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       PEEFACE TO THE FIRST EDITION.

       Several  years ago it was our good fortune to follow, as graduate students, a course of lectures and practical study in General Biology under the direction of Professor Martin, at Jolins Hopkins University. So interesting and suggestive was the general method employed in this course which, in its main outlines, had been marked out by Huxley and Martin ten years before, that we were persuaded that beginners in biology should always be introduced to the subject in some similar way. The present work thus owes its origin to the influence of the autliors of the '' Elementary Biology,'' our deep indebtedness to whom we gratefully acknowledge.

       It is still an open question whether tlie beginner should pursue the logical but difficult course of working upwards from tlie simple to the complex, or adopt the easier and more practical method of working downwards from famihar higlier forms. Every teacher of the subject knows how great are the practical difficulties besetting the novice, who, provided for tlie lirst time with a compound microscope, is confronted with Yeast, Proto-coccus, or Amoeba; and on the other hand, how hard it is to sift out what is general and essential from the heterogeneous details of a mammal or a flowering plant. In the hope of lessening the practical difficulties of the logical method we venture to submit a course of preliminary study, which we have used for some time with our own classes, and have found practical and effective.

       It has not been our ambition to prepare an exhaustive treatise.  We  have sought only "to lead beginners in biology from familiar facts to a better knowledge of how living things are built and how they act, such as may rightly take a place in gen-

      

       ^      ^fS  /■

       eral education or may afford a basis for further studies in General Biology, Zoology, Botany, Physiology, or Medicine.

       Believing that biology should follow the example of physics and chemistry in discussing at the outset the fundamental properties of matter and energy, we have devoted the first three chapters to an elementary account of living matter and vital energy. In the chapters which follo^v, these facts are applied by a fairly exhaustive study of a representative animal and plant, of considerable, though not extreme, complexity—a method which we believe affords, in a given tune, a better knowledge of vital phenomena than can be acquired by more superficial study of a larger number of forms. We are satisfied that the fern and the earthworm are for this purpose the best available organisms, and that their study can be made fruitful and interesting. The last chapter comprises a lirief account of the j)rinciples and outlines of classification as a guide in subsequent studies.

       After this introductory study the student will be well prepared to take up the one-celled organisms, and can pass rapidly over the ground covered by such works as Huxley and Martin's ''Practical Biology," Brooks's "Handbook of Invertebrate Zoology," Arthur, Barnes and Coulter's "Plant Dissection," or the second part of this book, which is well in hand and will probably be ready in the course of the following year.

       The directions for practical study are intended as suggestions, not substitutes, for individual effort. We have striven to make the work useful as well in the class-room as in the laboratory, and to this end have introduced many illustrations. The gener-ositv of a friend has enabled us to enlist the skill of our friend Mr. James H. Emerton, who has drawn most of the original figures from nature, under our direction. We have also been greatly aided in the preparation of the figures by Mr, William Claus of Boston.

       September,  1886.

       PKEFACE TO THE SECOND EDITION.

       It  was originally our intention to publish this work in two parts, the first, which appeared in 1886, being intended as an introduction, while the second was to form the main body of tlie work and to include the study of a series of type-forms. The pressure of other work, however, delayed the completion of tb.e second part, and meanwhile several laboratory manuals appeared which in larsie measure obviated the need of it. Nevertheless the use of the introductory volume by teachers of Biology, and its sale, slowly but steadily increased. It soon appeared, however, that in some cases the work was being employed not merely as an introduction, as its authors intended, but as a complete course in itself; though the wish was often expressed that the number of types were somewhat larger. These facts, and the many obvious defects in the original volume, induced us to undertake the preparation of a second and extended editioiu

       "With increased experience our ideas have undergone some change. We are as firmly convinced as ever that General Biology, as an introductory subject, is of the very first impoi-tance; but we are equally persuaded that it must not trespass too far upon the special provinces of Zoology  and Botany . The present edition, therefore, differs from the original in these respects: first, while the introduction has been extended so as to include representatives of the unicellular organisms  {Amoeha, Infusoria^ Protococcus^ Yeasts, Bacteria),  the publication of a second volume has been abandoned. It is lioped tliat tlie work as thus extended may serve a double purpose, viz., either to be used as an introduction to subsequent study in Zoology, Botany, or Physiology; or as a complete elementary course  for general students to whom the minutiae of tliese more special subjects are of less importance than the fundamental facts of vital structure and function.    We believe that a sound knowledge of
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       these facts can be conveyed by tlie metliod of study liere outlined ; but we must emphatically insist that neither this nor any Xother method will give good results unless rightly used, and that C this work is not designed to be a complete text-book. Probably few teachers will find it desirable to go over the whole of the ground here laid out, and we hope that still fewer will be inclined to confine their work strictly to it. Even in a brief course the student may, after going over certain portions of this work, be made acquainted with the leading types of plants and animals; and this may be rapidly accomplished if the introductory work, however limited, has been carefully done. In extended courses we have sometimes found it desirable to postpone certain parts of the introductory work, returning to them at a later period.

       A second modification consists in placing the study of the animal before that of the plant, which plan on the whole appears desirable, especially for students who have not been well trained in other branches of science. The main reason for this lies in the greater ease with which the physiology of the animal can be approached ; for there is no doubt that beginners find the nutritive problems of the plant abstruse and difiicult to grasp until a certain familiarity with vital phenomena has been attained; while most of the physiological activities of the animal can be readily illustrated by well-known operations of the human body.

       The third change is the omission of the laboratory directions, these" havih^~beentound "TmsuitabTe! The needs~of different teachers differ so widely that it is impossible to draw up a scheme that shall answer for all. In place of the laboratory directio ns for students we have therefore given, in an appendix, a series (fTprac-ticaFsucrffestions to teachers, leaving^ it to them to work OTxde-taHed directions, if desirecT/ by the help of the standard laboratory manuals. These suggestions are the result of a good deal of experience on the part of many teachers besides ourselves, and we hope they will be found useful in procuring and preparing material (often a matter of considerable difficulty), and in deciding just what the student may reasonably be expected to do.

       For the rest, the original matter has been thoroughly re^dsed, numerous errors have been corrected, and many additions made, particularly on the physiological side.
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       GENERAL BIOLOGY.

       CHAPTER I.

       INTRODUCTORY.

       "We  know from common experience that all material things are either dead or alive, or, more accurately, that all matter is either lifeless or living; and so far as we know, life exists only as a manifestation of living matter. Living matter and lifeless matter are everywhere totally distinct, though often closely associated. The most careful studies have on the whole rendered the distinction more clear and striking, and have demonstrated that living matter never arises spontaneously from lifeless matter, but only through the immediate influence of living matter already existing. And so, whatever may have been the case at an earlier period of the earth's history, we are justified in regarding the present line between living and lifeless as one of the most clearly defined and important of natural boundaries.

       The Contrast between Living Matter and Lifeless Matter is made the ground for a division of the natural sciences into two great groups, viz. : the Biological Sciences and the Physical Sciences, dealing respectively with living matter and lifeless matter. The biological sciences (p. 7) are known collectively as Biology {/3io5, life; Xoyos, a discourse),  which is therefore often defined as the science of life, or of living things, or of living mat-ter. But living matter, so far as we know, is only ordinary matter which has entered  into a peculiar state or condition.

       ..A A

      

       And hence biology is more precisely defined as  tJie science ichich treats of viciUer in the living state.

       The Relationship between Living and Lifeless Matter. Although living matter and lifeless matter present this remarkable contrast to one another, they are most intimately related, as a moment's reflection will show. The living substance of the human body, or of any animal or plant, is only the transformed lifeless matter of the food which has been taken into the body and has there assumed, for a time, the living state. Lifeless matter in the shape of food is continually streaming into all living things on the one hand and passing out again as waste on the other. In its journey through the organism some of this matter enters into the living state and lingers for a tune as part of the body substance. But sooner or later it dies, and is then for the most part cast out of the body (though a part may be retained within it, either as an accumulation of waste material, or to serve some •aseful purpose). Matter may thus pass from the lifeless into the living state and back again to the lifeless, over and over in never-ending cycles. A living plant or animal is like a fountain or a flame into which, and out of which, matter is constantly streaming, while the fountain or the flame maintains its characteristic form and individuality. It is " nothing but the constant form of a similar turmoil of material molecules, which are constantly flowing into the organism on the one side and streaming out on the other. . . . It is a sort of focus to which certain material particles converge, in which they move for a time, and from which they are afterward expelled in new combinations. The parallel between a whirlpool in a stream and a living being, which has often been drawn, is as just as it is striking. The whirlpool is permanent, but the particles of water which constitute it are incessantly changing. Those which enter it on the one side are w^hirled around and temporarily constitute a part of its mdi-viduality; and as they leave it on the other side, their jDlaces are made good by newcomers."     (Huxley.)

       How then is living matter different from lifeless matter ? The question cannot be fully answered by chemical analysis, for the reason that this process necessarily kills living matter, and the results therefore teach us little of the chemical conditions existing in the matter when alive.    Analyses, nevertheless, bring

      

       to light several liiglilj important facts. It is likely that livino-matter is a tolerably detinite compound of a nnmljer of the chemical elements, and it is probably too low an estimate to say that at least six elements must unite in order that life may exist. Moreover, only a very few out of all the elements are able, under any circumstances, to form this living partnership.

       The most significant fact, however, is that there is no loss of weight when living matter is killed. The total weight of the lifeless products is exactly equal to the weight of  t\iQ  living substance analyzed, and if anything has escaped at death it is imponderable, and, havhig no weight, is not material. It follows-that living matter contains no material substance peculiar to itself, and that every element found in living matter may be found also, under other circumstances, in lifeless matter.

       Considerations like these lead ns to recognize a fundamental fact, namely, that the terms living and lifeless designate two different  states  or  conditions  of matter. "We do not know, at present, what causes this difference of condition. But so far as. the evidence shows, the li^ang state is never assumed except under the influence of antecedent living matter, wliicli, so to speak, infects lifeless matter and in some way causes it to assume the living state.

       Distinctive Properties of Living Matter. Those properties of living matter which, taken together, distinguish it absolutely from every form of lifeless matter, are:

       1.  Its chemical composition.

       2.  Its power of waste and rejDair, and of growth.

       3.  Its power of reproduction.

       Living matter invariably contains substances known as pro-teids, which are believed to constitute its essential material basis (see p. 33). Proteids are complex compounds of Carbon, Oxygen, Hydrogen, Xitrogen, Sulphur, and (in some cases at any rate) Phosphorus.

       It has been frequently pointed out that each of these six elements is remarkable in some way : oxygen, for its vigorous combining powers ; nitrogen, for its chemical inertia; hydrogen, for its great molecular mobility ; carbon, sulphur, and phosphorus, for their allotropic properties, etc. All of these peculiarities may be shown to be of significance when considered as attributes of living matter. (See Herbert Spencer,  Principles of Biology,  vol. i.)

      

       It is not, however, tlie mere presence of proteids which is characteristic of Hving matter. White-of-egg (albumen) contains an abundance of a typical proteid and jet is absolutely lifeless. Living matter does not simply contain proteids, but has tbe jpower to Tnamtfacticre tliem  out of other substances; and this is a property of li^dng matter exclusively.

       The waste and repair of living matter are equally characteristic. The living substance continually wastes away by a kind of internal combustion, but continually repairs the waste. Moreover, the growth of living things is of a characteristic kind, differing absolutely from the so-called growth of lifeless things. Crystals and other lifeless bodies grow, if at all, by  accretion^  or the addition of new j)articles to the outside. Living matter grows from within by  intussusception.,  or the taking-in of new particles, and fitting them into the interstices between those already present, throughout the whole mass. And, lastly, living matter not only thus repairs its own waste, but also gives rise by reproduction to new masses of living matter which, becoming detached from the parent mass, enter forthwith upon an independent existence.

       We may perceive how extraordinary these properties are by supposing a locomotive engine to possess like powers: to carry on a process of seK-repair in order to compensate for wear; to grow and increase in size, detaching from itself at intervals pieces of brass or iron endowed with the power of grooving up step by step into other locomotives capable of running themselves, and of reproducing new locomotives in their turn. Precisely these things are done by every li^dng thing, and nothing like them takes place in the lifeless world.

       Huxley has given the best statement extant of the distinctive properties of living matter, as follows :

       "1. Its  chemical composition —containing, as it invariably does, one or more forms of a complex compound of carbon, hydrogen, oxygen, and nitrogen, the so-called protein (which has^ never yet been obtained except as a product of living bodies), united with a large proportion of water, and forming the chief constituent of a substance which, in its primary unmodified state, is known as protoplasm.

       " 2. Its  universal disintegration and waste by oxidation^ and its concomitant reintegration by the intussuscejytion of new matter.  A process of waste resulting from the decomposition of the molecules of the proto-

      

       plasm in virtue of which they break np into more highly oxidated products, which cease to form any part of the living body, is a constant concomitant of life. There is reason to believe that carbonic acid is always one of these waste products, while the others contain the remainder of the carbon, the nitrogen, the hydrogen, and the other elements which may enter into the composition of the protoplasm.

       " The new matter taken in to make good this constant loss is either a ready-formed protoplasmic material, supplied by some other living being, or it consists of the elements of protoplasm, united together in simpler combinations, which constantly have to be built up into protoplasm by the agency of the living matter itself. In either case, the addition of molecules to those which already existed takes place, not at the surface of the living mass, but by interposition between the existing molecules of the latter. If the processes of disintegration and of reconstruction which characterize life balance one another, the size of the mass of living matter remains stationary, while if the reconstructive process is the more rapid, the living body  grows.  But the increase of size which constitutes growth is the result of a process of molecular intussusception, and therefore differs altogether from the process of growth by accretion, which may be observed in crystals, and is elfected purely by the external addition of new matter ; so that, in the well-known aphorism of Linnaeus, the word ' grow' as applied to stones signifies a totally different process from what is called ' growth * in plants and animals.

       " 3. Its  tendency to undergo cyclical changes.  In the ordinary course of nature, all living matter proceeds from pre-existing living matter, a portion of the latter being detached and acquiring an independent existence. The new form takes on the characters of that from which it arose; exhibits the same power of propagating itself by means cf an offshoot; and, sooner or later, like its predecessor, ceases to live, and is resolved into more highly oxidated compounds of its elements.

       " Thus an individual living body is not only constantly changing its substance, but its size and form are undergoing continual modifications, the end of which is the death and decay of that individual; the continuation of the kind being secured by the detachment of portions which tend to run through the same cycle of forms as the parent. No forms of matter which are either not living or have not been derived from living matter exhibit these three properties, nor any approach to the remarkable phenomena defined under the second and third heads."  {Encyclopcedia Bri^ tan7iica,  9th ed., art. " Biology," vol. iii. p. 679.)

       For the purposes of biological study life must be regarded as a property of a certain kind of compounded matter. But we are forced to regard the properties of compounds as the resultants of the properties of their constituent elements, even though we cannot well imagine how such a relation exists; and so in the

      

       long-run we have to fall back upon tlie properties of carbon, lijdi-ogen, nitrogen, oxygen, etc., for the properties of living matter.

       Scope of Biology. The Biological Sciences.  It follows from the broad definition given to Biology that this science includes the study of whatever pertains to living matter or to living things. It considers the forms, structures, and functions of living things in health and m disease; their habits, actions, modes of nutrition; their surroundings and distribution m space and time, their relations to the lifeless world and to one another, their sensations, mental processes, and social relations, their origin and then- fate, and many other toj^ics. It includes both zoology and botany, and deals with the phenomena of animal and vegetal life not only separately, but in their relations to one another. It includes the medical sciences and vegetal j^athology.

       The field covered by biology as thus understood is so wide as to necessitate a subdivision of the subject into a number of principal branches which are usually assigned the rank of distinct sciences. These are arranged in a tabular view on p. 7. The table shows two dift'erent ways of regarding the main subject, according as the table is read from left to right m*  vice versa.  Under the more usual arrangement biology is primarily divided into zoology and botany, according as animals or plants, respectively, form the subject of study. Such a division has the great advantage of practical convenience since, as a matter of fact, most biologists devote their attention mainly either to plants alone or to animals alone. From a scientific j)oint of view, however, a better subdivision is into  Morphology {jxofi(pii^ formj Xoyo?, a discourse) and  Physiology  (0U(Tz?,  nature^ Xoyos, a discourse).  The formel' is based upon the facts of form, structure, and arrangement, and is essentially statical; the latter upon those of action or function, and is essentially dynamical. But morphology and physiology are so intimately related that it is impossible to separate either subject absolutely from the other.

       Besides the sub-sciences given ui the table a distinct branch called  Etiology  is often recognized, having for its object the investigation of the causes of biological 23lienomena. But the scientific study of every phenomenon has for its ultimate object the discovery of its cause.    -Etiology is therefore inseparable from
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       '  Morphology.

       The science

       of form,

       structure,

       etc.

       Essentially

       statical.

       Biology.

       The science of all living

       things;

       i.e., of matter in the living

       state.

       Physiology.

       The science of action or function. Essentially dynamical.

       Aiiatotny. The science of structure ; the term being usually applied to the coarser and more obvious composition of plants or animals.

       Histology.

       Microscopic anatomy. The ultimate optical analysis of structure by the aid of the m i c r o s c op e ; separated from anatomy only as a matter of convenience.

       Taxonomy or Classifi-€atio)t.

       The classification of living things. Based chiefly on phenomena of structure.

       Distribution.

       Considers the position of living things in space and time, their distribution over the present face of the earth and their distribution and succession at former periods, as displayed in fossil remains.

       Embryology.

       The science of development from the germ. Includes many mixed problems pertaining both to morphology and physiology. At present largely morphological.

       Physiology.

       The special science of the functions of the individual in health and in disease ; hence including  Pathology.

       Psychology.

       The science of mental phenomena.

       Sociology.

       The science of social life, i.e., the life of communities, whether of men or of lower animals.

       Botany,      y

       The science of vegetal

       living

       matter or

       plants.

       \  Biology.

       The

       science of

       all living

       things;

       i.e., of

       matter in

       the living

       state.

       1-     Zoology.

       The science of animal

       living matter or animals.

      

       any of the .several branches of biology and need not be assigned an independent place.

       Psychology  and  Sociology  are not yet generally admitted to constitute branches of biology, and it is customary and convenient to set them apart from it. The establishment of the theory of evolution has clearly shown, however, that the study of these sciences is inseparable from that of biology in the ordinary sense. The instincts and other mental actions of the lower animals are as truly subjects of ^psychological as of physiological inquiry; the complex social life of such animal communities as we hnd, for instance, among the bees and ants are no less truly problems of Sociology.

       It will be observed that in the scheme morphology and physiology overlap; that is, there are certain biological sciences in which the study of structure and of action cannot be sej^arated. This is especially true of embryology, which considers the successive stages of embryonic structure and also the modes of action by which they are produced. And Una!ly it must not be forgotten that any particular arrangement of the biological sciences must be in the main a matter of convenience only; for it is impossible to study any one order of phenomena in complete isolation from all others.

       The term General Biology does not designaie a particular member of the group of biological sciences, but is only a convenient phrase, which has come into use for the general introductory study of biology. It bears precisely the same relation to biology that general chemistry bears to chemistry or general physics bears to physics. It includes an examination of the general properties of living matter as revealed in the structures and actions of particular living things, and may sei*ve as a basis for subsequent study of more special branches of the science. It deals with the broad characteristic phenomena and laws of life as illustrated by the thorough comparative study of a series of plants and animals taken as representative types; but in this study the student should never lose sight of the fact that all the varied phenomena which may come under his observation are in the last analysis due to  the properties of matter in the living state^  and that this matter and these properties are the real goal of the study.

      

       CHAPTEE II.

       THE STRUCTURE  OF LIVING THINGS.   ORGANISMS.

       Lifeless  things occur in masses of the most various sizes and forms, and may differ widely in structure and chemical composition. Living things, on the other hand, occur only in relatively small masses, of which perhaps the largest are, among plants, the great trees of California and, among animals, the whales; while the smallest are the micro-organisms or bacteria. Moreover, the individual masses in which living things occur possess a peculiar and characteristic structure and chemical composition which have caused them to be known as  organisms^  and their substance  as    organic.     All organisms  are built up to a

       remarkable extent in the same way and of the same materials,
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       Fig,  1. (After Sachs.)—Longitudinal section through the growing apex of a young pine-shoot. The dotted portion represents the protoplasm, the narrow lines be^ ing the partition-walls composed of cellulose (CsHjoOs).    (Highly magnified.)

       and we may conveniently begin a study of living things with the larger and more complex forms, which exhibit most clearly those structural peculiarities to which we have referred.

       Organisms composed of Organs. Functions. It is characteristic of any living body—for example, a rabbit or a geranium— that it is composed of unlike parts, having a structure whicli enables them to perform various operations essential or accessory to the life of the w^hole.     The plant has stem, roots, branches,

       leaves,  stamens,  pistil, seeds,  etc. ; the animal has externally
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       head, trunk, limbs, eyes, ears, etc., and internally stomach, intestines, liver,  lungs, heart,  brain,   and  many other  parts of
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       Fig.  2.—Cross-section through part of the young leaf of a fern  (Pteris cujuilina)^ showing thick-walled cells; most of the walls are double. The granular substance is protoplasm. Most of the cells contain a large central cavity (vacuole) filled with sap, the protoplasm having been reduced to a thin layer inside the partitions. Nuclei are shown in some of the cells, and lifeless grains of starch in others: ?i, nuclei; s, starch; r, vacuole;  u\  double partition-wall.   ( X 500.)

       the most diverse structure. These parts are known as  oi^ganSy and the living body, because it possesses them, is called an  or-ganism.

       The word organism, as here used, applies best to the higher animals and plants. It will be seen in the sequel that there are forms of life so simple that organs as here defined can scarcely be distinguished. Such living things are nevertheless really organisms because they possess parts analogous in function to the well-defined organs of higher form. (See p. 157.)

       Since organisms are composed of unlike parts, they are said to be heterogeneous in structure. They are also heterogeneous in action, the different organs performing different operations Q,2XiQA functions.  For instance, it is the function of the stomach to digest food, of the heart to pump the blood into the vessels, of the kidneys to excrete waste matters from the blood, and of the brain to direct the functions of other organs. A similar diversity of  functions  exists  in plants.     The roots hold the
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       H

      
        [image: picture2]
      

       Fig.  3. (After Sachs.)—Cross-section through a group of dead, thick-walled wood-cells from the stem of maize. The cells contain only air or water.   (Highly magnified.)

       plant fast and absorb various substances from tlie soil; the stem supports the leaves and flowers and conducts the sap; the leaves absorb and elaborate portions of the food; and the reproductive organs of the flower serve to form and bring to maturity seeds destined to give rise to a new generation.

       Heterogeneity of the kind just indicated, accompanied by  a division of labor  among the parts, is one of the most characteristic features of living things, and is not known in any mass of lifeless matter, however large and complex.

       Organs composed of Tissues. Differentiation.  In the next place, it is to be observed that the organs also, when fully formed, are not homogeneous, but are in turn made up of different parts. The human hand is an organ w^hich consists of many parts, differing widely in structure and function. On the outside are the skin, the hairs, the nails; inside are bones, muscles, tendons, ligaments, blood-vessels, and nerves. The leaf of a plant is an organ consisting of a woody framework (the '' veins I') which supports a green pulp, the whole being covered on the outside by a delicate transparent skin. In like manner every organ of the higher plants or animals may be resolved into different parts, and these are known as  tissues.  The tissues of fully formed organs are often very different from one another, as in tlie cases just mentioned; that is, they are well differentiated;  but frequently in adult organs, and always in those which are sufficiently young, the tissues shade gradually into one another, so that no definite line can be drawn between them. In such cases they are said to be less differentiated. For example, in the full-grown leaf of a plant the woody framework, the green cells, and the skin exist as three plainly different tissues. But in younger leaves these same tissues are less different, and in very young leaves, still in the bud, there are no visible differ-

      

       THE STRUCTURE OF LIVING  THINGS.

       ences and the whole organ is very nearly homogeneous. In this case the tissues are  undifferentiated^  though potentially capal)le of differentiation.    In the same way, the tissues of the embry-
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       FiG. 4.—Cross-section through dead wood-like cells from the underground stem of a fern  (Ptei'is aquilina).  The walls are uncommonly thick and the protoplasm has disappeared. The channels shown served in life to keep the cells in vital connection,   (x 450.)

       onic human hand are imperfectly differentiated, and at a very early stage are undifferentiated.

       Tissues composed of Cells. Finally, microscopical examination shows every tissue to be composed of minute parts known as  cells,  which are nearly or quite shnilar to one another throughout the whole tissue, and form the ultimate units into which the tissues and organs, and hence the whole organism, become more or less perfectly divided, somewhat as a nation is divided into states and these into counties and townships.

      

       It will be sliown beyond that these ultimate units or cells possess everywhere the same fundamental structure; but they differ immensely in form, size, and mode of action, not only in different animals and plants, but even in different parts of the same individual. As a rule, the cells of any given tissue are closely similar one to another and are devoted to the same function, but differ from those of other tissues in form., size, arrangement, and especially in function. Indeed, the differences between tissues are merely the outcome of the differences between the cells composing them. The skin of the hand differs in appearance and uses from the muscle which it covers, because skin-cells differ from muscle-cells in form, size, color, function, etc. Hence a tissue may be defined as  a groiij) of similar cells having a similar function.^  As a rule, each organ consists of several such groups of cells or tissues, but, as stated above, young organs are nearly or quite homogeneous; that is, all of the cells are nearly or quite alike. It is only when the organ grows older that the cells become different and arrange themselves in different groups,—a process known as the  differentiation of the tissices.  In the case of some organs—for instance the leaf of a moss—the cells remain permanently nearly alike, somewhat as in the embryonic condition, and the whole organ consists of a single tissue.   .

       What has been said thus far applies only to higher plants and animals. But it is an interesting and suggestive fact that there are also innumerable isolated cells, both vegetal and animal, which are able to carry on an independent existence as one-celled plants or animals. Physiologically these must certainly be regarded as individuals; but it is no less certain that they are equivalent, morphologically, to the constituent cells of ordinary many-celled organisms. It will appear hereafter thai the study of such unicellular organisms forms the logical groundwork of all biological science.    (See p. 157.)

       Since organisms may be resolved successively into organs, tissues and cells, it is evident that cells must contam living matter. And a cell may be defined as a  small mass of living TTiatter either living apart or forming one of the ultimate units

       * Tissues frequently contain matters deposited between cells ;  but these Lave usually been directly derived from tlie cells, and vary as the cells vary.
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       of an organism.     The cell is an  " organic individual of the first order."^"^     (Lang.)

       Living and Lifeless Matter in the Living Organism. Since our own bodies and those of lower animals and of plants are composed of matter, it may be supposed, from what has been said in the last chapter, that they are composed of li\dng matter. This, however, is true only in part. It is strictly true that every plant or animal contains living matter, but a little reflection will show that it contains, lifeless matter also. In the human body lifeless matter is found in the hairs, the ends of the nails, and the outer layers of the skin,—structures which are not simply devoid of feeling, as every one knows them to be, but are really lifeless in every sense, although forming part of a living body. Nor is lifeless matter confined to the exterior of the body. The mineral matter of the bones is not alive; and this is true, though less obviously, of many other parts, such as-the liquid basis or plasma of the blood, the fat (which is never wholly absent), and various other forms of matter occurring in many parts of the body.

       In lower animals examples of this truth occur on every hand.    The calcareous shells of animals like the

       snail and the oyster; the skeletons of corals and sponges; the hard outer crust 'f^A  of insects, lobsters, and related animals; the scales of fish and reptiles; the feathers, claws, and beaks of birds; the fur of animals—these are a few of the countless instances of structures composed wholly or in part of lifeless mat-FiG.5.(AfterRanvier)-Mns-tej.   ^j^j^i^   nevertheless enter into the

       cle-ceUs.  A,  from the mtes-        ^   ^ ^

       tine of a dog, in cross-sec- Composition of living animals.

       tion; B, single isolated cell,   A,^^^,,^   -.^l^^-t       ^'^         £    j.

       from the intestine of a rab-       Among  plants  like   facts are  even

       bit, viewed  from  the side, more  COllSpicUOUS.         'No   OUC   Cail   doubt

       that the outer bark of an oak is devoid of life. The heart-wood of a tree is entirely dead, and even in the so-called live wood, through which the sap flows, not only is the solid part of the wood lifeless, but also the sap itself.
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       Fig.  6   (After Schafer.)—Human cartilage (from head of metatarsal bone),   c,  cells;

       ni, lifeless matrix.   (X 600.)
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       Fig.  7. (Modified from Ranvier.)—Blood of frog, showing two forms of eells (corpuscles), one flattened and oval, one branched, floating in the lifeless plasma. (X650.)

      

       THE STRUCTURE OF LIVING  THINGS.

       Lifeless Matter in the Living Tissues. In  the tissues the Hv-ing cells are seldom in contact one with another, but are more or less completely separated by partitions of lifeless matter. This may be seen in a section through some rapidly growing organ like a young shoot (Fig. 1). The wliole mass is formed of nearly similar, closely crowded units or cells separated by very narrow partitions. Each cell consists of a mass of granular, viscid, living substance known  2,'^ jprotoijlasm^  and a more solid, rounded body, the  micleus.

       In such a group of cells no tissues can be distinguished; or, rather, the whole mass consists of a "single tissue (meristem), wliich is almost entirely composed of living matter (protoplasm). In older tissues the partitions often increase in thickness, as shown in Fig. 2. In every case  the ])artitwns are composed of lifeless matter which has heen niannfactitred and deposited hy the living jprotoplasni constituting the hodies of the cells.  In still older parts of the plant certain of the lifeless walls may become extremely thick, the protoplasm entirely disappears, and

       the whole tissue (wood) consists of Kf eless matter enclosing spaces filled with air or water (Figs. 3 and 4).

       Among animals analogous cases are common. The nuiscles of the small intestine, for instance, (Fig. 5,) consist of bundles of elongated cells  {fihres)  eacli of which is composed of living matter surrounded by a very tliin covering  (sheath)  of lifeless matter. In cartilao^e or gristle, which covers tlie ends of many bones (Fig. 6), the oval cells are very widely separated by the deposition between them of large quantities of  solid  lifeless matter

       Fig.  8. (Modified from Schenk.)—Sec- /?   •   i    <      •       i   ^^

       tion of bone from the human femur lOrmmg   what    IS    kuown    aS    the

       showing the living branching bone-  matrix.         In    blood    (Fig.     7)    the cells lying  inthe bony life less ma-  n   ,,   i   .   in/

       trix.  Diagramatic.   flattened , or   irregular   cells   {cor-

       jpuscles)  are separated by a lifeless fluid  {j>lasind)  in which they float.    In bone (Fig.  8) the cells
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       ^J.::;^]:^:-: '■^t?^l^;^^i^:'^-;/i;^^:[^iyi^
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       have a branching, irregular form, and are separated by solid calcareous matter whicli is unmistakably lifeless. These examples show that the lifeless matters of the body often occur in the form of deposits between living cells by which tliey have been produced. In all such cases the embryonic tissue consists at first of living cells in direct contact, or separated by only a very snmll quantity of lifeless matter. In later stages the cells may manufacture additional lifeless substance which appears in the form of firm partition-walls between the cells, or as a matrix, solid or liquid, in which the cells lie. AVhen solid walls are present they are often perforated by narrow clian-nels through which the protoplasmic cell-bodies remain in connection.     (See Figs. 4, 8, and 50.)

       Lifeless Matter within Living Cells. Equally important with the deposit of lifeless matter  hetioeen  cells is the formation of Kfe-less matter  within  cells, either  {ct)  by the deposition of various substances in the protoplasm, or  (b)  by the direct transformation of the whole mass of protoplasm.    Examj)les of the first kind are
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       Fig.  9.— a  group of cells from the stem of a geranium (Pelargonium),  showing lifeless substances (starch and crystals) within the protoplasm. As in Fig. 2, each cell contains a large central vacuole, filled with sap ; c, groups of crystals of calcium oxalate ; i.e.,  intercellular space; n, nucleus; s, granules of starch,    (x 300.)

       Fig.  10. (After Ranvier.) — Group of "adipose cells" from the tissue beneath the skin (" subcutaneous connective tissue") of an embryo calf, showing drops of fat in the protoplasm. /, fat-drops (black) ;  n,  nuclei (X550.)

       mineral crystals (Fig. 9), grains of starch (Fig. 9), drops of water, and many other substances found witliin tlie cells of plants.     Among animals drops of fat (Fig. 10) and calcareous
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       or siliceous deposits are similarly produced. Indeed, there is scarcely any limit to the number of lifeless substances which may thus appear within the cells both of plants and animals.

       The second case is of less importance, though of common occurrence. A good examj^le is found in the lining membrane of the cesopliagus of the dog (Fig. 11), which like the human skin is almost entirely made up of closely crowded cells.    Those
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       Fig.  11.—Section through the inner coat of the gullet of a dog, showing: p, living cells of the deeper layers; s, lifeless cells of the superficial layers; 71, nucleus.

       in the deepest part consist chiefly of living protoplasm very similar to that of the young pine shoot (compare Fig. 1). Above them the cells gradually become flattened until at the surface they have the form of flat scales. As the cells become flattened their substance changes. The protoplasm diminishes in quantity and dies; so that near the surface the cells are wholly dead, and finally fall oft'. In a similar manner are formed the lifeless parts of nails, claws, beaks, feathers, and many related structures. A hair is composed of cells essentially like those of the skin. At the root of the hair they are alive, but as they are pushed outwards by continued growth at the root, they are transformed bodily into a dead, horny substance forming the free portion of the hair. Feathers are only a complicated kind of hair and are formed in the same way.

       It is a significant fact that the quantity of lifeless matter in the organism tends to increase with age. The very young plant or animal probably possesses a maximum proportion of protoplasm, and as life progresses lifeless matter gradually accumulates within or about it,—sometimes for support, as in tree-trunks and

      

       bony skeletons; sometimes for protection as in oyster- and snail shells; sometimes apparently from sheer inability on the part of the protoplasm to get rid of it. Thns we see that youth is literally the period of life and vigor, and age the period of comparative lifelessness.

       Summary. The bodies of higher animals and plants are subdivided into various parts  {organs)  having different structure and functions. These mav be resolved into one or more  tissues^ each of which consists of a mass of similar  cells  (or their derivatives) having a similar function. The cells are small masses of living matter, or protoplasm, which dej)Osit more or less lifeless matter either around (outside) them or within their substance. In the former case the protoplasm may continue to live, or it may die and be absorbed. In the latter case it may likewise live on for a time, or may die, either disappearing altogether or leaving behind a residue of lifeless matter.

       The Organism as a Whole. Up to this point we have considered living organisms from an anatomical and analytical standpoint, and have observed their natural subdivisions into organs, tissues, and cells. We have now only to remark that these parts are mutually interdependent, and that the organism as a whole is greater than any of its parts. Precisely as a chronometer is superior to an aggregate of wheels and springs, so a living organism is superior in the solidarity of its parts to a mere aggregate of organs, tissues, and cells. We shall soon see that in the living body these have had a common ancestry and still stand in the closest relationship both in respect to structural continuity and community of interest.

      

       CHAPTEK III.

       PROTOPLASM AND  THE  CELL.

       It  lias been sliown in the last chapter that life is inherent in a peculiar substance,  protoiylasm^  occurring in definite masses or cells.  In other words, protoj)lasm is the physical basis of life, and the cell is the ultimate visible structural unit. Protoplasm and the cell deserve therefore the most careful consideration; but because of the technical difficulties involved in their study only such characteristics as are either obvious or indispensable to the beginner will here be dwelt upon.

       Historical Sketch. Organs and tissues are readily visible, but in order to resolve tissues into cells something more than the naked eye was necessary. The compound microscope came into use about 1650, and in 1665 the English botanist Robert Hooke announced that a familiar vegetal tissue, cork, is made up of ''^little hoxes or cells distinct from one another ^  Many other observers described similar cells in sections of wood and other vegetal tissues, and the word soon came into general use. It was not until 1838, however, and as a consequence of a most important improvement in the compound microscope, viz., the invention of the achromatic objective, that cellular structure came to be recognized as an invariable and fundamental characteristic of li\dng bodies. At this time the botanist Schleiden brought forward proof that the higher plants do not simply contain cells but are wholly made up of them or their products; and about a year later the zoologist Schwann demonstrated that the same is true of animals. This great generalization, known as the ''  cell-theory ''  of Schleiden and Schwann^  laid the basis for all subsequent biological study. The cell-theory was at first developed upon a purely morphological basis.    Its application to

       the phenomena of physiological action was for a time retarded

      

       hv the misleading character of the term "cell." The word itself shows that cells were at first regarded as cavities (hke tlie cells of a honeycomb or of a prison) surrounded by solid walls; and even Schleiden and Schwann had no accurate conception of their true nature. Soon after the promulgation of the cell-theorv, however, it was shown that both the walls and the cavity miirlit be wanting, and that therefore the remaining portion, namely, the protoplasm with its nucleus, must be the active and essential part. The cell was accordingly defined by Yirchow and Max Schultze as "a mass of protoplasm surrounding a nucleus," and in this sense the word is used to-day. ^^ The word cell became thereafter as inappropriate as it would be if applied to the honey within the honeycomb or to the living prisoner in a prison-cell, Nevertheless, by a curious conservatism, the term was and is retained to designate these structures whether occurring in masses, as segments of the plant or animal body, or leading independent lives as unicellular organisms.

       Protoplasm was observed long before its significance was understood. The discovery of its essential identity in plants and animals and, ultimately, the general recognition of the extreme importance of the  role  which it everywhere plays, must be reckoned as one of the greatest scientific achievements of this century. It was Dujardin w^ho in 1835 first distinctly called attention to the importance of the ''primary animal substance" or ''sarcode" which forms the bodies of the simplest animals. Without clearly recognizing this substance as the seat of life, or using the word protoplasm, he nevertheless described it as endowed with the powers of spontaneous movement and contractility. The word protoplasm  (rrpcSTOs,  first;  TrXdajua, form) was apparently first used for animal substance by Purkinje in 1839-40, and next by H. von Mold, in 18-16, to designate the granular viscid substance occurring in plant-cells, although both workers were ignorant of its full significance. In 1850 Cohn definitely maintained not only that animal sarcode and vegetal protoplasm were essentially of the same nature, but also that this substance is the real seat of vitality and hence to be regarded as the physical basis of life.     To Max   Schultze

       * It is possible that in some of the lowest and simplest organisms even tbe nucleus may be wanting as a distinctly differentiated body.    See p. 193.

      

       (1860) is generally assigned the credit of having finally placed this conclusion upon a secure basis; and by him the meaning of the word  Protoplasm  was so extended as to include all living matter, whether animal or vegetal. In this sense the word is now universally employed.

       Appearance  and  Structure. Protoplasm and cells differ gi'eatly in appearance in different plants and animals, as well as in different parts and different stages of development of the same individual.     The appearance of protoplasm and the consti-

       ,„   ,.   tution of the cell are as a rule

       m^        >!^>r^\v-.r.T^-sJV   most easily made out in very

       young structures, such as the eggs of some animals or in the cells of young vegetal slioots. The egg of the starfish, for example, (Fig. 12), is I^^      ^<^'l'-'':■  "^';'V'^' ^'^?-''>^     a sin2:le isolated cell of nearly

       tyj^ical  form   and  structure. It is a minute, nearly spheri-FiG. i2.-siightiy diagrammatic figure of gal bodv  U^  inch  diameter)

       the egg or ovum of a star-fish, showing the .   , .  '       ,

       structure of a typical ceU.   w, membrane; m  wllich  three   parts  may be

       n, nucleus; p, protoplasm (cytoplasm).        disthlguislied,    viz. I   (1)     the

       cell-hody^  which forms the bulk of the cell; (2) the  nucleus^  a rounded vesicular body suspended in the cell-body; (3) the  Tnein-hrane  or  cell-icall^  which immediately surrounds the cell-body. Of these three, the nucleus and cell-body are mainly composed of protoplasm, while the membrane is a lifeless dej)Osit upon the exterior. The protoplasm of the cell-body is generally called cell-plasm, or  cytoj>lcts7}i^  that of the nucleus  nucleoplasm'j  that is, the living matter of the cell is differentiated into two different but closely related forms of protoplasm, cytoplasm and nucleoplasm.

       The  Cytoplasm appears as a clear semifluid or viscid substance, containing numerous minute granules and of a watery appearance, though it shows no tendency to mix with water. Under very high powers of the microscope, especially after treatment with suitable reagents, the clear substance is found to have a definite structure, the precise nature of which is in dispute. By some observers it is described as a fibrous meshwork or retic-
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       Ilium, like a sponge; l)y others as more neai-ly like an emulsion or foam, consisting of a more solid framework enclosing innumerable minute separate spherical cavities tilled with li(piid; hy others still as comj)osed of unbranched threads running in all directions through a more liquid basis; but its real nature is still unknown.

       It is evident that the visible structure of protoplasm gives no hint of its marvellous powers as the seat of vital action, and we are therefore compelled to infer that it is endowed with a chemical and molecular constitution extremely complex, and probably far exceeding in comj)lexity that of any lifeless substance.

       The Nucleus is a rounded body suspended in the cell-sul)-stance; it is distinguishable from the latter by its higher refractive powder, and by the intense color it assumes when treated with staining fluids. It is surrounded by a very thin membrane, and consists internally of a clear substance  {acliromatin)^  through which extends an irregular network of fibres  (cliromath}).  It is  especially these fibres which are stained by dyes.    In  the
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       Fig.  13. (After Sachs.)—Young growing cells from the extreme tip of a stonewort {Oiara),  m, membrane; ?i, nuclei; p, protoplasm; v, vacuole filled with sap. (X550O

       meshes of the network is suspended in many cases a second rounded body known as the  nucleolus,  which stains even more deeply than the network itself.

       The Membrane or Wall of the cell forms a rather thick sac,

      

       composed of a soft, lifeless material closely surrounding the cell substance."^

       As a second example we clioose tlie growing jDoint of a common water-plant  (Cliarci)^  Fig. 13. This structure is composed of cells which are more or less angular in outline as a result of mutual pressure, but show otherwise an unmistakable similarity to the egg-cell just described. They differ mainly in the fact that the protoplasm of the larger cells contains rounded cavities, known as  vacuoles^  filled with sap  ((v) ; also in the chemical composition cf the cell-walls (here consisting of "cellulose," a substance of rare occurrence among animals).

       Origin of Cells and Genesis of the Body. The body of every higher plant or animal arises from a single germ-cell ("  ^ggt^"^ " spore," etc.) more or less nearly similar to that of the starfish, described above, and originally forming a part of tlie parent body. The germ-cell, therefore, in spite of endless variations in detail, shows us the model after which all others are built; for it gives rise to all the cells of the body by a continued j^rocess of segmentation as follows :

       The first step (Fig. 14) consists in the division of the  Qg^g into two similar halves, which differ from the original cell only in lacking membranes, both being surrounded by the membrane of the original cell. Each of the halves divides into two, making four in all; these again into two, making eight, and so on throughout the earlier part of the development. By this jDrocess (known as the cleavage or  segtnentation  of the  ^g^  the germ-cell gives rise successively to 2, 4, 8, 16, 32, 64, etc., descendants, forming a primitive body composed of a mass of nearly similar cells, out of which, by still further division and growth, the fully-formed body of the future animal is to be built up. These cells are only slightly modified, but differ in most animals from the typical germ-cell in having at first no surrounding membranes. The membrane of the original germ-cell meanwhile disappears.

       ^ The word cell lias been used in Chap. I and elsewhere to denote the living matter within the membrane, the latter being considered a product of the cell rather than an integral part of it. It is more usual to include the membrane in a definition of the cell, and as a matter of convenience it is so included here.

       pupLRii imtARr

      

       The enibryoiiic body or  emhryo  of every liiglier })lant and animal is derived from the germ-cell by a process essentially like that just described, though both the form of the cells and the order of division are usually more or less irregular.     In animals the cells
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       Fig.  14.—Cleavage or segmentation of an ovum, showing successive division of the germ-cell (a) into two (b), four (c), and eight  (r/).  Later stages are shown ate and /. The first four figures are diagrammatic; e and / are after Hatschek's figures of the development of a very simple vertehrate  {AmpMoxxui).

       thus formed are usually naked at first, though they often acquire a membrane in later stages. Among plants, on the contrary, the cells usually possess membranes from the first, probably because their need for a firm outer support is greater than the need for free movement demanded by animals.-

       Modification of the Embryonic Cells. Differentiation. The close similarity of the embryonic cells does not long persist. As development proceeds, the cells continually increasing in munber by division become modified in difl:'erent ways, or  fliffereiifiatefl^ to fit them for the many different kinds of work which they have to do. Those which are to become muscle-cells gradually assume an entirely different form and structure from those which are to become skin-cells; and the future nerve- or gland-cells take on still other forms and structures. The embrvonic cells are gradually converted into the elements of the difi'ereiit tissues— this process being the  differentiation of the tissues  which has

       * For a more precise account of cell-division see p. 83.

      

       already been mentioned on p. 11—and are in tins way enabled to effect a  physiological division of labor.

       Tlie variations in form and structure which thus appear are endlessly diversified. Cells may assume almost any conceivable form, and there are even cells (e.g.,  Amoebce^  or the colorless corpuscles of the blood) which continually change their form from moment to moment. The variations in structure may involve any or all of the three characteristic j^arts of the typical cell, being at the same time accompanied by variations of form. It is easy to understand, therefore, how cells may vary endlessly in appearance, wliile conforming more or less closely to the same general type.

       Meanwhile the protoplasm itself undergoes extensive alteration.    Even in young cells, or in the germ-cell itself, it may =ssF7;;^Sn:i?^fSmn^iv-^   contain an admixture of other substances,

       lS^li;,;;;;;;;iuu,',i^;;;;;;:;;iii;;   and  these   may   entirely  change   their

       ii^/ji^a,  iiiHWjiiifiiv^i  :  ,,,,,1^   character or (as is especially common in

       'IttfSiitifHS^^   plant-cells)   may   become   more   abun-

       dant as the cell grows older, taking tlie ^?^'SI;if;;"   shape of fluid, solid, or even gaseous de-

       ;f'-vi)|]i|ll3'i|-.irV.:,:,-.j,,j:,,_,yf,

       'Prnvtsmm-rrt,..."

       iivinnwr.)

      

       ;ss!''"^/'"i«u,
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       ,.„       ,   posits.    Common examples of such de-

       ^^^^^^^maftmn^m         posits are drops of water, oil, and resin, ^mmmm0mmmmmm':         granules oi piscment,   starcli,  and solid

       mf^mmmm^mkr   proteid matters, and crystals of mineral

       Fig.  15.    (After Ranvier.)—    ^   im   i   •

       Part of a single fibre of vol- substaiiccs   like  calciuiii  Oxalate,   phos-nntary muscle from the leg     .^^^ ^^^^  carbonate,  and siKca.    Bub-

       of a rabbit,   p, protopiasin ;   i:   '

       71, nucleus.  (x700.)   blcs of gas somctimcs appear in the pro-

       toplasm, but this is exceptional. The living substance itself often changes in appearance as the cells become differentiated. The protoplasm of voluntary muscles (Fig. 15) is firm, clear, non-granular, highly refractive, and arranged in alternating bands or stripes of darker and lighter substance. In some cases (e.g., the outer portions of the skin, or of a hair, as explained in Chap. II) the modifications of tlie cell-substance becomes so great that both its physical and chemical constitution are entirely altered, and it is no longer protoplasm, but some form of lifeless matter.

       Protoplasm in Action.    "We may now briefly consider protoplasm from the dynamical or physiological point of view.    We
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       know that living tilings are the seat of active changes, wliicli taken together constitute tlieir life. In tlie last analysis tliese changes are undoubtedly chemical actions taking ])lace in the protoplasm, which may or may not produce visible i-esults. There is no doubt that extensive and probably very complex molecular actions go on in the protoplasm of young growing cells, tliough it may appear absolutely quiescent to the eye, even under a powerful microscope. In other cases, the chemical action produces perceptible clianges in the protoplasm,—for in stance, some form of motion,—just as the invisible chemical action in an electrical battery may be made to produce visible effects (light, locomotion, etc.) through the agency of an electrical machine.

       A familiar instance of protoplasmic movement is the contraction of a muscle. This process is most likely a change of molecular arrangement, causing the nmscle, while keeping its exact bulk,  to change its form,  the two ends being brought   nearer

       together (Fig. 16). The visible change of form is here supposed to be due to an invisible change of molecular arrangement, and this in turn to be coincident with chemical action taking place in the living substance.

       A striking and beautiful example of movement in protoplasm occurs in B  the simple organism known as  Amceha (Fig. S-I, p. 159). The entire body of this animal consists of a mass of naked protoplasm enclosing a nucleus, or sometimes two;  in other words, it is a

       FiG.76.-change of form in a single naked Cell.     The protoplasm of contracting muscle.  A,  mus-  qx\  active  Amocha  is iu a statc of cease-

       cle in the ordinary or extend  .   ,.

       ed state; B, the same muscle less movement, contractmg, expanding, when contracted. (Diagram.) fl^^^jj^g^ ^nd changing the fomi of the

       animal to such an extent that it is known as the ''Proteus'' animalcule. The whole movement is a kind of Hux. A })ortion of the protoplasm flows out from the mass, making one or more prolongations  {pseudopods)  into which the remainder of the protoplasm finally passes, so that the whole body advances in the
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       direction of the flow.    If particles of food be met with, the

       protoplasm flows around them, and when thej have been digested

       within tlie body, the protoplasm flows onward, leaving the refuse

       behind.    Hour after hour and day after day this flowing may

       go   on,  and   there  is  perhaps  no

       more   fascinating   and   suggestive

       spectacle known  to the biologist.

       A similar change of form is ex-

       liibited by the colorless corjDuscles

       of amphibian and other blood, in

       which it may be observed, though

       far less  satisfactorily,   if   Afnoehce

       cannot be obtained.   Among plants,

       protoplasmic movements of perhaps

       equal   beauty  may  be   observed.

       One of the simplest is known as the

       rotation  of protoplasm, wliich may
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       Fig.  17.— a  cell of a stonewort  (NiteU la)  showing the rotation of protoplasm; the arrows show the direction of the flow,  m,  membrane of the cell;  n,  nucleus, opposite to which is a second ; p, protoplasm; v, large central vacuole filled with sap.
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       Fig.  17a.— Two  cells and a part of a third from the tip of a "leaf" of a stonewort, showing rotation of the protoplasm in the direction of the arrows.

       be studied to advantage in rather young cells of stoneworts  {Cliara or  Nitella).  These cells have the form of short or elongated cylinders which are often pointed at one end (Fig. 17).     The

      

       PROTOPLASMIC MO VEMENTS.

       29

       protoplasm is surrounded by a delicate membrane which thus forms a sac enclosing the protoplasm. In very young cells the protoplasm entirely tills the sac; but as the cell grows older a drop of liquid appears near the centre of the mass and increases in size until the protoplasm is reduced to a thin layer  {jyinmor-dial utricle)^  lining the inner surface of the memljrane (compare Fig. 2). In favorable cases the entire mass of protoplasm is seen to be flowing steadily around the inside of the sac, as indicated by the arrows in Fig. IT. It moves upwards on one side, downwards on the opposite side, and in 02)posite directions across the ends, forming, an unbroken circuit. The flow is rendered more conspicuous by various granules and other lifeless masses floating in the protoplasm and by the large oval nucleus or nuclei, all of which are swept onward by the current in its ceaseless round. A similar rotation of protoplasm occurs in many other vegetal cells, one of the best examples being the leaf-cells of  Anacharis.

       A second and somewhat more intricate kind of movement in vegetal protoplasm is known as  circulation.  This differs from rotation chiefly in the fact that the protoplasm travels not only in a peripheral stream but also in strands which run across through the central space (vacuole) and thus form a loose network.    Cir-
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       Fio. 18.—Flower-cluster  {a)  and single stamen  (h)  of a cultivated spidervrort  {Trades' cantia).    7i, hairs upon the stamen,   a, slightly reduced; b, slightly enlarged

       dilation is well seen in cells composing the hairs of various ])lants, such as the common nettle  (Urtica),  the spiderwort  (Trades-
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       cantia)^  tlie liolljliock  {Altlima)^  and certain sj^ecies of gourds {Cucxii'ljitci).  It may be conveniently studied in the liairs upon the stamens of the cultivated spiderwort  {Tradescantia).  The fiower of this plant is shown in Fig. 18, «, and one of the Btamens with its hairs at  h.     Each hair consists of a single row
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       Fig.  19.—Enlarged cells of the hairs from the stamens of the spiderwort.  A,  five cells, somewhat enlarged, protoplasm not shown;  B  and G, cells much more enlarged, showing the circulation of protoplasm as indicated by the arrows; ?i, nucleus.

       of elongated cells covered by delicate membranes and connected by their ends. As in  Nitella^  the protoplasm does not fill the cavity of the sac, but forms a thin lining  {jprimordial utricle)
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       on its inner face (Fig. 19). From this laj'er delicate tlirea(l< of protoplasm reach into and pass tlirough  tlie  central cavity, where they often branch and are connected together so as to tonii a very loose network. The nuclens  {n)  is embedded  eitln'i in the peripheral layer or at some point in the network, and the threads of the latter always converge more or less regularly to it. In active cells currents continually flow to and fro throughcjut tiie whole mass of protoplasm. In the threads of the netwoi-k granules are borne rapidly along, gliding now in one direction, now in another; and although the flow^ is usually in one direction in any particular thread, no system can be discovered in the complicated movements of the whole. In the larger threads the curious spectacle often appears of two rapid currents flowing  m opposite directions on opposite sides of the same thread. The currents in the thread may be seen to join currents of the peripheral layer which flow here and there, but without sthe regularity observed in the protoplasm of  Nitella.  The protoplasmic network also, as a wdiole, undergoes a slow but steady change of form, its delicate strands slowly  ,^^i^m ^  gifc swaying hither and thither, while the nucleus travels slowly from point to point.

       Finally, we may consider an example of a form of protoplasmic movement known as  ciliary action, which plays an important role in our own lives and those of low^er animals and of some plants. The interior of the trachea, or windpipe, is lined by cells having the form shown in Fiff. 20. At the free surface of the cell (turned towards the cavi-   ^^^ ^  ^^^^J^ Kiein.)-Three isolated

       ty of the trachea) the l)rotoplasm      ciliated cells from the interior <.f the /     1    •   1   T     X   -1   windpipe of the cat.  r, the cilia at the

       is produced   into   delicate  Vlbra-       free end; », the nucleus: />, the proto-

       tory  filaments having a sickle-     pi^^m.  (Hitrhiy magnified.) shape when bent;  these are known as  cilia {cilium,  an eyelash). They are so small and lash so vigorously as to be nearly,or quite invisible until the movements are in some way made sluggish.
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       The movement is then seen to be more rapid and vigorous in one ■direction than in the other, all the cilia working together like the oars of a row-boat acting in concerted motion. By this action a definite current is produced in the surrounding medium (in this case the mucus of the trachea) flowing in the direction of the more vigorous movement. In the trachea this movement is upwards towards the mouth, and mucus, dust, etc., are thus removed from the lungs and windpipe. In many lower animals and plants, especially in the embryonic state, cilia are used as organs of locomotion, serving as oars to drive the organism through the water. The male reproductive germs of plants and animals are also propelled in a similar fashion.

       In all these forms of vital action the protoplasm is  visibly  at work. In most cases, however, no movements of tlie protoplasm in cells can be detected. But it is certain from indirect evidence that protoplasm is no less active in those modes of physiological action that give no visible outward sign, as for example in an active nerve-cell or a secreting cell. This activity being molecular and chemical is beyond the reach of the microscope, but it is none the less real; and the play of these invisible molecular actions is doubtless far more tumultuous and complicated tlian the visible movements of the jDrotoplasmic mass displayed in  Nitella or in a nettle-hair. It is of the utmost importance that the student should attain to a full and vivid sense of the reality and energy of this invisible activity even in protoplasm which (as is ordinarily the case) under the closest scrutiny appears to be absolutely quiescent.

       The  Sources of Protoplasmic Energy. Whence comes the power required for protoplasmic action, and how is it expended? The answer to this question can be given at this point only in very general terms. It is certain that protoplasm works by means of chemical actions taking place in its own substance; and it is further certain that these actions are, broadly speaking, processes of oxidation or combustion; for in the long run all forms of protoplasmic action involve the taking up of oxygen and the liberation of carbon dioxide. Energy is therefore set iree in living, active protoplasm somewhat as it is in the combustion of fuel under the boiler of a steam-engine, and in this process the protoplasm, like the coal, is gradually used up, disin-

      

       tegrates, and wastes away, giving oft' as waste matter tlie various clieniical products of the combustion, and lil)eratin<r eneri^v as lieat and meclianical work. Tlie loss of substance is, liowever continually made good (much as the coal is replenished) 1)V the absorption of new substance in the form of food,  wliifli  mav consist of actual protoplasm, derived from other living bein<'-s, or of substances convertible into it. These substances are in some unexplained way converted into protu])lasni and tlius built into the living fabric.

       To this dual process of waste ("/I'rt?^*^^^*??/.") and repair {'''• anahoUsm^^)  is applied the term  metaholism^  which must be considered as the most characteristic and fundamental propertv of living matter. It is evident from the foregoing that metabolism involves on the one hand a destructive action  {katahol-isiix)  through whicli protoplasm disintegrates and energy is set free, and on the other hand a constructive action  (anaholinn) whereby new proto23lasm is built up from the income of food and fresh energy is stored. It is a most remarkable fact that as far as known the constructive action resulting in the formation of new protoplasm never takes place except through the inmiediate agency of protoplasm already existing. In otlier words, there is no evidence that "spontaneous generation" or the production of living from lifeless matter without the intluence of antecedent life ever takes place. Nor is there any evidence that any energy can be "generated," but rather that the vital energy of living things is only the transformed energy of their food, and that "vital force" having an origin elsewhere than in such energy does not exist.

       Chemical Relations. We know nothing of the precise chemical composition of living protoplasm, because, as has been said (p. 2), living protoplasm cannot be subjected to chemical analysis without destroying its life. But the results of chemical examinations leave no doubt that the molecules of protoplasm are highly complex and are probably separated from one anotlier by layers of water.

       A.  Proteids.  It has already been stated (}>. 3) that tlie characteristic products of the analysis of protoplasm are the group of closely-related substances known  sls  proteids.  But pre^-teids form only a small part of the total weight of any plant or

      

       PROTOPLASM AND  TUE CELL.

       animal, being always associated with quantities of other substances. Even the white of an  Qgg^  which is usually taken for a typical proteid, contains only twelve per cent of actual proteid matter, the remainder consisting cliielly of water. The following table shows the j^ercentage of proteids and other matters in a few familiar organisms and their products:

       PROXIMATE   PERCENTAGE   COMPOSITION OF SOME COMMON

       SUBSTANCES.*

       Arranged according to richness in Proteids.

       I

       1 2

       3 4 5 6 7 8 9

       10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27

       Apples.. 

       Indian corn, aerial portion fresh

       Oysters, shells included 

       Turnips 

       Melons. ....         

       Sweet potatoes   

       Crayfish, whole 

       Irish potatoes 

       Clams, round, shells included...

       Oats, aerial part fresh  

       Grass,    "        "   "     

       Peas,      "        "        "     

       Cow's milk.  

       Flounder, whole. 

       Lobster,   "■   .

       Poplar and elm leaves, fresh....

       Crab, whole 

       Brook trout, whole 

       Hen's eggs, shells included 

       Mutton " chops "   

       Chicken, whole 

       Beef, heart    

       Beef, liver.. 

       Beefsteak, round, lean  .

       Beans     

       Cheese.. 

       Cheese from skimmed milk 

       All proteids have nearly the same chemical composition and similar physical properties, however different may be the forms of protoplasm in which they occur. The analysis of protoplasm, or ratlier of the proteids which are its basis, teaches us really nothing of its vital properties, but serves only to sliow the chemical composition of the material basis by which these are manifested.

       Proteids are so called from tlieir resemblance to protein (Trpcyrob,  first)^    a  hypothetical   substance   first described  and

       * Compiled chiefly from tables of food-composition prepared by W. O. Atwater for the Smithsonian Institution, though a few examples have been added—viz.-numbers 2,10,11,12,16—from Johnson's  How Crops &row,  N. Y., 1883.
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       named by ^rulJer.     According to Iloppe-Seyler they liave ap-proximately the following percentage composition :

       From. To....

       C.

       51.5 54.5

       H.

       6.9 7.3

       N.

       15.2 17.0

       O.

       20 9 Zi  5

       S.

       03 2.0

       A small quantity of phosphorus is also very frerpiently present. Associated with these elements are always small quantities of various mineral substances wdiicli remain as the ash when protoplasm is burned; but the nature of their relations to the other elements is uncertain. The ash varies both in quantity and chemical composition in different animals and plants. In tho white-of-egg the chief constituents of the ash are potassium chloride (KCl) and sodium chloride (XaCl), the former being much in excess. The remainder consists of phosphates, sulphates, and carbonates of sodium and potassium,  \\i\\\  minute quantities of calcium, magnesium, and iron, and a trace of silicon. Many other mineral substances occur in association witli other-kinds of proteids, but always in very small proportion. These salts are in some way essential to the activity of protoplasm, as we know by familiar experience. Man, like other animals and the plants, requires certain mineral substances (e.g. common salt), but we have no knowledge of the part these play in protoplasm.

       It is important to note the close chemical similarity of animal and vegetal proteids, because this is one reason for regarding vegetal and animal protoplasm as essentially similar in other respects. The following table, from Johnson after Gorup-Besanez and Ritthausen, shows the percentage composition of various proteids, and proves that the difference between vegetal and animal proteids is chemically no greater than that between different kinds of vegetal or different kinds of animal proteids:

      

       There is a corresponding likeness in the general properties and reactions of proteids. They are colloidal or non-diffusible, i.e., they will not pass through the membrane of a dialyser, or only with great difficulty ; they are rarely crystalline ; they rotate the plane of polarized light to the left. Though not all soluble in water, they may be dissolved by the aid of heat in strong acetic acid and in caustic alkalies, but are insoluble in cold absolute alcohol and in ether. They may be precipitated from solution by strong mineral acids, etc. Many proteids are precipitated by heat (a process which is called  coagulation)  ; and it is worthy of note that temperatures which produce coagulation of proteids (40° —75° C.) produce also the death of most organisms. "Amongst the organic proximate principles which enter into the composition of the tissues and organs of living beings, those belonging to the class of  proteid  or  albuminous  bodies occupy quite a peculiar place and require an exceptional treatment, for they alone are never absent from the active living cells which we recognize as the primordial structures of animal and vegetable organisms. In the plant, whilst we recognize the wide distribution of such constituents as cellulose and chlorophyl, and acknowledge their remarkable physiological importance, we at the same time are forced to admit that they occupy altogether a different position from that of the proteids of the protoplasm out of which they were evolved. We may have a plant without chlorojDhyl, and a vegetable cell without a cellulose wall, but our very conception of a living, functionally active, cell, whether vegetable or animal, is necessarily associated with the integrity of its protoplasm, of which the invariable organic constituents are proteids.

       "In the animal, the proteids claim even more strikingly our attention than in the vegetable, in that they form a very much larger proportion of the whole organism, and of each of its tissues and organs. We may indeed say that the material substratum of the animal organism is proteid, and that it is through the agency of structures essentially proteid in nature that the chemical and mechanical processes of the body are effected. It is true that the proteids are not the only organic constituents of the tissues and organs, and that there are others, present in minute quantities, which probably are almost as widely distributed, such as for instance phosphorus-containing fatty bodies, and glycogen, yet avowedly we can (at the most) only  say probably,  and cannot, in reference to these, affirm that which we may confidently affirm of the proteids—that they are indispensable constituents of every living, active, animal tissue, and indissolubly connected with every manifestation of animal activity." (Gamgee,  Physiological Chemistry,  Chap. I.)

       The molecular instability of proteids is proved bj tlie ease with which they may be decomposed into simpler compounds; their complex constitution by the numerous compounds, themselves often highly complex, which may thus be derived or split off from them.

      

       Amongst tlie otlier matters fomul in protoplasm or closely associated with it those of most frequent occurrence and gicatcHt physiological importance are two groups of less complex sul)-stances, viz., carbohydrates and fats. These contain carhon, hydrogen, and oxygen, but no nitrogen; they do not ai)j»car to he closely related to proteids in chemical constitution, l)ut they occur to some extent almost everywhere in living organisms, and in many instances are known to he of great importance, es])e-cially in nutrition. They are rich in potential energy and mobile in molecular arrangement; hence it is not strange that tliey figure largely in food, and are often laid by as reserve ft  m  Mi-materials in the organism.

       J^.  Carbohydrates.  These substances are so called because, besides carbon, they contain hydrogen and oxygen united in the same proportions as in water. They include stai'cli, various kinds of sugar, cellulose, and glycogen. Starch (CJIjoOJ is of very frequent occurrence in plant-cells, where it appears in the form of granules embedded in the protoplasm (Fig. 9). Cellulose, having the same chemical formula as starch, but quite different in physical properties, almost invariably forms the basis of the cell-membrane in plants.

       C.  Fats.  These are of especial importance as reserves of food-materials (e.g., in adipose tissue and in seeds). They contain much less oxygen than the carbohydrates; are therefore more oxidizable, and richer in potential energy.* They commonly occur in the form of drops suspended in the protoplasm (Fig. 17), and are especially common in animal cells, though by no means confined to them.

       Physical Relations. The appearance, consistency, etc., of protoplasm have already been described; but it still remains to speak of certain of its other physical properties, and especially of the manner in which its activity is conditioned by various physical agents.

       lielations of Vital Action to Temperature,  It is a general law that within certain limits heat accelerates, and cold diminishes, the activity of protoplasm.    We know that cold tends to

       * According to careful researches, one pound of butter contains 5654 foot-tons, and a pound of sugar 2755 foot-tons, of energy. A pound of proteid is nearly equivalent in this respect to a pound of carbohydrate.

      

       benumb our own bodies (provided thej become really cliilled), and ' in lower animals the heart beats more slowly, the movements become sluggish or cease, breathing becomes slow and heavy,—in a word, all of the vital actions become depressed,—whenever the ordinary temperature is sufficiently lowered. If we chill the rotating protoplasm of  Chara  or  Nitella^  the vibrating cilia of ciliated cells, or an actively flowing  A^noebay  the movements become slower, and finally cease altogetlier.

       On the other hand, moderate warmth favors protoplasmic action. Benumbed fingers become once more nimble before the warmth of the fire. In a hot room the frog's heart beats more rapidly, cilia lash more energetically, the  Amoeba  flows more rapidly, and the protoplasm of  Cliara  courses more swiftly. In the winter months the protoplasm of j)lants and of many animals is in a state of comparative inactivity. Most plants lose their leaves and stop growing; many animals bury themselves m the mud or in burrows, and pass the winter in a deep sleej)  {Jiiberna' tion)^  during which the vital fires burn low and seem well-nigh extinguished. The warmth of spring re-estabhshes the activity of the protoplasm, and in consequence animals awake from their sleep and plants put forth their leaves.

       But this law is true only within certain limits. Extreme heat and cold are alike inimical to hfe, and as the temperature approaches these extremes all forms of vital action gradually or ;> suddenly cease. The limits are so variable that it is not at present possible to formulate any exact law which shall include all known cases. For instance, many organisms are killed at the freezing-point of water (0° C); but certain forms of life have withstood a temperature of — 87° C.  {—  123° F.), and recent experiments show that frogs and rabbits may be chilled to an unexpected degree without fatal results.

       The upper limit is also inconstant, though less so than the lower. Most organisms are destroyed at the temperature of boiling water (100°C.), but the spores of bacteria have been exposed to a much higher temperature ^vdthout destruction (120"—125° C). As a rule, protoplasm is killed by a temperature varying from 40° to 50° C, the immediate cause of death being aj^parently due to a sudden, coagulation (p. 36) of certain substances in the protoplasm.    Thus^  if a brainless  frog  be  gradually heated,

      

       death ensues at about -iO^ C, and tlie body becomes Ptiff and rigid  [rigor' caloris)  from tlie coagulation of tlie imi.scle-sub-stance. The lower forms of animal life agree well with ])lants in their " fatal temperatures," which in many cases lie between 40° and 50° C.

       Lastly, it appears to be true that there is a certain most favorable or  optimum  temperature for the protoplasm of each species of plant and animal, this optimum differing considera])ly in different sj^ecies. Probably the highest limit occurs among the birds, where the uniform temperature of the body may be as high as 40° C. The lowest occurs among the marine i)]ant8 and animals of the Arctic seas, or of great de2)ths, where the temperature seldom rises more than a degree or two al)ove the freezing-point. Between these limits there aj^pears to be great variation, but 35° C. may perhaps be taken as the average optimum.

       Moisture.  Protoplasm always contains a large amount of water, of which indeed the lifeless portion of living things chiefly consists. (Se table on p. 34.) All plants and animals are believed to be killed by complete drying, though some of the simpler forms resist partial drying for a long time, becoming quiescent and reviving again when moistened, sometimes even after the lapse of years. Hence water appears to be an essential constituent of protoplasm, although, as in the case of mineral matters, we do not know the nature of its connection with the other elements or compounds present.

       Electricity.  It has been shown that many forms of vital action are accompanied by electrical disturbances in the protoplasm. It is therefore not surprising that the application of electricity to living protoplasm sliould have a marked effect on its actions. If the stimulus be very slight, protoplasmic movements are favored. Colorless blood-corpuscles creep more actively, and ciliary action increases in vigor. Stronger shocks cause a spasmodic contraction of the protoplasm  (tetanus),  from which it m.-iy or may not be able to recover, according to the strength of the shock.

       Poisons.  Towards certain agents protoplasm is indifferent or seemingly so, but towards others it behaves in a very remarkable manner. The matters known as poisons modify or destroy its activity, as is well known from the familiar effects of arsenic, opium, etc. Disease may also interfere with its normal activity; but the consideration of these phases of the subject belongs to the more exclusively medical sciences, such as toxicology and pathology.

       Other Physical Agents.  The more highly specialized forms of protoplasm are affected by a great variety of physical agents, such as light,

      

       sound, pressure, etc., and upon this susceptibility depend many of  the higher manifestations of life. For instance, waves of light or of sound, acting upon special protoplasmic structures in the eye and ear, call forth actions which ultimately result in the sensations of sight and hearing. Similar considerations apply to the senses of smell, taste, and touch ; but the discussion of all these special modes of protoplasmic action must be deferred. Enough has been said to show that living organisms (that is, the protoplasm which is their essential part) are able to respond to many influences proceeding from the world in which they live. Upon this property depend the intimate relations between the organism and its environment, and the power of adaptability to the environment which is one of the most marvellous and characteristic properties of living things.

       Non-cliffiisihility.  Living protoplasm, like most of the various proteid matters which it yields (p. 36), is  indffusihle.  It will be seen eventually that osmotic processes play a leading  role  in the lives of plants and animals, since they are in large part the means by which nutriment is conveyed to the living substance. In view of this fact, the non-diffusibility of protoplasm as well as of ordinary proteids is a fact of much significance.

       Vegetal and Animal Protoplasm.  The protoplasm of plants is essentially identical with that of animals in chemical and physical relations, and manifests the same fundamental vital properties. But it would manifestly be absurd to suppose this identity absolute, for if it were so, plants and animals would also be identical; and furthermore, the protoplasm of every species  of  plant and animal must differ more or less from the protoplasm of every other species. What is meant is that the differences between the many kinds of protoplasm are  far less important than the fundamental  resemblances which  underlie them.

      

       CHAPTER lY.

       THE BIOLOGY OF AN ANIMAL.

       The Common Earthworm.

       {Lumhricus terrestris,  Linnaeus.)

       We  now advance to a more precise examination of the living body considered as an individual. It is a familiar fact that living things fall into two great groups, known as plants and animals. We shall therefore examine a representative of each of these grand divisions of the living world, and inquire huw they resemble each other and how they differ. Any liigher animal would serve as a type, but the connnon earthworm is a peculiarly favorable object of study, because of the sim})licity of its structure, the clearness of its relation to other animals stand-inty above and below it in the scale of orojanization, and the ease with which it may be procured and dissected. Earthworms, of which there are many kinds, are found in all parts of the world, extending even to isolated oceanic islands. In the United States there are several species, of which the most connnon are  L. commicnis {Allolobophora miccosa^  Eisen),  L. terrestris^  and Z. fmtichis {Allolopobliora fmtida^  Eisen). The tirst two of these are found in the soil of gardens, etc., Z.  terredv'is  l)eing the larger and stouter species and readily distinguishable by the flattened shape of the posterior region, Z.  fmtldu'^.  a smaller red species, transversely striped, and having a characteristic odor, occurs in and about compost-heaps.

       Mode of Life, etc. Earthworms live in the earth, burrowing through the soil at a depth varying from a few inches to several feet. Here they pass the daytime, crawling out at night or after a shower.    The burrows proceed at iirst straight

       downwards, and then wind about irreorularlv, sometimes reacli-

      

       ing a deptli of six or eight feet.     The eartliworm is a nocturnal animal, and during the day lies quiet in its burrow near the surface,   extended  at full length, head uppermost.    At  night it becomes very active, and, thrusting the fore end of the body far out, explores the vicinity in all directions, tliough still clinging fast, as a rule, to the mouth of the burrow by the hinder end. In this way tlie worm is able to forage, seizing leaves, pebbles, and  other small objects, and dragging them into the burrow. Some of these are devoured; the remainder (including the pebbles, etc.) are used to hue the uj^per part of the burrow, and to plug up its opening when the worm retires for the day.     Besides bits of leaves and animal matter, earthworms swallow large quantities of earth, which is passed slowly through the alimentary canal, so that any nutritious substances contained in it may be digested and absorbed.    This earth is generally swallowed at a considerable distance below the surface of the ground,  and is finally voided at the surface near the opening of tJie burrow. In this way arise the small j^iles of earth ("  castings  " or  feeces) which every one has seen, especially in the morning, wherever earthworms abound.    Yery large quantities of earth are thus brought to the surface by earthworms—in some cases, accord-mg to Darwin's estimates, more than eigliteen tons j^er acre in a single year.    In fact, most soils are continually being w^orked over by worms;  and  Darwin  has shown  that  these  humble creatures, in the course of centuries, have helped to bury huge rocks and the ruins of ancient buildings.^

       The earthworm has no ears, eyes, or any other well-marked organs of special sense. Nevertheless—and this is a point of great j)hysiological interest—the fore end of the body is sensitive to light; for if a strong light be suddenly flashed upon this part of the worm as it lies stretched fortli, it will often ''dash like a rabbit into its burrow.'' The animal has a keen sense of touch, as may be proved by tickling  it;  and its sense of taste nmst be well developed, since the worm- is somew^hat fastidious in its choice of food. Earthworms appear to be quite deaf, but possess a distinct, tliough feeble, sense of smell.

       * Darwin,  Vegetable Mould and Earthworms.     Appleton, N. Y., 1882.    See also White's  Natural History ofSelborne,  Index, references to " Earthworms.'*
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       Gj:neral Mokpiiology.

       Attention will first Le directed to certain features of tlie BODY seemingly of little importance, but really full of meaning when compared with like features in other animals higher or lower in the scale of organization.

       Antero-posterior Differentiation. The body (Fig. 21) has an elongated cylindrical form, tapering to a hlnnt point at one end, obtusely rounded and fattened at the other. As a rule, the pointed end moves forwards in locomotion, and the mouth opens near it. For these and otlier reasons the pointed end might be called the headend, and the other tlie tail-end. But the worm has really neither head nor tail, and  SOy- —  ' hence the two ends may better be distinguished as  the fore end  and  the hinder end, or still better as  anterior  and  posterior. And in scientific language the fact that the worm has anterior and posterior ends which differ from each other is stated by saying that it shows  antero-posterior differentiation.  This simple fact acquires great  ^n importance hi the light of comparative biology; for it may be shown that the antero-posterior differentiation of the earthworm, insignificant as it seems, is only the begining of a series of important modifications extending upwards through more and more complex stages to culminate in man himself.

       Fio, 21.—Enlarged view of the anterior and posterior parts of the body of an earthworm as seen from the ventral aspect, ajj, anus; c, clitellum ; g.p., glandular prominences on the  'lWi\  somite ; »i, mouth ;  <u\,  external openings of the oviducts ; p.x., prostomium ; s, set^v ; s.r., openings of the seminal receptacles; .x.r/., external openings of the sperm-ducts. The form of the body varies greatly in life according to the state of expansion. The specimen here shown is from an alcoholic preparation.    (Slightly enlarged.)   Q/l
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       Dorso-ventral Differentiation. In living or well-preserved specimens, the body is not perfectly cylindrical, but is somewhat flattened, particularly near the posterior end, and has a slightly prismatic four-sided form. One of the flattened sides, slightly darker in color than the other, is habitually turned upwards, and is therefore called the back, the opposite or lower side, commonly turned downwards, being the belly. For the sake of accuracy, however, biologists are wont to speak of the  dorsal asjject  (back) and  venti^al asjyect  (belly) of the body; and the fact that an animal has a back and belly differing from each other in structure or function, or both, as in the earthworm, is expressed by saying that the body exhibits  dorso-ventral differentiation.  Tliis, like antero-posterior differentiation, is very feebly expressed in the external features, though clearly marked in tlie arrangement of the internal parts of the earthworm. In higher animals it becomes one of the most consjiicuous features of the body.

       Bilateral Symmetry. When the body is j^laced in the natural position, with the ventral aspect downwards, a vertical plane passing longitudinally through the middle will divide it into exactly similar right and left halves. Tliis similarity is called two-sided likeness, or  hilateral symmetry.  Though not very obvious externally, this symmetry characterizes the arrangement of all the internal parts; and it may be gradually traced upwards in higher animals, until it becomes as striking and perfect as in the human body.

       Thus a very superficial examination reveals in the earthworm two fundamental laws of organization, viz.,  dfferentia-tion  or the law of difference, and  symmetry  or the law of likeness. And these laws are of interest for the reason among many others that earthworms, like other organisms, have as a race had a history, have  co7ne to he  by a gradual process (cf. J). 99). And biology must strive to answer the questions  ho^v  and why  certain parts have become symmetrical and others differentiated. Without entering into a full discussion of the question at this point, it may be said that the main cause of symmetry or differentiation has probably been likeness or unlikeness of fanction, or of relation to the environment. Earthworms show antero-posterior and dorso-ventral differentiation, because the anterior and posterior extremities, or the dorsal and ventral

      

       aspects, have l)een differently used and exposed to different conditions of environment. And on the other liand the (jri^anisni is hilaterally synnnetrical, because tlie two sides have been similarlv used and have been exposed to like conditions of enviroinneiit.

       Metamerism. Another general feature of tlie eartliwoi'in is of great importance in view of the conditions existing in other animals, including the higher forms. The Ijody is marked off by transverse grooves into a series of similar parts like the joints of a band)00 lishing-rod, or like the joints of lingers (Fig. 21). These parts are called  inetameres^  or more often  somitex,  and the body is consequently said to have a  Qnetameric  structnre, or to exhibit  metamerism.  From the outside, the somites a})]iear to be ]3i'oduced simply by regular folds in the skin, like the wrinkles between the joints of our fingers. But as the wrinkles of the lingers are only the external expression of a more fundamental jointed structure within, so the external fohls sei>arating the somites, represent an internal division into successive parts, which affects all the organs of the body, and is a result of some of the most important phenomena of development.

       The explanation of metamerism or  ^'■serial symmetry'  is one of the most difficult problems of morphology. But it will be seen fartlier on that metamerism, so clearly and simply expressed in the earthworm, can be traced upward in ever-increasing complexity to the highest forms of life, and suggests some of the most interesting and fundamental problems with which biology—and especially morphology—has to deal. Indeed, the comparative study of the anatomy of most higher animals consists very largely in tracing out the manifold transformations of their complicated somites, which under many disguises can be recognized as fundamentally like the simpler somites of the earthworm.

       Modifications of the Somites.    The somites differ considerably

       «

       in different parts of the body. The extreme anterior end is formed by a smoothly-rounded knob called the  j^rostofniinfi, which is shown by its mode of development not to be a true somite. It forms a kind of overhanging upper lip to the  mouthy which lies just behind it on the ventral aspect. Behind the mouth is the first somite, in the form of a ring,"^ interrupted above by a backward 2:)rolongation of the prostomium.

       * In numbering the somites the prostomium must never be reckoned,  the first somite being  heJiind the mouth.
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       The somites from the 1st to the 2Tth are rather broad, and gradually increase in size. A variable number cf the somites lying between the 7th and 19th are often swollen on the ventral side, forming the so-called  capsulogenous glands. Between the 2Sth and 35th (the number and position varying shghtly in different specimens) the somites are swollen above and on the sides, and the folds between them arc scarcely defined except on the ventral aspect. Taken together, they form a broad, conspicuous girdle called the  clitelluiiv (Fig. 21, c), wdiose function is to secrete the capsule in which the eo;2;s are laid, and also a nutritive milk-like lluid for the use of the developing embryos. (The clitellum is not present in immature specimens.) Behind the clitellum the somites are narrower, somewhat four-sided in cross-section, and iiattened from above downwards. This flattening sometimes becomes very conspicuous towards the posterior end. Towards the very last they decrease in size rather abruptly, and they end in the anal  somite, which is perforated by a vertical slit, the  amis (Fig. 21,  ail).  All the somites are perforated by small openings leading into the interior of the body, and forming the outlets of numerous organs; the position of these openings will be described in treating of the organs.    Each somite, excepting the

       anterior two or three and the last, gives insertion to four groups of short and minute bristles or  setce., wliich are arrano^ed in four lono^i-tudinal rows aloncr the bodv. Two of these rows run along the ventral aspect, tw^o are more upon the sides. The setse extend outwards from the interior of the bodv, where they are supplied with small muscles by which they can be turned somewhat either forwards or backwards, and can also be protruded or ^vithdrawn (Fig. 22). The setsB are of great use in locomotion. When pointed backwards they support the worm as it crawls forwards; when they are turned forwards the worm can creep backwards. They are of interest, therefore, as representing an extremely simple and primitive limb-like organ.   :
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       Fig.  22.—Diagram to iUustrate the action of the setae. The dotted outline represents the position of the seta and its muscles when bent in the opposite direction, m, muscles ; s, seta ;  %i\  body-wall.
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       Plan of the Body. The Ludy of the earthworm (Fi(r. 23), like tliat of all higher aniniaLs, c(jiisists of two tubes, one  (al) within the other and separated from it by a considerable space or cavity  {coe).  The inner tube is the  allment'ir;/ canal,,  opening in front by tlie  mouth  and l^ehind by the  anuH',  the outer tube is the body-wall, and its cavity is the  hodtj-cavity  or  Ciduni,

      
        [image: picture34]
      

       an

      
        [image: picture35]
      

      
        [image: picture36]
      

       c.vr      ^rf.

       ■^^^.m^^

       0.     c.cL.     n      ^■^^

      
        [image: picture37]
      

       JZ

       Fig.  23.— A,  diagram of the earthworm as seen in a longitudinal section of the body, showing the two tubes, the coelom, and the dissepiments. JB, diagram of cross-section : (7/, alimentary tube;  an,  anus; Cfr, ccelom; »i, mouth. C, diagram showing the arrangement of some of the principal orgaus : //i, moutli;  an,  anus; al,  alimentary canal; ds, dissepiments; d.r., dorsal blood-vessel; r, ventral or sub-intestinal vessel; c.r., circular vesselb;  ?j,  nephridia or excretary organs; <•.(/., cerebral ganglia; r.(/., ventral chain of ganglia;  r>.(/.,  oviduct; o.d., ovary. The arrows indicate the course of the circulation of the blood.

       The coelom is not, however, a free continuous space extending from end to end, but is divided transversely by a series of tliin muscular partitions, the  dlssejnments,  into a series of nearlv closed chambers traversed by the alimentary canal, Eacli  (m.iu-partment corresponds to one somite, the dissepiments ])eing opposite the external furrows mentioned on p. 45. All tlie organs of the body are originally developed from tlie walls of these chambers, and some of them (e.g., tlie organs of excretion) project into the cavities of the cliambers, that is into the cadom.

      

       In the median dorsal line of eacli somite (excepting the first two or three) is a minute pore (the  dorsal j^ore)  which perforates the body-wall and thus places the coelom in connection with the exterior."^ Other pores that pass through the body-wall into the cayities of yarious organs will be described further on.

       Organs of the Animal Body. Systems of Organs. The body of the earthworm consists essentially of protoplasm, and in order that so large a mass of liying matter may continue to exist and carry on the ordinary life of an earthworm it must be able to obtain a sufficient supply of food; to digest and absorb it, and distribute it to all parts of the body; to build up new protoj^lasm and remoye waste. It must be sensitiye to external and internal influences; capable of motion and locomotion. Aboye all, each part must act with reference to, and in harmony with, eyery other part, so that the organism may not be merely an aggregate of organs, but one body acting as a unit or a whole.

       T\\Q^Qfunctions  are fulfilled by the  organs,  respectiyely,  of

       ALIMENTATION,   DIGESTION,   ABSORPTION,   CIRCULATION,   EXCRETION,

       SENSATION, MOTION, and COORDINATION. All of tlicsc minister to the welfare of the indiyidual. The REPRODucTiyE function, on the other hand, and its corresponding organs, serye to perpetuate the species, thus ministering rather to the race than to the indiyidual.

       Sets of organs deyoted to the same function constitute  syS' terns I  as the  alimeiitary system^  the  circulatory system^  etc. Those wdiich are more immediately concerned with the income and outgo of matter—namely, the alimentary, digestiye, absorp-tiye, circulatory, and excretory systems—are sometimes called the "vegetative systems  or  systems of nutrition'^  while those which haye to do more immediately with the relation of the body to its enyironment, rather than the indiyidual itself, are called  syS' terns of relation.  Examples of the latter are the systems of organs of support, motion (including locomotion), sensation, and coordination; and eyen the reproductiye system, as relating chiefly to other indiyiduals, finds a place here.

       * If living worms be irritated they will often extrude a milky fluid from, these pores, but the use of the latter is not well understood.

      

       A.    Systems   of   Nutritive   Organs  :     their   Special   Mor-puoLOGY AND  Physiology.      (ForlJsecp.  ()2.)

       Alimentary System (Organs of Alimentation). P^artli-wornis feed mainly upon leaves or decaying vegetalile matter, l»ut will also eagerly devour meat, fat, and other animal siih-stances. They also swallow large quantities of earth from which they extract not only any organic materials that it may contain, but probably also moisture and a small amount of \;ii-i-ous salts. The most essential and characteristic i)ai-t (jf their food is derived from vegetal or animal matter in the form of various organic compounds, of which the most important are jproteids  (protoplasm, albumen, etc.),  carhoh yd rates  (starch, cellulose),  di\\(\.fats.  These materials are used by the animal in the manufacture of new protoplasm to take the place (►f tliat which has been used up. It is, however, impossible for the animal to build these materials directly into the substance (jf its own body. They must first undergo certain preparatory chemical changes known collectively as  digestion y  and only after the completion of this process can all the food be absorbed into the cii'culation. For this j^urpose the food is taken not into the body proper, but into a kind of tubular chemical lalioratory called the  alimentary canal  through which it slowly passes^ being subjected meanwhile to the action of certain chemical substances, or reagents, known as  digestive ferments.  These substances, which are dissolved in a watery liquid to form the  (/iges-ti/ve fluid,  are secreted by the walls of the alimentary tube. Through their action the solid portions are liquefied and tlie food is rendered capable of absorption into the proper body.

       The alimentary canal is divisible into several ditfcrently constructed portions playing different parts in the process of alimtMi-tation.    Going backwards from the mouth these are as follows :

       1. The  pharynx  (Fig. 24, jt>/<), an elongated barrel-shapi'd pouch extending to about the 6tli somite. Its walls are thick and muscular, and from their coelomic surface numerous small muscles radiate on every side to the body-wall. AVhen these muscles contract, the cavity of the pharynx is exj^anded; and if the mouth has been previously applied to any solid object, such as a leaf or pebble, the pharynx acts upon it like a suction-i>ump.
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       Fig.  24.—Dorsal view of the anterior part of the body of  Lumhricus,  as it appears when laid open along the dorsal aspect, ao, aortic arch; c, crop;  eg,  cerebral ganglia;  c.gl,  calciferous glands;  d,  dissepiment;  d.i\  dorsal vessel;  g,  gizzard ; CB, oesopnagns;  ph,  pharynx;  ps,  prostomium;  s.i,  stomach-intestine, showing the lateral pouches;  s.r,  seminal receptacles;  s.v.^, s.v.^, s.v.^,  the three pairs of lateral seminal vesicles.

      

       In tliis way the animal lays hold of the various ol)jects, nutritious and otherwise, which it devours or draws into its buri-ow.

       Embedded in the muscular walls of the pharynx are a number of small " salivary " glands of wliose function notliing is definitely known, thougli they doubtless 2)our a digestive fluid into the pharyngeal cavity.

       2. The  oesophagus  (ce), a slender, thin-walled tube extendino" from the 6tli to the loth somite. Through this the food is sw^allowed, being driven slowly along by wavelike  (jjeristaltic) contractions (p. 55). In the region of the lltli and 12t}i somites are three pairs of small pouches opening at the sides of the oesophagus. These are the  calciferous glands {c.gL).  They contain solid masses of calcium carbonate, and Darwin conjectures that their use is partly to aid digestion by neutralizing tlie acids generated during the digestion of leaves, and i)erhaps partly to serve as an outlet for the excess of lime in the body, especially when worms live in calcareous soil.

       3. The  crop  (<?), about the 16th somite; a thin-walled, saclike dilatation of the alimentary canal, which serves as a reservoir to receive the swallowed food.

       4. The  gizzard (g),  about the iTth somite; a cylindrical, firm and muscular portion, lined by a horny membrane. In this the food is rolled about, squeezed and ground to prepare it for digestion in the following portion, viz. :

       5.  The stomach-intestine (s.i.),  which corresponds physiologically to both the stomach and intestine of higher animals. This is a straight thin-walled tube, extending from the gizzard to the anus, without convolutions, not difi'erentiated into stomach and intestine, and devoid of distinct glandular appendages sui-h as the liver or pancreas existing in the higher animals. The digestive fluid is secreted by the w^alls of the alimentary canal itself, the surface of which is much increased l)y the presence of lateral pouches or diverticula, one on either side in eacli somite. In front these are large and conspicuous, l)ut behind they gradually diminish in size until scarcely percei)tible.

       The inner surface of the stomach-intestine is further increased by a deep inward fold, called the  typJiJosole,  running longitudinally along the dorsal median line. The typhlosole is not visible on the exterior, but is seen by opening the stomach-intestine from the side or below, or upon

      

       making a cross-section. It is richly supplied with  blood-cessels  that pass down into its cavity from the dorsal vessel (Fig. 39), and its main function is probably to increase the surface for the absorption of food (cf. the " spiral valve " in the intestine of sharks.)

       The outer surface of the stomach-intestine is covered with pigmented, yellowish-brown "chloragogue-cells." These were formerly supposed to be concerned with the secretion of the digestive fluid, and hence are often called "hepatic cells." This, however, is probably an erroneous interpretation, and they are now believed to be concerned with the process of excretion (p. 61).

       Digestion.  Digestion begins even before the food is taken into the ahnientaiy canal; before being swallowed, the leaves, etc., are moistened by digestive fluid poured out from the mouths of the worms. The main action, however, doubtless goes on in the anterior part of the stomach-intestine and diminishes as the food passes backward. It has been proved by experhnent that the digestive fluid acts on at least two of the three principal varieties of organic food-stuft's, viz., on proteids and on starch (carbohydrate), and in so far resembles the pancreatic fluid of higher animals, which it further resembles in having an alkaline reaction. Analogy leads us to believe that the digestive fluid has some action also on fats; but this has not been proved.

       Krukenberg and Fredericq have shown that the digestive fluid of the earthworm contains at least three ferments ; and according to the former author these occur only in the stomach-intestine.    They are as follows :

       1.   Peptic ferment^  which has the property in an acid medium of converting proteids into soluble and diffusible  peptones;  this is therefore analogous to the pepsin of the gastric juice in higher forms.

       2.   TryptiG ferment^  having a similar action on proteids, but only in an alkaline medium—hence analogous to the  trypsin  of pancreatic juice.

       3.   Biastatic ferment.,  which converts starch into glucose (grape-sugar) in an alkaline medium—hence analogous to the ptyalin of saliva and the amylolytic ferment of pancreatic juice.

       Absorption.  The ferments of the digestive fluid convert the solid proteids into soluble and diffusible peptones, the starchy matters into sugar (glucose). These products dissolve in the liquids present and are then gradually absorbed by the walls of the intestine as the food passes along the alimentary canal. The precise mechanism of absorption is not yet thoroughly understood, but it is probable that much of the nutriment passes by diffusion (osmosis) into the walls of the stomach-intestine and thence into
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       the blood for distribution to all parts of the l)ody. The refuse remaining in the alimentary canal (and which has never been a part of the body proper) is finally voided throuLdi the anus as Hastings ovfcBces.  This process of " deftecation " must not be confounded with that of  excretion^  which will ]>e desciibed later.

       Circulatory System.    The   food,   having   been   absorbed,   is distributed throughout the body by two devices.

       1.  Coelomio Gircxdation.  The cavity of the ca'lom is tilled with a colorless fluid ('' coelomic fluid'') which must be regarded as a kind of lymph or blood. By the contractions of the body-wall, as the worm crawls about, the cadomic fluid is driven back and forth through all parts of the coelom, through irregular openings in the dissepiments. As the digested food is absorbed from the stomach-intestine a considerable part of it is believed to pass into the coelomic fluid, and is thus conveyed directly to the organs which this fluid bathes. The coelomic fluid is composed of two constituents, viz., a colorless fluid called the  plasma, and colorless isolated cells or  coi'-jpuscles  which float in the plasma, and are remarkable for the fact that tliey undergo constant though slow changes of form. In fact they closely resemble certain kinds of Ammhce,  and we should certainly consider them to be such if we found them occurring free in stagnant water. We know, however, that they live only in the  plasiria,  and have a connnon origin with the other cells of the body; hence we must regard them not as individual animals, but as constituent cells of the eartli-worm. The ccelomic fluid is in fact a kind of  fisst/f'  consisting of isolated colorless cells floating in a fluid intercellular sul)stan('i'. These free floating cells are probably the scavengers  (j>/i(i(/<irt/f*s) of the body,   devouring and destroying waste  matters.     8onio
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       Fig.  25.—Phagocytes, from tlie cnp-loinic fluid of the earthworm. .1, af^glomeration of i»lia>:orytes, surrounding a foreiRn body; /?, sintrle uliaLTocyte, with vacuole^i. (After MetschnikotT.)

      

       suppose that they also attack invadmg parasites such as bacteria.

       2.  Vascular Circulation.  Besides the coelomic circulation there is another and more complicated circulatory apparatus consisting of branching tubes, the  hlood-vessels.,  which form a complicated system ramifying throughout the body. Through these tubes is driven a red lluid analogous to the red blood of higher animals, and like it consisting  oiplasma  and  corpuscles^  the latter being flattened and somewhat spindle-shaped. The red color is due to a substance,  licmnoglohin^  dissolved in the plasma and not (as in higher forms) contained in the corpuscles, which are colorless.

       The earthworm is not provided with a special pumping-organ or heart for the propulsion of the blood, such as we find in higher animals. In place of this certain of the larger bloodvessels (viz., the "dorsal vessel" and the ''aortic arches") have muscular contractile walls, w^hich propel the blood in a constant direction by wave-like contractions that run along the vessel from one end to the other ("peristaltic" contractions, cf. p. 51) at regular intervals and thus give rise to a "pulse." The contractile vessels give off other non-contractile trunks which divide and subdivide into tubes of extremely small calibre and having very thin walls. The ultimate branches, known as capillaries.,  permeate nearly all the organs and tissues, in which they form a close network. The stream of blood after passing through the capillaries is gathered into successively larger vessels which after a longer or shorter course finally em23ty into the original contractile trunks and complete the circuit. Thus the vascular system is a closed system of tubes, and there is reason to believe that the blood follows a perfectly definite course, though this is not yet precisely determined.*

       We may now consider the arrangement of the principal tnmks. The largest of them, which is also the most important of the contractile vessels, is:

       a^  The  dorsal vessel  (Fig. 24, cZ.'y.), a long muscular tube lying upon the upper side of the alimentary canal. In the living worm it may be distinctly seen through the semi-transparent

       * It should be noted tbat   in the absence of a heart it is difficult to distin guish between " arteries " and "veins."    We may more conveniently distinguish " afferent vessels," carrying blood towards the capillaries, and " efferent vessels," carrying blood away from them.

      

       skin as a dark-red band, wliicli is tolerably strai<^lit wlii-n the worm is extended, but is made zigzag  hy  contracti(jn of the bod v. If it be closely observed, a sort of wavelike contraction is often seen running from behind forwards. This may be very clearly observed in a worm stupefied by chloroform, especially if it luw been laid open along the dorsal side. The dorsal vessel then ajipears as a deep-red, somewhat twisted, tube running along the upper side of the alimentary canal. Wavelike contractions continually start from its hinder end and run  ra})i(Ily  forwards, one after another, to the anterior end, where the dorsal vessel finally breaks up on the pharynx into a large number of branches (Fig. 24).

       The result of these orderly progressive contractions is that the fluid within the tube is pushed forwards—very much as the fluid in a rubber tube is forced along when the tube is strip})ed through the fingers. It is still better illustrated by the action of the fingers in the operation of  milking.  This action of the vessels is a typical example  oi jperistaltic contraction,

       h. Suh-intestinal vessel.  This is a straight vessel which runs along the middle line on the  lower  side of the alimentary canal, parallel to the one just described. It returns to the hinder part of the body the fluid which has been carried forwards by the dorsal vessel. On the pharynx it breaks up into many branches, which receive the fluid from corresponding branches of the dorsal vessel.

       c. Circular or comtnissural vessels.,  metamerically repeated trunks which run from the dorsal vessel downwards around the alimentary canal and ultimately connect with the ventral vessel. They are of several kinds, of which the most important are as follows:

       1. The  aortic arches  or  circunfioasojphageal vessels,  often known as "hearts," since like the dorsal vessel they are contractile and with the latter furnish the entire propulsive forco for the circulation. These are five pairs of large vessels en circuling the oesophagus in somites 7 to 11 inclusive. Tlies*» vessels pass directly from the dorsal to the ventral vessel, giving off no branches. During life they perform powerful peristakio contractions, receiving blood from the dorsal vessel and pumping it into the sub-intestinal or ventral.

      

       2.   Dorso-intestinal vessels^  passing from the dorsal vessel into the wall of the gut in the region of the stomach-intestine. Of these vessels there are two or three pairs in each somite. Thej are thickly covered (like the dorsal vessel in this region) with pigmented '' chloragogue-cells,'' so that their red color is usually not apparent. Unlike the aortic arches these vessels break up on the wall of the intestine into capillaries which are continuous with branches from the ventral vessel.

       3.   Dorso-teguTnentary vessels^  passing from the dorsal vessel along the dissepiment into the body-wall on each side. Tliese are small vessels that pass directly around the body to connect with a longitudinal trunk (" sub-neural ") lying below the ventral nerve-cord (see below), and giving off branches to the body-wall, dissepiments, and nephridia.

       Course of the Blood.  The precise course of the blood in Lumbricus  is still in dispute, though its more general features are known. It is certain that the bulk of the blood passes forward in the dorsal vessel, downward around the gut through the aortic arches into the ventral vessel, and thence backwards towards the posterior region. Its path thence into the dorsal vessel is doubtful. The most probable view is that the blood proceeds from the ventral vessel through ventro-intestinal vessels to the capillaries of the intestine and thence to the dorsal vessel throuD^h the dorso-intestinal vessels. It is possible, however, that the return path is through the dorso-tegumentary vessels and that the dorso-intestinal carry blood y;"c>m the dorsal vessel  to  the intestine.

       In the foregoing account only the more obvious features of the bloodvessels have been mentioned, and many important details have been passed over. The circular vessels of the stomach-intestine can be followed for only a short distance out from the dorsal vessel, v\rhere they seem to break up into a large number of small parallel vessels lying close together and running around to the lower side. The efferent vessels do not directly join the sub-intestinal, but empty into a sinus or vessel which runs parallel to tne latter, closely imbedded in the wall of the stomach-intestine. The sub--intestinal vessel proper is quite separate from the stomach-intestine, and communicates by short branches (usually two in each somite) with the vessel lying above it. This maybe clearly seen in the region of the gizzard. On this there is a variable number of small lateral vessels, which break up partly into a branching network, and are partly resolved into extremely fine parallel vessels surrounding the organ. On the crop are three or four pairs of lateral branches from the dorsal vessel which branch out into a
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       fine network, but do not break up into parallel vessels as  o\\  the gizzard. In the two somites (13th and 14th) in front of the crop there are usually two pairs of vessels running around the cesophagiis. In the 11th and 12th somites a small branch is given otf to each calciferous gland. The most anterior pair of circular vessels are in the 6th somite, and are very small. In front of this the dorsal vessel breaks up into the pharyngeal network. In front of the 11th somite there are three sub-iutestinal vessels. The two additional vessels lie, one on either side of the primary one and break up into branches at the sides of the pharynx. The aortic arches empty into the middle vessel, and at the point of junction there is a communication with the lateral vessel of the corresponding side.

       Besides the dorsal and sub-intestinal vessels there are three other minor longitudinal trunks (Fig. 26).    Two of these are very small, and lie on
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       Fig.  26.—Dorsal view of part of the ventral nerve-cord, showing the arranpromeni of the vessels of the ventral region,  d.%  dissepiment; si, sub-intestinal  dp  ventral blood-vessel; s?>./?., siib-neural; sp.??., supra-neural. The suli-intcstinal recrivrs on either side the ventro-laterals  (r./)  from the nepliridia, of which it forms th«' efferent vessel (e./). The sub-neural is joined on each side by a continuation of the d<yrso-tegumentary  (d.t.); a/, afferent branch to the nephridiura (cf. Fig. 27).

       either side above the nerve-cord (p. 66), sending fine branches out from each ganglion along the lateral nerves. These are the  a up ra-neural  trunks (.9.W.). The third longitudinal vessel  {suh-neural)  lies below the nerve-cord. (See Fig. 26.) It receives on each side the termination of the dorso-tegii-mentary vessel  {d.t.,  Fig. 26) which in its course is connected  witii  the capillary networks of the body-wall and the dissej)iment, and gives off a large branch to the nephridium (cf. Fig. 27).
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       Besides the lateral vessels from the sub-neural and supra-neural a pair of " ventro-lateral" (y.Z., Figs. 26 and 27) are given off in each somite from the sub-intestinal to the nephridium, probably receiving from it the blood Rrhich originally entered through a branch of the dorso-tegumentary.
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       Fig.  27.—Nephridia of  JjumbiHcns. A  showing the regions of the tube,  B  the vascular supply.   /,  II, III,  the three principal loops.

       .4. /, funnel;  n.t,  the "narrow tube";  m.t,  middle tube;  u\t,  wide tube:  m.p,  muscular tube or end-vesicle ;  ds,  dissepiment. The narrow tube extends from a to g and is ciliated between  a  and ft, at c, and from  d  to c. The middle (ciliated) tube extends from  g to h,  the wide tube from  h  to  k,  where it opens into the muscular part;  eX,  external opening.

       B,  Letters as before;  d.t,  dorso-tegumentary vessel, bringing blood from the dorsal vessel, receiving at s a branch from the body-wall, sending an afferent branch to the nephridium, and finally joining the sub-neural  (s.n); v.l,  ventro-lateral vessel carrying the blood from the nephridium to the sub-intestinal or ventral vessel (s.i);  v.v,  ventral nerve-cord. (After Benham; the direction of the blood-currents according to Bourne.)

       Excretory System.    It is the office of the excretory system to remove from the body proper the waste matters ulthnately re-
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       suiting from the breaking down of living tissue. Tliis docs not mean the passing away of the refuse of digestion throiigli tlie anus (defaecation, p. 53), for sueh matters have never been absoi'bed and therefore have never really been  witliin  tlic  IkkIv proper. Excretion means the removal from the body of matter which has really formed a part of its substance, l)ut lias been used up and is no longer alive. In higher animals this function is performed chieily by the kidneys, the lungs, and the skin, the waste matters passing off in the urine, the breath, and the sweat. In the earthworm it is principally performed by small organs called  nephridia^  of which here are two in each somite, excej)t-ing the lirst three or four (Fig. 29).

       Each  nepln-idium  (Fig.  27)  consists  of a long convoluted tube,   attached to the hinder face of a •dissepiment, and lying in the coilom at the side of the alimentary canal.     At one   end  the tube  passes  through  the  ^>^:/;}::;'lii^v;;:- .; body-wall and opens to the exterior by a  ^^B^;^:^^^ minute pore situated between the outer       * ' "**" and   inner  rows of setie (p. 46).    The other end of the tube passes through the dissepiment   very   near   to   the   point where this is penetrated by the nerve-cord   (p.   ^^)^    and   opens   by a broad, funnel-like expansion into the cavity of  ^^^  ^^ _.^ nephridiai funnel

       the   next   somite   in   front   (/",   Fig.   27).      much enlarKed, showing the rr^i   •   J*  j^i      J"   1   1  j_i      •   cilia, the betfinnin^; of  tl>o

       The margms of the funnel and the nmer     ^.^^^,^^^^^ ^,^,^^^  (,)^ ,,,,j the surface of the upper part of the tube are   o^ter sheath («). densely covered with powerful cilia (Fig. 28), whose action tend.«=i to produce a current setting from the coelom into the fuimel and through the nephridium to the exterior.

       The coils of the nephridium arc disposed in three principal loops (I, II, III in Fig. 27). The tube itself comprises five very distinct regions, as follows :

       1.   1\\Q funnel ov nej^hrostome;  much flattened from above downwards, with the opening reduced to a horizontal chink. It is composed of beautiful ciliated cells set like fan-rays around  its  edge.    It leads into

       2.  The "  narrow tube''' {n.t.),  a very delicate thin-walled contorted tubo extending from the nephrostome through the first loop and a part of the second.    In certain parts of its course (a to 6, at c, and from  d  to  e)  this
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       ■*

       tube contains cilia which are arranged in two longitudinal bands on the inner surface.    At  g  it passes into the

       3.  "  Middle tube'''' {m.t.) (g toh),  extending straight through the second loop, of greater diameter, ciliated throughout, and with pigmented walls. At  h  it opens into the

       4.  "  Wide tube'''' (w.t.).  This is of still greater calibre, with granular glandular walls and without cilia. It extends through the second loop (from  h  to  i,  II) into and through the first from  i  to J, and finally into the third, opening at  k  into the

       5.   Muscular part  or  duct (m.p.)  which forms the third loop and opens to-the exterior at  ex.  This, the widest part of the entire nephridium, has muscular w^alls and forms a kind of sac or reservoir like a bladder, in which the excreted matter may accumulate and from which it may be passed out to the exterior.

       The various parts of the nephridium are held together Vjy connective tissue (p. 90), and are covered with a rich network of blood-vessels, the arrangement of which is shown in Fig. 27,  B.  The smaller vessels usually show numerous pouchlike dilatations which must serve to retard the flow of blood somewhat. The vessels supplying the nephridium are connected (Fig. 27,  B) on  the one hand with the sub-intestinal vessel through the ventro-lateral trunks {v.  I.) ; on the other hand with the  sub-neural (s.n.)  and dorsal vessels, through the  dorso-tegumentary (d.t.).  The course of the blood is somewhat doubtful. According to the view here adopted (cf. p. 56) the blood proceeds from the dorso-tegumentary trunk to the nephridia and thence through the ventro lateral to the sub-intestinal, as shown by the arrows in the figure. Benham (from whom the figures are copied) adopts, the reverse view. The development of the nephridium shows that its ciliated and glandular portions arise from a solid cord of disk-shaped cells which afterwards becomes tubular by the hollowing out of its axial portion. The tube is therefore comparable to a drain-pipe in which each cylinder represents a cell. Its cavity is not intercellular  (between  the cells, like the alimentary cavity), but  intracellular {vMliin  the cells, like a vacuole).

       The mode of action of the nephridia is as yet only partially understood, though there is no doubt regarding their general character. It is certain that their principal office is to remove from the body waste nitrogenous matters resulting from the decomposition of proteids; and there is reason to believe that these waste matters are passed out either as  urea  ( [NHJjCO) or as a nearly related substance, together with a certain quantity of water and inorganic salts.

       Excretion in  Lumbricus  appears, however, to involve two quite distinct actions on the part of the nephridia. In the first place the glandular walls of the tube, which are richly supplied with blood-vessels, elaborate certain liquid waste substances from the blood and pass them into the cavity of

      

       the tube. In the second place the ciliated funnels are believed to take up solid waste particles floating in the ca'lomic fluid and to pass tiiem on  into the tube, whence they are ultimately voided to the exterior together with the liquid products described above. It is nearly certain that these particles are derived from the breakii^.g up of " lynipiioid " cells, some of wliicU may have been phagocytes (p. 53;, floating in the coelomic fluid, and that most if not all of these cells arise from '' chloragogue cells " set free from the surface of the blood-vessels and of the intestine.

       Respiration. Respiration, or breathing, is a twofold oj^eration, consisting of the taking in of free oxygen and tlie giving oil of carbon dioxide by gaseous diffnsion tlirougli the surface of tlie body. Strictly speaking, this free oxygen must Ije regarded  nA food, while carbon dioxide is to be regarded as one of the excretions. Hence respiration is tril)utary both to alimentation and to excretion; but since many animals possess special mechanisms to carry on respiration, it is convenient and customary to treat of it as a distinct process.

       Respiration is essentially an exchange of gases between tlie blood and the air, carried on through a delicate membrane lying between them. The earthworm represents the sim})lest conditions possible, since the exchange takes place all over the body, precisely as in a plant. Its moist and delicate walls are everywhere traversed bv a fine network of blood-vessels Ivinii: lust beneath the surface. The oxvffen of the air, either in the atmosphere or dissolved in w^ater, readily diffuses into the blood at all points, and carbon dioxide makes its exit in the reverse direction. Freed of carbon dioxide and enriched with oxygen, the blood is then carried away by the circulation to the inniT parts, where it gives up its oxygen to tlie tissues and becomes once more laden with carbon dioxide.

       In higher animals it has been proved that the red cc>loring matter (haemoglobin) is the especial veliicle for the al)sorptioii and carriage of the oxygen of tlie blood, entering into a looso chemical union with it and readily setting it free again under the appropriate conditions. This is doubtless true in the earthworm also.

       It is interesting to study the various devices by which this function is performed in different animals. In the earthworm the whole outer surface is respiratory, and no special respiratory organs exist. In other animals such organs arise simply by the differentiation of certain regions of the

      

       general surface, which then carry on the gaseous exchange for the whole organism. In many aquatic animals such regions bear filaments or flat plates or feathery processes known as  gills  or  hrancluce^  which are bathed by the water containing dissolved air, though in many such animals respiration takes place to some extent over the general surface as well. In insects the respiratory surface is confined to narrow tubes  {trachece)  which grow into the body from the surface and branch through every part, but must nevertheless be regarded as an infolded part of the outer surface. In man and other air-breathing vertebrates the respiratory surface is mainly confined to the lungs, which are simply localized infoldings of the •outer surface specially adapted to effect a rapid exchange of gases between the blood and the air.

       It is easy to see why special regions of the outer surface have in higher animals been set aside for respiration. It is essential to rapid difi'usion that the respiratory surface should be covered with a thin, moist membrane, and it is no less essential that many animals should be provided with a firm outer covering as a protection against mechanical injury or desiccation. Hence the outer surface becomes more less distinctly differentiated into two parts, viz., a protecting part, the general integument; and a respiratory part, which is usually preserved from injury by being folded into the interior as in the case of lungs or tracheae, or by being covered with folds of skin as in the gills of fishes, lobsters, etc. This covering or turning in of the respiratory surfaces brings with it the need of mechanical arrangements for pumping air or water into the respiratory chamber ; and thus arise many complicated accessory respiratory mechanisms.

       B.     Orgaxs of Relation.      (For A see p. 49.)

       Motor System.  The movements of the body have a twofold purpose. In the first place they enable the animal to alter its relation to the environment, to move about  (locoinotion)^  to seize and swallow food, and to perform various adaptive actions in response to changes in the environment. In the second place, the movements may alter the relation of the various parts of the body one to another  {visceral movements  and the like), such as the movements which propel the blood, drive the food along the alimentary canal and roll it about (p. 49), those which ex|3el waste matters from the nephridia, discharge the reproductive products, etc.

       Most of these movements are performed by structures known as  m^uscles^  which consist of elongated cells (fibres) endowed in a high degree with the power of  contractility —i.e., of shortening, or dra^ving together (cf. p. 27).    Ordinary ''muscles" are in

      

       tlie form of long bands or sheets of parallel Hbres, such as those that form the body-wall, that move the setse, and dilate tlic pharynx. Other muscular structures, liowever, do not form distinct " nmscles," but consist of muscular fi])rcs more or less irregularly arranged and often intermingled with otlier kinds of tissue. Of this character are the nniscular walls of tlie contractile vessels, and of the muscular portions of the nepliridia and dissepiments. It is clear from the above that the nuiscular system is not isolated, but is intimately involved in many organs.

       The muscles of the body-wall are arranged in two concentric layers below the skin. In the outer layer the muscles run around the body, and are therefore called  circular  muscles. Those of the inner layers have a longitudinal  course,—i.e., parallel with the long axis of the body,—and are arranged in a number of different bands. The most important of these are:

       1.  The  dorsal hands  (Fig. 39), one on either side above, in contact at the median dorsal line, and extending down on either side as far as the outer row of setae.

       2.  The  ventral hands,  on either side the middle ventral line and occupying the space between the two inner (lower) rows of setaB.

       3.  The  lateral hands,  occupying the space on either side between tlie two rows of setae.

       All these vary greatly in different regions of the body, and in some parts become more or less broken up into subsidiary bands. There is also a narrow band traversing the space between the two setae of each group.

       The  setce,  which may be reckoned as part of the motor system, are produced by glandular cells covering their inner ends, and tliey grow constantly from this point, somewhat as hairs grow from the root. After being fully formed, and after a certain amount of use, the setic are cast off and replaced by new ones which have meanwhile been forming. lu each group we find, therefore, setae of different sizes. At their inner ends they are covered by a common investment of glandular cells wliich appears as a slight rounded prominence when viewed from within. These prominences are called the  setigeroiis glands.  When a worm is laid open from above, the glands are seen in four parallel rows, two of wliich lie on either side of the nerve-cord (see Fig. 29).

       Each group of setae is provided with special  retractor  or  protractor muscles, and a narrow muscular band passes from the upper to tlie lower group on each side internal to the body-wall.

       Cilia.  A second set of motor organs are  cilia  (their mode of action has been referred to on p. 31), which are of the utmost importance m the life of the earthworm. They cover the inner surface of the stomach-intestine (where they doubtless assist in the movements of the food) play the important part in excretion already described, collect and help to discharge

      

       the reproductive elements (p. 74), and assist in the fertilization of the  Qg^ (p. 74). Their action, like that of the muscle-fibres, is doubtless due to the property of  contractility.,  the protoplasm alternately contracting on opposite sides of the cilium and thus causing its whiplike action.

       White Blood-corpuscles. Amoeboid Cells. Lymph-cells. Phagocytes, Besides muscle-cells and ciliated cells there is a third variety which display contractility and movement. These are the coelomic corpuscles referred to above (p. 53). Until recently their function was wholly unknown, but it is now generally believed that they are the scavengers of the body, devouring the dead tissues or foreign bodies which invade the organism. Whether they also attack and devour living parasites such as  Qregarina  and  Bacteria is not yet fully determined. They move their parts much as Amoebae do, engulfing particles about them by a kind of flux.

       Nervous System.    Organs of Coordination.

       Introduction.  The general office of the nervous system of organs is to regnlate and coordinate the actions of all the other parts in such wise that these actions shall form an harmonious and orderly whole. Through ner\'ous organs the worm receives from the environment impressions which pass inwards through the nerves as  sensory  or  afferent  unpulses, to the nervous centres; and through other nervous organs impulses  (efferent  or  motor) pass outwards from the centres to the various parts so as to arouse, modify, or suspend their activities. Tlius tlie animal is enabled to call forth movements resulting in the two kinds of adjustments referred to on p. 6i^, viz.,  {a)  adjustments of the body as a whole to changes in the environment (e. g., the withdrawal of the earthworm into its burrow at the approach of day); and  ih)  adjustments between the parts of the body itself, so that a change in one part may call forth answering changes in other parts (e.g., the increased supply of blood to tlie alimentary canal during digestion, or vigorous movements of the fore end of the body when the hind end is irritated).

       These functions are always performed by one or more  nerve-cells^  which give off long slender branches known as  nerve-fibres usually gathered together in bundles, the  nerves^  extending into all parts of the body. In all higher animals the main bulk of the nerve-cells are aggregated in definite bodies known as ganglia.^  out of which, into which, or through which, the nerves proceed; and as a matter of convenience it is customary to designate the most important of these ganglia collectively as the  cen-

      

       tral nervous system.  The remaining p(jrti«jn, which consists mainly of nerve-fibres, tliongli it may also contain many nerve-cells and small sporadic ganglia, is known as the  peripheral Tiervoiis system.

       Gener'ol Anatomy of the Nervous System.  In the earth-v^^orm the central system consists of a long series of douhk* gangUa, metamerically repeated, and connected by nL;rvL*-c(jrds known a« commissures.  The most anterior pair of ganglia, known as the supra-msophageal  or cerebral ganglia, lie on the dorsal ii,si)ect of the pharynx, a short distance behind the anterior extremity (Figs. 24, 29), From each of them a slender cord, the  circum-msophageal commissui'e^  passes dow^n at the side of the pharynx to end in the  sub-oesophageal  or  first ventral ganglion  on the lower side, forming with its fellow a complete ring or  pharyngeal collar  around the alimentary canal. From the sub-(jesoi)lia-geal ganglion a long double  ventral nerve-cord  proceeds back weirds in the middle ventral line. The ventral cord consists of a series of double ganglia, one to each somite, connected by conunissures and giving off lateral nerves.^

       Internally the cerebral ganglia and the ventral cord (commissures as well as ganglia) consist of both nerve-cells and nerve-fibres as described on p. U-i.

       Peripheral Nervous System.  To and from the central system just described run the nerves wdiich constitute the peripheral system.    These are as follows :

       1.  A pair of nerves running out on either side of each ventral ffano^lion and lost to \dew amons^ the muscles of the ])ody-wall.

       2. A single nerve proceeding from the ventral commissures on each side immediately behind the dissepiment to which it is mainly distributed.

       8.  A pair of nerves from the sub-03sophageal ganglion.

       4. A nerve from each half of the pharyngeal collar just beyond its divergence from its fellow. (Origin incorrectly shown.)

       5.  Two large cerebral nerves, which run forwards from the

       * So closely are tlie two halves of the ventral cord uniteil that its double nature can scarcelv be made out without sections.

      

       THE BIOLOGY OF AN ANIMAL.

      
        [image: picture45]
      

       U.TV.C.

       FlQ.  29.—Anterior portion of the earthworm laid open from above, with  the  alimentary and circulatory systems dissected away, c.c, circum-oesophageal commissure ; e.g., cerebral ganglia; d*% dissepiment: /, funnel of nephridium; np nephridium; o, ovary; od, oviduct; p^i, pharynx ; ps, prostomium; r.s., seminal receptacle;  s.d.^  sperm-duct; s.f., sperm-funnel;  s.vi.l.^  lateral seminal vesicle; t, testis; r.g., and v.ii.c., ventral nerve-cord.

      

       cerebral  ganglia, l)reak  up into  many brandies, and arc* distributed to the anterior part of the body.

       Besides the main gaiij^jlia of the central system, tliere arc many smaller ganglia in various parts of the body. Of these the most important are the pharyngeal ganglia—^  to 5 in niunber—which lie on the wall cf the pharynx on each side just within the i)haryngeal collar. They are connected with the latter by fine branches, and send minute nerves out upon the walls of the pharynx. This series of ganglia is often inappropriately called the  sympathetic  system.

       Physiology of the Nervous System. Nerve-impulses, "What is the origin and nature of a nerve-impulse? lender normal conditions the impulse is set up as the result of some disturbance, technically called a  sthnulus^  acting upon the end of the fibre. A touch or pressure upon the skin, for example, acts-as a stinmlus to the nerve-fibres ending near the point touchetl— that is, it causes nerve-impulses to travel inwards along the fibres towards the central system. The nerves may be stimulated by a great variety of agents:—by mechanical disturbance, as in the case just cited, by heat, electricity, chemical action, and in special cases by waves of light or of sound, and upon this property of tlie nerves depends the power of the worm to receive as-afferent impulses impressions from the outer world. But, besides this, nerve-fibres may also be stimulated by physiological clianges taking place within the nerve-cells, which may thus send out efferent impulses to the various organs and so control their action.

    

  