong> the brain <strong>of</strong> the whaleis far more minute <strong>and</strong> detailed, presentingquite a multitude <strong>of</strong> minute convolutions.For descriptive purposes, the huinan brain isdivided into four superficial areas, known aslobes, <strong>and</strong> pretty clearly defined by certainnatural boundaries. From the lower part <strong>of</strong>the organ, entering at a point scarcely halfway back is a fissure or cutting running upinto the m ass in a direction uniformly incliningtowards the rear, known as the Sylvianfissure; while coming over the summit, ata point near the middle, <strong>and</strong> inclining downtowards that just described, is another fissure,known as the fissure <strong>of</strong> Rol<strong>and</strong>o. By these* See Appendix XI.

                                                    

                                                    226 SCIENCE AND RELIGION.two deeply cut hollows, the brain is marked<strong>of</strong>f into four separate areas superficially, afront <strong>and</strong> a rear lobe; <strong>and</strong> two central lobes,the one upper <strong>and</strong> the other under. Besidesthis there is a concealed <strong>and</strong> isolated lobe,described on account <strong>of</strong> its situation as anisl<strong>and</strong>, which is covered from view by theoverlapping <strong>of</strong> the two sides <strong>of</strong> the Sylvianfissure. Such is a description in outline <strong>of</strong>the configuration <strong>of</strong> the human brain, to whichmust be added the statement that each lobe isfilled in with its own special arrangement <strong>of</strong>convolutions, each one having at least threewell defined lines <strong>of</strong> convolution. Each <strong>of</strong> thehemispheres is similarly arranged, though notby any means quite identical in disposal <strong>of</strong>convolutions, yet the general description nowgiven is strictly applicable to both. <strong>The</strong> twohemispheres, connected mainly with the ramification<strong>of</strong> nerve fibre running to the oppositesides <strong>of</strong> the body, are united together a considerableway down by a transverse b<strong>and</strong> <strong>of</strong>nerve fibres, which at once unite the two intoone organ, <strong>and</strong> make the union so effected aliving efficient union by carrying a multitude<strong>of</strong> lines <strong>of</strong> conlmunication from the one sideto the other. Just below this, in the interior

                                                    

                                                    HIGHER ORGANISMS. 227<strong>of</strong> the organ are two great central bodies,known as the basal ganglia, <strong>and</strong> consisting<strong>of</strong> nerve fibres massed together with greymatter around them, that in front being chieflymotor nerves brought to a junction, thelatter sensory nerves combined in like manner.<strong>The</strong> same arrangement holds in bothhemispheres, thereby providing that the respectivemasses <strong>of</strong> motor, <strong>and</strong> <strong>of</strong> sensorynerves lie exactly opposite each other. Behindthese in the centre, lying in a positionunder both hemispheres are four small bulbsconnected with the nerves <strong>of</strong> vision, <strong>and</strong> alsowith the cerebellum; <strong>and</strong> behind them, coveredby the posterior lobe <strong>of</strong> the brain is thecerebellum itself, or little brain, largely concernedwith coiirdination <strong>of</strong> movements, orequilibrium <strong>of</strong> the two sides <strong>of</strong> the system.Just below these arrangements the two greatcords <strong>of</strong> nerve fibre descend towards thebody, which are covered by a t'ransversemass, known as the bridge, appearing completeas a crossing, <strong>and</strong> containing transversefibres from the cerebellum, as well as a series<strong>of</strong> longitudinal fibres. Immediately underneaththe bridge are pillars or masses <strong>of</strong>nerve, constituting the crowning portion <strong>of</strong>

                                                    

                                                    228 SCIENCE AND RELIGION.the spinal system, <strong>and</strong> formed in eight distinctbodies, the two in front <strong>and</strong> the two in rearbeing elongated <strong>and</strong> known as pyramids, thosein the centre being rounded in figure. Fromthe elongated bodies, the nerve fibres passacross to the opposite sides <strong>of</strong> the body.This gathering is known as the nzedulla obbngata.Just beneath comes the spinal canal,from which at the different joints <strong>of</strong> the spineare given out a suitable supply <strong>of</strong> sensory <strong>and</strong>motor nerves as previously described.Having thus given a general account <strong>of</strong> thecentral arrangements <strong>of</strong> the nerve system <strong>of</strong>the human body, it is important to state thatan order <strong>of</strong> things closely analogous obtainsin other <strong>and</strong> lower orders <strong>of</strong> organism, in respect<strong>of</strong> interior plan, so that if the interior<strong>of</strong> the brain <strong>of</strong> the dog were laid open to viewit would present a plan <strong>of</strong> distribution verysimilar to that now described.To complete the view <strong>of</strong> the functions <strong>of</strong>the brain as indicated by recent research, Ihave next to give a brief account <strong>of</strong> an extendedcourse <strong>of</strong> experiments <strong>of</strong> great delicacydesigned to ascertain whether it may bepossible to localize certain functions within adefinite area <strong>of</strong> the brain. All are familiar

                                                    

                                                    HIGHER ORGANISMS. 229with the fanciful subdivisions <strong>of</strong> the outersurface <strong>of</strong> the human skull, under the name<strong>of</strong> phrenology, represented on moulds <strong>of</strong> thehead, all marked with dividing lines <strong>and</strong> figures.This pretentious <strong>and</strong> unscientific assumption<strong>of</strong> knowledge which no one possessed,has had its time <strong>of</strong> popularity, aided by ageneral recognition <strong>of</strong> comparative superiorityin head formation in persons <strong>of</strong> known ability.Any thing equivalent to an exact partition<strong>of</strong> the bony covering protecting the brain,has not been favored by scientific observations;but these fanciful maps <strong>of</strong> the head,which have been sold cheap, <strong>and</strong> fully certified,may serve as a guide to a general notion<strong>of</strong> what has been attempted on the surface<strong>of</strong> the brain itself, after removal <strong>of</strong> theskull. <strong>The</strong> illustrative aid, however, consistsin nothing more than the suggestion <strong>of</strong> distinctareas, for there is no analogy betweenwhat has been discovered by the observationsnow to be described, <strong>and</strong> the "bumps" allegedto be found on the cranium.<strong>The</strong> conjecture which may be said to haveoriginated experiments as to localization wasthat there was a close resemblance betweenthe action <strong>of</strong> nerve energy, <strong>and</strong> an electric

                                                    

                                                    230 SCIENCE AND RELIGION.current. <strong>The</strong> attempt made was to sinlilatethe action <strong>of</strong> the nerve cells, by discharginga current <strong>of</strong> electricity upon the grey matter<strong>of</strong> the brain, <strong>and</strong> recording the results whichcame under observation. Experiments werebegun in 1870 in Germany by Fritsch <strong>and</strong>Hitzig, the dog being the animal experimentedupon. <strong>The</strong> investigation was undertaken alsoby Dr. Ferrier <strong>of</strong> King's College London, <strong>and</strong>much more extended <strong>and</strong> varied results werepublished by him in 1873. Confirmatorywork, executed with many precautions, wasundertaken on the subject in 1874 by a committee<strong>of</strong> the New York Society <strong>of</strong> Neurology<strong>and</strong> Electrology,-a committee which includedDrs. Dalton, Arnold, Beard, Flint, <strong>and</strong>Masson,-testing results by frequent renewal<strong>of</strong> the experiments; <strong>and</strong> at the same time, asimilar course <strong>of</strong> inquiry was being conductedin Paris by Carville <strong>and</strong> Duret.*By these investigations, the possibility <strong>of</strong>electric stimulation <strong>of</strong> the cortical or greymatter <strong>of</strong> the brain, <strong>and</strong> consequent activity<strong>of</strong> the nerve system has been fully established;<strong>and</strong> though there is still considerable diversity* For detailed narrative, see my work on <strong>The</strong> <strong>Relation</strong>s <strong>of</strong>Mind <strong>and</strong> Brain, chap. iv. p. 79.

                                                    

                                                    HIGHER ORGANISMS. 231<strong>of</strong> opinion concerning the interpretation <strong>of</strong>the facts, it can not be disputed that by directingthe electrode on certain well definedareas <strong>of</strong> the surface <strong>of</strong> the brain, it is possibleto bring into natural activity certain portions<strong>of</strong> the muscular system, as controlled by themotor nerves.<strong>The</strong> plan adopted is, after putting the animalinto an insensible state by use <strong>of</strong> chlor<strong>of</strong>orm,<strong>and</strong> removing the cranium so as toexpose the brain, to apply the electrode co11-nected with an electric battery to a givenpoint on the surface, record the result, <strong>and</strong>gradually shift the needle round the originalspot until a new result is obtained, in whichthe spot previously tested becomes an indexfor the boundary <strong>of</strong> one circle, <strong>and</strong> this marksthe fact that a new circle has been entered.By this process <strong>of</strong> investigation a series <strong>of</strong>centres for active stimulation have been discovered.<strong>The</strong>se number, i11 the brain <strong>of</strong> the rat,six; in the brain <strong>of</strong> the rabbit, seven; <strong>of</strong> the cat,eleven; <strong>of</strong> the dog, thirteen; <strong>and</strong> <strong>of</strong> the monkey,at least, seventeen. A curious limitationto the area <strong>of</strong> experiment has been encounteredhere, for all the centres identified arefound to cluster over the central region <strong>of</strong> the

                                                    

                                                    232 SCIENCE AND RELIGION.brain, <strong>and</strong> both the front <strong>and</strong> rear parts <strong>of</strong>the organ are silent, <strong>of</strong>fering no responsehowever stimulated. <strong>The</strong> explanation<strong>of</strong> this silence remains a matter <strong>of</strong> doubt.It may be that these portions <strong>of</strong> the brain areconcerned with movements which do not comeunder the observation <strong>of</strong> the operator, or thatthey are centres <strong>of</strong> sensibility from which nomovement can naturally follow, or that theyfulfil functions which can not be recognized bythis mode <strong>of</strong> experiment. Uncertainty hangsover this department in the investigation.<strong>The</strong> actual results may be indicated by afew examples. At a point well\forward inthe brain <strong>of</strong> the dog, ma,rked number one byFerrier, is a centre which when stimulatedleads to movement <strong>of</strong> the hind leg on the oppositeside; <strong>and</strong> by exciting another portion<strong>of</strong> the brain quite contiguous, marked numberfour, movement <strong>of</strong> the opposite fore leg isproduced. By exciting a point situated overthese two <strong>and</strong> on a distinct convolution, wagging<strong>of</strong> the tail is induced. By transferringthe needle to a point much lower down,towards the base <strong>of</strong> the brain, but still wellforward, marked by Ferrier nine, the mouthis opened <strong>and</strong> the tongue moved, while in

                                                    

                                                    many cases a decided bark is emitted. <strong>The</strong>seexamples may suffice to indicate the class <strong>of</strong>results obtained; <strong>and</strong> similar results have beenseen in all animals subjected to this test, withsuch variations as may be considered inevitablein view <strong>of</strong> the configuration <strong>of</strong> the animal.While distinct areas or circles <strong>of</strong> the brainhave thus been marked, warranting localizing<strong>of</strong> certain functions, the facts connected withthese experiments do not favor the view thateach area is to be taken as so rigidly distinctthat it may be supposed to operate separatelyin a quite isolated manner. On the contrary,a conjoint action <strong>of</strong> several centres seems morecommonly implied when the natural activity<strong>of</strong> the brain is contemplated in line <strong>of</strong> theseresults. Additional weight must be given tothis consideration, when it is noticed that thecentres are nominally motor centres,--movement<strong>and</strong> not sensibility being the result mostpatent to the observer,-nevertheless on closerscrutiny it proves true, that many <strong>of</strong> the movementsoccasioned by electric stimulation arethose induced naturally as the result <strong>of</strong> sensation.Such for example are the movements<strong>of</strong> the eyelids consequent upon a dazzling <strong>of</strong>the eyes, or moven~ent <strong>of</strong> the ears because

                                                    

                                                    234 SCIENCE AND RELIGION.<strong>of</strong> a startling sound. In this way it becomesclear that within a given area a centre <strong>of</strong> sensibilityis in communication with a motor centreclose by, or it may be even at some littledistance. Thus this most delicate <strong>and</strong> difficultcourse <strong>of</strong> investigation supports the viewthat much <strong>of</strong> the activity <strong>of</strong> the animal organismis provided for by an established connectionbetween nerve cells respectively presentingt.he terminus in the brain for a sensorynerve, <strong>and</strong> the starting point for a motornerve, or point <strong>of</strong> communication with suchn nerve. From this conclusion, it follows thata very large amount <strong>of</strong> the activity which wewitness in the case <strong>of</strong> animals, <strong>of</strong>ten attributedto instinct, or even to voluntary determination,is to be described as sensori-motor activity.That is to say, the action is broughtabout by a contrivance which may be describedas partly mechanical, partly chemical.Its history may be sketched in this way: animpression is made on one <strong>of</strong> the nerves <strong>of</strong>sensibility, or on one <strong>of</strong> the organs <strong>of</strong> specialsense, such as the eye or ear; a wave <strong>of</strong> impulsepasses along the incarrying nerve fibre,leading to molecular change in the nerve cell,<strong>and</strong> to sensibility in some way unknown; the

                                                    

                                                    HIGHER ORGANISMS. 235excitation occasioned there is extended alonga connecting fibre to a second nerve cell, whichis the starting point for a motor nerve; alongthat line the impulse is instantly <strong>and</strong> inevitablycontinued; <strong>and</strong> as an almost instantaneousresult, without any form <strong>of</strong> sensibility to indicatewhat is taking place, the muscular energyis liberated, <strong>and</strong> action is the direct consequence.<strong>The</strong> problem which immediatelyarises is this,-How far may the activity <strong>of</strong> allliving organisni be accounted for in this way,including even the activity <strong>of</strong> man? This isa problem which will present an interestingsubject for discussion in the next stage <strong>of</strong> thisinquiry, the import <strong>of</strong> which must now bemade apparent by the sketch <strong>of</strong> the structure<strong>of</strong> the nerve system, <strong>and</strong> the results <strong>of</strong> theexperiments as to localization.Nothing more is now required to completethis narrative leading up to this problem, <strong>and</strong>discovering its proportions, than a brief account<strong>of</strong> correlative inquiry which has affordedstrong confirmatory evidence as to the trut,h<strong>of</strong> the conclusions favoring localization, <strong>and</strong>coardinate action <strong>of</strong> different portions <strong>of</strong> thebrain as the central organ governing thewhole nerve system. <strong>The</strong> c~rrobe~at~iive eri-

                                                    

                                                    236 SCIENCE AND RELIGION.dence at once supporting the coaclusions asto localization <strong>and</strong> favoring their extension tohuman nature is obtained by reference to theresults <strong>of</strong> injury to t,he nerve system at variousparts <strong>of</strong> the body, <strong>and</strong> injury to the brainas ascertained after death. Continuing experimentson the animals, it has been shownthat even if a portion <strong>of</strong> the brain be cutaway, it is still possible to operate on thenerve lines in the usual manner by means <strong>of</strong>electricity. Pushing experiment in this directionstill further it has been found thatmore serious injury permanently destroys thecentre, <strong>and</strong> entails paralysis <strong>of</strong> the musclescontrolled by it when in a healt'hy state. Inlike manner it has been proved that if thenerve itself be cut, the communication is atan end, <strong>and</strong> movement by stimulation has becomeimpossible.By perpetually occurring cases <strong>of</strong> paralysisin human experience, <strong>and</strong> careful examinationafter death <strong>of</strong> the exact situation <strong>and</strong> extent<strong>of</strong> disease in the brain, it has been shown byaccumulation <strong>of</strong> evidence, that the laws whichprovide for sensibility <strong>and</strong> for muscular activityin the history <strong>of</strong> the lower animals, do alsohold in the case <strong>of</strong> man. While the brain con-

                                                    

                                                    HIGHER ORGANISMS. 237tinues in full vigor, all the usual forms <strong>of</strong> sensibility,<strong>and</strong> modes <strong>of</strong> action are simple; wherethese have become disturbed, restricted or impossible,some injury has been accidentally inflictedon the brain <strong>of</strong> the sufferer, or diseasehas begun in the organ, <strong>and</strong> has gained a holdexactly proportionate to the forms <strong>of</strong> restraint<strong>and</strong> disturbance which have become outwardlymanifest. <strong>The</strong>se are results which showhow much is due by way <strong>of</strong> sympathy, <strong>and</strong> patience,<strong>and</strong> encouragement to those who sufferunder any degree <strong>of</strong> brain injury or disease,due from all around them whose conductmay have any part in determining their experience.<strong>The</strong>se results testify how closely thehuman organism st<strong>and</strong>s allied to lower orders<strong>of</strong> organism around; how many homologies <strong>of</strong>structure there are, <strong>and</strong> how many analogiesin experience. <strong>The</strong>se things declare that sciencehas a clear <strong>and</strong> unchallangeable field <strong>of</strong>inquiry in seeking an explanation <strong>of</strong> humannature on the same lines <strong>of</strong> procedure as thosewhich have been followed in ascending thescale <strong>of</strong> living organism. <strong>The</strong> nature <strong>and</strong> extent<strong>of</strong> materials at its disposal as the result<strong>of</strong> the most recent investigations have nowbeen indicated. <strong>The</strong> problem is, How far can

                                                    

                                                    238 SCIENCE AND RELIGION.the anatomy <strong>and</strong> physiology <strong>of</strong> the humanframe account for the facts <strong>of</strong> human life ?<strong>The</strong> strength <strong>and</strong> practical power <strong>of</strong> religiousthought in the world will depend upon theanswer, for science must here carry some test<strong>of</strong> religion. On the other h<strong>and</strong>, the problemwhich human life presents is by far the mostsevere test which science has to encounter.In facing the facts, science is engaged withthe sett:ement <strong>of</strong> its own boundaries,-thedemonstration <strong>of</strong> its own limits. In facingthis highest problem which human observationencounters,-man's explanation <strong>of</strong> himself,-letus cease from comparisons betweenscientific claims <strong>and</strong> religious, <strong>and</strong> let us facewith patience <strong>and</strong> resolution the question-What is the exact place, <strong>and</strong> what the destiny<strong>of</strong> man, who has piled up the sciences, <strong>and</strong>midst the turmoil <strong>and</strong> conflict <strong>of</strong> life, has foundhis most elevating exercise, <strong>and</strong> most pr<strong>of</strong>oundcalm, in worship <strong>of</strong> "the King eternal, immortal,invisible, the only wise God "?

                                                    

                                                    LECTURE QII.MAN'S PLACE M THE WORLD.THE accumulated interest gathered aroundthe direct <strong>and</strong> collateral investigationsbearing on the development <strong>of</strong> species, hasnaturally turned greatly increased attentionon man's position in the universe. As hasbeen shown by study <strong>of</strong> the nervous systembelonging to animal life, all organism hasbeen constructed on a uniform plan, advancingin complication as the organism becomesmore intricate in structure, having separateparts assigned to distinct functions. This uniformplan is seen to culminate in man. Thusit follows, that man appears to the scientificobserver, as the last or most advanced figurein a gradually ascending scale. That this isman's place in the field <strong>of</strong> organized existenceno one will doubt.<strong>The</strong> prevailing view <strong>of</strong> our nature, however,recognizes more in it than bone, mus-

                                                    

                                                    240 SCIENCE AND RELIGION.cle, nerve, <strong>and</strong> cellular tissue, while observationalscience is capable <strong>of</strong> recognizing noinore than these, so that, if there be anything more, it is quite beyond the range <strong>of</strong>physical science, <strong>and</strong> within the territory <strong>of</strong>mental philosophy. Here then, is preparationfor conflict, which may be accepted asinevitable, because <strong>of</strong> the advance <strong>of</strong> science.<strong>The</strong> occasion for this expectation should, however,be fully understood. Its certainty maybe maintained on two obvious grounds. <strong>The</strong>first is concerned with the history <strong>of</strong> scientificprogress. <strong>Science</strong> is pushing its way upthe extended scale <strong>of</strong> existence with no exactknowledge <strong>of</strong> its own limits; knowingwhat its achievements have been, animatedto a high degree by the vastness <strong>of</strong> theproblems still before it, but knowing nothingquite definite as to its own boundaries.<strong>The</strong> aggressive force <strong>of</strong> science at such a stagemust be great. On the other h<strong>and</strong>, thereis a large body <strong>of</strong> settled conviction, whichhas swayed men <strong>and</strong> moulded society in allages, which is an opposing force operatingon that very line along which science isadvancing, <strong>and</strong> which must be encounteredwhenever man's place in the universe be-

                                                    

                                                    JfAy'S PLACE IN TKE WOELB. 241comes the subject <strong>of</strong> inquiry. This opposingcorlviction is not necessarily religious in type,though it is supported by the whole range<strong>of</strong> thought concerned with the supernatural.<strong>The</strong> conviction here referred to, as lyingmore obviously across the path on which scienceis travelling, is that concerned with thepersonality <strong>of</strong> man, with the rights <strong>and</strong> respoiisibilities<strong>of</strong> individuals, implying acceptedconclusions on which the government, <strong>and</strong> police,<strong>and</strong> administration <strong>of</strong> affairs in every nationare based. It must, then, be clearlyrecognized that the conflict anticipated as inevitableis the conflict <strong>of</strong> knowledge <strong>of</strong> oneorder, with knowledge <strong>of</strong> a different order.It is conflict <strong>of</strong> knowledge obtained by theslow <strong>and</strong> difficult processes available to science,with knowledge possessed by all, appliedin the regulation <strong>of</strong> individual <strong>and</strong> sociallife, <strong>and</strong> systematized in the annals <strong>of</strong>mental philosophy; or, we may more nearlydescribe the condition <strong>of</strong> matters by sayingthat the occasion <strong>of</strong> conflict is the determination<strong>of</strong> science to include all within itsown area, rather than the possession <strong>of</strong> actualknowledge as to the highest order <strong>of</strong> life, forscience is only seeking, <strong>and</strong> can not pr<strong>of</strong>ess to

                                                    

                                                    242 SCIENCE AND EELIGION.have found, an explanation <strong>of</strong> the functions<strong>of</strong> human life, as it can pr<strong>of</strong>ess to have done inthe case <strong>of</strong> lower orders. <strong>The</strong>re could, therefore,be no more mistaken representation <strong>of</strong>the pending conflict than the allegation thatit is a conflict <strong>of</strong> knowledge with ignorance.To put it in the best light for science, it isthe conflict <strong>of</strong> one kind <strong>of</strong> knowledge withanother; but there is a nearer approach toaccuracy if we say that the conflict is occasionedby the want <strong>of</strong> veriJSRd conclusions withinthe boundaries <strong>of</strong> science itself, in contrastwith very definite conclusions belonging tomen generally, <strong>and</strong> verified by practical testswhich scientific men can not refuse. It is notessential to the point, but may be <strong>of</strong> consequencein view <strong>of</strong> the range <strong>of</strong> applicationbelonging to this inquiry, to remark thatreligious thought is not itself directly involvedhere; nevertheless, religious thoughtis deeply concerned in the issue <strong>of</strong> theconflict.Having thus briefly indicated the occasion<strong>of</strong> the conflict, <strong>and</strong> the contending forces, itis desirable to find the st<strong>and</strong>point <strong>of</strong> science.<strong>The</strong> nature <strong>and</strong> origin <strong>of</strong> life having beenpassed as problems for which no solutio~i has

                                                    

                                                    MAN'S PLACE IN TNE WORLD. 243yet been found, science has concentrated onthe fuilctions <strong>of</strong> the various portions <strong>of</strong> eachorganism, <strong>and</strong> on the contrivances for its protection<strong>and</strong> continuance in the world; <strong>and</strong> stillmore in advance, on the laws favoring thedevelopment <strong>of</strong> species. From outward formit has passed to inward structure, <strong>and</strong> pressingstill more closely towards the secrets <strong>of</strong>life has endeavored to ascertain by microscopicinvestigation what provision has beenmade for maintaining the vital processes involvedin the action <strong>of</strong> organism. Travellingup the advancing orders <strong>of</strong> animate existence,science has discovered a uniform plan adaptedto varying complexity <strong>of</strong> structure. Thus entered<strong>and</strong> far advanced on the course <strong>of</strong> investigation,science sees no limit to its field<strong>of</strong> inquiry save the limits <strong>of</strong> organism itself.What has already been achieved, gives fullwarrant for the claim <strong>of</strong> inclusion, in whichall scientific men naturally concur, <strong>and</strong> withwhich men generally will readily agree. Thisagreement, however, lies on the very boundaryline <strong>of</strong> disagreement <strong>and</strong> dissension. Immediatelywhen an attempt is made to set forthwhat is implied, it becomes clear that somescientific men include very large expectations

                                                    

                                                    244 SCIENCE AND RELIGION.as to what science is yet to accomplish, whileothers, showing more <strong>of</strong> the caution <strong>of</strong> the scientificspirit, decline to commit themselves todogmatic assertions. Up to the line <strong>of</strong> agreementindicated we are dealing with science;beyond that line, where we come upon disagreements,we are not dealing with science,but with the comparative sanguineness orcaution <strong>of</strong> scientific men.What we have before us as clearly admittedon all sides is that human life presentsthe common characteristics <strong>of</strong> organic life,<strong>and</strong> is subjected to the ordinary laws <strong>of</strong> organism.<strong>The</strong> problem with which we havenow to deal in view <strong>of</strong> this admission is this,-How far do the functions <strong>of</strong> organism accountfor the universally recognized characteristics<strong>of</strong> human life ?In facing this problem there are not a fewscientific inquirers who look upon the mereraising <strong>of</strong> it as a claim to include all that belongsto human nature within the realin <strong>of</strong>physical science. <strong>The</strong>y have allowed themselvesto regard the two things as interchangeable,<strong>and</strong> all their researches are intheir view so involved in this identification,that they resent the challenging <strong>of</strong> it, as if it

                                                    

                                                    MAN'S PLACE IN THE WORLD. 245i~nplied antagonism to science. But the scientificillconsistency <strong>of</strong> this is easily shown.That science must extend its iiivestigatioiisto human organism, admits <strong>of</strong> no doubt; thatby rneans <strong>of</strong> this investigation all the phenomena<strong>of</strong> human life will be traced to organism,is the very thing to be proved, <strong>and</strong>until established on clear <strong>and</strong> full evidenceis not to be regarded otherwise than problematic.If we are in this matter to be influencedby regard to the slow <strong>and</strong> difficultprocedure in cases <strong>of</strong> much greater simplicity,we shall be guarded in the utterance <strong>of</strong>expectations; if we make account <strong>of</strong> the enormousdifficulties to be encountered in arrangingthe facts to be explained, we shall be stillmore guarded; <strong>and</strong> if we remember that thepractical dem<strong>and</strong>s <strong>of</strong> life must all be met dayby day without waiting for science as an aid,it will not appear strange that the non-scientificthinker regards the whole scientific investigationas wide <strong>of</strong> the sphere in whichquestions <strong>of</strong> self-government are settled, eventhough this view seems to affirm, withoutknowledge <strong>of</strong> both sides, that there is asphere belonging to human life into whichscience can- not enter.

                                                    

                                                    246 SCIENCE AND RELIGION.Still, it must be allowed that in the pathway<strong>of</strong> science nothing is to be foreclosed,<strong>and</strong> no area, whether large or small, is to beshut <strong>of</strong>f on which the appliances <strong>of</strong> sciencecan be brought to bear. <strong>Science</strong> can notexclude man from the range <strong>of</strong> investigation;can not on any warrant supplied by the conditions<strong>of</strong> its own procedure, draw a linewithin the circumference <strong>of</strong> nature, eventhough it may be constrained to allow thatthere are many things within nature <strong>of</strong> whichit can <strong>of</strong>fer no explanation.That science has by recent research donemuch to explain phases <strong>of</strong> human activity previouslyunexplained, may be clearly shown.<strong>The</strong> modification <strong>of</strong> previously received opinionmay be indicated thus,-that many formsformerly regarded as in the true sense voluntary,<strong>and</strong> so described in the life notonly <strong>of</strong> man, but also <strong>of</strong> the higher animals,can be explained by the action <strong>of</strong> brain <strong>and</strong>nerve. This involves a considerable extension<strong>of</strong> the area <strong>of</strong> the mechanical in humanaction, <strong>and</strong> a considerable restriction <strong>of</strong> thearea <strong>of</strong> the voluntary. In seeking to indicateroughly the form <strong>of</strong> this restriction, wemay find enough for our p~wposc in the dis-

                                                    

                                                    MAN'S PLACE IN THE WORLD. 247tinction between what we may describe asmuscular action, <strong>and</strong> what we would morenaturally denominate personal conduct. Thiscontrast will serve throughout, as we proceedto estimate the explanations which sciencehas reached in dealing with the characteristics<strong>of</strong> human life.<strong>The</strong> proved superiority <strong>of</strong> brain <strong>and</strong> nervein man affords an adequate explanation <strong>of</strong>his generally recognized superiority in thevariety <strong>of</strong> the forms <strong>of</strong> his muscular activity.In mere muscular power man can not competewith the more powerful animals. Hispractical superiority is seen in manipulation<strong>and</strong> the vastly greater variety <strong>of</strong> occupationsto which he can turn; <strong>and</strong> i11 the greater wisdomhe has for self-government. Leavingmeanwhile out <strong>of</strong> account comparative intelligence,we have only to consider the superioruse man has <strong>of</strong> the general sensibilities<strong>of</strong> the body, <strong>and</strong> <strong>of</strong> the special senses <strong>of</strong> touch<strong>and</strong> sight; the greater variety <strong>of</strong> the joints<strong>and</strong> muscles in his body; the more complicatedarrangements <strong>of</strong> his nerve system; <strong>and</strong>the relation <strong>of</strong> all these in a single economy,in order to perceive a distinct phase <strong>of</strong> thesuperiority <strong>of</strong> man, sufficiently accounted for

                                                    

                                                    248 SCIENCE AND RELIGION.by clearly recognized facts, anatomical <strong>and</strong>physiological. In a multitude <strong>of</strong> well-knownforms <strong>of</strong> action, <strong>of</strong> which the mechanical artsafford illustration, nian can do what can notbe attempted by lower forms <strong>of</strong> organism.Another step higher ;S taken by the advance<strong>of</strong> physiological science, involving anexplanation <strong>of</strong> acquired aptitudes. <strong>The</strong> interaction<strong>of</strong> sensibility <strong>and</strong> motor activity hasbeen shown to be great. A message conveyedalong a sensory line is readily transferredto a motor line; the sense <strong>of</strong> touch becomesa natural guide to familiar forms <strong>of</strong>action; a form <strong>of</strong> sensibility may thus be connectedwith a given range <strong>of</strong> motor apparatus,just as the history <strong>of</strong> the blind illustrateshow much more can be accomplished by aid<strong>of</strong> touch without sight, than is ordinarilyachieved. By these means, what at first requiresconsideration <strong>and</strong> care (neither <strong>of</strong>which is accounted for by physiological explanations),comes at last to be done withoutdeliberation, <strong>and</strong> with so much facility, thatit does not seem to engage much attention.Physiological science thus accounts for a considerableamount <strong>of</strong> superior activity characteristic<strong>of</strong> man in his daily engagements.

                                                    

                                                    MAN'S PLACE IN THE WORLD. 249It must, however, be noticed that the explanationis not a complete one, inasmuch as theaction <strong>of</strong> the sensory <strong>and</strong> motor apparatus referredto, presupposes consideration <strong>and</strong> care,that is intellectual <strong>and</strong> voluntary guidancecommensurate with the initial difficulties <strong>of</strong>attainment, in order that the nerve systemmay be brought to accomplish what becomespossible afterwards by mere mechanical <strong>and</strong>chemical contrivance within the living organism.Having thus briefly indicated the advancesin knowledge <strong>of</strong> the working <strong>of</strong> our own organismgained by recent research, <strong>and</strong> theexplanation thus afforded <strong>of</strong> much <strong>of</strong> thesuperiority manifest in human life, we comeupon the gr<strong>and</strong> difficulty <strong>of</strong> science,-How toaccount for intellectual superiority. It is obviousthat animals give pro<strong>of</strong>s <strong>of</strong> intelligenceas well as men; <strong>and</strong> that the human brainhas a marked superiority in the frontal region,to which intelligence is commonly referred,as it certainly is superior also in theback part <strong>of</strong> the organ, to which intelligenceis not so commonly referred. But the pressingdifficulty is this, to show how nerve cells,confessedly concerned with the development

                                                    

                                                    250 SCIENCE AND RELIGION.<strong>of</strong> nerve energy, <strong>and</strong> the production <strong>of</strong> sensory<strong>and</strong> motor activity, can be further consideredcapable <strong>of</strong> performing the function <strong>of</strong>thought, covering the whole variety <strong>of</strong> mentaloccupations. Attention has been directedto the recognized diversities <strong>of</strong> nerve cells,which are unipolar, bipolar, <strong>and</strong> multipolar,on the hypothesis that these diversities maypoint to differences <strong>of</strong> function so great as toprovide what is required. But there is atotal failure <strong>of</strong> evidence to substantiate thishypothesis. <strong>The</strong> differences among the nervecells <strong>of</strong> the brain are differences in size, <strong>and</strong>in the number <strong>of</strong> the lines <strong>of</strong> communicationtaking rise from them. In accordance withthe plan' <strong>of</strong> arrangement everywhere recognized,the number <strong>of</strong> protoplasmic lines originatingfrom a cell gives an index to thepoints <strong>of</strong> contact it has in the surroundingtissue, <strong>and</strong> thus to the part it may performin the work <strong>of</strong> coardination or interaction.A small cell with only a single line or fibreproceeding from it, must be regarded as acell conveying nerve stimulus in only .a singledirection, <strong>and</strong> to only a single destination.A bipolar cell in accordance with the samerule <strong>of</strong> interpretation, is a cell having corn-

                                                    

                                                    MAN'S PLACE IN ?"l% WORLD. 251munication in two opposite directions, <strong>and</strong>thus may be capable <strong>of</strong> transmitting stimulusby the one channel or by the other, besideswhich it is possible, so far as structure is concerned,that such a cell may receive stimulusfrom one direction <strong>and</strong> send it forth in anopposite, thus proving a centre <strong>of</strong> intercommunication.On the same plan, a multipolarcell, being <strong>of</strong> greater size, <strong>and</strong> having fromfive to ten fibres proceeding from it, holds amore important place in the manifold ramifications<strong>of</strong> cellular tissue, sending out stimulusin an increased variety <strong>of</strong> courses accordingto the number <strong>of</strong> the lines pertaining toit, <strong>and</strong> proving thus an intermediate stationin communication with a variety <strong>of</strong> .distinctcentres. No observation yet directed uponthe nerve cells has proved sufficient to establishall this, but the supposition is in strictharmony with what has been ascertained asto the laws governing the action <strong>of</strong> the nervesystem.When, however, an attempt is made toproceed farther, selecting the largest cells as" mind cells," * or cells generating thought<strong>and</strong> volition, there is a complete break away* Hackel's Evolulion <strong>of</strong> Man, vol. i. p. 129.

                                                    

                                                    252 SCIENCE AND RELIGION.fi-om evidence, <strong>and</strong> froin the clear lines <strong>of</strong>interpretation already established. We aredealing with conjecture, not with science.<strong>The</strong>re is no reason in the interests <strong>of</strong> truthto object to hypothesis in this region, anymore than in another, for conjecture has<strong>of</strong>ten proved the h<strong>and</strong>maid <strong>of</strong> discovery,<strong>and</strong> it is likely to be so in a still largerdegree. But an essential condition <strong>of</strong> thisacknowledgment is, that conjecture do notclaim any respect beyond what its naturewarrants, <strong>and</strong> specially do not take to itselfthe name <strong>of</strong> science,-knowledge, or certainty.Beyond this, it must be recognized inevery intelligent circle, that coiijectures, likemen <strong>of</strong> different character, are entitled todifferent degrees <strong>of</strong> respect, some to only amoderate <strong>and</strong> guarded measure, others to avery high degree, <strong>and</strong> some to very littleindeed. In a case like the present, we canhave no sure test for a provisional judgmententitled to regulate provisional procedure,other than the harmony <strong>of</strong> the conjecturewith scientific knowledge alreadyacquired as to the same region <strong>of</strong> existence.Judged by this test, the conjecturetliat the intellectual life <strong>of</strong> man is to ,be

                                                    

                                                    M.-llV'S PLACE IN THE WORLD. 253accounted for by the presence in the brain<strong>of</strong> myriads <strong>of</strong> thought cells, volitional cells,memory cells, imagination cells, <strong>and</strong> emotionalcells, has little on which to claim ahigh degree <strong>of</strong> consideration. Its most obviousscientific difficulties are these two, thatit implies a departure from the scheme <strong>of</strong>brain action scientifically established, <strong>and</strong>that it passes away from the scientific appliaiicesemployed to obtain knowledge <strong>of</strong>brain action. <strong>The</strong> real discoveries whichhave been made are the existence <strong>of</strong> sensory<strong>and</strong> motor apparatus, <strong>and</strong> the interaction<strong>of</strong> these two branches or divisions <strong>of</strong>the system. Beyond this, science has madeno advance. <strong>The</strong> scientific appliances bywhich these discoveries have been reachedare those available in post-mortem dissection,<strong>and</strong> in experiment under such exposure<strong>of</strong> the brain tissue as has been found compatiblewith functional activity <strong>of</strong> the organ.This conjecture <strong>of</strong> "mind-cells" does not eitherexperimentally or logically connect itselfwith the recent advances in knowledge <strong>of</strong>the brain. <strong>The</strong> system <strong>of</strong> sensory <strong>and</strong> motorapparatus spread over the body for whichthe brain is the great central <strong>and</strong> goverii-

                                                    

                                                    254 SCIENCE AND RELIGION.ing organ does not under the scientific explanation<strong>of</strong> it already obtained, lead on bynatural sequence to the conjecture <strong>of</strong> additional<strong>and</strong> greatly higher functions being assignedto the brain. Besides, the suggestionthat place should be found in the brain forsometlling more <strong>and</strong> higher than sensori-motoractivity, does not come from any necessitywhich has arisen in the course <strong>of</strong> scientificobservation. It is only because we know, ina manner quite different from that in whichscientific knowledge <strong>of</strong> nerve <strong>and</strong> brain hasbeen acquired, that man does observe, <strong>and</strong>reason, construct hypotheses <strong>and</strong> cherish expectations,contemplate rules <strong>of</strong> conduct <strong>and</strong>regulate his actions in accordance with them,that scientific inquirers, attempting to includethe whole range <strong>of</strong> human powers,have felt themselves urged forward to seekan explanation <strong>of</strong> the characteristics <strong>of</strong> mentallife which are the familiar facts <strong>of</strong> man'sexperience. <strong>The</strong> course <strong>of</strong> experiment hasnot brought them up to these facts; commonacquaintance with them has pressed onscientific inquirers the need for dealing withthem in order to make good the claim thatscience contains the explanation <strong>of</strong> all ex-

                                                    

                                                    MAN'S PLACE IN THE WORLD. 255istence, man included. <strong>The</strong> dilemma for thisconjecture that the brain thinks <strong>and</strong> wills isserious. If the brain is capable <strong>of</strong> what iscommonly named rnental activity, all that sciencehas demonstrated is susceptibility <strong>and</strong>motor activity, that is nerve impulse involvingmolecular <strong>and</strong> muscular action, <strong>and</strong> thiscarries no explanation <strong>of</strong> rnental action.In this, as in previous cases, it is better totake purely scientific statements concerningthe structure <strong>and</strong> functions <strong>of</strong> the nerve cells,without regard to theoretical result. <strong>The</strong> followingquotations will show what account hasbeen given <strong>of</strong> the variety <strong>of</strong> appearance <strong>and</strong>position <strong>of</strong> the nerve cells.Pr<strong>of</strong>essor Turnersays, nerve cells are "the characteristic structuresin the nerve centres, are susceptible toimpressions or nervous impulses, <strong>and</strong> are thetexture in which the molecular changes occurthat produce or disengage the specialform <strong>of</strong> energy named nerve energy, theevolution <strong>of</strong> which is the distinctive mark <strong>of</strong>a nerve centre." * " <strong>The</strong> central extremities<strong>of</strong> the nerve fibres lie in relation to, <strong>and</strong> are<strong>of</strong>ten directly connected with the nerve cells."From opposite points <strong>of</strong> the surface <strong>of</strong> the 6i-* Human Anatomy, i. p. 198.

                                                    

                                                    256 SCIENCE AND RELIGION.polar cell "a strong process is given <strong>of</strong>f, whichis directly continued into a nerve fibre. * "When we pass next to multipolar cells, we havethe following explanations. " In many localitiest,hey present characteristic forms. In thegray matter <strong>of</strong> the spinal cord, more especiallyin its anterior horn,? they give rise tonumerous processes, <strong>and</strong> have a stellate orradiate form. In the gray matter on the surface<strong>of</strong> the convolutions <strong>of</strong> the cerebrum theyare pyramidal in shape; the apex is directedto the surface <strong>of</strong> the convolution, the basetowards the white matter; the processes arisefrom the base, apex, <strong>and</strong> sides <strong>of</strong> the pyramid."" <strong>The</strong> processes which arise from amultipolar nerve cell as a rule divide <strong>and</strong> subdivideas they pass away from the body <strong>of</strong>the cell, until at last they give rise'to branches<strong>of</strong> extreme tenuity. <strong>The</strong>se branching processesapparently consist exclusively <strong>of</strong> cellprotoplasm, <strong>and</strong> have been called protoplasmprocesses. Gerlach has described the protoplasmprocesses <strong>of</strong> the multipolar nerve cells<strong>of</strong> the brain <strong>and</strong> spinal cord as forming anexcessively minute net-work, from which mi-* Human Anatomy, i. p. 199.t From which motor nerves emerge. # Ruman Anat., i. p. 200.

                                                    

                                                    MAN'S PLACE Ifl THE WORLD. 267nute medullated nervesbres arise." * "Frornthe observations <strong>of</strong> Lockhart Clark, Arndt,Clel<strong>and</strong> <strong>and</strong> Meynert, there can be no doubtthat the pyramidal nerve cells vary in 'elativesize <strong>and</strong> in numbers in the differentlayers <strong>of</strong> the gray cortex, <strong>and</strong> that the largestsized pyramidal cells lie in the third <strong>and</strong>fourth layers."-f- " Large pyramidal cells arefound in the frontal lobe in considerable numbers,"but it is added, "there is no difficultyin recognizing in the occipital lobe" (theback region <strong>of</strong> the brain) " a small proportion<strong>of</strong> cells quite equal in magnitude to thelargest cells <strong>of</strong> the frontal lobe."$From these statements, it is easy to judgewhat value can be attached to the conjecturethat multipolar or pyramidal cells are to beregarded as " mind-cells." <strong>The</strong> result maybe summarized thus; (1) <strong>The</strong> larger cells areinvariably distinguished by the number <strong>of</strong>fibres given <strong>of</strong>f', or the lines <strong>of</strong> communicationthey have with other parts <strong>of</strong> the tissue; (2)As to distribution <strong>of</strong> these cell-fibres appearingin the brain, it is found that as the cellsthemselves are in the lower strata <strong>of</strong> the graymatter, the majority <strong>of</strong> their fibres stretch* Human Anat., i. p. 201. t Ib. p. 282. J See Appendix Xa

                                                    

                                                    258 SCIENCE AND RELIGION.dotvnwards, the mass <strong>of</strong> the nerve fibres thuscommuiiicatiilg with the organism; (3) <strong>The</strong>sepyramidal cells are not peculiar to any part<strong>of</strong> the brain, <strong>and</strong> they do not belong to thebrain alone, but are found in the gray matter<strong>of</strong> the spinal cord, <strong>and</strong> also <strong>of</strong> the sympatheticsystem, which provides for the action<strong>of</strong> the heart, lungs, <strong>and</strong> other vital organs.All these characteristics are adverse to theconjecture that for the larger sized cells aclaim can be made assigning to them distinctivelyintellectual or mental functions.In contrast with this view, I shall here introducean extract from Hsckel's fiolution<strong>of</strong> Man, as he rnay be accounted the mostadvanced advocate <strong>of</strong> the theory <strong>of</strong> "mindcells.''He says,-" <strong>The</strong> nerve cell <strong>of</strong> thebrain is an extremely one-sided formation.It can not, like the egg-cell, develop fromitself numerous generations <strong>of</strong> cells, <strong>of</strong> whichsome transform themselves into skin-cells,some into flesh-cells, <strong>and</strong> others into bonecells,etc. But instead, the nerve-cell, whichis formed for the highest activities <strong>of</strong> life,possesses the capacity to feel, to will, tothink. It is a true mind-cell, an elementary

                                                    

                                                    MAN'S PLACE IN THE WORLD. 259organ <strong>of</strong> mental activity. Correspondingly,it has an extremely complex minute structure.Innumerable filaments <strong>of</strong> exceeding fineness,which may be compared to the numerouselectric wires <strong>of</strong> a great central telegraphstation, traverse (crossing each other again<strong>and</strong> again), the finely granulated protoplasm<strong>of</strong> the nerve-cell, <strong>and</strong> pass into branchedprocesses, which proceed from this mind-cell,<strong>and</strong> connect with other nerve-cells <strong>and</strong> nervefibres.It is scarcely possible to trace, evenapproximately, the tangled paths <strong>of</strong> these filamentsin the fine substance <strong>of</strong> the protoplasmicbody. We thus, have before us a highlycomplex apparatus, the more minute structure<strong>of</strong> which we have hardly begun to know,even with the help <strong>of</strong> our strongest microscope,<strong>and</strong> the significance <strong>of</strong> which we ratherguess than know. Its complex mechanismis capable <strong>of</strong> the most intricate physicalfunctions. But even this elementary organ<strong>of</strong> mental activity, <strong>of</strong> which there are thous<strong>and</strong>sin our brain, is only a single cell. Ourwhole intellectual life is but the sum <strong>of</strong>the results <strong>of</strong> all such nerve-cells, or mindcells."** Evolutiolz <strong>of</strong> Man, i. p. 129.

                                                    

                                                    260 SCIENCE AND RELIGION.From this passage it will be seen that ascertainedfacts are given in harmony withprevious descriptions; but that while namingsome as sensory, others as motor, there is nodistinct evidence for classifying certain cellsas " mind-cells." Along with the admission<strong>of</strong> our comparative ignorance <strong>of</strong> the minutestructure <strong>of</strong> the cell, is the assertion that thiscell " possesses the capacity to feel, to will,to think." This latter statement is advancedwithout any trace <strong>of</strong> scientific evidence, <strong>and</strong>has no better substratum on which to restthan the admission that man not only feels,but also thinks <strong>and</strong> wills. Further, when werecall the singular variety <strong>of</strong> situation inwhich these cells are found, as they lie withinthe spinal canal, subordinate centres, <strong>and</strong> thebrain, the insufficiency <strong>of</strong> the whole theory<strong>of</strong> " mind-cells " is apparent. Still more conspicuousdoes this become when we turn toHaeckel's illustrative diagram, <strong>and</strong> read underneathit this description,-" A large branchednerve-cell, or L mind-cell ' from the brain <strong>of</strong> anelectric fish." <strong>The</strong> investigator who makes inthe directest manner statements as to thinking<strong>and</strong> willing, wlliclz he has not verified <strong>and</strong>can not verify; <strong>and</strong> who with undisturbed

                                                    

                                                    MAN'S PLACE IN THE WORLD. 261composure <strong>of</strong> mind proceeds to illustrate <strong>and</strong>support his position by giving a drawing <strong>of</strong>the " mind-cell <strong>of</strong> an electric fish," does almostevery thing that can be done to discredithis testimony on scientific subjects.Having now set forth the grounds on whichI think it clearly shown that physiologicalscience has done no more than identify sensory<strong>and</strong> motor cells; <strong>and</strong> that the search forthe true " mind-cell " has proved a failure;I pass from this division <strong>of</strong> the subject withthe acknowledgment that the front <strong>and</strong> backportions <strong>of</strong> the brain still present area forfresh research, <strong>and</strong> to this must be added thestriking fact that in all the brains subjectedto electric excitation these two portions haveuniformly remained silent. <strong>The</strong>se considerationsmay possibly hereafter afford valuablesuggestions towards guidance <strong>of</strong> the work yetto be done in the investigation <strong>of</strong> brain structure<strong>and</strong> functions,In view <strong>of</strong> the limits <strong>of</strong> the present discussion,I shall at this point pass over at once<strong>and</strong> directly to the region concerned with thegovernment <strong>of</strong> human conduct, with the view <strong>of</strong>illustrating in what respects hurnan life differsfrom merely animal life. On this single test,

                                                    

                                                    262 SCIENCE AND RELIGION,I must here be content to rest an argumentfor the insufficiency <strong>of</strong> physiology, <strong>and</strong> thenecessity for observation <strong>of</strong> our own experience,if we are to have an intelligible account<strong>of</strong> the most familiar characteristics <strong>of</strong>human life. By way <strong>of</strong> securing a sharp contrastserviceable for illustrative <strong>and</strong> argurnentativepurposes, I take an extract from Mr.Darwin. His statement is this,--" <strong>The</strong>re isno evidence that any animal performs an actionfor the exclusive good <strong>of</strong> another." *Alongside <strong>of</strong> this statement, for the purpose<strong>of</strong> comparison <strong>and</strong> contrast, let me place this.It is an essential law <strong>of</strong> human life, havingdaily application, that man shall so act as tomake the good <strong>of</strong> his fellowman the expressencl <strong>of</strong> his action. This is a law <strong>of</strong> moral lifewhich we do not dream <strong>of</strong> applying to anylower order <strong>of</strong> beings, but which we do regardas binding on all men equally. Explicit testimonyto this law <strong>of</strong> human life may be drawnfrom the philosophy <strong>of</strong> Greece <strong>and</strong> <strong>of</strong> Chinain times so remote as to precede the <strong>Christian</strong>era, or from the teaching <strong>of</strong> our Saviour, orfrom the daily life <strong>of</strong> men in any l<strong>and</strong> in thisnineteenth century. <strong>The</strong> contrast is thus sharp* Origin <strong>of</strong> Species, 6th ed. p. 208.

                                                    

                                                    MAN'S PLACE IN THE WORLD. 263enough, <strong>and</strong> it presents the most perplexingdifficulty for physiologists <strong>of</strong> the school <strong>of</strong>Hzckel; while it affords the strongest line<strong>of</strong> evidence for that philosophy which accountsfor the higher characteristics <strong>of</strong> humanlife by reference to mind as distinct frombrain, <strong>and</strong> immeasurably higher in function.Whether Mr. Darwin's account <strong>of</strong> animalconduct will be uniformly accepted by naturalists,need not concern us, as the possibility<strong>of</strong> dissension would not seriously affectthe argument, the main stress <strong>of</strong> whichmust fall on these two points, that the law <strong>of</strong>pure benevolence is a law <strong>of</strong> human life, <strong>and</strong>that the mere recognition <strong>of</strong> this law (I donot say obedience to it, which is a stage furtherin advance), can not be included within thefunctions <strong>of</strong> brain.*From what has 'been written by some naturalistsas to the " benevolence " <strong>of</strong> animals, itis probable that some may be prepared totake exception to the statement <strong>of</strong> Mr. Darwin.<strong>The</strong>re is no need for here entering upondiscussion which might thus be raised, <strong>and</strong>which would entail the task <strong>of</strong> criticising mul-* Whether some <strong>of</strong> the animals may possess an inferior order<strong>of</strong> mind, is a question which need not be here discussed.

                                                    

                                                    titudes <strong>of</strong> statements made in a singularlyloose <strong>and</strong> unscientific manner. <strong>The</strong>re is notany more careful observer than Mr. Darwin,the whole record <strong>of</strong> whose observations givesconfidence in his testimony, <strong>and</strong> his patientreflection on the real significance <strong>of</strong> what hehas seen. We may, however, leave this matterto naturalists, that they may decide whetherthis conclusion as to animals requires somemodification. <strong>The</strong> purpose <strong>of</strong> the present argumentis to show that an authoritative law<strong>of</strong> benevolence does apply to human life, indirect contrast with the ordinary law <strong>of</strong> animallife, giving special force to the strugglefor existence as witnessed in the history<strong>of</strong> the lower orders <strong>of</strong> beings.One possible entanglement for the presentargument must, however, be carefullyshunned. In the comparison between man<strong>and</strong> animal, we are apt to diverge into a discussion<strong>of</strong> what men <strong>and</strong> animals severally do.This is a question considerably different fromthat now under discussion, <strong>and</strong> yet it lies insuch close proximity as to afford the greatestfacilities for confusion <strong>of</strong> thought. We arenot here comparing what animals do, withwhat men do; we are comparing the ac-

                                                    

                                                    MAN'S PLACE IN THE WORLD. 265tions <strong>of</strong> animals with what we know menought to do. It is this question <strong>of</strong> ought whichappears as the outst<strong>and</strong>ing <strong>and</strong> distinguishingfeature in human life, on which we are nowseeking to direct attention with all the concentrationwhich physiologists secure whenthe microscope is directed on brain tissue.<strong>The</strong> true feature here is elevation <strong>and</strong> complexity<strong>of</strong> intellectual action, <strong>and</strong> the possibility<strong>of</strong> assigning this to brain action. <strong>The</strong> questionis no doubt concerned with conduct bothin the animal, <strong>and</strong> in man,-but what wewish to ascertain is, how far action or conductin the two cases throws light on the exercise<strong>of</strong> intelligence possible to man <strong>and</strong> toanimal. It is admitted that to act on a law<strong>of</strong> benevolence requires a higher exercise <strong>of</strong>intelligence, than to act under a law <strong>of</strong> desireor sensitive impulse; <strong>and</strong> we wish to reachdefinite conclusions on two point's ; jfrst, <strong>and</strong>subordinately, whether animals ever act onthe higher law; second, <strong>and</strong> chiefly, whethersuch action does not involve as its conditionan intellectual exercise <strong>of</strong> a higher order thancan be assigned to brain. <strong>The</strong> former <strong>of</strong>these questions, subordinate to the presentinquiry, may be left to naturalists. <strong>The</strong> sec-

                                                    

                                                    266 SCIENCE AND RELIGION.ond concerns us directly here, in the moreimportant discussion as to man.With the view <strong>of</strong> completing the defenceagainst disturbing entanglement, it may bewell further to insert here the explicit statementthat men do very comnionly act in neglect<strong>of</strong> the law <strong>of</strong> benevolence, <strong>and</strong> even inviolation <strong>of</strong> it. <strong>The</strong> fact is too well knownin society to be overlooked. It may beenough, however, in the present connection,to admit that men do <strong>of</strong>ten act like the animals;or, to state the fact more precisely inform, the animal nature is <strong>of</strong>ten found governingmen, so as to make their action resemblethat <strong>of</strong> the lower animals in the strugglefor existence.<strong>The</strong>se lines <strong>of</strong> severance will now makeclear what is our main question,-Is mancapable <strong>of</strong> recognizing a higher law <strong>of</strong> life?Does a law <strong>of</strong> benevolence apply to him asa rational creature, as it can not apply inthe history <strong>of</strong> the animals around us ? Andif this question be answered in the affirmative,does such answer imply the exercise<strong>of</strong> a higher power than can be scientificallyassigned to brain cells ?That man recogiiizes a law <strong>of</strong> benevo-

                                                    

                                                    MAN'S PLACE IN THE WORLD. 261lence as determining personal coliduct willnot be formally disputed by any one. Yetso very much bearing on the present argumentis involved in the interpretation to beassigned to this admission, that it is desirableto present at least in outline, the evidenceon which the statement rests. If welook at the facts in view <strong>of</strong> the ordinaryactions <strong>of</strong> the lower animals, a ssries <strong>of</strong>contrasts is presented. <strong>The</strong> animals areseen to compete with 'each other for whatis a common object <strong>of</strong> desire, such as a favoritearticle <strong>of</strong> food; <strong>and</strong> to fight with eachother for possession; the consequence is thatthe strongest <strong>and</strong> most daring get what theyseek, while the weaker <strong>and</strong> more timid mustbe content with what is <strong>of</strong> less value for gratification<strong>of</strong> their desire. <strong>The</strong>se facts are soconspicuous <strong>and</strong> so constant in their influenceon the whole race <strong>of</strong> animals that thetheory <strong>of</strong> the origin <strong>of</strong> species by descentfounds upon them. A complete contrast appearsin what mall recognizes as the rule <strong>of</strong>his conduct, when he admits the obligationto benevolence. <strong>The</strong>re is a reflective exerciseconcerned with the right <strong>and</strong> wrong in

                                                    

                                                    268 SCIENCE AND RELIGION.human conduct which regards it as a wrongthing for a man to snatch from another theenjoyment within his reach, or subvert hisopportunity for happiness in order to increasehis own pleasure. On the other h<strong>and</strong>,there is an exercise <strong>of</strong> thought which contemplateseffort for the good <strong>of</strong> others asright, even extending the application <strong>of</strong>this law <strong>of</strong> moral life so far as to requireself-denial, <strong>and</strong>, in circumstances <strong>of</strong> specialimportance, self-sacrifice, for the good <strong>of</strong>others. <strong>The</strong>se are facts so elementary, thatthe statement <strong>of</strong> them would be felt to beuncalled for, were we not seeking to distinguishthe elements <strong>of</strong> our ordinary experience.In accordance with what has beensaid, we are agreed in regarding it as awrong done to another if we deprive him<strong>of</strong> enjoyment simply for the sake <strong>of</strong> ourown satisfaction. Such conduct is what wecondemn as se@shness in the agent, <strong>and</strong> awrong to the sufferer. When on the contrarywe subordinate personal pleasure inorder to secure the happiness <strong>of</strong> another,we commend the benevolent disposition inwhich the act originates, <strong>and</strong> we hondr attentionshown to the rights <strong>of</strong> a fellowman.

                                                    

                                                    MAN'S PLACE IN THE WORLD. 269As the contrary lines <strong>of</strong> conduct are so <strong>of</strong>tenfollowed, <strong>and</strong> even vindicated as permissiblein the competitions <strong>of</strong> life, we needto show with some care that the law <strong>of</strong> benevolenceis uniformly regarded as a law <strong>of</strong>human conduct even when its requirementsare unfulfilled. This becomes obvious if welook along another line <strong>of</strong> observation. Ifwe pass from what a man does to his fellowmento what he is seen to expect <strong>of</strong>them, we at once perceive that the authoritativefeature alleged to belong to the principle<strong>of</strong> benevolence is admitted by him. Heresents the selfishness from which he has suffered,complains <strong>of</strong> the unmanly act whichfound its pleasure in his injury, <strong>and</strong> an appealto public opinion, on any occasion sufficientlyimportant to involve a question <strong>of</strong>the interests <strong>of</strong> society, at once calls forthgeneral condemnation <strong>of</strong> the selfish act as areal injustice.That such a form <strong>and</strong> direction <strong>of</strong> thoughtbelongs liaturally to man has been furthershown by the ready assent <strong>of</strong> the young tothe law <strong>of</strong> benevolence, <strong>and</strong> their unhesitatingtest <strong>of</strong> their seniors by reference toit. If their irritability <strong>and</strong> resentment have

                                                    

                                                    270 SCIENCE AND RELIGrON.been stirred, it may be difficult to gain theirassent to the special application <strong>of</strong> the law <strong>of</strong>benevolence in the circumstances. This, however,is only an example in early life, <strong>of</strong> whatwe find in more advanced years, that it ishard to do the right, <strong>and</strong> easy to excuse thewrong we do, while resenting the wrong doneto us. But, apart from exciting causes, <strong>and</strong>simply in the exercise <strong>of</strong> a quiet reflection,the child recognizes the duty <strong>of</strong> benevolence;<strong>and</strong>, notwithst<strong>and</strong>ing the disadvantages <strong>of</strong>weakness <strong>and</strong> inexperience, proceeds to testothers by this st<strong>and</strong>ard, <strong>and</strong> is felt by othersto be powerful by reason <strong>of</strong> the force belongingto the law, however superior in years,<strong>and</strong> in authority may be the persons <strong>of</strong> whomthe child expects that he be kindly treated.<strong>The</strong>se are in very condensed form the facts<strong>of</strong> human life, which are as outst<strong>and</strong>ing asthe contrary facts insisted upoil as characteristic<strong>of</strong> animal life. We need an explanationwhich shall put the nature <strong>of</strong> man astruly in contrast with the nature <strong>of</strong> the aniimal,while it is at the same time allowedthat man has an animal nature which mayoperate to the influence <strong>of</strong> his conduct, inneglect <strong>of</strong> this higher law <strong>of</strong> intelligence.

                                                    

                                                    MAN'S PLACE IN THE WORLD. 271.Now the most advanced results <strong>of</strong> physiologicalscience carry no explanation <strong>of</strong> thissimple, ordinary fact, man's recog~lition <strong>of</strong>a law <strong>of</strong> benevolence as authoritative. Afterwe have assigned full value to the sensdilities<strong>of</strong> a physical nature overspread with asensitive nerve-system; after we have madeaccount <strong>of</strong> the motor activity possible to ananimal possessed <strong>of</strong> a complicated muscularsystem controlled by motor nerves, we havenot come near a region in which the reflectiveprocess takes place which applies the law <strong>of</strong>benevolence for the regulation <strong>of</strong> conduct.We discover within the range <strong>of</strong> physiologicalpossibility, sensitiveness to impression fromwithout, <strong>and</strong> to the influence <strong>of</strong> the cravings<strong>and</strong> appetites <strong>of</strong> a nature requiring support<strong>and</strong> satisfaction, <strong>and</strong> impelling power whichurges to action for the sake <strong>of</strong> present satisfact'ion.All these tl~ings we find easily explainedunder the teaching <strong>of</strong> physiology; butwe have no explanation <strong>of</strong> the act <strong>of</strong> intelligencein perceiving a law <strong>of</strong> benevolence <strong>and</strong>owning submission to it. We do not even finda scientific account <strong>of</strong> the subordinate intellectualexercises involved in the application<strong>of</strong> the law <strong>of</strong> benevolence when recognized.

                                                    

                                                    272 ScrENcE AND RELIGION.<strong>The</strong>re is a form <strong>of</strong> discrimination here, includingthe distinction <strong>of</strong> men as persons, theclaims involved in personal rights, <strong>and</strong> thephase <strong>of</strong> individual duty ascertained while contemplatingthe circumstances in the midst <strong>of</strong>which it is needful to act. All this is outsidethe range <strong>of</strong> the formulated results <strong>of</strong> physiologicalresearch. <strong>The</strong>re can be no hesitationin accepting all that has been established asto nerve-sensibility,-the subjection <strong>of</strong> humanlife to the interaction <strong>of</strong> external influences,-<strong>and</strong> the inevitable forms <strong>of</strong> experience whichresult in individual history. But we see inthese, only conditions in the midst <strong>of</strong> whichman by exercise <strong>of</strong> his intelligence is to undertakethe management <strong>of</strong> life on a higherlevel than that <strong>of</strong> animal life. We clearlyrecognize the laws <strong>of</strong> motor activity, includingthe full bearing <strong>of</strong> outward influences,<strong>and</strong> inward tendencies upon human action.But with these things we see what is meantwhen it is recognized that intellect must governpassion : while! we see physiological sciencelaying open to us only the laws <strong>of</strong> passion,<strong>and</strong> not the law for its government.We admit the convincing nature <strong>of</strong> the evidenceby whici it is shown that our liature

                                                    

                                                    MAN'S PLACE IN THE WORLD. 273with all the special phased <strong>of</strong> individuality,<strong>of</strong>ten involving strange perils <strong>and</strong> perplexities,has been inherited by us, gatheringwithin the boundaries <strong>of</strong> our life a taskwhich we would willingly have shunned. Weperceive in this a science <strong>of</strong> the specialities<strong>of</strong> individual nature, st<strong>and</strong>ing alongside thescience explaining the common characteristics<strong>of</strong> man which come within the range<strong>of</strong> physiological research. But it is beyondthis, that the problem arises concerning themoral government <strong>of</strong> life, so that equallywhat is common, <strong>and</strong> what is peculiar to manshall be regulated according to rational law.For this all see to be true, excepting alwayscases <strong>of</strong> manifest infirmity <strong>and</strong> disorder,that equally the common <strong>and</strong> the specialpowers <strong>of</strong> the individual are to be regulatedby the law <strong>of</strong> benevolence. <strong>The</strong>re are noexemptions for special temperament, whateverdiversities there may be in the taskwhich application <strong>of</strong> the law may involve forjsome. <strong>The</strong> ought has ascendency over humanlife ;* the bare perception <strong>of</strong> this gr<strong>and</strong>reality, taken with all the distinctions involvedin its application to personal conduct,* See Appendix XIII.

                                                    

                                                    274 SCIENCE AND RELIGION.<strong>and</strong> all the forms <strong>of</strong> personal control exercisedfor its fulfilment, lies apart from thediscoveries <strong>of</strong> physiology. In these thingswe see most clearly what mind is, <strong>and</strong> whatmind does in the management <strong>of</strong> human life.We discover clearly thus what it is whichmakes human life superior to the life <strong>of</strong> theanimals around us; what it is which makesthe best in human life st<strong>and</strong> essentially connectedwith the subordination <strong>of</strong> the animalnature to a higher nature within; <strong>and</strong> inwhat respect it st<strong>and</strong>s true that physiology isa science <strong>of</strong> only a part <strong>of</strong> our nature, <strong>and</strong>that the lower, because the subject part. Inthis man knows, apart from all science, <strong>and</strong>quite independently <strong>of</strong> philosophy too, thathe has a higher life, working, rejoicing, <strong>and</strong>advancing to nobler excellence, just as hegoverns his body, keeping it in subjection,while revering an ideal <strong>of</strong> moral <strong>and</strong> spiritualexcellence towards the attainment <strong>of</strong> whichit is the duty <strong>and</strong> honor <strong>of</strong> humanity to strive.

                                                    

                                                    LECTURE VIII.RELATION OF SCIENCE TO OUR CONCEPTIONSOF DIVINE INTERPOSITION FOR MORALGOVERNMENT IN THE WORLD.THE view given in previous lectures <strong>of</strong> themost prominent features <strong>of</strong> the recentadvances in scientific knowledge most intimatelyconcerning our religious conceptions<strong>of</strong> the origin <strong>and</strong> government <strong>of</strong> the world,may afford some aid towards forming a judgment<strong>of</strong> the points <strong>of</strong> contact <strong>and</strong> apparentconflict. A brief summary will afford thebest introduction to the lines <strong>of</strong> inquiry withwhich the present discussion may be broughtto a close.First, as to the inorganic in the universe,recent investigations favor the conclusion thatneither the matter in the world, nor the energy,can be increased or diminished by operation<strong>of</strong> any laws known to apply to suchexistence. <strong>The</strong> laws under which these tw<strong>of</strong>orms <strong>of</strong> being hold their place ill the world

                                                    

                                                    276 SCIENCE AND RELIGION.involve only change <strong>of</strong> distribution <strong>and</strong> relation.Both matter <strong>and</strong> energy are, however,perpetually undergoing change or transformation,<strong>and</strong> whether the change be for the betteror for the worse in the history <strong>of</strong> theuniverse as a whole, the fact <strong>of</strong> unceasingchange in subordination to fixed law, is clearevidence that matter <strong>and</strong> energy are not eternalor self-subsisting, but are dependent onsome transcendent existence imposing thelaws determining their relations.Second, as to organized existence, recentresearches go to prove that there is in all animalsa measure <strong>of</strong> adaptability to surroundingconditions <strong>of</strong> life, providing for " adaptivechanges" i11 the organism, which becomefixed, <strong>and</strong> are transmitted to succeeding generations<strong>of</strong> the same order under the law <strong>of</strong>heredity. On warrant <strong>of</strong> the evidence forthis, it is to be taken as certain that thevarious orders <strong>of</strong> animals now familiar to usdid not at first come into being with all thecharacteristics now pertaining to them. <strong>The</strong>law <strong>of</strong> their life has provided for a progressionin development, in accordance with which wehave distinct orders <strong>of</strong> the pigeon, the dog,<strong>and</strong> the horse, with variations in animals <strong>of</strong>

                                                    

                                                    SCIENCE AND DIVINE INTERPOSITION. 277every class. This law <strong>of</strong> development, applicableto all animal life, admits <strong>of</strong> greateror less diversity <strong>of</strong> result in the history <strong>of</strong>distinct races, according to the complexity<strong>of</strong> the organism.Third, as to the relations <strong>of</strong> different ordersin the scale <strong>of</strong> animal life, it is proved that allvital organism has been modelled on a commonplan as appears in the arrangement <strong>and</strong>functions <strong>of</strong> the nerve system, providing forsensibility <strong>and</strong> motor activity. In accordancewith this, we find in different orders <strong>of</strong> animallife not merely analogies or resemblancesin structure, but homologies or examples <strong>of</strong>complete identity <strong>of</strong> structure <strong>and</strong> function.Thus the brain, <strong>and</strong> the two sets <strong>of</strong> nervelines, namely sensory <strong>and</strong> motor, are thesame in nature <strong>and</strong> functions in all animals,from the frog to man inclusive, <strong>and</strong> theydiffer only in complexity <strong>of</strong> arrangementwithin the central organ, <strong>and</strong> extent <strong>of</strong>ramification <strong>of</strong> the nerve lines. Diversity<strong>of</strong> nature thus far appears in the relativecomplexity <strong>of</strong> organism. This is a conclusionwhich assigns to Inan his place in thescale <strong>of</strong> animal life; that is, in so far as weregard man exclusively by reference to hi~l

                                                    

                                                    278 SCIENCE AND RELIGION.animal nature, he st<strong>and</strong>s highest in the scale<strong>of</strong> organism,-first in rank, judged simply bycomplexity <strong>of</strong> brain structure, <strong>and</strong> minuteness<strong>of</strong> nerve system.Fourth, in respect <strong>of</strong> moral life, that is,ability to contemplate a law <strong>of</strong> life absolutelyauthoritative as well as universallyapplicable amongst intelligent beings,-suchfor example as the law <strong>of</strong> benevolence; abilityto control the whole animal nature so asto subject it to this higher law <strong>of</strong> benevolence;ability to strive after the harmonizing<strong>of</strong> all dispositions <strong>and</strong> actions in accordancewith the law <strong>of</strong> benevolence,-man occupiesa distinct place in the order <strong>of</strong> beings existingin the world, no other living beingst<strong>and</strong>ing associated with him. <strong>The</strong>re are innumerableforms <strong>of</strong> organized being in theworld; but only a single representative <strong>of</strong>moral life in it. No being save man contemplatesa general law <strong>of</strong> life, making itsfulfilment a deliberate end <strong>of</strong> action; no beingsave man possesses a conception <strong>of</strong> dutyor oughtness, which, if it be regarded simplyas an intellectual exercise, can be apprehendedonly under application <strong>of</strong> a law <strong>of</strong> conductsuch as benevolence. That man st<strong>and</strong>s en-

                                                    

                                                    SCIENCE AND DIVINE INTERPOSITION. 279tirely alone in these respects, <strong>and</strong> is, therefore,to be ranked as a distinct order <strong>of</strong> being,appears froin the following definite lines<strong>of</strong>' evidence: 110 ai~ii~lal collteinplntes a generallaw <strong>of</strong> conduct, or intelligible rule <strong>of</strong>life applicable for the goverlllneilt <strong>of</strong> theorcler to which it belongs; no animal subor-'clinntes physical impulse at the bidding <strong>of</strong>such a law; no allinin1 aims at the perfecting<strong>of</strong> its nature under a general conception<strong>of</strong> the excellei~ce <strong>of</strong> its own nature, as dog,liorse, or ape. <strong>The</strong>refore we conclude that111~11 alone <strong>of</strong> all living beings known to usill this world is a moral being.Taliiug now these four aspects <strong>of</strong> existenceas li110~11 to us in this world,-without adv:incii~gto deal directly with the phases <strong>and</strong>coilditioils <strong>of</strong> religious life,-the whole fourcan be freely accepted by religious men instrict hari~~ony with all the requirements <strong>of</strong>religious thought. <strong>The</strong> three first named aredistinct advances in the history <strong>of</strong> physicalscience, <strong>and</strong> will be generally admitted to iaclktdcthe most importsilt accessioizs to ourlinowledge <strong>of</strong> the physical universe havingany bearing on the coilceptioils lying at thebasis <strong>of</strong> religious thought. Tlie fourth is the

                                                    

                                                    280 SCIENCE AND RELIGION.product <strong>of</strong> philosophical inquiry, proceedingin accordance with direct observation <strong>of</strong> personalexperience, <strong>and</strong> by means <strong>of</strong> simpleanalysis <strong>of</strong> our intelligent activity as that isconcerned with the government <strong>of</strong> personallife, especially in view <strong>of</strong> the relations subsistingin society. This last as a philosophicconclusion, not attained by physiological research,not properly any part <strong>of</strong> physioal science,but reached only by distinguishingproperly certain contents <strong>of</strong> our every-daythought, may be liable to rejection from thosewho rely only on the methods peculiar tophysical science. But such treatment <strong>of</strong> thepropositions has no bearing on their truth;as denial <strong>of</strong> them will not deliver any manfrom the obligations <strong>of</strong> benevolence, or exempthim from the dem<strong>and</strong>s <strong>of</strong> his fellowmen,requiring that in seeking his own satisfactionhe shall not be selfish, <strong>and</strong> certainly not harsh,as if the strongest might have all they desire,<strong>and</strong> the weakest must be content to wait ontheir pleasure. Denial <strong>of</strong> the recognition <strong>of</strong>a law <strong>of</strong> benevolence will not exempt himfrom the experience consequent on the expectations<strong>of</strong> his fellowmen as they seek helpfor the suffering, or sympathy for the sorrow-

                                                    

                                                    SCIENCE AND DIVINE INTERPOSITION. 281ful, or rescue for the perishing. Though whathas been said as to the law <strong>of</strong> benevolenceiiilplies that it is universally authoritative,tliere is no express philosophic theory here introducedas to the mode by which this knowledgeis attained, or the grounds on which itsui~iversality is asserted. <strong>The</strong> bare fact thateach man expects his fello~vman to be benevolentis enough for the present purpose. <strong>The</strong>simple declaratioa that the man who seeksonly his own gratification, setting at defiancea11 the rights <strong>of</strong> his fellowmen, is unworthythe ilaine <strong>of</strong> man <strong>and</strong> acts a brute'spart, is all that any one needs who wouldinalce good the arguinent that h~man natureis clistinct from that <strong>of</strong> the brutes. Noi11an can escape the obligation to benevolentdispositioiz; no man except the man<strong>of</strong> gross character attempts to live as if hercgnrded the violatioii <strong>of</strong> it as capable <strong>of</strong>~i~iclication. <strong>The</strong>se two things being so, thetestiinony is as strong as that establishingthe ele~nentary truths <strong>of</strong> science, which dernonstratesthat man owns a universal morallaw, <strong>and</strong> so distinguishes himself from theanimals. <strong>The</strong> coi~ditions <strong>of</strong> human life aretoo clearly recognized, <strong>and</strong> too coiistnntly in-

                                                    

                                                    282 SCIENCE AND RELIGION.sisted upon in ordinary society, to allow coverfor ambiguities, <strong>and</strong> denials which would favorthe position <strong>of</strong> those who accept onlywhat is ascertained by the inethods <strong>of</strong> physiologicalinvestigation. Hence it happens thatpopular favor runs deeply <strong>and</strong> strongly forthe kind <strong>and</strong> good; <strong>and</strong> science itself mustyield when the testimony <strong>of</strong> the race isuniform.Before closing this inquiry, it is desirableto pass over from the outst<strong>and</strong>ing coiiceptions<strong>of</strong> science <strong>and</strong> philosophy, to distinctive <strong>and</strong>prominent conceptions belonging to religiousthought, with the view <strong>of</strong> considering whetherthese can be held in harmony with the teaching<strong>of</strong> science. Of these, reference may bemade specially to two which encounter oppositio:~on pr<strong>of</strong>essedly scientific grounds:-Miracleas an evidence <strong>of</strong> the Messiahship <strong>of</strong> ourLord Jesus Christ; <strong>and</strong> the efficacy <strong>of</strong> Prayerin the economy <strong>of</strong> spiritual life. <strong>The</strong>se twoconceptions have encouiitered strong oppositionon the allegation <strong>of</strong> inconsistency withthe unchangeableness <strong>of</strong> the laws <strong>of</strong> nature.It becomes, therefore, an important part <strong>of</strong>the present investigation, to ascertain how farthese two articles <strong>of</strong> Christiaii faith, miracu-

                                                    

                                                    SCIENCE AND DIVINE INTERPOSITION. 283lous testimony to the divinity <strong>of</strong> our Saviour,<strong>and</strong> habitual answer to the prayer <strong>of</strong>fered toGod by those who approach Him in the merit<strong>of</strong> the Redeemer, are consistent with theteaching <strong>of</strong> science. <strong>The</strong>se two conceptionsare naturally included in the one question asto the compatibility with the laws <strong>of</strong> nature<strong>of</strong> the interposition <strong>of</strong> supernatural agencyfor attainment <strong>of</strong> moral <strong>and</strong> spiritual ends inthe history <strong>of</strong> the world.First in order st<strong>and</strong>s the question <strong>of</strong> MIR-ACLE as involved in the evidence <strong>of</strong> divinepower <strong>and</strong> authority given by our Lord, duringHis sojourn in this world to accomplishthe great work <strong>of</strong> redemption," <strong>The</strong> testimony<strong>of</strong> miracle as presented in the historicalnarrative <strong>of</strong> Christ's life is frequent <strong>and</strong> abundantin variety; <strong>and</strong> its connection with Hiswork for the redemption <strong>of</strong> sinful men is everywhereproclaimed. It is impossible tocontemplate the scriptural testimony to theglory <strong>of</strong> Christ's nature without includingmiracle as a conspicuous part <strong>of</strong> it ; <strong>and</strong> it isequally impossible to detach this testimony* <strong>The</strong> limits <strong>of</strong> the present discussion make it impossible toinclude a wider range; but this really embraces the whole question<strong>of</strong> the miracles <strong>of</strong> Scripture.

                                                    

                                                    284 SCIENCE AND RELIGION.from relation to the mediatorial work <strong>of</strong> theRedeemer as concerned with the pardon <strong>of</strong>sin, <strong>and</strong> restoration <strong>of</strong> man to holiness <strong>of</strong>character. It thus becomes an essential test<strong>of</strong> the validity <strong>of</strong> <strong>Christian</strong> evidence to settlethe compatibility <strong>of</strong> miracle with the knowledgenow possessed <strong>of</strong> the laws <strong>of</strong> nature.It is not necessary here to discuss the credibility<strong>of</strong> miracles, as affected by the questionwhether there can be sufficiency <strong>of</strong> testimonyto support the occurrence <strong>of</strong> a miracle,-aquestion which has engaged an amount <strong>of</strong> attentiondisproportionate to its intellectualworth. <strong>The</strong> suggestion <strong>of</strong> the question wasnothing better than an example <strong>of</strong> misleadingingenuity, allowed to st<strong>and</strong> on the page onwhich it was indited in manifest violation <strong>of</strong>the laws <strong>of</strong> evidence <strong>and</strong> the essential conditions<strong>of</strong> human knowledge. <strong>The</strong> value <strong>of</strong> testimonydoes not depend on the nature <strong>of</strong> thething to which it applies, but on the character<strong>of</strong> the witness, <strong>and</strong> the opportunity for observing<strong>and</strong> testing the facts described. <strong>The</strong>reare, for example, a series <strong>of</strong> surgical operationsbeing performed in Edinburgh for removal<strong>of</strong> tuinors (Ovariotomy), <strong>and</strong> beingrepeated at intervals <strong>of</strong> two or three weeks,

                                                    

                                                    SCIENCE AND DIVliZTE INTERPOSITION. 285which have hitherto been declared by thepr<strong>of</strong>ession to be impossible without sacrifice<strong>of</strong> life ; <strong>and</strong> yet they are successfully accomplished,leaving only an exceedingly smallpercentage <strong>of</strong> death. <strong>The</strong> whole combinedtestimony <strong>of</strong> preceding ages has been againstthe possibility <strong>of</strong> such operations ; but this isa consideration <strong>of</strong> no value whatever in visw<strong>of</strong> the testimony <strong>of</strong> the surgeons who takepart in the hazardous <strong>and</strong> responsible, butmost beneficent work, <strong>and</strong> <strong>of</strong> those pr<strong>of</strong>essionalmen who have come from France, <strong>and</strong>Russia, <strong>and</strong> other l<strong>and</strong>s, to witness the operation,<strong>and</strong> <strong>of</strong> citizens well acquainted withpatients who have been delivered from a burdenedlife, overshadowed with prospect <strong>of</strong>early death. <strong>The</strong> laws <strong>of</strong> evidence are toowell understood to call for abstract reasoningas to the credibility <strong>of</strong> the witnesses who areat present giving their testimony to the scientificworld, <strong>of</strong> the successful repetition <strong>of</strong>an operation hitherto believed to be impossible.<strong>The</strong> bearing <strong>of</strong> such an illustration onthe discussions raised concerning the credibility<strong>of</strong> the evidence <strong>of</strong> our Lord's disciplesto the miracles He performed is obvious.Nor is there need for occupying time in

                                                    

                                                    286 SCIENCZ AND RELIGION.trampling out the beaten straw by lingeringover the argument that no evidence can besufficient to establish a miracle, because a miracleis contrary to common experience; for,it is obvious that a miracle must be contraryto common experience, since that which ismatter <strong>of</strong> common experience can not be amiracle, but must be an event determined bysome law <strong>of</strong> nature. <strong>The</strong> uniformity <strong>of</strong> thelaws <strong>of</strong> nature is even a necessary conditionfor the evidential value <strong>of</strong> miracles.We pass to the real merits <strong>of</strong> the questionin discussing the possibility <strong>of</strong> the miracles<strong>of</strong> Christ without violation <strong>of</strong> any <strong>of</strong> the laws<strong>of</strong> nature as ascertained by the most recentadvances <strong>of</strong> science.<strong>The</strong> miracles <strong>of</strong> Jesus Christ pr<strong>of</strong>ess to besupernatural interpositions for accomplishment<strong>of</strong> an immediate benevolent purpose,while in combination they afford a body <strong>of</strong>evidence testifying to the power <strong>and</strong> benevolentmission <strong>of</strong> a divine Saviour <strong>of</strong> the sinful.<strong>The</strong>ir directly benevolent aim is conspicuousthroughout. Jesus never performs any wonderfulwork for display <strong>of</strong> power; when a desireis indicated for signs in the heavens, theseare refused; when His own wants are con-

                                                    

                                                    SCtENCE AND DIVINE INTERPOSITION. 287cerned, there is no exercise <strong>of</strong> power to deliverHiinself from suffering; but when a pborsufferer appeals for deliverance, He is readyto act; or when the feeble, oppressed condition<strong>of</strong> one who has been a long time in thiscase comes under His eye, He is moved tocompassion <strong>and</strong> gives unexpected deliveranceeven without intervention <strong>of</strong> a request. Allthis is done, not as if it were'any part <strong>of</strong>the divine purpose to keep men exempt fromsuffering, nor as if it were inconsistent withthe divine benevolence to allow its return <strong>and</strong>continuance, for He is at pains to warn thateven a worse thing may come; but as if deliverancefrom suffering were in harmony withHis mission, <strong>and</strong> peculiarly appropriate asillustrative <strong>of</strong> a Saviour's design as well as <strong>of</strong>His divine power. By way <strong>of</strong> sign He wouldrescue from disease, in order thereby to pointto a gr<strong>and</strong>er deliverance, even from sin whichcauses all the world's sorrow.<strong>The</strong> question here calling for attention is,How do these miracles st<strong>and</strong> related to thelaws <strong>of</strong> nature which we now recognize asfixed <strong>and</strong> unchangeable? <strong>The</strong> 3rd portion <strong>of</strong>the answer must be that they are incapable<strong>of</strong> explanation under these laws. <strong>The</strong>y are

                                                    

                                                    288 SCIENCE AND RELIGION.veritable examples,-referring for the presentexclusively to their nature, not to the evidenceon which we acknowledge that theyoccurred,-they are veritable examples <strong>of</strong> resultsincapable <strong>of</strong> being attained under theoperation <strong>of</strong>. natural law. <strong>The</strong> effects securedwere indeed only such as would havebeen attained had medical science been ableto accomplish the result, for the great majority<strong>of</strong> them belong to the region in which thegr<strong>and</strong> healing art works out its beneficentcontribution to human well being. But inrespect <strong>of</strong> the mode <strong>of</strong> their execution theywere in no sense analogous to what is achievedby unexpected advance in scientific knowledge<strong>and</strong> skill. <strong>The</strong>re was nothing in the wholecourse <strong>of</strong> our Lord's life, bearing resemblanceto the work <strong>of</strong> him who laboriously pondersthe varied aspects <strong>of</strong> some selected form <strong>of</strong>disease, <strong>and</strong> ultimately attains to skill in anew mode <strong>of</strong> treatment, or a dangerous <strong>and</strong>difficult form <strong>of</strong> operation. <strong>The</strong> word spokento the leper or the paralytic; the anointing<strong>of</strong> the eyes with clay <strong>and</strong> sending the blindman with his clay-covered eyelids to washin a pool; the comm<strong>and</strong> to Jairus's daughter," Maid, arise;" <strong>and</strong> the call to the man <strong>of</strong>

                                                    

                                                    SCIENCE AND DIVINE INTERPOSITION. 289Bethany, ' l Lazarus, come forth,"-present nolikeness to the conduct <strong>of</strong> one merely exercisinga deeper knowledge <strong>of</strong> the remedialmeasures which are constantly being employedin some mode or other for relief <strong>of</strong>suffering. What we witness in the variedforms <strong>of</strong> His works is supernatural intervention,exercise <strong>of</strong> divine authority <strong>and</strong> power.<strong>The</strong>re is no competent vindication <strong>of</strong> the sacrednarrative by reduction <strong>of</strong> our Lord'sworks to the level <strong>of</strong> those forms <strong>of</strong> knowledge<strong>and</strong> skill which are within the reach <strong>of</strong> hum<strong>and</strong>iscovery. <strong>The</strong> sacred writings <strong>of</strong>fer nosuggestion pointing in this direction; <strong>Christian</strong>faith, in the defence it <strong>of</strong>fers for its recognition<strong>of</strong> the miraculous in Christ's life,does not shelter itself behind such a poorbreastwork, as that which is gained by eliminatingthe supernatural,-seeking to defenditself by surrendering all -that is distinctive<strong>of</strong> the God-man, who not only spakeas man never spake, but who with pr<strong>of</strong>useliberality performed works <strong>of</strong> healing whichmade the ears <strong>of</strong> the nation to tingle, compellingreluctant witnesses to testify, that itwas never so seen in Israel. <strong>The</strong> supernaturalworks <strong>of</strong> Jesus belong to the same

                                                    

                                                    290 SCIENCE AND RELIGION.place in history, as that which records thesupernatural attributes belonging to His personality.To the question, How do the works <strong>of</strong> Jesusst<strong>and</strong> related to the laws <strong>of</strong> nature? thenext portion <strong>of</strong> the answer is that they donot conflict with these laws in any intelligiblesense. <strong>The</strong> believer in Christ's miracles,as he meets the manifest requirements <strong>of</strong>science, may fairly ask <strong>of</strong> scientific criticsthat they state any law <strong>of</strong> nature which wasviolated in any example <strong>of</strong> the Saviour's benevolentdoings, in a sense <strong>of</strong> the word " violation" which conflicts with the indubitableteaching <strong>of</strong> science concerning the unchangeableness<strong>of</strong> the laws <strong>of</strong> nature. It might wellsuffice for exposition <strong>of</strong> <strong>Christian</strong> thought atan earlier period <strong>of</strong> Bible interpretation whenthe sole object was to set forth the transcendentgr<strong>and</strong>eur <strong>of</strong> Christ's works, to representa miracle as " a violation <strong>of</strong> the laws <strong>of</strong> nature,"meaning thereby to concentrate on thefact that equally by its character, <strong>and</strong> bypr<strong>of</strong>ession <strong>of</strong> the agent, it was a work whichordinary power was insufficient to explain.By pwity <strong>of</strong> reasoning, it may equally be allowedthat a legitimate course is followed,

                                                    

                                                    SCIENCE AND DZVlNE INTERPOSITION. 291<strong>and</strong> an important service is rendered to theadvance <strong>of</strong> <strong>Christian</strong> evidence, if it be urgedby scientific men that a violation <strong>of</strong> the laws<strong>of</strong> nature is inconsistent with what is now ascertainedas to the government <strong>of</strong> the physicalworld. This collision between old forms<strong>of</strong> statement <strong>and</strong> new forms <strong>of</strong> test is a gainto all interests concerned. It must press intonotice the inquiry as to the sense in whichthe old terminology was employed, <strong>and</strong> alsothe sense in which this new test is presented.If this comparison be prosecuted to its finalresult, no <strong>Christian</strong> believer will find himselfdisturbed by apprehension <strong>of</strong> a possible callto conflict with science, <strong>and</strong> no scientific menwill feel themselves drawn into antagonismwith the accredited forms <strong>of</strong> <strong>Christian</strong> beliefas to the miraculous. A few carefully statedpropositions should help towards making thisclear, if only these can be so drawn as to meetthe dem<strong>and</strong>s <strong>of</strong> science, <strong>and</strong> also accuratelyrepresent Christ's life.<strong>The</strong> testimony <strong>of</strong> science dealing with theevidence open to observation is that the laws<strong>of</strong> nature, such as the laws <strong>of</strong> gravitation,transmutation <strong>of</strong> energy, <strong>and</strong> the development<strong>and</strong> support <strong>of</strong> living organism, are

                                                    

                                                    292 SCIENCE AND RELIGION.fixed <strong>and</strong> unchangeable, so t,hat persistent antagonismto them is only conflict <strong>of</strong> a weakerforce with a stronger which must end in disasteror destruction to the weaker. Overagainst this we do not find it possible toplace any statement, either in the form <strong>of</strong>direct affirmation, or <strong>of</strong> inference deduciblefrom the implications <strong>of</strong> Christ's actions orwords, which can be regarded as directlycontradictory. On the contrary the deeds<strong>and</strong> sayings <strong>of</strong> Christ carry a multitude <strong>of</strong>suggestions in strict harmony with t.his generalteaching <strong>of</strong> science. When He wouldindicate to His hearers how they are guidedin their judgment by the uniformity <strong>of</strong> naturallaw, He points to the signs which theyinterpret in the aspect <strong>of</strong> the atmospheremorning <strong>and</strong> evening. When the suggestionis placed before Him that He should castHimself from an eminence in token <strong>of</strong> Hissuperiority to ordinary risks, He does nothint at a suspension <strong>of</strong> the law <strong>of</strong> gravitation,but teaches that man should not transgress thedivine will by rashly exposing himself to danger.When He would teach men to combinelabor <strong>and</strong> trust, He points them to the uniformprovision for the clothing <strong>and</strong> adorning

                                                    

                                                    SCIENCE AND DIVINE INTERPOSITION. 293<strong>of</strong> t,he vegetable world which can not in anymeasure care for itself. And so we mightproceed, were there any need for multiplyingevidence as to a feature <strong>of</strong> Christ's teachingmanifest to every Bible reader.<strong>The</strong> record <strong>of</strong> Scripture presenting the narratives<strong>of</strong> Christ's miracles does not at anytime represent our Saviour as interposing tostay for a brief period the action <strong>of</strong> fixed law,or to prevent the application <strong>of</strong> such law inthe history <strong>of</strong> a particular individual. In allthese wonders <strong>of</strong> healing nothing more happensas to actual result, having a general bearingon procedure in the physical world, th<strong>and</strong>oes happen when a cure <strong>of</strong> a critical phase <strong>of</strong>disease is accomplished by some newly discoveredappliance at comm<strong>and</strong> <strong>of</strong> medical art.<strong>The</strong>se two cases are essentially different as tomode <strong>of</strong> action, but they are strictly identicalas to result, <strong>and</strong> this identity amounts to ademonstration <strong>of</strong> harmony with scientific requirements,as these actually guide men tothe discovery <strong>of</strong> new methods. That thereis identity <strong>of</strong> result only in some cases doesnot affect the argument, but arises from theessential features <strong>of</strong> the comparison, as aproduct <strong>of</strong> supernatural intervention must

                                                    

                                                    294 SCIENCE AND RELIGION.transcend what is ultimately attained by laboriousprocesses <strong>of</strong> human research. Butthat there is in any case an identity <strong>of</strong> resultunder the very different conditions, is an indicationthat supernatural intervention is notan interference with the laws <strong>of</strong> nature suchas would be involved in their suspension orsubversion. <strong>The</strong>re is a great difference betweenrecovery from suspended animation <strong>and</strong>resurrection from the dead as in the case <strong>of</strong>Lazarus, but the fixed order <strong>of</strong> the universeis no more disturbed in the latter case thanin the former.A further consideration bearing on the miracles<strong>of</strong> Christ needs to be stated, though itcomes more directly into relation with philosophythan with science properly so called.Every one <strong>of</strong> these miracles was performedavowedly for moral ends, <strong>and</strong> under application<strong>of</strong> moral conditions, while for immediatephysical effects. <strong>The</strong>re is moral law as wellas physical law, <strong>and</strong> our Saviour subordinatesthe latter to the former in determining theuse He makes <strong>of</strong> supernatural agency. <strong>The</strong>evidence <strong>of</strong> this is interwoven through thevery texture <strong>of</strong> the narrative, so that an attemptto sever His miracles from their moral

                                                    

                                                    SCIENCE AND DIVINE INTERPOSITION. 295purpose can result only in tearing the narrativeinto fragments,-mutilating the recordwhich must be studied <strong>and</strong> interpretedas it has been put into our h<strong>and</strong>s. Morallaw is as unchangeable as physical law,though the character <strong>and</strong> form <strong>of</strong> its swaydiffer from those <strong>of</strong> physical law, <strong>and</strong> it iseasier for man wilfully to violate the higherlaw <strong>of</strong> life than to violate the lower. Yet soclosely are the higher <strong>and</strong> lower connectedin human history, that the easy violation <strong>of</strong>moral law is followed by painful consequencesunder the reign <strong>of</strong> physical law. It lay withinthe purpose <strong>of</strong> Jesus to deliver from both,<strong>and</strong> it is only in recognition <strong>of</strong> this combinedor complex purpose that we discover the rationalbasis on which supernatural deliverancefrom disease becomes a natural vehiclefor presenting to rational beings requisite evidence<strong>of</strong> divine intervention on their behalfas they are entangled in the disastrous consequences<strong>of</strong> violating unchangeable morallaw. If on other grounds it be apparentthat supernatural interference for restoration<strong>of</strong> health or life does not involve interferencewith physical law by which the government<strong>of</strong> the universe could be in any

                                                    

                                                    296 SCIENCE AND RELIGION.degree affected; on the grounds now contemplatedwe come to recognize a harmony<strong>of</strong> higher <strong>and</strong> lower orders <strong>of</strong> fixed law bearingon the history <strong>of</strong> the human race, <strong>and</strong>for this harmony <strong>of</strong> law our Saviour manifesteda supreme concern.With these brief statements before us, weare now prepared for turning in a differentdirection to ascertain what is the specialview <strong>of</strong> miracle which has found currencywithin some scientific circles, carrying the explanation<strong>of</strong> intense antipathy to its acknowledgment,<strong>and</strong> unhesitating declaration thatthe whole body <strong>of</strong> scientific teaching, <strong>and</strong>even the characteristics <strong>of</strong> scientific method,are adverse to the very conception <strong>of</strong> miracle.For the purpose now in view it maybe well to present in close coiinection thesuccessive utterances <strong>of</strong> a single author, whomay be taken as representative <strong>of</strong> a class.<strong>The</strong> work <strong>of</strong> Pr<strong>of</strong>essor Schmidt on <strong>The</strong> Doctrine<strong>of</strong> Descent <strong>and</strong> Darwinism will supply illustrations<strong>of</strong> the kind to which reference hasbeen made, as this author states at the outsetthat the doctrine <strong>of</strong> descent finds its antagonistsamong those " who perceive, moreor less distinctly, the danger with which the

                                                    

                                                    SCIENCE AND DIVINE INTERPOSITION. 297new doctrine threatens their st<strong>and</strong>point <strong>of</strong>miracle." * From this allusion it appearsthat he regards a doctrine <strong>of</strong> descent asopposed to what he describes as an '"incomprehensibleact <strong>of</strong> creation." -j- Accordinglyhe celebrates the praises <strong>of</strong> this theoryin tl~ese terms,--"it interprets by a singleprinciple those great phenomena which withoutits aid remain a mass <strong>of</strong> unintelligiblemiracles." f In harmony with these utteranceshe speaks <strong>of</strong> gradual evolution <strong>of</strong>the organs <strong>of</strong> special sense, such as the organs<strong>of</strong> hearing <strong>and</strong> smell, as giving a negativeto " the sudden <strong>and</strong> incomprehensibleorigination <strong>of</strong> these organs in an immediatestate <strong>of</strong> completion."<strong>The</strong>se few extracts may suffice to indicatethe mental attitude <strong>of</strong> those who show aversionto the acknowledgment <strong>of</strong> miracle. WithSchmidt the " miraculous " is another namefor the incomprehensible; to him the sug-gestion <strong>of</strong> miracle is disagreeable as implyingthe impossibility <strong>of</strong> scientific explanation. Ifthese things be kept in mind, it will be clearhow widely apart this notion is from the<strong>Christian</strong> conception <strong>of</strong> miracle. <strong>The</strong> one* p. 6. t p. 11. 3 p. 12. Q p. 151.

                                                    

                                                    298 SCIZNCE AND RELIGION.view is that observational science can make noaccount <strong>of</strong> miracle: the other is that thoughtconcerning a supernatural Being really involve&the conception <strong>of</strong> miracle. <strong>Science</strong>can assign no place to the incomprehensible,can make no account <strong>of</strong> it. <strong>Religion</strong> finds ahigher sphere <strong>of</strong> comprehensibility in theaction <strong>of</strong> supernatural power. <strong>The</strong> two positionsare radically distinct, <strong>and</strong> do not comeinto actual conflict. Hence religion has noopposition to the view <strong>of</strong> miracle just stated,which amounts to little more than a negativede.finition <strong>of</strong> science. To say that sciencecan take no account <strong>of</strong> the miraculous, isonly in other words to say that science is explanation<strong>of</strong> natural phenomena by recognition<strong>of</strong> the action <strong>of</strong> natural causes, consequently the miraculous does not come withinthe boundaries <strong>of</strong> science. This is self-evident,<strong>and</strong> on this footing theology has no accountto make <strong>of</strong> what is only a semblance<strong>of</strong> opposition, involving no real conflict. Creation,for example, can not come within thecompass <strong>of</strong> observational science; but creationmay nevertheless be a rational conceptionin dealing with a purely rational problem,which does not at all belong to physical sci-

                                                    

                                                    SCIENCE A N. DIYXVE INTERPOSITION. 299ence. In the same manner it appears thatthe whole series <strong>of</strong> our Lord's miracles areoutside the area <strong>of</strong> science, which, as it hasnothing <strong>of</strong> authority to advance against them,has not even a basis on which to <strong>of</strong>fer anytestimony concerning their possibility.One topic more requires to be briefly consideredas constituting an essential <strong>of</strong> religiousthought, namely the acknowledgment <strong>of</strong> divineinterposition for the answer <strong>of</strong> PRAYER.Our question is, How this conception <strong>of</strong>divine answer to prayer st<strong>and</strong>s related toscientific thought concerning the government<strong>of</strong> the world by fixed law? If the laws <strong>of</strong>nature are fixed, how can the government<strong>of</strong> the world allow for fulfilment <strong>of</strong> human desireas expressed in supplication? <strong>The</strong> questionto be discussed has two sides, the oneconcerned with the conditions on which ananswer to prayer is expected; the other withthe exact significance <strong>of</strong> the scientific conception<strong>of</strong> the government <strong>of</strong> the world byfixed law. If there be a rational basis forprayer as encouraged by the teaching <strong>of</strong>Scripture, there can be no such dilemma aswould be implied in supposing that law isfixed yet not fixed, or that law is unchange-

                                                    

                                                    300 SCIENCE AND RELIGION.able in all cases save in the Idstory <strong>of</strong> theman <strong>of</strong> prayer, in whose behalf the laws <strong>of</strong>nature are liable to be held in check. <strong>The</strong>remay be among <strong>Christian</strong> men considerablediversity in the clearness <strong>of</strong> apprehensionwith which they grasp the meaning <strong>of</strong> thedivine promise to answer prayer; but thereis no one taught by the Scriptures as to theprivilege <strong>of</strong> prayer, who thinks <strong>of</strong> it as implyingthat the laws <strong>of</strong> the universe are liableto be held in suspei~sion because the desires<strong>of</strong> his heart are to God in humble,earnest supplication. <strong>The</strong> man trained to recognizethis truth affecting God's governmentthat l' He maketh His sun to rise on the evil<strong>and</strong> on the good; <strong>and</strong> sendeth rain on thejust, <strong>and</strong> on the unjust," does not readilyfall into the mistake <strong>of</strong> supposing that all thelaws <strong>of</strong> the universe are at His bidding, because<strong>of</strong> the divine encor~ragernento prayer.<strong>The</strong> <strong>Christian</strong> prays only under divine warrant,<strong>and</strong> this does not eonvey any such suggestion.First, then, we can clear away at once thecruder thoughts <strong>of</strong> the unintelligent believerin the power <strong>of</strong> prayer; <strong>and</strong> those <strong>of</strong> the scientificobjector to prayer, who is not instructed

                                                    

                                                    SCIENCE .4ND DIVlNE INTERPOSITION. 301in scriptural doctrine. Prayer does not implya probable reversal <strong>of</strong> the laws <strong>of</strong> nature; butit does imply a moral government in the midst<strong>of</strong> the physical world, <strong>and</strong> the subordination<strong>of</strong> the physical to the moral under regulation <strong>of</strong>an all-wise <strong>and</strong> almighty Ruler. <strong>The</strong> questionbefore us concerns this subordination, <strong>and</strong> thepossibilities which it implies.Towards the attainment <strong>of</strong> exact conceptionshere the first requisite is a clear underst<strong>and</strong>ing<strong>of</strong> the scientific doctrine <strong>of</strong> thegovernment <strong>of</strong> the world by fixed law. Inwhatever sense we take the word "law" asapplicable to God's government <strong>of</strong> the universe,there is no law which is fluctuating, orliable to have one signification at one time,<strong>and</strong> a quite different signification at anothertime; a narrower range <strong>of</strong> application at oneperiod, <strong>and</strong> a wider range at a later. Suchfluctuation would imply a suspension <strong>of</strong> a law<strong>of</strong> nature, <strong>and</strong> the conception <strong>of</strong> such a thingis inconsistent with absolute rational government,alien equally to the principles <strong>of</strong> science<strong>and</strong> <strong>of</strong> religion. Laws physical, moral, <strong>and</strong>spiritual are equally fixed laws.But the laws <strong>of</strong> the universe are a harmony,<strong>and</strong> in the midst <strong>of</strong> the interdependence <strong>of</strong>

                                                    

                                                    laws distinct in character, the harmony <strong>of</strong> thewhole is secured by the subordination <strong>of</strong> physicallaw to moral <strong>and</strong> spiritual. It is in themidst <strong>of</strong> this harmonized relationship <strong>of</strong> thediverse laws <strong>of</strong> the divine government that thespirit <strong>of</strong> prayer lives, <strong>and</strong> makes good its rationalconsistency. And it is only on condition<strong>of</strong> acknowledgment <strong>of</strong> diverse laws, includingmoral with physical, that the scientificman can interpose any criticism as to theefficacy <strong>of</strong> prayer. Any denial <strong>of</strong> a moralgovernment in the midst <strong>of</strong> the physical universe,under sway <strong>of</strong> a God <strong>of</strong> righteousness,places an objector entirely out <strong>of</strong> the spherein which criticism can proceed. Physical lawdetermining conditions <strong>of</strong> bodily life is fixedlaw; moral law deciding the conditions <strong>of</strong> rightconduct in intelligent life is fixed law; spirituallaw deciding the conditions <strong>of</strong> fellowshipwith the Father <strong>of</strong> our spirits is fixed law.<strong>The</strong> believer in the Bible has no hesitancyin acknowledgment <strong>of</strong> all this; he is a believerin fixed law in a higher <strong>and</strong> gr<strong>and</strong>ersense than scientific teaching indicates, <strong>and</strong>he believes in the harmony <strong>of</strong> all existenceunder an unchangeable government, notwithst<strong>and</strong>ingall the wrong doing in the world,

                                                    

                                                    SCIENCE AND DIVINE INTERPOSITZOU. 303<strong>and</strong> the dreadful misery resulting from it.His belief in the harmony <strong>of</strong> the universerests on his belief in the fixedness <strong>of</strong> lawphysical as well as moral, <strong>and</strong> moral as wellas physical.But the Sxedness belonging to various orders<strong>of</strong> law, subsisting in a state <strong>of</strong> interdependence,<strong>and</strong> involving subordination <strong>of</strong>lower to higher, needs some more exact interpretation.<strong>The</strong> fixedness <strong>of</strong> law, physical,intellectual, moral, <strong>and</strong> spiritual, in no caseinvolves fixedness <strong>of</strong> result, but varying resultsaccording to diversity <strong>of</strong> conditions. <strong>The</strong>re isfixedness <strong>of</strong> physical law, but withal there isdiversity <strong>of</strong> weather, <strong>and</strong> seasons, <strong>and</strong> harvests,<strong>and</strong> that because a variety <strong>of</strong> conditionsare harmonized under fixed law. <strong>The</strong>reis fixedness <strong>of</strong> intellectual law in accordancewith which accuracy <strong>of</strong> thought is determined,but diversity <strong>of</strong> result according to the materialswith which we deal. And so it is withmoral <strong>and</strong> spiritual law, providing for tfhe regulation<strong>of</strong> our higher life.What then needs to be pondered by way<strong>of</strong> reaching an ampler interpretation <strong>of</strong> theformula <strong>of</strong> " fixed law " is that it does not inany case imply an iron rigidity <strong>of</strong> result, an

                                                    

                                                    304 SCIENCE AND RELIGION.undeviating uniformity <strong>of</strong> occurrence. <strong>The</strong>reis no region in which perpetual change can bemore accurately postulated than in the physicalworld. But there is order <strong>and</strong> system inthese changes, admirably illustrated in theweather forecasts <strong>of</strong> the present advancedstage <strong>of</strong> physical science, which are attainableonly by continual watching <strong>of</strong> shiftingconditions with application <strong>of</strong> fixed law tothe appearance <strong>of</strong> wind <strong>and</strong> cloud <strong>and</strong> rain.But there are no forecasts without these twothings, fised laws <strong>and</strong> varying conditions fortheir application. With the widsr generalizationwhich admits <strong>of</strong> recognition <strong>of</strong> fixedlaw, there is always the narrower, concernedwith variable conditions to which the wider isto be applied. So it is under moral law, <strong>and</strong>so under spiritual. So also does it hold whenour observation is directed on interdependence<strong>of</strong> two orders <strong>of</strong> law, such as the moral<strong>and</strong> physical. This combination we have inhuman life, as it is subjected to both. Physicallaw reigns in human history as illustratedby the laws <strong>of</strong> health, which are Gxed irrespective<strong>of</strong> moral law, so that sewerage gaswill be prejudicial to health, apart from themoral character <strong>of</strong> a man. Moral law reigns

                                                    

                                                    SCIENCE AND D/YINE INTHRPOSITION. 305in human life, <strong>and</strong> truthfulness in utterance,or justice in action, will maintain a harmony<strong>of</strong> the inner life, whether outwardly therebe poverty or wealth. <strong>The</strong>se two orders <strong>of</strong>law are independent, yet interwoven in theirapplication to the complex life <strong>of</strong> man. Immoralitywill find its accompaniment in physicaldisorder; the repentance which has healingpower within the mind will not healthe body, yet may there be advance in morallife by reason <strong>of</strong> the weakness <strong>and</strong> sufferingwhich repentance can not remove. Such isat once the independence <strong>and</strong> the interdependence<strong>of</strong> physical <strong>and</strong> moral law, in accordancewith the fixedness <strong>of</strong> law in eachcase, <strong>and</strong> the harmony <strong>of</strong> both under onegovernment, by means <strong>of</strong> subordination <strong>of</strong>the physical to the moral.<strong>The</strong>re are thus two spheres, physical <strong>and</strong>moral, but one life, brought to harmony underthe laws <strong>of</strong> both spheres. What then isthe bearing <strong>of</strong> this distinction <strong>of</strong> spheres onthe problem <strong>of</strong> the efficacy <strong>of</strong> prayer, viewingthe question only in the light <strong>of</strong> science<strong>and</strong> philosophy? An obvious bearing, in so,far as the conditions <strong>of</strong> physical <strong>and</strong> morallife are set forth <strong>and</strong> distinguished; but no

                                                    

                                                    306 SCIENCE AND RELIGION.determining value for interpretation <strong>of</strong> thepossible influence <strong>of</strong> prayer as concerning alife subject at once to physical <strong>and</strong> moral conditions.Prayer can be exercised in accordancewith scientific teaching, only by intelligentrecognition <strong>of</strong> the physical conditions <strong>of</strong>life ; in accordance with philosophy, only byintelligent acknowledgment <strong>of</strong> the subordination<strong>of</strong> physical life to moral. If then, weturn to the teaching <strong>of</strong> science, making account<strong>of</strong> all that it includes as to fixed lawsapplicable to ever-varying conditions, there isnothing in it to warrant the conc~usion thatthere can be no interposition from a highersphere in order to secure application <strong>of</strong> physicallaw for attainment <strong>of</strong> moral ends. <strong>The</strong>whole product <strong>of</strong> scientific investigation leavesclear the possibility <strong>of</strong> the administration <strong>of</strong> amoral government in accordance with subordination<strong>of</strong> physical law to the attainment <strong>of</strong>its higher ends. It does not help the underst<strong>and</strong>ing<strong>of</strong> the government <strong>of</strong> the world, butrather hampers our reflection, if it be suggestedthat there are two spheres, physical <strong>and</strong>moral, <strong>and</strong> that the application <strong>of</strong> prayer isrestricted to one <strong>of</strong> these spheres. Humanlife can not be so severed into parts; it is

                                                    

                                                    SCIENCE' AND DIVINE INTERPOSITION. 307a unity-self-regulated by harmony <strong>of</strong> submissionto moral <strong>and</strong> physical law, <strong>and</strong> it mustbe governed by the Supreme Ruler in theharmonious application <strong>of</strong> these laws. <strong>The</strong>reis no sphere <strong>of</strong> life into which the moral doesnot enter, <strong>and</strong> accordingly no sphere withinwhich prayer, which necessarily rests on moralconditions, may not apply.If next we pass to Scripture teaching concerningprayer, where alone we find full instructionon the subject, in precept, example,<strong>and</strong> a variety <strong>of</strong> encouragements, it will appearthat the warrant for prayer is found exclusivelyin the divine promise, <strong>and</strong> that theapplication <strong>of</strong> that promise is to every phase<strong>of</strong> life, subject to moral conditions which areexplicitly revealed. Prayer is a privilege divinelybestowed through the Saviour, in accordancewith which fellowship with Cod isgranted on the merits <strong>of</strong> the Redeemer. Itsnature reveals the true harmony between God<strong>and</strong> the moral creature, as a reality transcendingall physical existence <strong>and</strong> all knowledgecoining from study <strong>of</strong> physical law. <strong>The</strong> accepting<strong>of</strong> this privilege, <strong>and</strong> the continuance<strong>of</strong> its exercise are the tokens <strong>of</strong> returning harmony<strong>of</strong> sinful man with the holy God. Ele-

                                                    

                                                    308 SCIENCE AND RELIGION.vation in the exercise by steadily estel~ding inclusion<strong>of</strong> a wider circle <strong>of</strong> personal desire <strong>and</strong>activity within the area <strong>of</strong> conscious fellowshipwit11 God, is the advance <strong>of</strong> the nioral natureinto fuller harmony with God, <strong>and</strong> with thewhole gover~iiilent <strong>of</strong> the universe. <strong>The</strong> teaching<strong>of</strong> Scripture which assures <strong>of</strong> all this, <strong>and</strong>guides man towards realization <strong>of</strong> it, clearlydistinguishes between material <strong>and</strong> moralgood, yet does not exclude the one any niorethan the other, but subordinates the physicalto the moral, harmonizing the two in recognition<strong>of</strong> the supreme importance <strong>of</strong> allthat is moral. It does not exclude desire <strong>of</strong>temporal good, but restricts its illustration todesire <strong>of</strong> " daily bread,"-assures us that ourFather knoweth we have need <strong>of</strong> such good,<strong>and</strong> will supply it,-<strong>and</strong> promises that havinggiven most freely what is best, he will assuredlygive that which is least.If then it be said that the answer to prayeris a miracle <strong>of</strong> divine interposition in humailhistory, <strong>of</strong> which science finds no trace, we donot marvel, for science does not extend its observationsto the inclusion <strong>of</strong> what pertains tothe higher life <strong>of</strong> man. If any man asks forevidence in an exclusively physical sphere that

                                                    

                                                    SCIENCE AND DIVINE INTERPOSITION. 309God answers prayer, he asks that evidenceshould be discovered apart froin the conditionsinvolved. A more unscientific deln<strong>and</strong> therecould not be. When he refuses to admit thatthere can be any trusttvorthy evidence <strong>of</strong> theanswer <strong>of</strong> prayer apart from the test he proposes,he either misunderst<strong>and</strong>s the Christi<strong>and</strong>octrine <strong>of</strong> prayer, or he is criticising a conception<strong>of</strong> prayer other than the <strong>Christian</strong>one. If we turn to the philosophy <strong>of</strong> liumaillife as subjected to moral law, <strong>and</strong> called toits perfect fulfilment, tve do not find any thingbut harmonious truth in the suggestion thatGod cares ]nore for the inoral life <strong>of</strong> man thanfor the physical universe. If we turn to Scripture,receiving its teaching as to prayer, wefind that the promised interposition in man'sbehalf is even less an illustration <strong>of</strong> divinepower than <strong>of</strong> Divine righteousness; an evidencethat the Divine Ruler seeks righteousnessabove all things, for the entire significance<strong>of</strong> the exercise is this, trust in the holyOne, <strong>and</strong> fellowship with Him through life.On this ground alone does He promise an answerto prayer, in this promise making moralconditions the essential test for use <strong>of</strong> theprivilege, requiring the suppliant to subordi-

                                                    

                                                    31 0 SCIENCE AND RELIGION.nate to these all desire <strong>of</strong> material good. Itis towards success in attaining true fellowshipwith Himself that God is ever giving promise<strong>of</strong> blessing. It is in full view <strong>of</strong> the transcendentvalue <strong>of</strong> a life <strong>of</strong> holiness, that theSupreme Ruler is daily condescending to stooptowards His children, that they may be helpedin all that pertains to holiness <strong>of</strong> character<strong>and</strong> life. <strong>The</strong> Bible makes it essential t,o thegovernment <strong>of</strong> the world, in harmony withfixed law, that God should be the hearer <strong>and</strong>answerer <strong>of</strong> the prayer <strong>of</strong> His intelligent creatures,always pointing to reliance on the Saviour'swork as the test <strong>of</strong> the reality <strong>of</strong> theexercise, in the case <strong>of</strong> all who possess thewritten revelation <strong>of</strong> His will, in the gloriousGospel <strong>of</strong> Jesus Christ.
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                                                    APPENDIX.RELATIONS OF SCIENCE AND RELIGION. Page 34"Re who contemplates the universe from the religiouspoint <strong>of</strong> view, must learn to see that this whichwe call science, is one constituent <strong>of</strong> the great whole;<strong>and</strong> as such ought to be regarded with a sentimentlike that which the remainder excites. While he whocontemplates the universe from the scientific point <strong>of</strong>view, must learn to see that this which we call <strong>Religion</strong>is similarly a constituent <strong>of</strong> the great whole; <strong>and</strong>being such, must be treated as a subject <strong>of</strong> sciencewith no more prejudice than any other reality. Itbehooves each party to strive to underst<strong>and</strong> the other,with the conviction that the other has something worthyto be understood; <strong>and</strong> with the conviction thatwhen mutually recognized this something will be thebasis <strong>of</strong> a complete re~~n~iliati~a"-HE~~~T SPENCER,Iiirst Principles, p. 21.SPONTANEOUS GENERATION. Page 54.Pr<strong>of</strong>essor Tyndafl, describing his own esperiments,says, " <strong>The</strong> esperiments have already extended to 105instances, not one <strong>of</strong> which shows the least counte-

                                                    

                                                    314 APPENDIX.nance to the doctrine <strong>of</strong> spontaneous generation."Communicated to Royal Society <strong>of</strong> London, December21, 1876.-Ndure, vol. xv. p. 303.ENERGY AND FORCE. Page 96.<strong>The</strong> term Force is by many authors used as equivalentto Energy, rather than as a distinct tern? for theamount <strong>of</strong> Energy. Force is thus used by Sir W. R.Groves. " <strong>The</strong> term Force, although used in very differentsenses by diierent authors, in its limited sensemay be defined as that which produces or resists motion."... "I use the term Force ... as meaning thatactive principle inseparable from matter which is supposedto induce its various changes." ... "All we knowor see is the effect; we do not see Force-we see motionor moving matter."-<strong>The</strong> Correlation c$ PhysicalForces, sixth edition, by the Hon. Sir W. R. Grove,pp. 10, 11-ALL ORGANIZED EXISTENCECONSTRUCTEDA COWONPLAN. Page 131."Biologists turn to the physical organization <strong>of</strong> man.<strong>The</strong>y examine his whole structure, his bony frame, <strong>and</strong>all that clothes it. <strong>The</strong>y resolve hiiu into the finestparticles into which the microscope will enable themto break him up. <strong>The</strong>y consider the performance <strong>of</strong>his various functions <strong>and</strong> activities, <strong>and</strong> they look at

                                                    

                                                    APPENDIX. 315-the manner in which he occurs on the surface <strong>of</strong> theworld. <strong>The</strong>n they turn to other animals, <strong>and</strong> takingthe first h<strong>and</strong>y domestic animal-say a dog,-they pro-fess to be able to demonstrate that the analysis <strong>of</strong> thedog leads them, in gross, to precisely the same resultsas the analysis <strong>of</strong> the man; that they find almost identicallythe same bones, having the same relations; thatthey can name the muscles <strong>of</strong> the dog by the names<strong>of</strong> the muscles <strong>of</strong> the man, <strong>and</strong> the nerves <strong>of</strong> the dogby those <strong>of</strong> the nerves <strong>of</strong> the man, <strong>and</strong> that such structures<strong>and</strong> organs <strong>of</strong> sense as we find in the man, suchalswwe find in the dog; they analyze the brain <strong>and</strong>spinal cord, <strong>and</strong> they find that the nomenclaturewhich fits the one answers for the other. Moreover,they trace back the dog's <strong>and</strong> the man's development,<strong>and</strong> they find that at a certain stage <strong>of</strong> their existence,the two creatures are not distinguishable the one fromthe other; they find that the dog <strong>and</strong> his kind have acertain distribution over the surface <strong>of</strong> the world comparablein its way to the distribution <strong>of</strong> the humanspecies. . . . . Thus biologists have arrived at the conclusionthat a fundamental uniformity <strong>of</strong> structure pervadesthe animal <strong>and</strong> vegetable worlds, <strong>and</strong> that plants<strong>and</strong> animals differ from one another simply as modifications<strong>of</strong> the same great plan. Again they tell us thesame story in regard to the study <strong>of</strong> function. <strong>The</strong>yadmit the large <strong>and</strong> important interval which, at thepresent time, separates the manifestations <strong>of</strong> the mentalfaculties observable in the higher forms <strong>of</strong> mankind,<strong>and</strong> even in the lowest forms, such as we know them,mentally from those exhibited by other animals; but,at the same time, they tell us that the foundations or

                                                    

                                                    316' APPENDIX.rudiments <strong>of</strong> almost all the faculties <strong>of</strong> man are to bemet with in the lower animals; that there is a unity <strong>of</strong>mental faculty, as well as <strong>of</strong> bodily structure, <strong>and</strong> thathere also, the difference is a difference <strong>of</strong> degree <strong>and</strong>not <strong>of</strong> kind."-Lecture on " <strong>The</strong> Study <strong>of</strong> Biology," byPr<strong>of</strong>essor Huxley, ATature, vol. xv. p. 219. Deliveredat South Kensington Museum, London, December 16,1876. On the grounds here admirably summarized, itis clear that the whole organism <strong>of</strong> our world has beenconstructed on a common plan. This being true, similaritieswill appear in process <strong>of</strong> development, <strong>and</strong> inthe structure <strong>and</strong> functions <strong>of</strong> different orders. Thissimilarity, however, does not help us to explain "thelarge <strong>and</strong> important interval" which appears whenmental characteristics are considered. It makes thediversity <strong>of</strong> mental power more d%cult to explain byreference to organism, in fact contributing to thestrength <strong>of</strong> evidence for mind as a form <strong>of</strong> existencedistinct from organism.V.EMBRPOLOC~P. Page 131.I have not felt warranted to include in the text anysummary <strong>of</strong> results secured by the important, but verydifficult, investigations concerning the growth <strong>of</strong> animallife in the womb. This whole department <strong>of</strong> inquiryis in such an unfinished <strong>and</strong> uncertain state,that there is not warrant t<strong>of</strong>ound upon the evidencealready obtained any general argument as to its bearingon a theory <strong>of</strong> evolution. <strong>The</strong> most competent

                                                    

                                                    APPENDIX. 317observers admit that they are perplexed by facts ascertained,<strong>and</strong> confess that they can not as yet <strong>of</strong>fer anexplanation. To others all is as plain as possible; embryologysupplies a convincing pro<strong>of</strong> <strong>of</strong> the accuracy<strong>of</strong> an evolution theory; but these are scientific theoristswho see by imagination, <strong>and</strong> are impatient <strong>of</strong> uncertainty.<strong>The</strong>re are certain general considerationswhich must interpose difficulties in the way <strong>of</strong> constructingan argument from Embryology to evolution<strong>of</strong> species. (1) <strong>The</strong> action <strong>of</strong> environment before birthis altogether different from the action <strong>of</strong> environmentafter birth. (2) <strong>The</strong> theory <strong>of</strong> the evolution <strong>of</strong> speciesemphasizes this difference by insisting on the strugglefor existence. (3) This difference being admitted, anargument from the one to the other can not hold. Inthe line <strong>of</strong> discovery the point <strong>of</strong> chief interest hasbeen the fact that in some cases embryonic life showsa transition through lower forms analogous to lowerorders <strong>of</strong> animal existence prior to reaching the maturestage when birth occurs. But in connection withthe facts ascertained, two things are to be remarked.(1) Evidence <strong>of</strong> transitioll is most striking in the history<strong>of</strong> animal life developed external to the parentallife, as in the transition from laruce to pupce among insects,<strong>and</strong> in the changes in the life <strong>of</strong> the tadpole.(2) If it be admitted that there is a common plan <strong>of</strong>structure for all organism, it is implied that there mustbe similarities in process <strong>of</strong> development. <strong>The</strong> questionrequiring answer, therefore, is whether in thegradual development from the germ, any further resemblanceto lower orders appears than is to be anticipatedon the admission <strong>of</strong> a common plan for organic

                                                    

                                                    318' APPENDIX.structure. <strong>The</strong>re are singular examples <strong>of</strong> transition.But there are no illustrations <strong>of</strong> uniform progress inthe case <strong>of</strong> the higher orders such as would warrantthe supposition that a history <strong>of</strong> evolution <strong>of</strong> the speciescan be read in the development <strong>of</strong> the fcetus.<strong>The</strong> supposition has, however, found currency ill nota little <strong>of</strong> our scientific teaching. <strong>The</strong> illcompleteness<strong>of</strong> this evidence may appear from examples. Take thetadpole. Huxley states the facts thus,-" <strong>The</strong> tadpoleis first a fish, then a tailed amphibian, provided withgills <strong>and</strong> lungs, before it became a frog." This is developmentoutside parental life, <strong>and</strong> does not belongto evidence in Embryology. Confining attention to embryoniclife, let us take Hudey's statement, biologists"trace back the dog's <strong>and</strong> the man's development,<strong>and</strong> they find that at a certain stage <strong>of</strong> their existence,the two creatures are not distinguishable the one fromthe other." What is the inference to be drawn? Ifthe two are not distinguishable, our powers <strong>of</strong> distinguishingare insufficient, for no biologist suggests thatthe two are alike. <strong>The</strong> difhulty <strong>of</strong> distinguishing twogerms, or two examples <strong>of</strong> fcetus, is analogous to thedi£6culty which Darwin has pointed out <strong>of</strong> distinguishingthe orders <strong>of</strong> dogs when they are six-days-old puppies,or the breed <strong>of</strong> three-days-old colt, or <strong>of</strong> nestlingpigeons. At these stages, the animals may be so similar,that it is hardly possible to distinguish them, <strong>and</strong>yet in the full grown state they are quite different(Darwin's Origin <strong>of</strong> Species, sixth edition, p. 391). Mr.Darwin has presented the outst<strong>and</strong>ing facts thus;-"<strong>The</strong> very general, though not universal, difference instructure between the embryo a d the ad&;-the

                                                    

                                                    various parts in the same individual embryo, whichultimately become very unlike <strong>and</strong> serve for diversepurposes, being at an early period <strong>of</strong> growth alike;-the common, but not invariable resemblance betweenthe embryos or larvre <strong>of</strong> the most distinct species inthe same class;-the embryo <strong>of</strong>ten retaining whilstwithin the egg or womb, structures which are <strong>of</strong> noservice to it, either at that or at a later period <strong>of</strong> life."VI.NON-ADVANCEMENT OF LOWER ORDERS. Page 158.Mr. Darwin's answer to the difficulty put by Agassizis this;-"On our theory the continued existence <strong>of</strong>lowly organisms <strong>of</strong>fers no difEculty; for natural selection,or the survival <strong>of</strong> the fittest, does not necessarilyinclude progressive development,-it only takes advantage<strong>of</strong> such variations as arise <strong>and</strong> are beneficialto each creature under its complex relations <strong>of</strong> life."-Origin <strong>of</strong> Species, sixth edition, p. 98. This wears theaspect <strong>of</strong> a limitation <strong>of</strong> the theory, <strong>and</strong> to that extentan acknowledgment <strong>of</strong> the force <strong>of</strong> the reasoning <strong>of</strong>Agassiz.VII.PROTOPLASM. Page 131."Protoplasm, simple or nucleated, is the formal basis<strong>of</strong> all life; " thus 'c all living forms are fundamentally<strong>of</strong> one character." " All the forms <strong>of</strong> Protoplasmwhich have yet been examined contain the four ele-

                                                    

                                                    326 APPENDIX.ments, carbon, hydrogen, oxygen, <strong>and</strong> nitrogen, invery complex union." Thus there is " a general uniformityin the character <strong>of</strong> the Protoplasm, or physicalbasis <strong>of</strong> life, in whatever group <strong>of</strong> living beings it maybe studied."-HU~LEY'S Lay Serntons, p. 142.NUMBER OF SPECIES OF INSECTS. Page 193.Pr<strong>of</strong>essor Huxley mentions that "Gerst~ecker in thenew edition <strong>of</strong> Broun's 'Thier-Reich' gives 200,000 asthe total number <strong>of</strong> species <strong>of</strong> Artlzropoda." In thisconnection Mr. McLauchlan, when claiming that thereare 200,000 species <strong>of</strong> Insects, adds, "In one orderalone (Coleoptera) it is estimated that 80,000 specieshave been described."-Nature, xv. p. 275.IX.FERTILIZATIONOF FLOWERS BY INSECTS. Page 170.Dr. Hermann Miiller's Observations are describedin Nature, vol. xiv. p. 175; vol. xv. pp. 317, 473; vol.xvi. pp. 265, 607.ANTS. Page 192.Mr. McCook's Observations are summarized in Nature,vol. xvii. p. 433.

                                                    

                                                    APPENDIX. 321XI.LIKENESS OF THE APE'S BRAINPage 225.TO .THE HUMANBRAIN.<strong>The</strong> close resemblance <strong>of</strong> the brain <strong>of</strong> the ape tothat <strong>of</strong> man, has been held to prove that the ape comesnext to man in intelligence. But the facts bearing onthis suggestion are fitted to occasion serious perplexityto its upholders. First st<strong>and</strong>s the resemblance <strong>of</strong> bodilystructure as largely explaining similarity <strong>of</strong> brain.<strong>The</strong> results <strong>of</strong> electric stimulation <strong>of</strong> the monkey's brainlend additional force to this consideration. Again, factsare wanting to support the claim for superior intelligencein behalf <strong>of</strong> the monkey <strong>and</strong> ape. <strong>The</strong> habits<strong>of</strong> the ape in its natural state afford little evidence <strong>of</strong>an encouraging kind. <strong>The</strong> ape gathers together a fewsticks for a nest, in comparison with which the work<strong>of</strong> very small birds presents marvels <strong>of</strong> architecture.And nest-building seems the highest evidence gatheredfrom the natural habits <strong>of</strong> the animal, when we compareit with leaning the back against a tree for rest, orstaunching the bIood <strong>of</strong> a wound. In the captive statethe ape gives no such evidence <strong>of</strong> superior intelligenceas the similarity <strong>of</strong> its brain to the human, would leadus to expect, if brain structure afford the test <strong>of</strong> intellectualpower. Even after allowance has been madefor sudden transition from the wild state to the captive,the evidence <strong>of</strong> capability does not appear whichthe theory requires. <strong>The</strong> highest results reached bytraining monkeys, do not support a claim for intellectualsuperiority. <strong>The</strong>se are mainly forms <strong>of</strong> mimicry,generally inferior to the efforts <strong>of</strong> some other animals.

                                                    

                                                    322 APPENDIX.Add to these considerations the evidence as to the singularintelligence shown by ants, <strong>and</strong> the theory whichmeasures intellect by brain structure is placed at agreat disadvantage. Whether science may not erelong point to some theory <strong>of</strong> mind connected withanimal existence must be matter <strong>of</strong> uncertainty. If,however, the easy <strong>and</strong> familiar operations <strong>of</strong> our ownintelligence are analyzed <strong>and</strong> classified; <strong>and</strong> if a statement<strong>of</strong> the ascertained functions <strong>of</strong> the brain is laidalongside, it will appear that nothing known to us inthe action <strong>of</strong> brain, can supply a science <strong>of</strong> the operations<strong>of</strong> the human mind.TEE LARGE SIZED OB MULTIPOLAR CELLS. Page 257.On the functions <strong>of</strong> the large sized cells, it seemsdesirable to add a few words as to the direction inwhich evidence as to their functions actually points.For this purpose, a further quotation is desirable, referringto the number <strong>of</strong> fibres or processes passing<strong>of</strong>f from these large cells, distinguishing those whichbranch out into a fine net-work, <strong>and</strong> those which passdirectly to a nerve fibre. "One at least <strong>of</strong> the processes<strong>of</strong> a multipolar nerve cell does not branch, butbecomes directly continuous with a nerve fibre, <strong>and</strong>has been named the axial-cylinder process."-Pr<strong>of</strong>essorTurner's Human Anatomy, i. 201. This taken withthe facts given in Lecture VII, seems to favor the conclusions,(1) that the large cell spreads nerve energythrough the tissue <strong>of</strong> the brain, while each has at leash

                                                    

                                                    APPENDIX. 323one direct line <strong>of</strong> communication with the system <strong>of</strong>nerve fibres; (2) that the large cell has intimate <strong>and</strong>extended relations with the motor system.THE CONCEPTION OF DUTY. Page 273."Duty l Thou great, thou exalted name! Wondrousthought that workest neither by fond insinuation,flattery, nor by any threat, but by merely holdingup thy naked law in the soul, <strong>and</strong> so extorting for thyselfalways reverence, if not always obedience,-beforewhom all appetites are dumb, however secretly theyrebel,-whence thy original? "-KANT'S Critique <strong>of</strong> PracticalReason.
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