PREFACE

THE objective processes exhibited in the behavior of the lower
organisms, particularly the lower animals, form the subject of the
present volume. The conscious aspect of behavior is undoubtedly
most interesting. But we are unable to deal directly with this by
the methods of observation and experiment which form the basis for
the present work. Assertions regarding consciousness in animals,
whether affirmative or negative, are not susceptible of verification.
This does not deprive the subject of consciousness of its interest, but
renders it expedient to separate carefully this matter from those
which can be controlled by observation and experiment. For those
primarily interested in the conscious aspects of behavior, a presenta-
tion of the objective facts is a necessary preliminary to an intelligent
discussion of the matter.

But apart from their relation to the problem of consciousness
and its development, the objective processes in behavior are of the
highest interest in themselves. By behavior we mean the general
bodily movements of organisms. These are not sharply distin-
guishable from the internal physiological processes; this will come
forth clearly in the present work. But behavior is a collective name
for the most striking and evident of the activities performed by
organisms. Its treatment as subsidiary to the problems of con-
sciousness has tended to obscure the fact that in behavior we have
the most marked and in some respects the most easily studied of
the organic processes. Such treatment has made us inclined to
look upon these processes as something totally different from the
remainder of those taking place in organisms. In behavior we are
dealing with actual objective processes (whether accompanied by
consciousness or not), and we need a knowledge of the laws con-
trolling them, of the same sort as our knowledge of the laws of
metabolism. In many respects behavior presents an exceptionally
favorable ficld for the study of some of the chief problems of life.
The processes of behavior are regulatory in a high degree. Owing
to their striking character, the way in which regulation occurs be-
comes more evident than in most other fields, so that they pre-
sent a most favorable opportunity for study of this matter. To
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the regulatory aspect of behavior special attention is paid in the
following pages.

The modifiability of the characteristics of organisms has always
been a subject of the greatest importance in biological science. In
most fields the study of this matter is beset with great difficulties, for
the modifications require long periods and their progress is not easily
detectible. In the processes of behavior we have characteristics that
are modifiable with absolute ease. In the ordinary course of be-
havior variations of action are continually occurring, as a result of
many internal and external causes. We see quickly and in the gross
the changes produced by the environment, so that we have the best
possible opportunity for the study of the principles according to
which such changes occur. Permanent modifications of the methods
of action are easily produced in the behavior of many organisms.
When we limit ourselves to the subjective aspect of these, thinking
only of memory, or the like, we tend to obscure the general problem
involved. This problem is: What lasting changes are producible in
organisms by the environment or otherwise, and what are the princi-
ples governing such modifications? Perhaps in no other field do we
have so favorable an opportunity for the study of this problem,
fundamental for all biology, as in behavior. There seems to be no
a priori reason for supposing the laws of modification to be different
in this field from those found elsewhere. The matter needs to be
dealt with from an objective standpoint, keeping the general problem
in mind.

A study of behavior from the objective standpoint will help us
to realize that the activities with whi~h we deal in other fields of
physiology are occurring in a substance that is capable of all the
processes of behavior, including thought and reason. This may aid
us to be on our guard against superficial explanations of physiological
processes.

But the chief interest of the subject of the behavior of animals
undoubtedly lies, for most, in its relation to the development of
psychic behavior, as shown by man. The behavior of the lowest
organisms must form a fundamental part of comparative psychology.

In the special field of the behavior of the lowest organisms the
foundations of our knowledge were laid by Verworn, in 1889, in his
“Psycho-physiologische Protistenstudien.” Binet, in his “ Psychic
Life of Micro-organisms” (1889), gave a most readable essay on the
subject, presenting it frankly from the psychical standpoint. Lukas,
in his “ Psychologie der niedersten Tiere” (1905), has recently again
dealt with the questions of consciousness in lower animals, the treat-
ment of objective processes being subsidiary to this matter.

The present work was designed primarily as an objective descrip-
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tion of the known facts of behavior in lower organisms, that might
be used, not only by the general reader, but also as a companion
in actual laboratory experimentation. This description, comprising
Parts I and II of the present work, on the Protozoa and lower Meta-
zoa, respectively, was made as far as possible independent of any
theoretical views held by the writer; his ideal was indeed to present
an account that would include the facts required for a refutation of
any of his own general views, if such refutation is possible. These
designs have involved a fuller statement of details, with sometimes
their repetition under new experimental conditions, than would have
been necessary if the theoretical discussion had been made primary,
and only such facts adduced as would serve to illustrate the views
advanced. But the scientific advantages of the former method were
held to outweigh the literary advantages of the latter.

As originally written, this descriptive portion of the work was
more extensive, including, besides the behavior of the Protozoa and
Ccelenterata, systematic accounts of behavior in Echinoderms, Ro-
tifera, and the lower worms, together with a general chapter on the
behavior of other invertebrates. The work was planned to serve as
a reference manual for the behavior of the groups treated. But the
exigencies of space compelled the substitution of a chapter on some
important features of behavior in other invertebrates for the system-
atic accounts of the three groups last mentioned. The accounts of
the Protozoa and of the Ccelenterata as representative of the lowest
Metazoa remain essentially as originally written.

After this objective description was prepared, the need was felt
for an analysis of the facts, such as would bring out the general
relations involved. Part III is the result. Thus the conclusions set
forth in Part III are the result of a deliberate analysis of the facts
presented in a description which had been made before the conclu-
sions had been drawn. The selection of facts set forth in the de-
scriptive parts of the work has therefore been comparatively little
-affected by the general theories held by the writer. The loss of
unity toward which this fact tends has perhaps its compensation in
the impartiality which it helps to give the descriptions.

The writer is conscious of the necessarily provisional nature of
most general conclusions at the present stage of our knowledge, and
the analysis given in Part III is presented with this provisional
character fully in mind. The reader should approach it in a similar
attitude.

Since the book is written primarily from a zotlogical standpoint,
it would be appropriate in some respects to entitle it “ Behavior of
the Lower Animals.” But the broader title seems on the whole best,
since the treatment of unicellular forms involves consideration of
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many organisms that are more nearly related to plants than to
animals.

The figures have been drawn for the present work by my wife.
Figures not credited to other authors are either new or taken from
my own previous works.

The author is much indebted to the Carnegie Institution of
Washington for making possible a year of uninterrupted research,
devoted largely to studies preliminary to the preparation of this
work and to its actual composition. He is further indebted for
the use of a number of figures first published by the Carnegie
Institution.

UNIVERSITY OF PENNSYLVANIA,
December 11, 1905.



