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ANTIMAL BEHAVIOR AND SYSTEMATICS
Richard D. Alexander

Museum of Zoology and Department of Zoology
The University of Michigan, Ann Arbor

Introduction

I have thought about this lecture all the way down here, and I still
cannot imagine that at eleven thirty I'm still going to be standing here
ralking and you're still going to be sitting out there listening! T have
never talked for two and a half hours straight. I have always thought I
was pretty lucky in teaching if I got fifty minutes ahead of the students,
which is an absolute minimum. Furthermore, T realized on the way here
a4 couldn't think of anyone that I would like to listen to for two

and a half hours!

After having these thoughts, I decided to make some changes in my
talk. The principal one 1is that it is really going to be a series of
short talks, each ten or fifteen minutes long. I'll try to pause between
these for questions and I hope that you'll also interrupt me at any time

you want.

T don't know most of you, and I don't think that most of you know me.
My topic is supposed to be animal behavior and systematics. I decided that
staying precisely with that subject is probably the least important thing
I can do. Instead I will try to emphasize those things in which I at least
fecl that I have some special competence or special information. It seems
only fair, therefore, that I should tell you a bit about my background so
that you'll understand how I happen to be here, and why I tend to emphasize
the things T do. I got a degree in entomology at Ohio State University,
where I became a systematist more or less indirectly through the influence
of my advisor there, Donald J. Borror, and also because of a paper on cric-
ket speciation that I read in my early graduate student days, written by
Bentley B. Fulton of North Carolina State University. I spent my graduate
student days proclaiming that one place I would never be found working is
in a museum. But then I left Ohio State, went directly to work in a museum,
and have been in a museum ever since!

In the United States, animal behavior was almost non-existent as a
subject in zoology curricula in the early 1950's. Partly as a result, I
1y became a psychologist. But somewhere along the way I got diverted
near ZiolOgY° When I went to Michigan I taught introductory zoology for
;25: years. My interest in animal behavior grew during this time, and I
atually started teaching a course in insect behavior and a graduate sem-
eve in evolutios. Finally these two courses became combined into a course
ig?ied animal behavior and evolution, which I have been teaching the past

four yearsSe

So I am really a systematist with a special interest in behavior, and
1'm still studying the same insects that I started to work on as a graduate
i e khe crickets, katydids, and cicadas--three families containing
stu * thousand gpecies in North America. My chief ambition at this moment
about ;1nish a monograph on these species, along with Thomas E. Moore at
;;etgniversity of Michigan and Thomas J. Walker at the University of Florida.
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1f 1 have any special knowledge about b .
of coming in more OT less through the back di:iYiO;,a;heEitit is a result
1 express the hope that Dr. Eisenberg, who did not COmeqth e sirious when
door, but, more recently than I, through one of the big o r0u§ the back
will not hesitate to straighten out any important errofs Eﬁzt iogzggzes:k
make.

Some General Comments on Classification

First, I want to give a brief discourse on som

ethin
about as a result of the systematics conference we had a% ingozrgo thinking
weeks ago, and which has only a very indirect relationship to behZiigSree

1 consider myself a systematist and a taxo e
est and narrowest senses of those terms., I meaﬁogisthiintg:EhIthe broad-
willing to admit that taxonomists engage in any crnilmid L satt im not

1 don't carry out in my own biological work. I Aunt e olé e bh vities that
systematics in the broadest sense, but at least I do believe tﬁliame for
tists, collectively and individually, are not likely to be intei systema-
anything in biology that is mot directly of interest and concerneizeieizoo

Nevertheless, I am one of those many taxonom

as worried too much about higher zategdrieiftsi ziiiisieZ?E;Stsﬁ who
had some sort of vague feeling that when the proper time arrived OZS have
the necessity of dealing with them became sufficiently urgent tﬁe when
either fall into place or I could at least work something out,On aYézggld

visional basis.

never h

1 have been noticing, of course, the steady increase i

papers dealing with the arrangement of higher thegorieS, pzrt?iQ?:??ertgf
published in Systematic Zoology, and, I might add, the steady increasy A ose
the complexity of their discussions; and I include in this growth of idmﬁ
plexity the writings and suggestions of philosophers, logicians. sﬁatisti-
cians, and aumerical pheneticists (whatever they may be). >

Byt 1 stepped trying to Beep ¥P with these papers because I never

d develop the intensity of concern I seemed to need to go to the troubl
of trying to understand all of the arguments. T think I have had some kinde
of sneaky hope that these people would argue around among themselves until
they,figured it all out, and then T could just read the summary!

coul

After I had sat through the first day or two of the Amn Arbor confer-
s actually beginning to wonder if I am a systematist after’alif
Because here a1l of these people were, right in front o perpipbect ¢ e .
same issues vocally that I had been sort of skipping over wﬂen theygwere
published in Systematic Zoology and other journals. I might add that ae1
of other people to whom I talked were also wondering out loud if they w ot
systematistse. This made me feel a little better. 0 PR

ence, 1 wa

As 1 listened, it struck me that there were two kinds o

at that conference: first, those behaving as though classificziggieigrizent
thing you do 8O that you can proceed with biology--or even somethin thatme-
you do more or less independently of the growth of biological knowlid e’
generals and, second, those who act as though they believe that Class%fi n_
tion 18 something that proceeds out of biological knowledge in general ca
is possible as a result of the general growth of biological knowled e-: or
gomething that is dependent upon general biological knowledge Contiibutes
directly to it, and in fact is involved in a kind of reverber;ting feed-

back with it.
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The first category includes some investigators that all of us 1d
call the old-fashioned variety of taxonomist, and some who are.boﬁxgou d
determined, it would seem, to think of themselves as the mosﬁ _E 0
of all taxonomists. new-fangled

Someone in a discussion following the conference aske N .
I think ultimately bears on my feeling that there are zwgtii;dzdzztlzn ;hat
talking about classification. He said, '"Well, why do we need claqsgfgp ?
tion anyway?" What struck me from the answers he got immediatelthas ziat
when you start listing reasons--say, you need classification for biogeO_.
graphy, for understanding evolutionary mechanisms, for working out geolo-
gical history, or for understanding the evolution of some particular
characteristic~~then you begin suddenly to realize that all of these
reasons are not equally urgent at any stage in the development of biolo
Furthermore, classification at the different levels in the taxonomic gY
hierarchy does not contribute equally to these different problems £0
which classification in general contributes.

And so, the question, "Why do we need classification?" suddenly be-
comes "How much classification do we need when?" Someone suggested that
some of the numerical pheneticists saw a lot of taxonomists behaving as
though they wanted the Meomplete and correct" classification right now
said, in effect, "Oh, if that's what you want, I can show you how best’to
do 8, ERAMIRS (el ! ERBCS figure out now why the systematists don't
really want the technique.

The reason, L think, is that a classification is not something that
one sets up completely so that he can then proceed with the rest of biology.
Tt is something that, at first, in its most provisional, rudimentary state
assists beginning efforts toward the collection, arrangement, and under- ’
standing of biological information, and thereafter is alternately adjusted
and refined by, and then used to test the significance and validity of,
biological information of all kinds and in all stages of development, It
is something that contributes continually to the growth of biological know-
ledge in general and yet can mever be complete as long as biological in-
formation 18 still coming in. This is why the systematist, at his best,
has to be mnot only the chief piloneer in biclogy but as well one of the ul-

timate synthesizers.

1 have been wondering since that meeting if it is not possible that
lack of agreement on this point underlies every major disunity in systematic
biology? And that failure to understand it, or agree with it, is responsible
for many of the trivial, inadequate, and mis-directed efforts in systematics?
1 include here those people who, when involved in some big biological pro-
ject, go out and "hire" a taxonomist--and who then take the taxonomist's
word as gospel on classification and work everything else around what he
says, not realizing that every piece and kind of biological information
they discover is also taxonomic information.

Construction of a classification, then, does not proceed independently
of the growth of tiological knowledge in general; indeed, it must neither
run too far ahead nor lag too far behind the development of other aspects
of biology. But how do we decide what is "too far ahead" or "too far behind?"
I think we do it by asking again that same question: '"What do we need classi-

cation for?"
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Classification at any level or in any group might be construed to have
nFallen behind," hence, deserve more effort (Could we say that special ef-
fort toward it would be more rewarding, useful, and effective?) when its
absence OY its imperfections are retarding progress on questions pertinent
to the groups of organisms or the evolutionary events involved.

Adequate classification is not going to proceed on its own. On the
other hand, is it not possible to work so hard at classifying at any point
in the development of knowledge about a given group (or at a given level
in the classification hierarchy) that the effort necessarily will be tri-
vial? 1Is this perhaps a part of the background for the exaggeration of
efforts at weighting and selecting "characters'? Don't the relative costs
of these efforts increase with the intensity of efforts at classification
relative to the extent of biological information available?

The "level" of classification" which comes closest to being justified
regardless of what else is known is that "level" needed for identification
or repeatability which, of course, is the essence of science. Most often
this is the one we call the "species." This is especially true, and easy
to understand, when the species has what we call the "biological" meaning~-
or is clearly synonymous with the smallest, or most truly separate evolu-
tionary line--in at least bisexual organisms.

1 have sometimes believed that some of the decriers of the biological
species concept have just been unable to figure out what species are in
their groups, and they'll be damned if they're going to let anybody else
think he's done it in his group!

But, look how inappropriate, in this light, is the idea that 'species"
o be biological species even when they can be! I'm referring
oW to—zﬁg jdea that one can handle this level of classification without
dealing with biological entities--that he needs only to identify groups of
Look-alike specimens. 1 would ask those people who challenge the biologi-
cal species concept whether they do not need it as badly as some of us who
AR convinced that in our organisms we can cause it reasonably to represent
the forking of the phylogenetic tree--the origin of discontinuity? I would
ask them if they are sure they have not been using it all the time as a
_tandard against which to compare and understand their own organisms when
Ay think don't evolve that way at all? I agree that it is unfortunate
il populations of asexual and parthenogenetic and other non-bisexual or-
ganisms have not been studied enough to understand the significance of their
gimilarities and differences, cohesiveness or lack of it; but I do not think
we should blame the biological species concept for this particular area of
or do away with it because we don't know whether or how univer-

don't have t

ignorance,
gally it can be applied.

1 think we need to find "biological"™ species wherever they exist, and
perhaps we need to find distinct evolutionary lines as analogous to biologi-
cal species as they may be, in all kinds of organisms.

But, going back to higher categories, we really don't need the family
as badly as the species, nor do we need, say, that badly the order or the
tribe. Perhaps we ought to talk about degrees of antiquity rather than
taxonomic levels: in general, the more recent the evolutionary divergence,
the more likely we are to need the classificatory effort at that level
earlier in the growth and development of general biological knowledge con-

cerning that groupe.
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1f T can inject one more comment 1 , . _
serving on a panel on which we have bezz zgizn%ZEZZal aﬁgm@ﬂlt have been
scribe the problem-solving methods of your fiéid " ;:”Efﬂualiy to "de-
really think this assignment was appropriate witﬂ reéariL#SK } didn"t
but T finally decidgd it is a very valuable one, For 5 t?.éystematiCS,
it caused me tO rea;ize that in a field with as muéh bfzi thing, ??ﬂdering
classification itself is one of the most crucial “rohlém_?r{ ?s bialogy,
1'm sure that many of you already know this, and ;éu«wé. ;oyv1ng me§h0d52
personal examples to demonstrate it. But let me eXpléii yive SP?Citic and
means to me, for I feel that I have only recently Becnm; :ﬁiiethésiremark

) e of its real

significance.

A couple of weeks ago, I found myself e aind
look-alike Gryllus species with QUiteydifferzgidzgigiStzrf ﬂovice that two
same species group.” Suddenly, my own remarks caused me.E o gl
all of the field crickets of North America (about 40 speci0 realize that
three species Zroups. This realization caused distributio;z) iall Into just
histories, behavior, and morphology to fall suddenly into T a?itat5$ 11 ¢e
What had been a confusing tangle of data became an 6Td§rl.P"ace in my mind,
citing story, and partly as a result when Ashley Gurﬁe§ <Zitrigsonab1¢s ex=
audience) next asks me: "When are you going to finish'thh ft.ng in this
of North America?" I think I can say "Right sy I e field crickets

As soon as I gained the realization of speci . )
that if my idea was correct then certain subt?eciiipggiggiiiinzizie§, I knew
ought to exist between the two specimens I was holdiﬁg s ferences
(1) woxe pubsseEIES 20 the head and pronotum of one cricket (gas s e
head on the other, (3) a more prominent light line aloﬁé th; t ) a bigger
in the first cricket, (4) tan spots on the inside of the hind igminal margin
cricket and orange OT reddish ones on the other, and (5) certaieg ofuqne
ferences in body shape and wing glossiness, Yet I noticed ncn'n zubtle dif-
differences until I had placed the crickets in different speciZéo these
their songs--going 2 little beyond my own inclinations because I i by
to explain something to a novice and was exaggerating somewhat t Wasktrylng
Here T must acknowledge that my classification of field Zr?ithz

point.
ro “eatch up" with my genmeral information.

needed

T ought to point out here that what T had

thing that everyone insiste cannot be dome: I 322? 12 Z?i:ciasiszas some ~

productive isolating mechanism (song) to classify ”highef"'caée d ?g a re-

(species groups). 1 want to come back to that after diséussin grr'esd

jsolation & 1ittle more thoroughly, and argue that the peoplé fihoepro e

can't use reproductive isolating mechanisms to group species into iay you

categories are misleading biologists in a very important wa s igher

right in the sense that the differences actually reSponSiblz.fOr ey are

tively isolating particular pairs of species must usually 5e of reprqduc_

origin, and change must be rapid in such characteristics The~ recent

in supposing that there are not some features of such ph;noﬁeﬁy a;e wrong

not change rapidly. A cricket song, for example, is not one c; which do

it is a whole constellation or hierarchy of characters, some ofar§0t9r~~

not any longer changing with every case of speciatiOn.’and o WfiCh are

reveal generic and even subfamilial relationships. P;rt of the g

the evolution of hierarchial complexities yielding such usefu1e ;eason for

tics 1is that speciation and reproductive isolation force sﬁecie: zgzziziii;
‘ . city
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and overall rapidity in evolutionary change. I wi
1 take up reproductive isolation later this mOrnYnél give an example when

The History of Behavioral Study

1 doubt that any area or field within 2

history than the study of animal behavior. é;giznghtsehai a more curious
animals are more broadly interesting than those which weclaracteristics of
term "pehavior," and there is ample evidence that men ha ugp under this
preoccupied with behavior, and skillful interpreters of Ii zen intensively
gsands of yearse. Nevertheless, throughout the history of z’ 10r many thou-
discipline there never has been a very long period durin OEiogY as a formal
study was able to maintain a consistent respectability gA: ;h behavioral
scemed that the mere acquisition of formal training in.z0010t mes it has
synonymous with the suppression of any active interest in b ﬁy was almost
field has seemed more devoid of a cumulative growth of knowi 3Vior. No

not surprising that in the early part of this century the zoilgei and it is
or less just gave up and turned the entire subject over to theog S P

As recently as 1956, when 1 was still a graduate student, it psychologists.
1mpossib1e to obtain a Ph.D. in this country with animal’behawis virtually
given as a ma jor field of concentration. There was a mere hazdirlformally
conaerned with behavioral topics. In zoology, they were practi ul of courses
moribund hangovers from the old "anatomy and development" theme;a éy e
1930's, and in entomology they were almost exclusively concerned of the

life in ants, wasps, bees, and termites. with social

This has always been a most puzzling phenom
peen impressed with the idea that "behav%og" is Z?gzsioamigr:egzuiﬁ Idhave
tion of manimal." Is there anything that more clearly sets animal i
from plants than the evolution of complexity in behavioral phenom s ?part
thing that more clearly analogizes on a broad scale the independeiﬁi' fAny-
lowed evolutionary pathways of such anciently divergent animal grou y fol-
the vertebrates, the molluscs, and the arthropods? ps as

1 was reminded of the attitude toward behavior that I have been d i
ing only last week when I gave to a taxonomist a copy of a key to th zicrlb-
ing patterns of the 13 species of fireflies flashing il poRbn the ash-
behind his house, & key made up by James E. Lloyd of The Universit efSWamp
In the first couplet, the gemera Photuris and Photinus are distin zioh glorida.
and in addition to color of flash and the behavior of captured ma%essie bt
hand, Dr. Lloyd included the difference in striping on the elytra ‘Thz i
zoologist's only remark about the key was a somewhat triumphant o;e £ s
cffect that he noticed that morphology 'had to be used" in the ver fz the
couplet. He had already forgotten the main vessan’ that-T pove himyth rat
which was that one year before he had told me that there were only thiezeYa

fireflies in his swamp !

species of

Behavioral Study and the Development of Zoology

When men began formally to study animals, they st

in the contexts of medicine and classificatio; (ertaxzzzii)Witzté%%EQEZ»

the mere acknowledgment that an animal can be divided up int; namablrst

or units (descriptive, Sross anatomy), the study of anatomy became ce parts

he realization of similarity, which in turn led to the dZ?Ziz;ment

ative with t
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if not the immediate distinction and clarification, of the concepts of
homology and analogy.

Anatomy, OT morphology, is quite a different thing from behavior It
is something that is permanent, not fleeting. You can étudy it thini about
it, draw pictures of it, and write about it; and all the time i; stays ther
in one place so that you can check and re-check whenever you wish gne ;
could easily check another's results, and individualistic interprétation:an
were not so easily defended. A true accumulation of knowledge could take

place.

Anatomy has continued as a basic form of study in zoology for the rea-
sons that (1) it has become increasingly repeatable (with better methods
of Preservation) (Repeatability, you will note, is at the heart of what
has been called the scientific method, (2) it has been subject to finer and
finer analyses (with the development of better and better microscdgzgy_
and (3) it forms the best link with past, extinct life through fossil ;e-

mains.
—————

The early anatomists seemed principally to be interested in animals
gimilar to man, and the rise of medicine is intricately involved in early
anatomical work. A second great usefulness appeared when Linnaeus devel-
oped his system of classifying and naming animals and plants, using prin-
cipally structural or anatomical features that he could describe from dead
specimens. Linnaeus never travelled far from the place of his birth, but
he named thousands of animal and plant species from the far corners of the
carth--brought to him dead and in various stages of preservation and decay,

With the rise of morphological study and the desire to alassify and
arrange the animals of the world, came the museums--places to store collec-
tions and type specimens. With the rise of museum work came the museum
uexpeditions"—-trips by groups of collectors with the goal of bringing back
well-preServed specimens of every animal species possible. The success of
the trip was measured by the number of specimens brought back, for amount
of information were usually equated with numbers of specimens.

On such expeditions, little or no time was spent observing the activi-
ties of animals--such things as how they lived, what they ate, or which ones
mated with one another. Time taken from collecting was time wasted, and to
take the chance of losing a specimen just so you could see what it was going
to do next was considered to be a blunder of considerable proportion. The
locality was recorded, often in a most exact and detailed fashion, so that
later expeditions could come to exactly the same spot if they wished to check
on a particular specimen. Still later, it became evident that the habitat
of a specimen was important in determining its identity and the significance
of finding it in a particular place. Long lists might be made of the plants
and animals noticed where a particular species was found--especially if it
looked like a mnew species. The studies of zoogeography and systematics--
where animals live, how they got there, and how they are related to each

other--were developing together.

gtill more recently, biologists have become increasingly aware that
the activities of species are often the best clues as to their distinctness
and their relationships with one another. Frog calls, firefly flashing
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rhythms, bird songs, butterfly flight patterns, moth odors, ant swarms
dragonfly territorial flights, and cricket chirps are Sampies of the kinds
of behavior that taxonomists have found to be important in identifying and
classifying species. But not until recently have taxonomists been wi%lin

to admit that they use such things in taxonomy. B. B. Fulton, the man whg
originally inspired me to work on crickets, wouldn't describe,his new species
that he found by their chirps. He told me he "didn't want to incur thz N
wrath of the museum taxonomists." Although he, W. S. Blatchley, and Harr

A. Allard are the only old-time North American orthopterists wh;se work K
gstands with few or no alterations, none of the three, except probably
Blatchley, considered themselves systematists, and neither did the "profes-
sional' orthopteran taxonomists. )

When I have used a tape recording to plot distributions, I have on
occasion been challenged by fellow taxonomists who ask me '"Where is the
specimen?" I say that the tape is the specimen, but this is not satisfac-
Botiyiep WhysLlE 3 piece of a carcass more adequate than a song record? Each
is a part of the animal’s phenotype, and each is subject--perhaps equally
subject-~to errors of labelling and identification.

Recent increases in emphasis on the nature of animal activities have
brought about startling changes in the activities of taxonomists. Less time
is spent making exhaustive analyses of the measurements of dead specimens
or skins, and more time is spent recording and describing what the animals
do while they are alive. Biologists on expeditions for museums sometimes
are as frequently found studying the activities of their animals as they are
actually collecting or preserving them, and when they return from the trip
their principal loads sometimes are cages of live animals. Taxonomists have
been assisted in this important shift in their activities by the development
of some really important tools. Complex photographic equipment, high fi-
delity portable tape recorders, and other means have been developed for
preserving behavior patterns for later analyses and comparisons. One of
the most dramatic of such tools in .my experience is the electronic "eye"
that Jim Lloyd can point at fireflies in flight and obtain a tape-recorded
beeping pattern corresponding to the flash pattern, set at any frequency he
desires. Remarkably effective methods for keeping animals alive in the lab-
oratories, observing their activities, and hybridizing different species
have been developed. Perhaps most important of all are the modern means of
travel available to taxonomists. No longer must they rely upon the whims
of wealthy explorers or the occasional, laborious, and unwieldy expedition.
A New York biologist with special interests in a group of animals in Trini-
dad can step aboard a jet plane and be out in the field hard at work in a
few hours. Taxonomic biologists can be found in all parts of the world.

1 happen to believe that the days of proxy collectors are about over. Few
top-notch systematists are going to settle for someone else sifting through
the habitats where their animals live and bringing back the fragments they

find.

Going back to the early days of formal zoology again, just as Aristotle's
"pody of facts" became more important during the early Christian era when
authoritarianism was the sign of the times than the spirit of inquiry which
developed them, SO morphology, or anatomy, became, at times and to many bio-
logists, particularly the taxonomists, more sacred than the repeatability
originally responsible for its special value.
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The study of anatomy has been followed by the developmen

: Ve .Lof t of :
of disciplines in biology that are well-known to all of uz; descriitiszies
embryology, physiology, genetics, and so forth. These are respectable por-
tions of biology, well written up in all the introductory zoology textbooks

But what has been happening to the study of behavior while all of this
was going on? No one has ever denied that there is something definite called
behavior, but, say, ten years ago, who had seen its history traced or ité ©
qantributions welded into the developing pattern of zoology? A good ar ,
can be made that it is the behavior of animals that characterizes them i
than any other attribute--that, for example, sets their evolution off f?gre
that of plants. Why hasn't the study of behavior been at least cumulati 2
enough to merit a tracing when zoological history is reviewed? it

Actually, a variety of things had been happening to behavioral study
during these first two centuries or so of zoology, and altogether they make
2 complex and interesting story.

A resurgence of anecdotal behavioral study occurred when Darwin's books
were published. The idea of physical continuity inspired a search for men-
tal continuity--evidence of "reason" in animals as well as "instinct" in
man. Another began in the 1930's with the development of Lorenzian etholo
which we shall take up in some detail later. : 8Y»

c. R. Carpenter (1950:N.Y. Acad, Sci.) points out, with regard to the
study of social life in animals:

nThe prevailing telimates of dpinions,' including scientific value
gystems and attitudes of the majority of our research colleagues, are of
guch a character as to impose an unusual burden of proof on us for the pro-
fessional status of our efforts and achievements. Those of us who are in-
terested in comparative behavior, naturalistic behavior, and interactions
of organisms are required to accumulate, and even dramatically to present,
an overwhelming weight of evidence on very significant theoretical problems
for these areas of research effort to be accepted and duly accredited. Our
work is put into a disadvantageous position by the historic flood of poor
natural history writings in our fields of interest. At the same time, the
prestige of our work is not greatly enhanced by excellent qualitative writ-
ings during this quantitative-laboratory age."

Two nineteenth century trends in behavioral study were associated with
anecdotalism, anthropomorphism, and natural history, which we ought to note.
A strong feeling best termed anti-anthropomorphism set in in the late nine-
teenth century. Morgan's canon was illustrative of this trend; part of
William Morton Wheeler's tirades were against it; Loeb's tropism theory,
and the battle between mechanists and vitalists, carried on right up to the
present arguments between people like Konrad Lorenz and Daniel Lehrman,
and J. Se Kennedy and W. H. Torpe, are outcomes of it.

The connections with religious feelings and attitudes in behavioral
study was not so surprising, for clerics worked hard to broaden the gap be-
tween man and animals, doubly so following the evolution backlash in post~
parwinian times. And underlying any evolutionary study of behavior is the
eventual question of how man became a man, and in what way his mental evolu-
tion was a continuous process. One thing I must mention as an entomologist.
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The entomologists never were too much disturbed by "anti-anecdotalism,"
They kept right on describing in deta;l how.insects lived--species after
species after species--but they called it bionomics, biology, life history,
and almost anything but behavior. .Fabre, Wheeler, the Peckhams, von Frisch,
and many others--J. P. Scott (1958, Animal Behavior) a mammalogist, put it,
nfor a while social behavior was little more than a branch of entomology."

The Rise of Ethology

The development of the particular branch of behavioral study now known

- methology" began to flourish following the Second World War, but it had
its origins much earlier. One of the important individuals involved has
peen & German zoologist named Konrad Lorenz, who wrote his first influential

e in 1935, titled: "Der Kumpan in der Umweld des Vogels" (The Companion
papthe Bird World). The ethological "movement'" probably has to be described
in the first sustained effort by zoologists to analyze animal behavior on
as by e The history of its development and its impact on psychology
ing zoélogy is both fascinating and instructive, and I am going to trace it
here in some detail.

This story is one of the most interesting in all of biology because it

- involved not only personalities and bioclogical issues, but religious,

losophical, racial, political, and ideological differences as well. Per-
phi it has revealed again man's inability to examine objectively the char-
haps istics of animals that lie closest to the bases for his own ability to
acter ect and calculate and contemplate. In the history of ethology we
introzznd in succession, pre-World War II writings by a German accused of
will tin’ Nazi views of racial superiority and of writing anti-semitic ar-
suppor -mgre vehemently by a succession of Jewish comparative psychologists
ticles‘ica A highly religious British zoologist has been accused, along
in Amer . ;f the other ethologists, by a British member of the communist
with moz peing vitalistic, dualistic, and Freudian in his behavioral theories.
party oyaid these things bluntly, but I believe there is something both sur-
1 have sand enlightening about discovering how many of the emotion-provoking
prising internationally critical issues of a few decades can be woven into
and evenof this sort--on the surface seeming to deal with a purely "scien-
a stoﬁy ubjent somehow removed from the problems of human relations. Per-
tific ii o ;hows how inseparable are the study of man and the study of
Zﬁzs;est of life--at least animal behavior.

The word ethology comes from the Greek word ethos. According to Mayr

Schaffner 1955), there are two Creek words which translate as ethos in
(In > o meaning "habit" or "custom" and the other meaning "character"
English, gzrg if "ethics" did not come from the latter word). John Stuart
(May® 1323) used the word to mean “"the science of character," and A. F.
Mill ( 1920) continued this use. But apparently the first zoologist to use
Shand (d to refer to animal behavior was our old friend William Morton
the wor who in 1903 wrote a paper titled: '"Ethological observations on an
Wheeler ant (Leptothorax emersoni Wheeler)," which he published, interest-
American oh, 1n the Journal fur Psychologie und Neurologie. Oskar Heinroth
ingly eno‘g 5eth0108Y" in a paper on ducks, and Lorenz then used it in his
(1910) use robably causing the first widespread use of the term with his
Writings’rpon nrhe comparative method in studying innate behaviour patterns."
1950 paﬁi self has defined ethology as ''that branch of research started by
Ezfcz:zﬂei[:roth." Thorpe (1961) says: '"The word ethology in English
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originally meant ‘the interpretation of character by the study of gesture.'
Some 35 or more years ago (1926%) it came into genefal use among 7%010 ie;
to signify the comparative study and analysis of the instinctive ;r stir:of
typed movements of animals., It came to mean, in fact, the comparative
anatomy Of gesture of animal species. This zoological use was actuéll a
narrowing from a wider scientific use prevalent in the early years of {he
century,‘when the term ethology was sometimes used to mean siﬁply the scien-
tific study of animal behavior. The presernt writer is convinced that thi:n
wide use is .the right, indeed the only logical, use for today, and the term
as SO defined has great convenience for the zoologist as a complement to

the term ecology."

One of the reasons that it is so difficult to give a discussion of
ethology that will satisfy everyone involved is the intensity and emotion-
ality of the arguments that have surrounded it since the Second World Wax
So many specific connotations have grown up around the word "ethology,” a;d
so many different opinions have been held by its proponents, that 1iké com-
parative psychology it will probably be viewed by students in the future as
another temporary sub-discipline in the study of animal behavior. If so
it will have failed in one way in the effort to bring behavioral stﬁdy b;ck
to the zoologists, although, regardless of the name that zoologists choose
to apply to this field (it is increasingly called merely "animal behavior,"
npehavior biology," or "hehavioral ecology"), the ethological movement wiil
probably have to be considered most important in its genesis,

It is possible to consider ethology in terms of:

1., the reasons for its appearance.

2, the methods espoused by its proponents

3, the neurophysiological, hereditary, developmental, and
evolutionary ideas generated by it and attributed to it.

With regard to the first, I think we can say that the zoologists had
begun slowly to realize that psychology, by splitting off entirely from
biology and perpetuating itself solely through association with human path-
s and problems, had forfeited its chances of ever solving a signifi-
umber of the zoologists' problems regarding animal behavior. It had
largely non-evolutionary, but on occasion even anti-

ologie
cant 1
pecome not only
evolutionaXye.

It is not surprising that the ethological movement began in Europe.

In America, comparative psychology was much more prominent than in Europe,
where psychologists had concentrated more completely on the direct study of
humans. One has to believe that the complexity of the methodological and
theoretical aspects of comparative psychology in America has constituted a
considerable deterrent to zoologists who might otherwise have become involved
in behavioral study. Perhaps it is significant that the behavioral study

of insects and other invertebrates didn't suffer from the same relegation

to amateurs and anecdotalists that plagued vertebrate zoology in America dur-~

ing the early 20th Century.

T think Tinbergen's (1963) remarks describe well the effects of the

continual frustrating drifting of zoology away from behavioral problems:
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none thing the edrly ethologists had in common was i 28 @
to an inductive start, to observation and descriptiozdoftzﬁewzzgrgo Agoa
jety of animal behaviour repertoires and ¢c¢ the simple, thoﬁghvadmizi X?r-
vague and general questions "Why do these animals behave as they do?ﬁ ¥
Ethologists were SO intent on this return to observation ané deqzr4véi
because, being either field naturalists or zoo-men, they wére p;ré;pxlgﬁ
acquainted with an overwhelming variety of puzzling behaviordwatfefgal ?i
were simply not mentioned in behaviour textbooks, let alope aﬁalyveds Wl'Ch
terpreted. They felt, quite correctly, that they were diécoveriiu a ¥ 1?‘
unexp10r€d world. 1In a sense this 'return to nature' was a reéct%onn eni.re
a tendency prevalent at that time in Psychology to concentraté on a fzga b=
phenomena observed in a handful of species which were kept in imPOVeriZhed
environments, to formulate theories claimed to be general and to proceed
deductively by testing these theories experimentally. It has been said.th
in its haste to step into the twentieth centruy and to become a respectablat’
science, Psychology skipped the preliminary descriptive stage that other §
natural sciences had gone through, and so was soon losing touch with the

natural phenomend.

ngrhology was also a reaction against current science in another sense:
zoologists with an interest in the living animal, overfed with details of .
a type of comparative anatomy which became increasingly interested in mere
homology and lost interest in function, went out to see for themselves what
animals did with all the organs portrayed in anatomy handbooks and on black-
boards, and seen, discoloured, pickled, and 'mummified' in standard dissec-

tions."

I think that the principal reason psychology has not answered the kinds
of questions that zoologists must have answered about animal behavior is
that it was never comparative, and in general, it is not comparative now,
in the zoological sense of involving the identification of homologies and
the study of relationships among organisms. "Comparative'" in psychology is
T 1ike "comparative' in physiology has been: it involves comparison
of selected types without any particular reference to the question of rela-
tionship. The phylogenetic variable is simply ignored.

Animal Behavior and Systematics

In 1905, four years after publication of De Vries' book, "The Mutation
" William Morton Wheeler delivered a lecture entitled: "Ethology
tation Theory" in which, as he put it, he was "asked to .consider
as to whether the theory will apply also to the behavior or

as well as to the morphological aspect of organisms."

TheotV s
and the Mu
the question
ethological,

Wheeler said several things in this paper that could have been said
today, and I am going to quote a few of them, as illustrations of what en-
tire lectures on the topic assigned me could be made up of. Ultimately I

will get to what I think was the most important topic in his paper.

Wheeler said the following:

n, , ,in the field of possible observation the ethological tend to out-
strip the morphological characters. We observe great differences in habits
and behavior between genera of the same family, between species of the same

genus, and what is most significant, between individuals and even twins of

£
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of the same species. At the same time ‘ S B
out the corresponding gtructural dif?g?ﬁiczzy be uctgrly unable to point
prestige of morphology has been artificially'é;h;ni ét ia clear that the
eal to complex invisible structures. « o . Wﬂat‘b:id by a continual ap-
will undertake to show s the morphological charact ilaa for example,
such striking differences in behavior as are manif'iis corresponding to
ass, by cats and dogs of the same litters, or chilz;”ed ?y the horse and
ent8. o o 7 Whatever may be the truth concerning sﬁzg 2? thg same par-
undoubtedly a matter of considerable theoretical and r°tructures, it is
that we are able to detect ethological where we caﬁ E 3CFica1 importance
differences OT characters." not detect morphological

Wheeler is telling us systematists, st ,

havior is the most diverse level of org;nizziigis1Zflii¥§r51t¥’ khat be -

it is the most diverse level of expression of the phenOtng things; that

1ike to make an additional point. Systematists are Conéypg. b T

with kinds of characteristics likely to reveal differeﬁcetned, not only

those likely to reveal similarities, relationshiﬁs, gnd izngi 160 with
N ancestry.

Although it may not seem obvious, if Wh ‘
he is, and ethological characters do ;ndeed izizrtisoiigi;i gollodoietcici
characters "in the field of possible observation " then th p morphological
useful in detecting relationships, homologies, a;d common zi should be more
as in distinguishing specles, populations, and other genetiégii;rgizz s
erent

entities.
Wheeler continues:

mje are certainly justified in regarding ethologica’ g
very important, as belonging to the organismgand ai Ezzi; ::aiZCtirs .
mentary tO the morphological characters. If this is true ouf asi c?mple-
taxonomy and phylogeny is deplorably defective and anesided sz itlng
organisms or to seek to determine thelr shylogenetic affinities o shLa
structural ground can only lead, as it has led in the past, to thn Pure}y
alities of the species monger and synonym peddler. . .« . Tﬁe faCte grivl_
morphologist has 80O consistently either neglected or opposed the that the
ethological characters in classification shows very clearly that zsehOf
heart of hearts he has never very earmestly concerned himself withnu is
alielism of structure and function. He is inclined to regard funct11e par=-
especially psychical function, as something utterly intangible and on,
cious, For does it not seem to make its appearance in the embryo Ocapri-
after structure has developed, and to depart at death before ch dir yiung
tion of visible structure? And are not our museums largely mausol ssolu-
animal and plant structures which we can forever describe and redez“mibof
tabulate and retabulate, arrange and rearrange, without troubling Oﬁzsei;es

in the least about anything so volatile as function?

wr¢ is, indeed, not only conceivable, but very desirab {
onomy should be developed in which the ethologicalfwill recii&etZ;tld i
gideration, if they do not actually take precedence of the morpholzkicéin_
Tt is certainly quite as rational to classify organismi az
much by what they do as by the number of their spines and joints, the 1
of their hairs and feathers, the course of their wing-flervures ;tc ;Oror
regard our existing purely structural classifications as anything m;re o

characters.

'

£
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¢ most provisional of makeshif
o tS’ iS to ignor
e the fact that
the

than th
jority of organisms are known £
only rom a fe 1
W ead exuviae."
€.

vast ma

1f all that is any less
pertinent
1905, than I am unaware of the fact Eoday, tham, ¥ben, 15 s Ml kian, 1
‘ n

Wheeler is now telling us tha
t we cannot hav n
dgiidngIsin;lzdsiiﬁnﬁziona1 as well as Structuraleciarzhcle" Fagonomy. WAL
Y gead inc1udim--—r];ot even the thousands of Systzte#isticso g e
ng behavioral characteristics as iﬁitiSti ¥hp vouldan't
egral evidence

be caught
lassifications and their hypotheses

for their €

These arguments have not changed in the las

t 62
ey S e T A T
urn : ver to the psychologists decades ago n why zoologists
1y gsucceeded in re?overing it in spite of repeated gfé and have never clear-
faced for a long time with the fact that psychologist Oﬁts and even when
ing the kind of questions zoologists need to have ansz ave not been answer-
1 want tO know why within zoology, the systematists hered appuk, behgylor,
the paltry amount of behavioral understanding that hasazzv2§ndeg to leave

ope 1arge1y to

the "experimental" zoologists.

in his book, "pdaptation and Natural -
(1966) suggested that the problems of undeiZEZ;zigz:se?GOrge C. Williams
adaptation are not going Lo be solved by the methods feCtlons behavior and
take issue with this statement in one regard. Ther : systematists, T
minded systematic work which will not solve such pribls a lot of narrow-
hand, I really doubt that these problems are going t Ems. On the other
systematists get heavily involved in them. 5. kg b EUl¥RA FEELL the

Now what's a systematist? I thi
L nk a systemati
out broadly comparative work that includes phylogenZtiisra?yone YEP EpeSEs
significant variable, or anyone who takes as his Specialie Ay Ry A
a group of organisms rather than a set of problems such aiatizn i
nerve impulse

or muscle contraction of something similar

1 am reminded by this of the Wigglesworth Law and
blem in biolzéyBéhziigiis"m“ is reputed to have said Eiztlg‘éirse WA e 0=
a group of organisms most admirabl r every pro-
gtudy. The Inverse Wigglesworth Law which followed quickl y suited for its
formulated by a systematist, for it says: g FRLERLY must have been
there is a set of problems, for the study of which Zhgiogioﬁi zzganisms
most admir-

ably suited!

worth Law.

Wheeler seems to me tO have been speaking of a related probl h
em when he

gsaid:
WThere are of course, enormous diff
re, iculties i
ethological classification, quite apart from the fazttzﬁgzaiUOfk°°“str“Cti“g
r knowledge of

behavior is even more fragmentary than that of structure
alize who tried to write an ethological description of Sémzs anyone will re-
common animal

or group ©
ed as part
logy we stil

s of an orderly and traditionall
y respected i
1 lack the necessary preliminary analysis Z;uiizeéozut e
£ e complex

f animals. In morphology the elements of description can b
n be treat-

‘&  §
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instincts, and are therefore un
unable to
rable d i construct
E?mi i: ae::i;§§i222; Onz great desideratum in etﬁiform and mutually com-
ihe instincts s reaZtin sufficiently elastic workiogy at the present
e ephologist o onsi like that of the organs ngdC1assification of
. a classification ca and organ s
n be ystems of
:igsiZi’bcozgar:;ive study of behavior in a numbiiveéOPGd only by compre-
y any amount of intensive study of a few rzaciinera and families
ons in a few s
pecies."

Wheeler's remarks lead to
three conclusio
ns with which T
agree:

1, Behavior is the most di
verse aspect of th
tists are the biologists most emphatically concernzdp:izﬁtzpe’ and systema-
iversity

9. Behavior is the most dir
. ectly selected a
Ezcigzlgaezt?ggfnlﬁ;e§Tt mﬁ 2n the spot by sudden?5e32m:£the phenotype.
s , what is animal behavior ing an answer
Eﬁi:hozh::yahesitazion in front of a botanist, sanY?owzu 1 did&*t wank
: gi . ppzage in my mind? and it came out: "BeESt blurted the first
ave interpose etween natural selection and the y avipr is what animals
physiological) aspects of their phenotypes n other (morphological
o b

1 have thought a lot about that defini
think I want to change 1te exiniBion & good deal, aml L e’

3, Behavior is the aspect of th
e
olexly related to the genotype. phenotype most indirectly and com-

1t is in this third statement
inent reason for the reticence of éyitZEZEiﬁzé 2222 we can find a most prom-
joral characteristics. They want to know that the srning'the use of behav-~
a genetic basis, and so they have believed the ex er?riatlons they use have
have told them that they must know all about the ge Tental biologists who
pattern before it can be trusted. They know how muV; opment of a behavior
own behavior, and so they are suspicious of variatignst?ey can change their
ﬁnd they ﬁind it easy to believe the psychologists that n animal behavior,
learned," one way O another, without going to the trOuiii b§h§Vior is
' of figuring out

what this actually means.

This dichotomy, incidentally, between learned and 1

zigzvzgeh2§ gze most troublesome things in iﬁeezznzd o o

innate and aiappeared’ from the time of the Gr B (BE pmiinl
quired, learued and unlesrned eekg, Instinct

tempt tO make it respectable by cloaking it in new t ned--and the last at-

textbook of animal behavior where it is called "end TN L3 10 2 EeReDL

I am going tO say more about this later if I have tii:nous and exogenous."

is in my opi
behavior. I
and learning,

A few weeks ago 1 sat on a committee i
; n whi
reported 2 list of problems in animal behavior tﬁgtatﬁroup of behaviorists
tant tod?y. 1 put down this set of problems so that Iey thought are impor-
give an idea of what the behaviorists think is importanio:;d iead it, to
out their field:

1. Ontogeny of behavior

2. Behavioral genetics
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3. Neural bases of sensory coding and coordinated movem

4. Biological rhythms e
54 Behavioral neuro-edocrinology

6. Physiological bases of motivation

7. Emotionality and stress

8. Alertness, attention, sleep, wakefulness, etc,

9, Learning, conditioning, memory.

10. Higher neural functions.

11. Biology of mental deficiency, mental di
aberrations g isease, and behavioral

12. Spatial orientation of animals i
. , taxes, migrations, homing

13. Ecological and evolutionary relations
14, The problem of the relationship between human and animal beh
ehavior

of these items, the second and the thirteen
. th, I think
terest to UusS. Ultimately, all of them must be of interest tiri :i most in-
for, as I have stressed, systematics cannot ignore any kind of Zatzm?tists,
n

biology.

The ecological and evolutionary aspects of
interest toO systematists, and this groug of behazizizigz izisztzzst direct
jown further into: the role of behavior in differentiation of th s topic
and in jsolating mechanisms; the comparative anatomy of behavi eﬁspecies
active area but needs doing'); the ethogram as an important Gk A s
on comparative relations ("The natural history of T ik s igait of the data
state that comparative anatomy was in 150 years ago"); changes ? the same
s a result of selection; population demsity and,behav%or'vgaﬁgiaiene

> se-

pool a
social organization; and some others.

lection; migration;

pause_for Questions

uestion: Hasn't some of the techmology of the las

t fift
extremely important in the study of animal behavior--for eximp{eyei;s been
ment that makes it possible to analyze crichet chirps? » the equip-

RDA: Yes, and that's a good point to bring up.

analyzing equipment, for example, is only aboutg20pyeaizuzidreczrding and
The University of Florida, James E. Lloyd, has just figured ;ut hman now at
slate firefly flashes into sounds and then tape-record them for 1OW to tran-
sis. He is using the sound-analyzing technologies, in other wo dater analy-
the problem of analyzing firefly flashes. The people workin ; ;, to solve
Communication are still somewhat behind, but are beginning tg zsz gzzemical
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chromatography. Many of th
: e technique
are very new and very importa jues and equipme
nt. Lo pment
Spvafitlay ieltHers But just plain Wafchgizdhby behaviorists
= > as not gone ou
’ t

Question: 1 realize th

‘ at your

jen't it true that use of your purpose is to emphasi

same problems i ininSagloral characters by SPZislze behavior, but

“ri1l has to Pl 5uch’tﬁ with morphological Ci ematists involves th
hings as convergence iracters? That is °

, and even wor — , one
Se) . P

RDA: Yes, that's true, bu
S rue t
’ , after all, that is the wa
y evolution

works .« o

uestion: Yes, 1 underst
Questlon and, but unf
very plastic. People workin { ¢} e i
¢ with arth y behavior
problems that people working with verteiggz:: gon“t L Si;efiéqzently
ave, but ., Sy

RDA: Well, let me ask
, a question t
differences 1n behavior i o that: Do
or that anyone at all se:;sazz ﬁrganism that you havzgzozéow of any species
ave a reason to suspect Z reason to suspect
'y, do not have )
a gene-

tic basis?

Question: n'
doesnTE have a giniizctbsu?pose there is any aspect of
, asis. any animal
that

RDA: No, I said i .

Let me give a; examplea2¥ g%££2£2299 that does not have

tebrate speciation held what I mean. In 1961, in th a genetic basis.
Ernst Mayr got into at The University of Texas, L e symposium on ver-
or‘one o he Words in iigument concerning use of éh ester Aronson and

] n that general cate e word "innate"

i i : ory--i e'--
flizliytsaldis02§th1ng like this: "Whengyoz h;sediSCuSSing behayior. Ha
gpider to spin s
wgrd 'innatz"” 1? tiz Ef a?other species, then I W?T%ht.one species of yr
aith m§ queséion it yoﬁ tlehremark has some signific gt Tp‘dsingithe

" X while ago a b ance in connecti
gtudies on the i ehaviorist ection
S Lageely tri%i:iticdbackground of behavioral diffzemarked to me that
vt like wheth' n u%eless efforts., When the .rences among species
40 tizals to léariraazaanlma; requires, on the aveza;2V°1ve rather nebulous

J : q aze, then I would a , say 30 tri
: y : gree. B . ials or
ziziziiﬁiZ§0n ;St?helrealm of "transmission" genezz there are many areas of
il involvé zomelgg aily between species, that areci involving behavioral
veiz mental influenc the best c¢lues concerning the exz e aeens Eiivial; Lor

>lop ,nces on behavior, hence, the nature i?t a?d nature of de-

selective acti
on

on pehavioral development.

[Note added in proof: Recentl
pointed out that if all the data coiéejizié gi;;:h (In Spuhler, 1967) has
twein Vartou51{tre;ated humans are assembled, the;ezzis in intelligence be-
1§0t§e225ba2:8° ;eozizsigndifferences in intelligenceewzg a"pletufe that
oqviromments of humagspoint out that our efforts iosiriCtly 4 pdite
fferences in intelli across the world mean that i mprove the edu-
fferences'and less iigci are going to be increasi;nlthe frune 057
ink of an example th ess owing to environmentalgdy yhioicy Mgy
at would illustrate my point h ifferences.
ere any better.]

cational
gserved di
genetic di
I can't th
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Just after I first brou
ght up this ;
i ’ s questio
?EZ°2§?1ﬁzfﬁiﬁeﬁiiliﬁibigaVi?r which may POSsib?thzapPened to think of a
usuali&lﬁave e anz < crickets, Gryllus veletis Zedno genetic basis.
lation affects}apyression?nszrzzﬁutations, respectiVe?y g'DPgn?5Ylvanicus,
HEH o ets reared in d . ens ty of .
i%iiissivgifghose in sparse populations become hinii populations are gng
dualsvsf thesirinces of the predicted sort betwéei f{ ?ggre531Ve. it
the densitieswinwiazgi:iii; ks ;he differences can bi 2;:0133§ted indivi-
populations. Th i sed by re
that the co * us, it i versin
dividuais o?si;ZEZttiifzeregce in aggressivene;s bet:ezt ;east BaEDdRLe :
pecies may not be related to an; ield-collected in-
genetic differe
nce

at all.

Question: Well, since you brou
ght up spiders
use them toO. When one tries to solve a problem inas an example, I will
he uses every characteristic he can locate. BehaViosystematics, of course
i?iﬂﬁiz’ agoihex:peiies ievel and at all levels butrizaslbeen useful in
£ example, there are two grou ’ - also gives
ps of s some
i;ieznzgnipigz;sloogizg a; t&e webs would think EiiiriﬁWhiCh build orb webs
_ But a look at the mor : ‘hese are th s
phology of t € Bsame
iigzeZnZazi;eiiifezinces‘ And after synthesizing thze:;ot:o e et
” sl ob ie conclusion that these are two ALEE inds of informa-
thzzzstwonlzieéwﬁav (e thg s s Catizint e e
: e converged, now havin ng prey d
, g almost identical pasH
web forms,

RDA: And if you looked back at
R L the webs a 1i
would robably find something about the differencezt;e e i o
tell you that they are independently evolved BT BN RiGuk el d
uestion: Yes, I'm sure of that--f
--for exa
there ig a basicidifference in the protein strﬁiiigeygg iight find that
1 wanted tO say is that it is really the synthetic approaci iilt- i'But what
at yields the

most appropriate answers.

RDA: I certainly agree. That's
that (which 1 showed you on a glide a :Eil:yath1ogeny’ gt i e i
eastern North America included life historiesgoz;nfzr ek e
habitat, and other things. You remind me of,some%hi s
result of one of the first papers I published, titl dn§ e g e
field crickets of the eastern United States.", Man S ke Toto y ks ini it
1 should have ¢itled it the taxonmomy and biolog o? il e
cause it contained much information that was no{ ta B
was stubboris and I believed that all the informatixonomic i
omic and didn't need any other name (One result ofo:hused L e g
wanted the reprintsi). But a curious opinion has be e i
that paper, tO the effect that I am "that guy who d .
the basis of song alone.," In fact, I have never dozscribes B o
cular paper { mention, one can find considerable infzrthat. o
(in fact, 2 repeat of all those morphological feature byl iAol g
previous taxonomists dealing with this group) as wells RS (=
LOTY s ecology, geographic distributions, and even ¢ sl o gl
n orthopteran taxonomist published a pzo:sing e
of Gryllinae and when he came to those species I di B e,
them as ngpecies O subspecies, whatever they may bZﬁusiedihe -
--or in words very
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gimilar. At first I gave him credit for acknowledgin
3 t

that they at least might be different species, theﬁ IgreZiigoniblility

man has described practically all of his species on the basi: Ehat this

few pinned specimens, most often brought to him by someone elsZ' one or a

T have wondered often if the kind of attitude ;
terizing is not related just to the fact that behavigitiz EZZS Nt b
the papers i{nvolved., This is something like drumming individ ?t ayl o
systematics not because of what they don't do, taxonomicall :a skout of
pecause of what they do in other fields or areas. B. B Fublrtopea e
Allard, and William T. Davis used behavior=--but they av;ided ﬁzi i
their more taxonomic work. Fulton and Allard contributed ﬁi htil:ll'g S
systematics of the Orthoptera through their behavioral obsefﬁatiéy N
they have on occasion been omitted entirely from the ranks of ortlr-:s’-yet
taxonomists. 1 have suspected for a long time that Scudder used Sopteran
ferences to distinguish North American field crickets, for he had Zﬁg ini
nearly correct away back in the nineteenth century, although his morei 1
gical distinctions are impossible to use or understand. I wonder ifpho B
left song out of his species descriptions because of the "prevailina i
mate of opinion" among taxonomists about such things? His c]assifiz i'i_
was swept completely under the rug and has been there for more than §1§2n
years mnow. gometimes I think we have with our museums and collectionms g
built a monster which has been a terrible deterrent to systematic advan
Too many taxonomists have wielded their collections as weapons against §§°
pudding systematist rather than encouragements, Too often we have for Otf
ten that the job of systematics is to solve certain kinds of biologica%
problems, and collections were developed solely as a means to that end and
have no other biological significance.

Question: Relative to the title of your paper, there is of course a
problem of recovering the information in published papers, and the title
ghould reflect as much as possible of the contents of the paper,

RDA: Oh yes, I agree.

speaking of recovering biological information brings up an important
point concerning behavioral study. I think that many of the old-time mnatur-
al historians.who worked out the natural history of wasps S et ohosc s
d or more years ago knew as much about their animals then as any-
one knows now, OF “00 know. This bothers me very much, for it is an indica-
tion that behavioral study is mot as cumulative as many other branches of
biology, How 90 W make the study of the biology of animals a cumulative
science? How do we record the behavioral characteristics of orgamisms in
such a way that am accumulation of knowledge can occur? One of the current
investigators who is really doing great work in this regard is Howard Evans
in his studies on the comparative ethology of wasps. He is probably as
closely focused on the kinds of things that interest me in regard to the re-
lationship between behavior and systematics as anyone in the world, I !
noticed that someomne reviewed his last book and lamented the fact that there
j it more experimental studies in it, I think this lament is symptoma-
¢ic of an illness in modern biology--the tendency to argue that there is
lirative distinction to be made im biology between data derived fro
e and comparative work and data derived from exPerimentai work "
pata are data, and descriptions, comparisons, and experiménts

one hundre

gome qua
descriptiv
There 18 not.
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are not different in kind.

Question: But we have had trouble wi
observations. ‘ with the anecdotal natur £
C e of many

RDA: Yes, largely because of anthropomorphis
. m.

T will give another exampl
. _ ple along the 1i
tive blo;?gy before stopping for coffee, and ?ii gi Fomparative and descrip-
% gazzsizlz"ezzmple at Ann Arbor and someone sald heF would like to use ﬁag
emp e a so much., I don't wish to emphasize Zii Sﬁrprised that T )
Z n, but wuse this m'
erely

as an example.

We know that ma ‘

want to say well ngte¥Zi¥id irom PRER. As George Simpson ;

thing like éhat "But, h yn FRnST but from the cousi says, we always

d Lk 14 L » D€ ?ayag if what we evolved from in of apes or some-

today wou e called an ape, S0 we should really Stogas walking around
pussy- fOOting

around.

what we don't know about man' :
We don't know what the selective aitizgl:;:oihis how he evolved from an
to enlarge. What caused men with larger brainat caused man's breain SuddZi?.
smaller b?ains? How did man's brain make its zr;;az?treproduce men with u
gengral kind Qf ?rain possessed by other apes aCrOsslchdepa?ture from the
p?riod of a milllon years or so? What was the natur the relatively short
tion? We don't know. How will we find out? You s e of Fhe selective ac-
tp.scrape around at fossils. But we don't have malay% well, we will have
hink, relatively speaking, we 11 ever Flnf ou: e A el
1 do think we will find out. And I think the wa yw?uch from fossile. Bk
comparativ? study. ‘I think, furthermore, that wz ze lg find out will be by
the same k%nd.of evidence, in the absence of a sin iu‘b have discovered by
that man did indeed evolve from apes. We would ha%eediit of fossil evidence
parative gtudy that would have gone on long enough th .Scovered this by il
out on the side how evolution proceeds--its mechgni at we would have figured
heritances sglection, mutation, isolation, and oth cS, The knowledge of in-
rogether with information from comparative study iy evolutionary forces,
would surely'have lgd us to the firm conviction t'hatmen and other animals,
[Note added in proof: Desmond Morris® new book "The Ean evolved from apes.’
f comparisons I mean--whether or not one thiiiﬁdaige;fpoints b
the parti-

the kind ©
ations he makes are most reasonable. ]

cular interpret

1 think we can use comparative stud

Sploont y to find -

of selective action dur?ng man's evolution. For eEZ; TUCh SRR he higtery

four possible k%n@s‘of intraspecific competition or fI;ue,dthere.seem to be

intensity at which selection can operate on alternatiVQrgeifiirent levels of
etic elements:

Indirect Weompetition': di ; :
ifferential reproduction without direct

L.
and no confrontation between competitors

interaction,

24 partial or complete exclusion of

' competitor -

only) sources of food, mates, and shelter through agsrﬁrom the best (or
toriality. gressiveness and terri-

3, Elimination of competitors or
potential competitor
s by killin
g them.
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b, Iantraspecific predation: cannibalism, or the § iy
: ~=Rhly he elimination &
petitors with food being obtained without additional risk or ini:Zyozxgzz

diture.

0f these four kinds of intraspecific competition, the first would
usually result in the slowest evolutionary change, the others inWOud
in increasingly rapid change. I think it is impoftaﬂt for stto :i er?‘
regard to man's evolution: (1) which kinds of competition were iivoi Wéth
(2) which were most likely predominant, and (3) what were the sizes VZ s
compositions of the units among which each kind of competition o o;ﬂind?
That is, which operated only among individuals and which among Sg;idie ?
such as families, of different sizes and complexities? al groups,

Wwhen I say that I think we can use the comparative method to sol

lems such as this, it raises in the minds of some people the question‘"’e 5rob-
is the comparative method in biology, anyway? WNot long ago an‘anthr; 1hat
gist expressed a mot uncommon opinion in a discussion when ﬁe said thaioho_
wasn't quite sure what this comparative method is all about, but he didn'i
see how it could be very accurate or very useful. Someome should RAve Tl
there tO point out to him that it vepresented essentially the only sour een
of evidence available to Darwin! ce

There is nothing mysterious about the comparative method as I am re-
ferring to 1t. Yet I am convinced that many systematists and other biolo-
gists who use it all the time scarcely know what they are accomplishing
with it, are mot sufficiently prepared to explain and defend its problem-
solving value, and in any case could not give a clear exposition of its
usefulness to systematics or to biology in general.

When I was trying to think of a good example to use to illustrate the

comparative method this summer, T remembered a little discussion that I had
one through with myself relative to the question of speciation. After

Bob Bigelow and I published our hypothesis that the two sympatric sibling
field cricket species, Gryllus veletis and G. pennsylvanicus, had speciated
without geographic separation by a process of accidental seasonal separa-
tion of adults, we got involved in some great arguments about the likeli-
nood of this possibility. Some of the people in those arguments obviously
had a great reluctance to admit that speciation might be possible without
hic separation even before they heard the hypothesis explained. It
occurred to me that, even though I firmly believe that the vast majority of
gpecilation occurs through geographi? separation, I never had sat down and
listed the reasons for my having this belief. When I tried to do it, they
came out as follows. Unless I miss my guess, many of you would also have
peen unable EO come up with this 1%st of reasons, which reveal that essen-
tially all that we know about speciation comes from comparative study,

geograp

We rely in the study of speciation, almost entirely upon information
ved from the comparative study of a vast number of fragments of the spe-
ciation process. A bit of this ome, a bit of that ome, and the whole taken
collectively, give us a composite picture that we can construct into a pro-
cess from which we can predict rather precisely what must happen in any

given individual case.

deri
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ture that we construct
ion in bisexua i g e an
differential mutationsundergo Odvegnamune thin Skl nennten
A impossgziil they are suffic:U8h divergent se-
B e+ el e or sufficiently diztéy different
i i o ence from comparativ % vantageous that
S Y P S Staiezzuiy which gives
’ nts, as follows:

ctically all specie
s are geo i
n, in other words N A
, happens on a wide scaleag:igtid' Geographic
> s likely ca
ndi-

ge geographic fra
vergence from Scafmeits, taken collectivel
tion. Geographic ze y measurable up to th; show every possible
arently the right siﬁtatioz,iin other words zs:zslto be com-
, and in a great m ’ ead to di
any cases, ver -

t sibling pairs or
groups of
elationship: t species have
rlapping giograiﬁicaiinZiZher Allopatric or A e
separated in the recent Pa;t This suggests that thzya;izely
» e geo-

, suggesting that the
el contact there has occurred followi
owing geo-

rs and grou
e paif Ofpinzzcipzcies that are not related--s
g s commogecies{ an@ so forth--often 23’ pe e
aggesti e bieographlc barrier that causefl1ap P
rrier can be postulated witi ciiiigf -
erable

?

ct, and I have s
th;t o alternati$: Eirsﬁnal experience upon which
e ceepted amon o this process off ‘gaaghahs to base this
g biologists unless and untilpitc speciation
can be docu-

eplication
the likeliiogi Egzti2ii§idual steps in the postul
n press in the Quart as gone all the way in ated process
erly Review of Biology, I h:ne or more cases
4 ve tried to ,
pre-

ulated by R. S.
y Bigelow and me to have occurred in
certain

ans, in part, that I think it 1
eories, and SuiiEiue
can even be dreamed.u ECh REEle o, Tl ayERmy ZTpatric dime
e Trmst Mayr has Pi y beginning biology stud A
d that question can opi ihAd ya kgl LnaEowilika bl egts. het
cumulate the kind of pig e demmemed. Tbdvaoges ooo £ i
o eatioul comparative information th ut into the

ular postulated process does OCEuit alone will
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1 would make one additional point about specia

dence from comparative study that T have just gescrzizgoanga;heikind of evi-
seem not to realize that the list of facts I gave also represzntzvestigators
"criteria“-'criteria against which one may in fact test whether ana set of
1ar case of speciation that he wishes to examine is likely to ha y particu-
as a result of geographic isolation. To take the extreme examplze 9;curred
of the five statements I have just given seems to apply to, or COiniian?e
any way with, the status of some particular pair of specie; then T s e 1in
that the investigator mnot only has an excellent reason for ;akin . cngest
look, but that he also has no right to assume that speciation ingthat oser
occurred as a result of geographic isolation without taking a closer lgiie

Ernst Mayr has said, and I appreciate the implication i

is the most impor tant single event in evolution. I have j&sth;gigzctition
essentially everything we know about speciation has been learned from tﬁe
classical kind of comparative study. I have also suggested that iﬁforma-
tion from broadscale, even though relatively shallow, comparisons not oﬁl
can enable us to predict with high confidence concerning specific cases y
but also can provide criteria by which to test the significance of Spec;fi
information about individual cases. This, I believe, is one of the best c
kinds of documentation of the power and usefulness of the comparative method

in biology.

The kinds of evidence I have just been describing, incidentally, are
those whose gsignificance and validity are denied by anti-evolutionists--on
a much wider scale than most people realize, I am afraid--and, further
whose gsignificance is often downgraded and misunderstood, not only by ;hysi-
cal scientists, but by many experimental biologists as well. Yet we rely
almost wholly upon information from such kinds of comparative study for a
wide variety of our concepts in evolutionary biology. It behooves us to

understand this method thoroughly, and to be able to use and defend it

facilely .
Life Cycle Changes and Sympatric Speciation in Crickets

(this section taken from notes)

Bigelow (1958) and Alexander and Bigelow (1960) postulated that Gryllus
etis and G. Eennsylvanicus may have originated when a tropical species
developed both egg- and juvenileToverwintering populations along its north-
ern border. Masaki (1961) described a juvenile-overwintering population
in the gouthern part of the range of the otherwise egg-diapausing species,
gcapsi edus aspersus, sympatric with the parental population but with the
adults of the two populations seasonally separated. In the eastern United
grates there is @ temporally isolated, fall-adult population in the southern
part of the range of G. gglgggi, a species which farther north overwinters
only in the juvenile stage and is adult only in the spring. Fulton (1951)
and Alexander (1957) described temporally isolated, spring-adult populations
in the northern part of the range of G. firmus. None of these temporally
ted populations is geographically isolated from the rest of the species.

vel

isola

These four cases all imply a connection between the appearance of a new
1ife cycle and the multiplication of species. In fact, the presence of sib-
1ing species with radically different life cycles, such as G. veletis and

= ‘ g \
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G. Benngxlyggiﬁ&éy is enough 4 raise the question whether the life cycle
change contributed to thg spec1ation process or was merely incidental tb it
This queStion is part;cularly interesting with crickets and theif‘felatives.
(1) because both of the common temperate life cycles occur within spécies

as well as between siblings, (2) because no genetic difference is necessar
for essentially complete temporal isolation of the relatively short-lived 7
adults, and (3) because no case is known of spatial isolates with the two
Jifferent life cycles, either sibling species or conspecific populations.

The next qugstio? Sgems t? b?f ?o‘whaF extent 1s it necessary or rea-
gonable to postulat?.that geogxgpglc isolation was in some way involved in
the development of life cycle differences between closely related species
or populations of the same species? Alexander and Bigelow (1960), referring
il veletis and G. pennsylvanicus, maintain (p. 477): "It is doubtful
that the possibility of allopattic speciatioF cQuLd ever be completely ruled
out, but the evidence suggests Ehat geographic isolation is both unlikely
and unnecessary in this particuLar‘case." Mayr (1963a), on the other hand,
e ldeeds (Bs 477): "It wguld bg altogether unlikely for a population to '
adapt itself gimultaneously to two different breeding cycles., Where a
gpecies evolves two such cyclﬁs it dOﬁ% 80 in differentJ geographically
segrggated, populations oee M [and] :lt is rather prqbable that the differ~
once in breeding cycle of [G.] pennsylvanicus and [G.] veletls was not yet
complete, when they first mg?,wafter emerging from their geographic isola-
tione. 1f 80, competition ellmlnéted any tendencies‘for spring breeding in
Egﬂnﬁil2ﬁ2£39§ and.of faLl bre?dl?g in yglgﬁ;g." Alexander (1963) dis-
'coG;%ed the Likelihood oﬁ Mayr's interpretation, pointing out that certain
species have in fact evolved two cyclesuin one loca;ity, but Mayr (1963b)
responded (p. 206): “T'o me, aF least, ;t-w?uld be far simpler to have the
ancestral gspecies of the velgt;S-pennsyivanlcus group split into at least
two border pOpulationSS one let us say east and another one west of the
Appalachians’ fur thermore, tOo assume that in one of these egg-overwintering
ore advantageous, in the other one, juvenile-overwintering, and that
ost-Pleistocene improvement of the climate, the two populations
could overiap and coexist, owing to their pFeviously established seasonal
Separation." Mayr concluded by §epeatipg his earlier conclusion that "in

s the sympatric model superior to an explanation of the

not & single cage is |
éame natural phenomenon through geographic speciation."

was il
with the P

(1963a) postulate that seasonal separation was completed because
following establishment of sympatry brings up some points

0 idently requiring cla?ification. Two kindg o? competition could be meant:
(1) between adults atvm;d-seasonmopart?;ularly in connection with reproduc-
el sctivities, and (2) betwegn juveniles of the two populations, or be-

' 1iles of ome and adults of the other, particularly in connection
1t is difficult to imagine how either of these kinds of compe-
1d be eliminated by shifts in life cycle. First, adult and juven-
. ckets (possible excepting very tiny juveniles) live in the same

d eat the same things. Competition of the second kind, therefore,
probablY crill exists between veie;is and pennsleanicus, and seemingly
PO o be changed by any possible shift in their life cycle. Second,
competition (ox interference) between gdults of the two species also could
not‘eaSily o construéd to shift the life cxcle, though it might adjust
s1ightly the timing of the adglt periods, 1he‘cycle itself is evidently
reséricted by possible over-wintering stages; there are no known intermediate

Mayr's
of competition
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overwintering stages between eggs an

seasonally inter i: . and late ju

mediacy" zs reprr(::g:'i’zg Eerji()ds of adulthoog,ve;}iles and, therefore, no

szlvanicus, but veletis azd 2Z§niiﬁits of Xglﬁiiiéo:nézrﬁosséble "i;ter-

adult periods as other uni > anicus curren arly adults of penn-

juveniles ol e azdu?:ZE}tlne crickets overwiEinEaVe about the saiin

No evidence exists: thereforing seagemally different Zg respectively as

vanicus has materiall "'that‘competition be , sympatric siblings

vanlcus y affected their life cycles tween yeletis and peﬁn. 1
v Sy -

Because of the histor
y of the dis
geasonal isolati e cussion abo ;
toward the possigzliiysgic:atl?n{ and the 8enera1u;tz?i significance of
useful to secount 0T Otherpzizzgion without geographicuiipamong biologists
; eem : ar
Alexander and Bigelow (1960) and Alengg:rbiggzg? Mayr (1963aati325b§t seems
3 ’ and

Mayxr (1963b 1) s .
o oo Lations Zf(a)sPZZseghat it is not stated how the
g geographically ora ies such as the ancestor of G '?Orthern and south-
could occur witﬁiﬁ theanitid so that a process of aIT; %¥£EE§_might have
gested it may illustrate i ern segment (which Alexandei tonic speciation
enns lvanicus) (2) beli n part for this particular ca and Bigelow sug-
lates would hav; been invizesdthat not one but a SeriessefOf veletis and
cast-west split between twove , (3) suggests that there of peripheral iso-
a north-south split), and (4Such border populations (con:ay have been an
it ané e otg believes that one isolate bzasting this with
A er solely egg-overwintering zigetiotely juven-
? at specia-

ile-overwint
d allopatrically between them

tion occurre

Concerning the first point

(rmus in th ; - ] gquraphicall i

éuiizn (?957; lZizn?aiZ:dd?tlls og North Caro1znasgiize%isopuéations of &

: 2) 5 I scussed by Alexand st described b—.

gzzz1iized wzgg'i?astel.populations (unpubl. iZséigi7), who noted that tgey

then soié of w;ii;nal 1n}an§ populations in Alabamathulton) aif b foe
am,le = COntaln.lndiViduals with differe aves Bosn Foumd mimes

examp -th-south split is, therefore, alread;tbi;fe cycles. The

ore us in the
pro-

er species group, the right geogr
right climate. graphic locations, and (at least today) th
y) the

Second, Fhe number of successful peripheral
rtant ;2 ?Ziisstgi EZieS?gnificance of sea:zz;iti:oi:i: g
s e involved " 1s§1ates there are, the more liin in causing
gllepatry wWas more than incide;ltt is case, and the less lik illpell-tie

‘ i al to the speciatio mly dt dw that
for this isizzt;zzdiso;hiigol1owing; 1% & mpasies zegzzciss. The reason

e cyc ‘ O pro
an'increased'number of isolatez wiii ;:;nfzz i:anle’ G. ﬁiEiggézgzspozgii—
tains both life cycles. The almost aniversal su ess likely that g
among relaszd %%yllus species that overwinter inCEEZSSOf breeding tests
s
and penns 1v§nicus?n§n§§c2izliﬁiza;néhaZit?t) differenizz EZiEZQnasdlthe
population ould have contributed genez tzlizigti double-cycled, a;%;%%%il
ingly, the significant isolation would still ha nglpient species. Accord-
gtart, and whatever geographic isolation occurrzg een temporal from the
?idental. In othgr words, speciation would have would have been quite in-
if every isolate had been doubled-cycled. Furthezizﬁzred in the north even
A Sinless vhe daspoe

be impo
speciation,
that alloch

tions wit

absence to
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isolation were effective as an extrinsi
causing speciatio 5 1c separator
effecti o% prizr Ziégizusiz cycled populations woilgig fact, capable of
graphic isolates (incin?ent separation when they bécamend to destroy the
cycles while living inrdiff species) that had develo ez sympatric with geo-
evidence that geograﬁhic iseient places. In other wgrd different;: single
¢here 1s none), we are mot zrates sometimes develop dif;, even if there were
eliminate the likelihood thate§0531:?:§i?eg the fact by i§22§fci§i?i ( and

ed populations will also i1l we can

persist,

Third, whether the split, or se :
lations from sout ” paration of double-
gouth" does not mZiEZrn:Z izzéeispziuiitions, is "ea;i-;zziﬁdosoﬁthern popu-
part of the ringe of the species--or inothzlizeizomewhere in the 2Z§E2;r
winﬁers? - t"ere are today in the sand hill ri in where there are mild .
an "east-west gplit is known to have occurred % on of North Carolina wh
late of an east~vest split on either side of th nAQ, firmus. Mayr's POSte:re
reasonabl?, but }t confuses the issue since thee ppa?achians sl v u-
that the involved Populations must be separated gnly important point is
continuousii brequng populations farther south ig ;ime fashion from the
ii;EEZrzozprigggvznZ ;aTi?ns of'indirect gene exchangzri:ié SUERINIEE dle
no relevance to the questigituzlng populations. This reﬂﬁiiig SRR de
~en populations whiéh oed of geographic isolation betﬁeen hbreak bas
s bpeples ;ot o never be allopatric during th R R north-
; s sy would result from the one = eir speciation;
leew%se,’the particular timing of the geographic %eographic discontinuity
genetic divergence of the sympatric northern'POpulazizisrilative . Phie :
rom one another

ig of mno relevance.

Mayr's fourth point of concern
. : ~wwhether life c :
between siblings arose during allopatrs Orygiiii;fgsgénces now
patry--is evi-

existing
he only critical one.

dently t

First we should check natural

. haye i me?tioned are pertinzﬁi?laéi;?iuzoé'QVidence. The four cases

eStrli’ and Sc§p51pedus aspersus, In all four caslrmus, G. fultoni, G. camp-

two kinds of life cycles coexist in the same regioiz P?Pulations with the

of the range of the three more or less morthern s i Loe Ehes Sotikihern part

t of t@e range of G. firmus, the only Southernpzc es and in the northern

[otions, chizefore dose not supre: Bad et R

oné with seasonali?estz mphie e RO S EREL S 11 PEESESY
ggered life cycles correlated withogézzic

ifferent

par
natural 8
cricket,
populati
overwintering stages.

nding 1s no gsurprise. The kind

‘ . of life c ;
in three 4 ycle shift

2 B o h 1 te possible ways: (1) a continuously b it would in-
tion mOV1ng n two or more locations could devel y breeding popula-
cycle in one place and another in the other place (E)OP one kind of life
}ready having a single life cycle could ma&e a cgnelor more popula-
gen?ratlon to the otherlcycle, or (3) one or more singl Tp ete shift in one
could develop a_double life cycle and then lose the ogiGGCycled populations
o inction (shift o lowly from one cycle to . other)r ginal cycle through

This fi
yolve can occur

No case is known of the first of these
three possibili
ties, which ha
s

already been discussed. But we should note that if it is d
used to account
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for the origin of species such as G, veletis and G. ‘ .
problems are introduced. First, if a tﬁzga_(souﬁgerginzzzizzglcus, two
involved, such as G. firmus in this case, then the nearwidentitspe;ies is
and Eennsxlvanicus in a variety of regards in which they differyfo veletls
such as chirp rate and pulse rate in calling, number of filé teetiom firmus,
tegmina, and general size and body form, must be accounted for b on ;?e
evolution or divergence solely by firmus from the common anceétoz Pag? el
we must wonder why, in species like firmus and fultoni, all po ui't' ccon§,
one of the two possible cycles are inevitably small, Sympafricp oations with
a large population with the other cycle; likewise veletis ﬁéé ngvzr gns of
found without pennsylvanicus, though Eennszlvqg}cdg_gzzazé without ien

in Nova Scotia. o veletis

The second possibility above, a sudden shift in one generation of
entire population from one life cycle to another, seems too far-fetch dan
consider seriously. Only slightly less likely is the third poésibilii tﬁ
some individuals would shift cycles and those with the old cycle Wouldystbat
sequeﬂtly disappear leaving only the new cycle., But if we must involve Zl:
lopatry this seems LO be the only possibility. Requiring allopatric devel
ment of life cycle differences when sympatric duality in life cycles is op-
known is toO require not only a more complex hypothesis than is necessar
put a more complex one that is suggested by the facts, &y

Suppose allopatry is not required. Can the pairs of seasonally dif-
ferent populations persisting today, completely sympatric with members of
the larger (parent) population still possessing the other (original) cycle
fail to diverge, over-wintering as they do in different stages and being 1
Subjected to different temperature and photoperiod regimes during the var-
ious parts of their life cycle? I believe that selection strongly favors
divergence between such populations from the start, particularly in regard
to overwintering behavior and physiology. Even if some gene flow occurred
at mid-season between sympatric, differently cycled populations, or because
of repeated shifting bagk and forth between the two life cycles, divergence
would surely continue if only because of the selective advantage in the ac-
quisition of different kinds of special overwintering characteristics, owing
to the difference in the life stage that repeatedly enters winter.

One question that might be raised, and perhaps was involved in Mayr's
objectionS, concerns ?he problem of survival of newly off-cycle individuals
in the face of competition fro? the established population. Lewis (1966),
for example, raises this questlon'in attempting to describe how chromosomal
reorganization may resqlt in speciation without geographic isolation. That
this problem is probably not pertinent to allochronic speciation in crickets

is indicated by the coexistence of seasonally different populations within
specieS-

1f no gene flow at all occurs between seasonally cycles populations,
then speciation would oc?ur almost exactly as if the separation were geogra-
phic. 1f gene flow persists, however, then divergent selective action
(roughly equivalent to a ;ombination of disrgptive selection and partial
oxtrinsic geparation) will result in speciation only if overwintering differ-
ences in some way eventually become linked to incompatibility.

——
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Here an unexplained phenomenon enter i _
to veletis and pennsylvanicus. Among somi deazt:$§i:”tithl§a§§ with regard
ent cricket species, of which about half have been re;ll iy_rlwﬁze differ-
four of the five complete failures known to me have‘invozveﬁtenalve efforts,
with different over-wintering (diapause) stages. No hybrids Eorthern crickets
produced between species with different diapause stages, ev aKe even been
investigators in North America (Fulton, 1952; Bigelow 1958en1;60?gh three
1957, and unpubl.) have tried several cases. This iS’almosé 4 0; Alexander,
alization about incompatibility between Gryllus species that the only gener-
at this time. Both copulation and oviposition (less fre uentc?n be erected
specific matings) occurred in all crosses tried by me bgt‘n .n the inter-
gince populations of crickets consistently entering Winter i0 z%gs hatched.
stages ought to develop appropriate diapause rather quicki n fferent
duction of gene flow between populations with different OVZ;_a?Y stFong re-
could, therefore, cause an irrevocable shift toward total iﬁtzr?terlpg'stages
This kind of divergence seems appropriately described in crick tSterlllﬁy.

" o speciation, for total sterility is actually rare amoﬁgssiglingshort

route

species of most or all kinds of animals. But early inter-steril :

a required part of the process of speciation by seasonal separatigz iit?;ged
here. |

Both spring and fall adults of firmus have repeatedly prod )
in matings with pennsylvanicus, but neither has hybridizeg Eithusz?e:¥2r1ds

This may be an indication of ancestral northern affinities in firmus, and
along with the more northward extension and greater northern abundan;e of

egg-overwintering populations of firmus suggests a close relationship with
ennsylvanicus. Because of this information, the possibility cannot be eli
inated that firmus is a derivative of a pennsylvanicus-like ancestor ra:h m-
than vice versa. This would mean that, considering present diStribuéion ez
gterility barriers, spring-adult firmus may be independently derived "Itan
could also mean that veletis and pennsylvanicus may have diverged by.prOduc_
tion of 2 double-cycled population in the southern part of the range of a
northern gpecies rather than vice versa., This question affects the relative
PrObability of the two models for allochronic speciation in explaining the
origin of veletis and pennsylvanicus, but it does not reduce the likelihood
that seasonal separation rather than geographic separation was the cause of

speciationn

In summary, it would seem difficult to prevent genetic divergence be-
tween persisting geasonally different populations, even if they were sympa-
tric, even if some gene flow persisted, and even if hybrids were not adult
at the wrong season and did not enter winter during other thamn the two
Winter—hafdy stages. The eventual result of such divergence would be two
gpecies that overwintered in different stages and were adult at different
geasons, but had essentially the same habitats and occupied, at least in-
itially, the southern portion of the parental range in the case of a morth-
ern species and the northern portion of the parental range in the case of

a southern species.

There does not seem to be any easy way to derive veletis and pennsyl-
yanicus except by one of the two posiible variations of this scheme, which
AlexandeT and Bigelow (1960) termed "allochronic" speciation in reference
to the central role of extrinsic temporal separation. "Allohorie'" specia-
tion is & more specific term referring directly to seasonal separation.
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It seems impossible even to gain an inkli \
allochronic speciation may have occurred in V;:%gi:nﬁiiginifhgw frequently
intensive systematic~biologica1 work has been carried.out o niects until
of temperate insect groups by investigators who are at 1eas: a large number
possibilities and know how the process can work. Such studie:waig of the
have not yet been accomplished, for the possibility had not b obviously
prior to presentation of this case and that of Ghent and Wall:en considered
Por at least three reasons I believe a large number of additio:Zl(izzggom
ay

be discovered:

1, Multiple-year life cycles and univoltine life c
lived adults are widespread among temperate insects (Picz;iiz Wi;?3?hort-
1958; Alexander and Moore, 1962), Both involve potential tEm;oral i Brooks,
tion of adults. As Walker (1964) points out, there is less.expect tiola_
id divergence in the case of multiple~year life cycles; geogra ii on of
n of populations emerging on different years 1s also more 1ike§ ¢ isola-
us cicadas (Alexander and Moore, 1962), Yy, and is

rap
tio
known 1n vario

2, Unexplained variations in overwintering stage are
ma jor groups of temperate imsects, both within and bEtWeen z;:Z?i:nzsin a}l
sently recognized, Except for species with many generations per year pze
long-lived adults that reproduce during successive seasons or cause Oéeri
of generations, when such variations are intraspecific they lead either tip
multiple-year 1ife cycles or to seasonal separation of adults, As an ex-
ample of the possibilities, Brooks (1958) presents evidence that POPﬁlations
of a grasshopper, Arphia conspersa Scudder, in Alberta, Canada, contain some
{ndividuals that mature in two years, overwintering first as eggs and then
as juveniles and producing spring adults, and other individuals than mature
in one year, overwintering only as eggs and producing fall adults. Walker
(1964) described two populations of a coneheaded grasshopper, Neoconocephalus
triops that overwinter, respectively, as eggs and sexually immature adults
and are gexually active during different seasons.

3, Cryptic species are abundant in every well-studied insect group
st insect groups (tens of thousands!) have not yet been well enOugﬁ

d to detect them. Every life cycle change that occurred within a
temperate region could have involved allochronic speciation, and every pair
of sibling gpecies with different adult seasons and overwintering stages may
properly pe suspected of having speciated allochronically,

and mo
atudie

Even geographic speciation can only be inferred in the vast majority
of cases. As a consequence there will never be a successful argument against
those who insist that no alternative is possible, It does not matter whether
this insistence takes the form of a flat statement of simply the rejection
of all alternative hypotheses through construction of a geographic one that
is continually altered and defended as more likely in the face of any and
nce to the contrary. Speciation by other than geographic isolation
fiably be inferred whenever sibling species are not geographiéall
related in the ways common to sibling species, and when theySimultaneouslyy
exhibit 2 striking ecological difference (such as a host difference or a life
history difference) that separates their adults and does not appear to have |
arisen through competition or other interaction between the species, Such
facts are not only inconsistent with a geographic hypothesis, they may cause
the necessity of accounting for a geographic difference to become an onerous

all evide
may justi
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complication. 1f, under the above c
specia%ion exists that is reasonableoziigiznigt:?ialternative B BRI
teristics of the organisms under consideration angy, based on the charac~
in such a presumed alternative process are fou;d 1 o irmedlutntatiops
geographic speciation may be an extremely unlikelynpgztﬁiii populations,

s ity.

In view of the importance of ex

ciation, I think it will be unfortungizizénitEZEi:oand dletxibulion of spe~

‘solation is delayed by lumping it with some of th ot e i

to explain speciation without extrinsic isolation gfmore A

aged by pronouncements deriving from previous argu AT b S L/ nactuke

o f usympatric speciation" in the sense of no ethi:e?ts RHBET Lhgtld Lajener

other hand, even if field crickets were so peculiarstﬁ it e oy A

tion turned out to be trivially infrequent, I think weasoi{éoczii?ic s
5 want to

understand it in this case.

pause for Questions

guestion: Have you any evidence to show wh
veletis or Eennsylvanicus is more like firmus? SphsteRElcinsL Bt

RDA: No. I would like to see if morthe
rn s
likely to cross with fall pennsylvanicus than witgrzzﬁlféimus g
yersa, fall firmus with pennsylvanicus more likely with spi?ﬁg 2?d’ e
LIMUS .

s pgp—

Can you break the diapause so as to synchronize adults?

guestion:

RDA: It is easy to synchronize them by manipulating temperat
=t ures.,

Can you rear them easily?

guestion:

RDA: No, the cultures weaken and die out after a few generati
ations.

guestion: What do you mean by "hybridize?"

RDA: I mean, just the production of offs
fspring. We t -
nd pennsylvanicus, and oviposition, but ﬁi ogﬁggiizzting

petween veletis &

Do the embryos develop at all?

Question!

RDA: I don't know. Bigelow has some infor
remember what it is. mation on that but I can't

Does the song of one attract the other?

guestion:

EQé: Yes, it should., They are identical.




114,

Host S
hifts and Sympatric Speciation

Now I would like to describ

" e anoth

ciation involvi i er poss

1 ever publisz ziizoit i?lfts in host-specifici?ie case of "sympatric!

labelled I will have to use a psaud pocte, oF Buppemesthatiif

labelled as another "sympatric speciation n t!gnym or 1 will inde dt:at if
ut ¢ e e

In the summer O
States tape-recordin; 122?ie£t§ravelled through parts of
phic distribution of érickets, ﬁgéyzggsstudging the ecglOZii:irn gnited
gsatisfactoril , and cicadas. and geogra-
tree cricketsyhzz 5::21218 ks B NortgyA;hief aim was to
using methods similar to mine, s reated recently by walkerican crickets,
the Oecanthinae. In weste » 801 was not expectin er (1962, 1963)
Banner County, T tape-rec r: Nebraska, however, in tﬁ new discoveries in
Pine. Its da;k green colgz eddand collected a tree ciiwtldcat Hills of
i vy indiczze 2§n-descript Eed L, tog:tﬁzron Ponderosa
known to occur within 280thi? ericket is related with its oc-
Beutenmuller, t k '0 miles of the Wildecat to two eastern
, taken from several species ;f-p?ills in Nebraska:
e and balsam ¢

complete as
The western

currence on
gpecies not
Oecanthus Eini

Qecant’ ——=
fir and known £
rom New England to Florida, west to Arka
nsas and ﬂOr'th
to

ohio; and O. laricis Walker ki
Q. 2&t-——— , known only from ta
piskigan a0 BemL L Homtatns g B e s
: vy Mountai - ’ - Indeed
ern Wyoming, several hundred miles eastnzfotiz izszes;ern Nebrask; iggdzzgia
’ o] i. tS range i

This discovery caused me to pay m
ued west. ore attention
z6329cri:ieti?i¥g¥; in the western ROCkiesthgozﬁergsa Pine as 1
Fd the wong And magz Ponderosa Pine. For SeVerai ierras, I
that this cricket was the same dﬁzsga;ageizizes for SPECimensn g?tzxi simply
e v ect
iiii;eEZ? n;hi:uzgi;?i; i: wis distinct from aiieihinoﬁibraska’ and at tﬁi
specifically the failure o: ased partly on my knowledgeeszEStern tree
duous trees and the relati any species to live on both c eastern crickets,
1 was not disturbed that 1t§e host-specificity of those 12n1£er°“3 and deci-
a5 those of O. wadiipucrat song was not distinct from °t§ ng on conifers.
le trills of this e Beutenmuller and 0. califor - trills, such
rt differ only in pulse rate agdczgtsauSSure,
en sound very

contin
heard a 1o
tape~-recor

for simp
much alike to the human ear, es
: tai
ature variations are often considerable from one cgil:itiegions where temper -
ng spot to anoth
er.

T cannot distinguish by ear the trill
s of 0. laricis
oA L 0. pini, and
- E 0.

guadripunctatus.
The geographic distribution o n

was thinking of it, also reinforceg ;;eaS:§;;iig pine tree cricket," as T
it did not correlate with any other cricket in tg of its distinctness, fo
cricket only in fairly large pine trees, usuall e area, I heard thié i
eastern pine tree crickets), and only at Certaiy well out of reach (as with
within the altitudinal range of Ponderosa Pine n altitudes, it seemed
gierras. The other trilling tree crickets in tg? the western slopes ;f s
fornicus, abundant across most western states on s area included Q0. cali- )

d scrubby trees, both above and below thz :iiitvzriety of deciduous

ude of the pine

shrubs an
nd always in t
y he low vegetation several feet beneath th
e tall pines

cricket &
containing the "mystery" species. Wal
. ker (1962 re
from 0ak, almond, chaparral, juniper, pinon pines cZijS"g. iilifornicus
? small spruce=-lik
a
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conifers in a scrubby area i
8 in N 4
fully read his description of hiZtSLXico°" But at that ti
care-

Near Mariposa, California, I ‘

and spent most of one » I climbed a s

e juvenile. bl 22121522 iﬁlleCting’ fina1¥;ciizion‘of Ponderosa Pin

pranch extending from a clum efsecond seen, and he male, one female azz

of a group of Gambel's Oak ts of pines full of this was taken from a’pin

is common in such close interisi containing no singigriCket into the folia

I needed only to trace e Ll ning of deciduous andg tr?e crickets, As Rt

oak branches, but perched on thecziefully to find the ;Z?lferous branches

pim by means of a ten-foot extensiozgii g;ni 1iﬁb near 1tz’t:;rr°¥nd3d by
et handle,. ) caught

1 was astonished upon i
exactly like Q. califorgicu:ee;Z%lee;e pine tree crickets, f
all resembl th : ; hckisiaieinlis ! o
e the eastern pine cricket which areb;i?d-Winged’ and dig igzked
more Slender ok
and green-

ishe

At this oint I

e B emtous, and wes Tamedia “western pi

and geographic r61ationshi;s of Ziz tmmediatE1y intriguzg gric:etn B e

to a region wholly i wo. The y the ec

califorﬁicus. oliywzgsiij tﬁe geographic rangepéﬁetﬁriCket seemed cZigficil

;;;E;IEEEE—EO rall treesli Est-specific, lived on ci Tore abundant O, e

than two weeks of wofk enzguei t?an shrubs and scrubgyfirs, and was almost

‘ ’ ntering both ) rees. Ac

cur..to me that they might be sther Fhad twgrzigzts nightly, it didrgii more

4 erent SpeCieS oCc~-

1 returned to the laborato
ry and mad

£ the two " " ade the int -4 :
californiﬁizdiasz ;rickets are identiEZiLlnﬁ discovery that

he two together azd ;:?cgag and a male taien ?Zi;gPa b

, ed their b ondero

contact and ehavior. aa
e b nzhin§9PUl?ted with him witiin zhz male courted

leation of incompatibility of e g

any sort.

the songs ©
female of Q.

Pine, 1 put t
the female upon
and repeatedly.

I am sure that these cricke
) ts are not diff
gg1zoﬂi§eihzzeizo§:?;Z%ical separation all the ;;iztispecies. But this
I am COnQ?E bztweeﬂ them is restrictedngrigUing' There is
C

on pine or gsome deciduous te that any individual is m y their ecological
nost 0 cnotheis THS bimogei’ but not to travel freeist likely to remain
ference and partly bl 02 i;Z,dizitly because of ch igg? one kind of

‘ ference in species dif-
largely separates the breeding adults of the twohiiihi fiom he ol £

ulations, perha :
ps almost

entirely geparates them.

relationship.

when I had been considerin
g them as di

'y t how stinct
i oo i skt S

g crickets ng paral
d 0, lari is ar and th allels
i:me_ecslo ical aidmOSt sl lay oD quadripuﬂctatiir Telatives, O Pl
0 califoriicué has geographic relationship to O us, & species with the

° ) — i
e the firzt EiezzetzeStern pine cricket., EE%%hznd 0. laricis as
in clumps that increase in sizzp:ig Z:egzadiiP““Ctatus hzéii:ttZEdEaﬁt’ pine
: ua t
with no low foliage and are bordered by smalercgzzzi? mLES g Centerleizzw
ngs. I reaso
ned, in

fact, that the ancestor of pini and laricis could hav
e separated fr
om

trees ar
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vadripunctatus in the same wa
L y that the pi
d fr i e pi ;
Kzzgehapgzzegaéiiozzlggs' 1t was difficuitnioielatlve of californicus di
gpecialized formsgarp el Ly dehiRS, SGEEURS, in aTT v this‘Couldl-
eneralizéd forms edwell inside the geographic of these cases the h
> 9 -
ihift o, A allgp;t:?c %Odidﬂ t see how one couldrzzgés of the host- R
array of non—conifEfous hzztzo aaoto leave mno crickeitlznpzitu&ate the host
: . Moreover, i &y e general lar
to that point, an al » in view of what ral large
1if indiv?dualg of O tiizggive’ sympatric hYPOthesi; S:hat I had discoverei
Ty coniferous tréZ; e egunctatus or O. californimemed highly reasonable
e inclined to rem;in OZ piEZerihsuccessfully, and :;e§CCa§ionally got On"
. ‘ L1Le , en as the and their
gzagzzez;siio12g3§aidiSOlation from the pareniize: %rew and lost thegioieny
Lo OE coni%erg wzulzal: favored pine, exchangepb:tsz wenld be enhanced?wer
o lon since A an& gseljiZiigent selection, evidiztiings could occur,
L. PrE= 0. laricis are colored so ol ecause of pre-
iix*_lfgiggle% respectively, and provably also in R Ml ol
of iné crgii in (ozher characteristics. The greaisoclation with food
sim?lar song;eo? gn sziirocliseirelatives is indicatzgoéogi;al separat£on
: 0. , 0. laricis, and O ; y the confus )
even be distinctive to the crickets Ehemséi;egu?321£unctatus’ WhiChu;i;giyt
er, 1963). e

Finding out that the western pine ci .
does not reduce the 1ikelihood thaz S?m;;iiiits;:c?°t a distinct species
tween tree crickets., By demonstrating that habitata;ion has occurred be-
w?th?ut allopatry, it instead increases the plausibi imodality can appear
ciation in these insects through a spatial'mOSaiclse;;Ethf sympatric spe-
on of adults by

host preference.

Tree crickets eat both plant materi
aphids. The next steps in understandiﬁzatiiiniiither insecks , pantlewlarl
rest individuals taken from each kind of host foruition ab e, Ste o y
preference, and if host preference exists to see I ost preference and mate
whether by genetic differences or effects of the hgw Ak U stahladbes,
izat%on tests may be'useful, and geographic disrr‘bSt on juveniles, Hybrid-
cluding possible variations in range of hosts ﬁ ldution of each form, in-
attention mus? also be paid to hints of peculiariii to be worked out. Some
and morpholOglcal and song divergence of populatio es in host-specificity
as with Q. nigriconris F. Walker, (Walker, 1963) nZdin other species such
found that near Provo, Utah, there is a "form" o% : ditio?ally, I have
sagebrush foliage ygt interspersed with normally ;- quadripunctatus on
and weeks. The Frills of the two forms are sli h%leen individuals on grasses
host difference 18 associated with a divergenCegthaZ different. Again, a
well inside the geographic range of the more widely d:gzﬁzi‘now, at least,
uted, more abuﬁ_

dant form.

These cases warrant further attention
n of whether OF not speciation with;uipggigi:aiiy in regard to the
The possible process is a variant of that Oripi ¢ tealation 48 peEurs
(1930), involving infrequent skifus atwann Sg nally outlined by
references based on some kind of early experience pecific host, with host
position of individuals restructed to the host on ’hénd breeding and ovi-
means of geparating gene pools is thus clear;'the WelCh they developed. The
gs are unusual; and intermediate steps ingtﬁgrzgztc1relati°n9hips
ulated process

of giblin
occur within species in the same genus. Perhaps there is
not enough evidenc
e

questio
ringe.
Thorpe
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to argue that sympatric speciation i
- : o 8 more likely t .
in any case of tree cricket siblings, But thereyi:higoaléopatric speciation
nough to indicate th
at

it could happen, may have happened
? > and
attention to this question is warEanted ?iytzi happening and that special
8 case, ) -

pPause for Questions

Question: Do these things have a o
: ne-year life c
ycle, only?

RDA: Yes.
Question: How do you figure the 1
5 relationships among these
species?

RDA: MOI'phO ogically and by song, e hav
i th : 1
’ g5 Y ave the same co or pattern
et 1 ¥ i the sa : . E)

Question: 1s the color confused by the matching of host
4 host color?

RDA: No, we use only the pattern-- le
| rn--for examp atterns of black
B } the patte
spots on the antennae. Species groups in the Oecauéhinae haQ . |
gl e similar pat-

terns of spots.

Again, the only way we can solve the
i  proble -
specific pine tree crickets is by comparing all zfoihzhi irigln of host-
occur on different hosts, or are variously host—specifi'e ated species that
py finding out whether any species are fragmented rePrOS;ci?d’ for example,
In other words, our only recourse is to compar:iizebythgst
stuay,

differences.
Raven: I certainly agree that s
e ympatric s
possibllity and I also agree that this is a googesiittgna;: e rﬁasonable
roach it, but

ask you a couple of questions abou
t the exampl
tell whether two species with life cyclz zi%f First, how
o different places? erences arose

T want tO
could you ever
in one place oY tw

gDA: That's a good question, and I'v

RDA : : e often

of the questions 1've asked myself as a result is ;E::%ht e emya i

dence in any of the animals with which I deal that it ierbI e e
winter in one stage in one place and in another stage 18 o i P
I can't find any such evidence. et Wit

Raven: Maybe it's a paradaptation . . .

ggé; Well, one also has to ask the question why there ar
e Nno cases

in which & species has geographically separated po

winter in different stages when there are severag Egiitéznshthat el

wintering stages in the same place and only one in anotherspiw two over-
ace.

Doesn't firmus have that in
Lirmus part? Aren't the
re some popula_

Raven:
ly juvenile-overwintering and some that are onl
Yy egg

tions that are on
overwintering?

RpA: There are only some that are solel
B2 5 y egg-o
are solely Juvenile-overwintering. What happensgis Z;:Zizﬁering—-nOHe kbt
overwintering population disappears as one goes north--as dieguzfnile-
le veletis
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population. I suppose tha
t
than juveniles is one indi Pup abiithy =t eges i
dication of what I"m 1ook? overwinter farther
ing for, when b north
» wien you come

right down to it.

Raven: Well, it seems
3 that all
in thi =
s case, but it 18 interesting tg EEZt?Ed illochrOny e sl
guish the two ‘ Ay kel

RDA: They are not equally likely
Raven: They seem so to me

RDA: I wish I could fi
gure out h
not. You don't need > el gyl
sapEVABlLE SuspAthed andptiig to you that they ar
e is not reasor '
on to intro-

duce it here.

Raven: No, I don't sa
the possibility. y you meed it; I just don't k
now hO'W to ex
clude

RDA: I can't
that épeciation occi?ilzdihzhe possibility. That
- ; is way. You can' would be 1ik
of species formed. n't do that. Pro e proving
¢ ve hOVJ an: v
y pair

Raven: Yes, We have e

ligolectic species oc:i?ples very comparable in th

 otance, one i8 a et ingsblo sympatrically and have d e subgenus Diadren

blooming plant wlowely relategmizgizlant and another oneifferentiateatnhﬁg;i

i . Thes 8 an ear

likely to have diverged sympatrically. Butelsjzg'ze;y parallel anéyezzm?ir-

now how to ally
prove it,

where O

RDA: I don't know
uced here andaigztdzgzt case, but one of the thi
question of species that are adul nothing but add to the ngs that have
the same stage. For exampl ult at different stages b confusion is the
early summer, overlappingpoziyozc?iii?gm %l;diator is adzitozsr:inEEI in
g with 1 prin

Z:iaiz:;n?dSiEhiZO;Etiizgmzzr and fall. This ZOZizyw:iise relative,gO?nd
divergence having notﬁin to gompetition between the s be a result of in-
after allopatric speciat%o o with speciation itselfpeCieS causing gradual

n. This is an entirely diffe§2§t°§§“§ri“g only

nd of situation.

2
been introd

Raven: But there could be some adv
or in the case of anfage ko ble
re using the sggzrf§§3322°ppers W adZTingtazi? il
¢y, you have to assum:rzﬁ. And in your second c e
o geen gue: HlEnk T anOthat something like that ise, involving
&, You have to wedme ZiZippening
uptive

time,
if they we
host gpecifici
for them to 8€
gelection.

RDA: With regard to veletis

competing very much with regard toaziogengizlzﬁnicus’ they could still

esPe;ialézttgi ii:e juvenilﬁs--eat about the saiejgziniles iy adu1ts---be

proof: case of host-s ngs. [No

have disruptive selection except Z;E:iizh:pzziis,fitus not[neizszgi;dtin

moving to 1FESTERE hosts and then staying ther of accidental isolatio

gponse tO the host on which the animsl grew & because of some kind nfby

dent of anyladgantage or disadyantage as suchp OE has been feediﬂg--ing re-

not be inVO ved until after this happens. If.thei:zgpiive selection nezgen-
ulations are already
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separated then the sele i
ruptive tﬁan that occurrzszog eaniing Ehetn vy g,
different islands--except, 1 PR S POPulatiOnsnce would be no more "di
tense and effective betweén 2w2y Opi?ion’ 5 WL bzhat e, O;S—
ferent life cycl TRITLIEIC A s i

ycles than between two Populatigzsdiffzrent hosts OZ 5§tzedlnm

n different i if-
: iglands, ]

I went through all that
. material o
to promote the com i n specia .-
in the study of begzziz;veazzthOd BBG aFgue fortigz Edrtly because I wanted
» partly because I like tiei for more COmpariz
-alk about ) on
speciation.

Behavi
avior and Reproductive Isolati
on

An approach gimilar to th
, at used i
one that concerns b in the an i
taxonony in a few gizi;iOrhand algo has been ofaézzzi ?f speciation, and
mechanisms. Reproductiv; 1as involved the study of - usefulness to alph
json between behavioral a dsolatiOH is so clearly threproductive: isolzt?
to cxpress some spiniees zhaiyztematic work that I wil?est understood 1iang
v , - do not s . 1l go to P
d id -1 eem to $i.4 some
and ev ently influential, literature, and tszzzéziﬁh much of the ;Eg??lﬁ
e some of the shed,
arguments

that underlie these opinions.

Although reproductive isolation 1
been discussed 80O . is a relati
P to be fairly weiiti:;izz;{ithat one would supziiz zzung subject, it has
Presently, I think all oF tt‘ zed. Unfortunately thisr e conCerniné
anisms petween pairs of s eji good analyses of bl s is not the case,
S the fingers sirypiis hgnzses,lin animals at least, Czn rgproductive mech-~
have been telling us that the.li say this in full awarenepmbably be counted
go massive as to be almost mn te-'f'ature on reproductiy REES that some authors
Soed a great deal of publishog ?ev1ewab1e. This is notetlsOIation is massive--
and this is what our guides ﬁ information on courtshi rge. There is in-
tive isolating mechanisms. BizemZZino;etiing us is ingo:Zat?igizﬁ behavior,
cesi1y o i behavior is ¢ il taforoalon s 3 i
: eha . s ¢

pe so if systematists were moziozniilszzriztii out of foct:;OZEigxwzzidWays

. not

1 feel the same way about d

: - Enw B escriptions of

‘?iiﬁ‘éliisieiiiiiiuiie;"f reproductive N e e

. neral and their usef o regardi )

‘ ) - 1 ng des -

derstandizgmzitbizi;ioa in g?neral. One caﬁnﬁisﬁuﬁzrdthe analysis andcii?
what he's doing=--what he is seeinzsgribe, sort of in

n terms of life

vacuo:
before his ¢ i
¢ descriptions are likely to make much
ch sense or ha
ve

%G;ctions—-
much significance.

A few years ago
of resentedyat thegtnimfamllﬂlEhglm}'1 Py A e iy Bt T
of what T thought aboué.it ° Hidn : Saz e hmrdy 22 o it et
o et 1 chought ebos unl;ss e said, "You would never catsﬁnted tadotea ey
{nformation when I g0£ don o BT e Ing 5o do vich the
i) ' ne with the study.," Fr o I Sanieg ol |
paul doesn' t aPPly the same criteria to the st &ankly, i il e N
teristics, bUF 1 Pﬂderstand what he meant. T zhz il aly Chén
carelessness in tﬁis regard of putting behavior ink Eha praper Mis Oﬁac-
lective contexts, W?at we are going to have to donzo SeEess, g, gl VE
material being published in the behavior journals nzwrigard svare a1l t;2~
] s to start all ovef

again.



120,

You cannot go out and simply describe what you see in the courtshi
and mating behavior of a species, independent of where it 11§eq wﬁ;s Ly =
when it mates, with whom it lives, and to whom it seems mosf éigqelgri a?d
lated, and expect toO discover very much of significance tn anygn; igtéi sted
in reproductive isolation. ne intereste

To illustrate this point, I will use the example piven us buv +he i
sive and elegant work of Tinbergen (1953, 1960) on gull hehassor, heio o'
Tinbergen has provided much fine information on displays aSSOcia;ed ﬁitﬁ
courtship and mating, and some questions and speculations aboué Péobabl
igolating mechanisms, I believe that he fails entirely to commémtuont‘o:_
gible species differences in eye ring color. Yet, as a result Qf egfgnsiv
field study, Neal Smith (1966) has presented data to show that merei;'Chéne-
ing eye ring colors among species that are sympatric is enmough to break upg
pairs that are already formed, or to cause pair bonds between individua]é
belonging to different species, which apparently does not otherwise hapéen
{n the area where he studigd them, Smith and Tinbergen did not study by
actly the same group of gull species. But I suggest that anyone wishing
to account for reprodu?ﬁive lsolation in Tinbergen's species would noy want
to examine eye ring differences; and so would anyone wishing to use reper
ductive isolation to explain species distinctiveness in the displays of '

Tinbergen's gulls.

Species—specificity can evolvg in many contexts other than reproductive
isolation. Some of the %nterspgcific variations Tinbergen has described may
once have been reproductive isolators, but are not any longer. Or they may
be involved in one of the other two possible functions of what we call cour t-
ship behavior-=-either the selectio? of'supetior or more compatible mates
within the species or.the synchronization of behavioral and physiological
events between the male and female in connection with parenthood. Both func-
tions are more likely to be prominent in animals like gulls, which have long=
term pair bonds, oOr strict.m?nogamy in some cases, and complex parental be-
havior. Mere species-gpecificity does not in itself mean isolating mechanism.

The chief point I want to make is simply that a tremendously important
¢ difference evidently had been overlooked because reproductive iso-

- ~i(:
spec hanisms as such had never previously been lnvestigated among gulls,

lating mec

[Remainder of this section taken from RDA's notes]

Let me dwell a moment on the succession of questions Npal Smith asked
oduction isolation among gulls, for I think this is a good model
for any of us to use when We attempt to investigate specific cases, Here
is the guccession of questions he asked: (1) to what extent do the differ-
ent species overlap geographically; (2) to what extent do they overlap eco-
logically; (3) to what extent do they overlap temporally (seasonally); (4)
what extent do they interact (behaviorally) where they do breed together;
o what 1is the significance of any morphological differences among them; ’
<ié (6) what is the significance of their genetic differences for hybridi~
a,-”on and hybrids? Now, of course, this is just the old familiar list of
Zdtlible isolating mechanisms; but it's the order that is important, Anyone
Possdoes not ask these questions more or less in this order will not knbw
who not he is studying isolation mechanisms among his species, even

her OF ‘
Y?e;e does prove that, say, genitalic differgnces or gametic.incompatibility

about repr
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prevent Or partially preve: T
B als are brought tZgzt§Zint ?thldlzation when sexual’
the field, them such difEare .f the chance of matixua‘ULy responsive indi
cunity to Faetion in‘repfodEZii maz arise withoutnivhas'never occurredlzi-
are neither isolati yeulmnlar Lo er having the opp :
ng mechanisms nor isolating g?gzr such cirium;iazppor—
ferences Th ‘ ces they
- They are just

differences.

Many authors behave as
t
between species that breed inhzggh they think that any di
are functional isolatin diff e same general ar ny differences they f
conjunction with this 1%n erences or, even eve? at the same gene . e
years to speak, often gliilofireaséninga it h;s chZed "mechanisﬁs”dra% time
tive reproductive isolati y in my opinion, of "ch @e popular in rec ot
ant pdint that som ni mechanisms," This casains o partially int
o4 in thelr inabilityiiieiences between speCEZi approach misseg f;c~
together without reproductive inz2§§breed or merge, Ormzz never have béei
treme example, this is like sa eremnce or com en in their 1i
i : aying that genitali petition. To u ving
tive iSOlaE:ngyﬁgzga?lsms b fgiian e Blie Eiilzcddiffereans a::erzn ezm
r1C,. 8 = . ] i ' repro &
g pake 1ess’"fZ§f§§§ﬁi§ species that do Egi ?bite Oaka‘wh?ch e
hat genitalic differ ut equally ridiculous Zterbreed with one
isms between Etwo gspecies of Dro ences are reproductiv xamples, it is -
between two Spezggﬁgﬂhilé that have alwa 2 isolating mechan-
cies of cicadas that haveyne$2§ed in different
r emerged as o

habitats, oF
adults on the same ye
year, or between two species of mammal
s that hav

attempted cross-copulation.

import
involv

happen to
anothere.
like saying t

A paper by Clark, Aronson :
" ) £ and Gord
orine fishes has ’ on (1954
i o roductive iSOlaiiozeenBriferred to as a clisgzcmiting behavior in
actions ‘% the species Of-co u ’these authors did noé 'Xample of the study
interact sexually there, th ncern in the field; if tt investigate the inte
i " euduilet d{ff . », then Clark, Aronson, and G 1e species do not eve o
« L : . ? ]
| . 1c the §e§2262§ bUtant iﬁglﬂEiEg,differ22?9n’ too, may have i
evolved isolating differens::’sg?d nﬁg isolating
ecte in thé

mechanisns 10
context of reproductive isolation

xiphoph

jscussion h ’
just oiilzzzg pgbLiShed on the question wh
gether have perfectly goodl r’ o many species that hav y, if selection
The argument.has beeg e-mating isolating differee nevar lived to=-

published referegzziented’ evidently with ;ii; already devel~
Lehavior between iy 3 to this topic, that diff effectiveness
£ reproductive isolaiionivingltOSEther usually ari:en6es in pre-

at all, but 1 e not in t
fon only incidentally in repro&uctivenizzgeiiconteXtSv and ti:t
a on. :

Much d
works as T have

oped.
judging from

context ©
they funct

1 believe that this argument whi
that steriligy USuzlly occurs befoﬁe egﬁaiiﬁig;zii seems related to a bel
tween populations estined to remain separate) i of secondary contactebief
as reproductive igolation in the sense of minim %nores the 1ikelih06d th .
N foc%s P few specific aspects of pre? wastage of time and ol
calls in crickets, £ross, and birds, or odor in mating behavior (such ———
£lies), shifts in these characteristics in the moths, or vision in b o
1ation will be going on continuously. The resuizntext of reproductivztger_
changed in 2 V& that incidentally results in 1svlis that a Species'ma EO-
the species causing the selective effect. A largeation from more thanyjuZt
proportion of species .
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falling into this category must shift their most i Wk T .
lators a little almost every time any change oczuingitiﬁt PrewTating el
species with which they live. Two unrelated Species"aéLéHC0mpxement of
confusingly similar signals. I suspect, therefore éha; ;rléli, may have
might sl "incidental" isolating differences are gWing d{anz of what we
tion for isolation between (1) one or both of the two invéiéfﬁly to selec-
(2) additional species with which one or both of them formeZ?S ?P§ties and
this is true, we would expect to find that species in grou.sxyl.iive‘dn If
come to rely chiefly upon one or two kinds of isolating digfawﬂ.ch have

as calls), would be more likely to be different in those chq:2i§3§§ (such
upon first meeting than would species in groups that rely u;én SErlstics
kinds of differences (such as, say, chemicals, vision, host spe ?zeral '
different sub-groups. On the other hand, if reproductive iso?as% lcity) in
ences ordinarily arise in other contexts, differences bhetween tflng i
kinds of groups would not be so obvious. = D

1f all this is true, one should expect to find in acoustical insects

and anurans:

(1) few cases of identical pair-forming signals among allopatric or
allochronic species. ? knoW of only five or six cases among the épbfowii
mately 1000 known calling signals of insect species (Alexander, 1967)A

(2) few cases of character displacement. I know of only two .
or possible cases among the same 1000 insect species (Alexander, 192;§bable

The next pertinent comparison, obviously, would be between groups like
the calling insects or anurans, and other groups in which ome particular
kind of gignal or behavioral unit is not universally involved in reproduc-
tive isolation. Unfortunately, the information needed to make such é com~

parison is not readily available.

The Comparative Method and Reproductive Isolation

1 have been talking chiefly about experimental studies, and about de-
tailed observations on ind?vidual cases, How is the comparative method
used in studying reproductlve‘isolation, and what are its special values?
A most striking parallel can‘be drawn between the results of studies on
the calls of anurans and various insects (specifically crickets, katydids
e cicadas), and, I might add, the work of H. S. Barber (1951) and James‘
£, Lloyd (1966, other papers) on fireflies. I don't think there is a
single finding on‘anur?ps that does not have a close parallel in these in-
sect groups; and T don't believe that any results on anurams, or insects
conflict with any results on the pther group. What I want to emPhaSiZQ”
rhough is one specific point: There are now experimental demonstrations
that call differences between sympatric, synchromic, closely related
gpecies are suffici?nt to enable the males and females both to distinguish
their own conspecif%cs;‘at least one demonstration exists for anurans,
and one for each major insect group in which calls are prominent in breed-

‘Alexander, 1967). TFor a long time, however, there were no
trations at all. Yet we knew even then, or I should Sa§ Qere
pighly confident, that the calls indeed do function in reproductive iso-

d we used them successfully’'and accurately as if they did, OQur

E.at‘iona L d i d ’
evidence, like that used 1n un erstanding speciation, was derived from broad-
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gcale comparisons. It can be summarized in the followir rou
ments which to some extent parallel those I gave parife:gfg;bup oi iy
earlier for speciation:

1. The calling (or pair-forming) si .

Laigririie ® 3 in the same alleces arg)nevigai;eoiaigecf%s that breed at the

S eblished sitvations. This fact, based on comparigo“kéﬁpﬁ in a few newly

sect species alone, including essentlaly all of the No?tpi B L dans

katydids, and cicadas, and many of the grasshoppers andrngmérican crickets,

guggests that, in these groups, no two species breediﬁ, téreflies there,

lective action on reproductive isolating mechaﬁgsﬁsgether AES aHEmpL

ing pair-forming signals are specifically distinctive Thiunt#l s eaLls

a critical bit of evidence, for it indicates that no éne cas’ E bel%eVe’ is

study reproductive isolation in any group without being s eﬂjiffecﬁlvely

the species involved breed together, and for how long thep f—-lc about whether

1 would point out that many studies on Drosophil# matin yblive.been il

supposedly dealing with reproductive isolation are eiéhe% vzlaVior’ e s

phic, ecological, gseasonal, and daily overlaps in breeding %99 about geogra-

mention them &t all. No wonder it sometimes seems easiesr,c;rbth?y 455, prak

the origin of reproductive isolating mechanisms only inci&eﬁtal?;dﬁz - thﬁugh
i e 8 anything

to do with living together!

from se

9. Calling signals of species that breed in different plac
different times in the same places, are sometimes the séﬁe pTiies% or at
on Six known cases in insects, four of geographic isolatio; o : act, based
{golation (Alexander, 1967) makes the previous statement even mo wo of seésonal
This is interesting in itself. Why aren't there more cases? re significant.

How many have been looked for?

guestggg:
RDA: Oh: How can I answer that question? My first thought is to
thousand85 In the groups that Tom Walker, Tom Moore, and I have studiedsaz
! 3 e

ly been locking for displacement in every instance in which we

have certain
raphic variation in calls.

have recorded geog

1 will give you an example in which we expected to

f. S. Thomas and I studied three meadow grasshoppers comgizziig iﬁi gidhniF.
concinnum group, which provide an almost ideal model for the expectéEI%;g~%ggm
gg;?ézter displacement. They all have linear ranges, two forming semi- 10
canges and overlapping only at their ends in Michigan and Louisiana a dc poular
third extending between the circle formed by the linear rangés of th v Ehe

two and also overlapping with both of them geographically, ecologicailot =
season311Y» yet the songs are no more different in the overlap zénes ti’ s
gide them. The songs, however, are quite different so perhaps the d-‘ffan il
arose during sympatry in ome place a long time ago, perhaps in Louis;an:rences

1 think that in species like these, using acoustical signal
50 such calling species in one area, any Slightgsiizg Ygezhzhere

may be UP tol t cause slight dj

gpecies comp lement may e g song adjustments. The species —

may not even be closely related if there are enough of them zymp:trigvgiged
syn-

o -his would cause much s d
chroniCe Perhaps t ong divergence between cognat i
during allopatry. s

Let me 80 back to my list of statements.
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3, Calling signgls of closely related species that overlap narrowly are
occasioually more different in the region of overlap than elséwhefel su yestv
ing reinforcement of differences owing to competitive interaction“,T;ogfa;es
have been suggested in North American crickets (Alexander, 1967).‘ |

4, Calling signals represent the earliest unit in sexually significant
encounters between males and females. From an a priori viewpoint tﬂerefore
these signals are the most efficient possible part of the sexual ;néouﬁﬁer‘.’
for the function of reproductive isolation. : e

5, Calling signals are more specles-distinctive than any other aspect
of the mating sequence, and there is a progressive loss of species-distinc-
tiveness as one considers events that occur later and later in the mating
gequence. This statement is based on our knowledge of call distinctiveness
in several hundred (all known) insect species with pair-forming calls, plus
a study of couttship, genitalic structure, and mating behavior in some ten
gubfamilies, 22 genera, and 50 species of crickets (Alexander and Otte, i967),

call differences are behavioral differences, and reproductive isolating
mechanisms in established situations must be behavioral nearly all of the'
pime, even 1 the behavior %nvolvgd is associated with locating the habitat
or host toO which mating activity is restricted, or with being active only at
certain times of the day, as in some fireflies. Behavioral differences, if
available to selection, will always be more efficient isolators, in terms of
wasted time and energy, because they operate before morpholegical or physio-
logical, oF late-operating behavipral ﬁifferences will, 1 suggest, always be
replaced by‘behavior as functional isolators as selection continues between
gpecies that remain sympatric and synchronic, This argument indicates that
no one interested in reproductive isolation can avoid studying behavior, and
1 believe that no one interested in species and speciation can avoid studying

reproductive isolation.

A writer using almost exactly the same title as mine today said last
at there is no argument that behavior should replace morphology as the
main tool of alpha-taxonomy in distinguishing species. But it already has,
for groups containing, collectively, somewhere between 25 and 50 thousand
species (Anura, Ensifera, Caelifera, Auchenmorrhyncha, Lampyridae) and in the
case Of acoustical and visual signals it has’proved to be of enormous (1
would 8aYs unparalleled) value, not only in distinguishing species but also
in locating and collecting specimens and in tracing geographic and ecological
distributions and seasonal life @istories. This approach is, of course, not
1icable tO all kinds of organisms, for reproductive isolating mechanisms
azpéertain sorts may be very difficult to identify and measure. Further,
ihisAmethod does not help us with forms that have never lived together. But
the advent of new techniques and instruments suggests that anyone serious
about alpha~taxonomy in any group of organisms cannot really afford to assume
that his organisms automatically fall into a category of being inaccessible
taxonomically from this approach. After all, 15 years ago we couldn't study
gounds objectively, andvonly fivg years ago there were no gadgets to record
the gubtleties of firefly flashes.

year th

.
crecig

Xy
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Tl P

The Problem of Instinct

[This section from notes]
-es

To this point I have sa
aid

knottiest problem in the stud nothing about what h
1 suppose, for deterring the Ydof animal behavi;r as undoubtedly be
than any other. We could -1a yanoe of cOmparaEi’ and the one res en.the
geople Y old have a cood iga 1 this the “problem Z% study of behavEZnSlble’
to term it the problem of tia what is meant. It wé ;nstiﬂCt’" and mﬁg?ore

e extent and nature of ﬁej gi more descri;ﬁive

reditary infl
uences on

behavioral v i
ariations, both between species and amo
ng the indiv
iduals of
each

species.

Adaptation is a result
mena . Therefore, it is a Cr§£1531€CtiVe action on alt
variations & lenst do correl cal question for my t -?rnat1Ve genetic
longe the . than speciesedigz with genetic var{atzplc which behévi;rgﬁeno“
: ons :
flashes, oY an other b i erences in frog ai . Few peopl :
isolati;g mecthiSms ine:ivlizal characteristi%s ?gei:?ECt ealle, grefEBZéi
we know from hybridizationye nds of smimals, have genl.?ed as reproductiv 4
do indeed have xperiments now that insectetlc bases, Of cou °
eneti ‘ r
genetic bases, and in fact resuizd znuran cell difse,
s from cros j
sing ex-

ferences
periments on crickets 1
concerning transmissibigitfroﬁs are probably cited mor
ity of behavioral variations tg frequently in revi
an any other ews
s from an
b

other kinds of animals.

The systematist wants to k

: now more ab
e that he is not examini about this., H
ro do with hereditary differzlng some behavioral diffe:ewants to know he can
have gotten involved in long n;ii;ersomedsystematiSts anzcitihatbhas nothing
fluence heredity h . , and futile ar er biologists
determining the s in contrast. bo hoy mech infl guments abaut. how much

ing aracteristics of particular beh Uince environment has i in-

ar behavior pattern e
NS .

be sur

Concerning this topic, we
are pursued
n7o ask how much a’ 4 ed now by a wh
given piece of behavior depZigsString of admonish-
upon genetic £
ac-

ments:
tors and how much upon environmen
oy tal fact
avea of & field depends ors is lik
) upon its length and how mucﬁ i;Eini how,meh of ) the
n its width." "N
. othing

is inherited but the genotype and
a little
te, but d 1 cytopl "
late, uic i?eeES?igimiitZ?itary'” "Instead Ofp8222ﬂ1 "Jeredity is particu-
, the correct way is to aéknioii t?zs BB e ok aralt
self which diffe
iffer-

as genet
ences in which characters, a
, and to what
one hand and to heredity o extent, are d
) 2 the other " o e ue to envir
he

Konishi (1966) has recentl

1 : y written a

eral of the is : paper wh

o issues that have been involved in thi:h;rlbihink, slaptElan
oblem, He R

sev
that one of our shortcomings has b
A een that we hav
is always tiEZItgiﬁéd;E ::havior, Aottt = schi:ted as though the formul
ation = spontaneity = self-difieipecifiC1ty = dnhepi- )
entiation. Th
. ese

tance = cen
things are 1
”instinctive
should not b

ot strictly correlated
and, as
1 pehavior is A ¥ P 3 with lear
e treated a: izhiiéfzre not really a “nit:i;gﬁhzzit has been called
’ menon, and it

But these issues are not all of
. , ; great or i
?atiStdirtezztztionazydbi°1°glst interested in 2§Eji?te concern to the syst
jg predictabit? y. And the likelihood is great thaz zi- iWhat is of COnZeri_
gnificant inc =
‘ reaseg

Sl
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in redictability can be attained sooner in ma .
dirzcted, broad~scale (even superficial) °°mpagisgizeihzi ;n3§ghtfu1, properly
of development of gpecific patterns of behavior in individuzl e?ailed studies
species. The comparative anatomists, as many ethOIOgigtg haveanlmals-or

have already shown us that this is true. It would seem thét weempha51zed,
havevallowed ourselves to be led into being somewhat overly conczystgmatists
precisely how individual patterns of behavior develop., As a coﬁ Zpi about

do not know a very great deal, even in 1967, about the developr parison, we
ology in a wide variety of animals, but we do know a very éiez:ezt,9f mor ph-
spectation, adaptation, and phylogemetic history--all of it lear eZL oo
almost gsolely, from comparisons of those very feitutes of ana-to-nef directly,
we still do not understand development. my for which

When we have carried out broad-scale comparative studies of beh

gimilar to those available in anatomy and begin to acquire the 11? aVior.
understanding that will come from predictiveness based on such itug?ers s
those investigators concerned chiefly with the developmental bases ozs’hthen
gypic differences will indeed have something to think about and work 1 Eno-
gince the question then becomes how to know how much genetic varilati with.
yolved, 2 considerably sharper focus should be provided for the invezz‘is i
of man: biologists who are now skeptical that broad-scale comparisoﬁs Zgations
made in the absence of extensive information on developmental pathways sz ©
gtimuli for particular behavioral units.

1 expect this remark will raise some eyebrows, but I suggest that be-
havioral variations which 1ook at first glance as though they mighf be uzef 1
£o systematists, particularly those working at and above the species level "
Wy rarely LAtk correlation with specific genetic variations. For example’
as 1 asked before, would anyone here like to describe a species difference in
pehayior--that he has some cause to suspect does not have a genetic basis?
purther, and of great importance, the extent and nature of correlations be-
gween behavioral variations and genmetic variations, or their absence, is to

a large extent predictable.

one aspect of such predictability can be exemplified by cricket calls

s slight understanding of cricket biology reveals that in most temperate )
gpecies, anly the esss pass the winter. The auditory organs are not func-

tional until maturation or near maturation, With only this information we

can predict confidently that selection (at least usually) favors insulation
from influences by envirommental sounds in the establishment of the pattern
of the call. For there can be no appropriate sounds available to copy.

other hand, only a little knowledge of passerine bird biology
e pradictions that most young birds probably have evolved
ing influenced by their parents' song patterms. There

Oon the

allows the
ecific ways of be

8
aie at least Gud TEASALE S the overlap of the young and adults each genera-
tion, and &1 apparent premium on individuality in song pattern, promoted by

£ the patter’ learned, and associated with parental behavior
and tendencles toward monOBATY. Critical periods of song learning and im-
printing of following behavior in precocious birds, are both predictable on
this same general bases. Fven the indiscriminateness of suitable stimuli
for jmprinting of following behavior is predictable, for the situation is
guch that unsuitable stimuli are not likely to be available, and selection
will therefore have no chance to focus on a restricted group of them.
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Likewise, we would predict tha
t differ
should sometimes h ent populat
s have song differences that Eacitizns of birds within speci
netic bases es
, as with human

languages.

The psychologists who chastised

3 . ethologis

o ol s 1 s el gk e

oflrejectin% all implications of i;;gi;angusiwﬁen e aégi;in?a:y ith01o-

velopment of b soure l :
velopaent of bebaTIoL DL LTS, hotony san R o
have just given: the ues:i Pl MR 1dentificgn?USion cramiea T
gtimulus, say sound in th R etablsstment of & favore e e S st

as the stimul&s or éhethe eieStabliShment of a Patterz Ehe he same madain
uli in that paréicular moleit SPGCi?ically Lavors inoﬁl&n on £rom a11 atin
tion and it leads to extr ty. This is a diChOtom&ui “direction of Stimz
ene;ic phenomena and behas?ir:ifii:izzi:rin et reqaiizigﬁigz gf reer
its significance by studying adaptation andsziizéalwzeidenzify . angtgizzove

ection in relation to :

pehavioral development.

1 would suggest that consist
stent selectiv
ral variatio ' ey ge
iora ilti:;tZigargéess of its original basis, wglinuzny kind of behav-
This &oulngZZEiﬁhva”lat1°“ Belaking diiect¥alty g b5
o pet 1k Sat the more ancient a behazi o the behavior-
imply by this any :me ge?etic basis. Let me e;ril el
pecial kind of i

on both genetic and no BElebtLin Sdupk ~h

; n-genetic variati ply that keles-
etically-based variations become ai:?i;b?ut evolution wiil

e.

presence, .
al variation.
is, the more 1i
do not mean to
tion will work
occur only when gen

No proad-scale attempt has been
| ‘ ) made to study ad i
%eizsbbzntgzsiizgigf comparison and prediction meZhidaEEaglon in behavioral
just be ) ng. Yet such attempts should be frui arwin that I have
ngsgiiz%uif ailtrue, iven in dealing with the behavio: tgul gy g Wi
a 11 organisms in the functioni 23 WEH, the
ng of his phenot i .
ype.

To show what I mean, let me use a
(1966). He n?tes that"the females of m:i;piinzzaigle cited by Williams
gcribed as being nore Mcoy" or discriminating or r lanimals are usually de-
the maleﬁ (or one could turn it around and say th eluctant in copulation tha
gressive’ in courtship), and he notes that this iit the males are more “ag- n
female invests & greater proportion of her total predictable because the
each copulation or fertilization ¥hap doed the maieproductiVe potential in
sartet, thamy 28 WLLLLAES points out, the situatior If this argument is
parentar animals in which the male is solely respo§§i§h°”1d be reversed in
more involved %n parental behavior. Such reversals h le for the zygotes, or
in pipefishes =7 the genus Syngnathus, in which the ey indsed heen rep;rted
eggs (Fiedler, 1954> (though not in all such fish: rgales carry the £aredlized
gtraugharn, 1960), and also in birds, such as Some.tin:;giz ang Rosen, 1966;

an phalaIOpes’ in

which the males incubate the eggs and pr
1935; Hohn, 1967). protect the young (Bent, 1927; Tinberg
en,

gimilarly, reversals in which of th
e two 8
fights Off intruding individuals, and courts moi:engihaves territorially,
ported in some specles such as the Ornate Tinamou (Pg essively, have been re-
the Red Phalarope, the Northern Phalarope, and Wilson?:S;ﬁ ?nd Pearson, 1955)
alarope (See ’
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i1l

Tinbergen, 1935; gohn, 1967; Bent, 1927). Polyandry is '
prominent in SUCh'animals and strict polygyny Oughtyto bzoizriik:izhgo ‘Ee
polygamy (or promiscuity on the part of both sexes) and monoéa& h ug
been reported (Lancaster, 1964; Hohn, 1967). Polygyny, on the B;thaveh oth
is prominent among species in which the females carry mosf of all ez and,
gponsibility, and polyandry is almost non;exiséent 5 of the
disagreements in the literature (e.g., see HShn, 1967) may ré;ulto?? ofdthe
ferences in sex ratios among demes studies by different investiegat rom dif~
gome cases, what happens when sex ratlos are locally or temporaiilors' In
may be important in understanding how selection has operated. y uneven

parental re

The relationship between reproductive effort and proportiom of ;
ductive potential involved in any circumstance or event can be exrengegro_
include not only the proportion of eggs or sperm used per copulat{oh eb g
also the proportion of the breeding season used per clutch or ﬁregna; i
the total probable reproductive life involved in each season, as Don ;? iﬁd
demonstrated on this program. Such considerations of proportions must 21 -
include the likelihood of changes in reproductive possibility, such as im?o
provemeﬂts through learning about one's mate or about the food and predator
in one's territory, and the likelihood of improvement in weather conditio °
williams (1966) and Lack (1966) have pointed out that this means that 1onn:;
reproductive 1ives, and Fhat clutech sizes will increase with age. We shoild
expect that, especially in long~lived, monogamous animals with specialized
parental behavior, selection will continually maximize the slope of a line
depicting the increasing reproductive ability of individuals and pairs.

Hereditary, Developmental, and Neurophysiological
Basis for Cricket Stridulations

me about plasticity in behavior, so I'd like to describe
what we know about Fhe geneti?S, ontogeny, and neurophysiological background
of cricket songs. 1L think it's ome of the more complete stories of this kind
for any sort of behavior in any animal.

Someone asked

Acoustic insects not only grow up with little or no chance to hear the
calls of their own species, they are also surrounded by a multitude of other
counds that bear little or no resemblance to signals they must eventually

A high percentage of the individuals in such species probably hear
11y foreigm or inappropriate noises, and their own signals, during
all of theilr lives, particularly during that portion of their lives

when tﬁeir ability to make the right noises in the right situation is devel-

opinge

It is mnot surprising that, in general, the communicative signals of
arthrOPOds do not depend in any way for their structure on pexrception of the
signals of other {ndividuals, of either the previous or the same generation

The next question one is inclined to ask is: To what extent is a signal-
ing individual influenced by his own signals? Do arthropods improve with
Practice or repetition of signal-producing movements?

geveral investigators have deafened old adult male crickets and noted
that their gbility toO stridulate normally was not affected. Except for loss
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ity to alternate or synchronize with othey individuals, the only ef-
of ability d at have been tendencies to stridulate for either longer or
fects hinteiods than nondeafened individuals, results which could be obtained
ghortel Pgr feedback has a stimulative effect and if other noises picked up
if iﬁiizzzztory organs are sometimes interruptive.
7

no one has previously reported destroving an insect's

To my kno:lizgiéenthey had chome functional, thus beeregit could have
auditory oxgand and'subseqUntly obtaining 'a Song pattern from it, T tried
Heard any sognt:unsuccessfully for several years with the snowy tree cricket
this eXPeri?e?toni) because its chirps are so complex, and delivered at such
(Oeca§£hﬁﬁ,£gz"zggya1 and because the well-known mass synchrony of males in
an unvarying nts thaé auditory stimulation and auditory feedback are impor -
colonies suggesé 1965, T was finally successful in obtaining two sequences
tant. ID A;ggsand 275 chirps, respectively) from a male defeaned as a juven-
of chirps ( off its forelegs) before chirping began outdoors, and one
ile (by CUttin%a. from the microphone to analyze) from another deafened while
sequence (togtvrrmolting to adulthood. Chirps were recorded by using an
gtill soft a ?ding device in operation twenty-four hours a day for eight
automatic recof'~ roduced in sequences, at least as long and uninterrupted
days. They weﬁa ? males. Wingstroke rate, chirp length, and chirp interval
as those of noimaand éhirP intervals following occasional short chirps were
were all norma ;he ginging of normal males, The chirps of the male in which
shorter, as in (wiﬁgstrOkes) could be analyzed were abmormal in one unex-
individual pulsesh 'stridulatOfy apparatus was in contact during both opening
pected regard: oiéi ofhthe wings, rather tham just the closing strokes. This
and closing sFrdis; pear from this male's song during several hundred chirps.,
defect did not tiog however, are common in this species, the known ones in-
Intrachirp vari? . i;gs and pulse omissions or weak pulses; Walker (1957)
cluding pulse ggospéﬁd males respond to pulseless electronic chirps if they
found that f?m?“e th and properly spaced. I doubt that the abnormality of
are the right iingreatly reduce its communicative value to males or females
this Chirpgwiugusﬁect fhat it was not owing to the male's deafness but to
and 1 furthe

horacic damage caused by handling.
thoracl

3 ositive nature about developmental influences

The most‘we C?nn:?z :i 2rzhropods is that, with a few minor and doubtful
on. Comm“nicatlveasgingie one has been discovered; mo one has found any way,
exceptions, no: mutilation or gross physical deformity, to alter the communi-
ghort of actud: £ any arthropod. Wherever the internal enviromment of the
cative signals © gible for the ultimate patterns of these acoustic and visual
gtructures respozhé Qariable inputs of the developing individual's extern§1
gignals may be;t be translated into an essentially constant, species-specific
environ:egzrzuthey reach it. In what ways has selection brought this about?
mivlieu e

: rhaps the first experimental hybridization of
Fulton (193331 igggi:g‘;e‘joﬁgslf End his study is still the most careful and
two specles wit?s avaiiable' He hybridized two North American ground crickets,
detailed analyzi and N. tinnulus, sibling species that are adult at the same
Nemghiﬂé‘ﬂllﬁiﬂf bdth”géSE;ZEEIZally and ecologically, the former an inhabi-
Time and OszyaZreas, the latter a woodland species. Fulton was able to ana-

tant giegzings of Fy and F2 hybrids and Fy backcrosses with both parental
lyze

gpecies.
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Fulton's results are in most regards strs
songs of F1 hybrids were delivered a% intergzgiizif:Z?dex it Rt
of backcross progeny were generally somewhat moredl{k:bsw-thwse iy
the backcross when compared with one another, There el e
ever. The pulses in both backcross hybrids seem Ebd :§e~?ome PugzleS, how-
slower than most recorded tinnulus, and all but one of Ewi‘tw? el
o hybrids have slower pulse rates than the F, hwb‘r'dc‘)th k}nds ol
also seem tO have pulse rates that are a little %oo]ﬂli - Th? 7 e
than the songs of the Fy hybrids. slow--nearly all slower

TwWO possible sources of error in the anal
nalysis could e i . )
First, Fulton had mno method of counting PUlsesez§i2;2 ghls dis-
‘ y ear and

crepancye ;

by using & vibrating clamp that he could set by ear to cor

speed of pulse delivery in the insects' songs. As heoczzztiigznthith the
i » N18 counts

above 8ix pulses per second are probably somewhat ina .
the hybrid songs were evidently heard only at hi;hZ:‘Ezzizie{kand many of
fore were more rapid and difficult to analyze. mperatures and there-
The second possible source of error involves t! ol -

courting and calling sounds of N. allardi and gfstggzuiiiatigﬂsnlp between
ship sounds of both species is simply a slowed_be§2255*3E¢thene ?ﬁ the court-
The particular courtship sound in allardi is quite Similar'fo Ei'liﬂg'sound°
gound of tinnulus, 8O similar that the insects themselves afe reb?a}iing
to distinguish them. Some of the crickets whose songs Fulteﬁ znzldbly unable
have been courting, not calling: he could have no way of ﬁellin yzeé e
under all circumstances, and the possibility is especially gfeatg Eertainly
£ crickets are caged together as they evidently'Were . Yhig iz:ge

, . e.

pumbers O

with intermediate hybrid songs involved, the possibility of confusion i ‘

greatzer. . is even
pigelow also crossed females of G. assimilis (a chirping species) with

males of G. rubens (a trilling species). The hybrid males chirped and had
wingstroke rates intermediate between the two parents (90 to 105 des )‘a
for éﬁéiﬁilii att KO yeBl: per second for rubems at 80° F, 75 perpqe Sezond
hybrids at 75° F). B%gelow concluded that the genes respénsible.ferczz For
a field cricket toO chirp are probably located on the X ChromOSome.(awxouséng
Those responsible for wingstroke rate variations are obviously not 15 2 &XX).
on the seX chromosomes , sipce there was segregation of variations in Ei?e
WO characteristics as well as a probable difference in the number of s
1nv01VEd in the differences between pulse rates and those between.chirg??es
apnd trilling. There is a suggestion here that song chatacterisﬁics wh?lgg
stem from pacemakers located in different parts of the central nervous'c
tem have been altered by replacing genes located on different cﬁrbmoéa “4i
gince the differences betw?en a chirping and a trilling song is éimp1~mes° )
long wing-hold interval which becomes the chixp interval, an intefest{na by
1ationship oxists with the findings of Fulton (1933) with trillinng' Eire_
gongs having 2 very long pulse interval. : Nemoblus
In all species treated so far, wingstroke rate differences betwee
gpecies seem to‘depend on a number of genes, while differences in ﬁatiirn—
ing of wingstrokes (e ip patterns)‘may depend on a different geme or genes
1ocated on another Cchromosome (Bigelow, 1960). It is within reason that
discovery ¢ ade of the number of genes involved in pulse rate differ-

an be m
ences betweel species and the quantitative effect of single gene replacements
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on pulse rate. Such informatio
n, together wi
species, 18 needed to elucidate ﬂ er with studi
+ ow over ies of variat: .
incipient species become effective in SZiigiing genetic diffefziziQHbWithin
ve divergencl RHsnGRl, Rekipen
e,

In a series of publications
; oy 5, Huber (19
ings that certal : (1955-195 !
moie or lesg noanzistgi ziinﬁshin d figld crickeizshi: diSCuSSQd his find-
flight behavior), can be fog whirring prominent in b pertoire, and also a
brain stimulatio; in diffp uced by stimulating the et Gryllus species (
, erent regions causes differ cricket brain and thaEre-
rent kinds of s
ound or

wing motion.

The parts of the brain Huber
, stimulated, t
;;262i122$2t§2§ ag;eznall}obe§, and, preSumaglyhei:UShroom bodies, receiv
separated‘geograghi:ails';:izlgioagggeSSive stridulgtzoirozlzge antennae.e
‘ -oup from those eli = ’ ough not e
cg:itship,razzigenerally somewhat peripheral to thzliing first transitioisily
;élZ%imi%aiionvz Ztridulgtion are assoclated with efztter. Since those éli
o leastvpo:siilz g;hers with effects of mild aniCts of violent anten—”
jations in the size of theaiegiziati:ns in the sounds e?;gii ztimulatiOn, it
. ' . A i stimulated that s P reflected
jations in the intensity (and perhaps duration) OfaZStrelaEed T Vz:r-
ennal stimulati -
Olla

cise portions of the patterns in
‘ " volved abo
Egizziztii tﬁiczzziiis"""either single neuziniegin: o el
the prothoracic ganglion Cwing—ho?zagiccﬁigﬁlioz (wingstroke ra?ii% 8§g:pibl
stridulation, possibly the cercal‘ ntervals), and in ki sibly
1ion pacemakel, most interesting tiazgliznéhigheOEOStulated Prot;g;;zizip
tinually at specific, temperature-dependent ratgs nt, evidently fires Coﬁ?ng-
hibited. Only light-dark cycles, contact oy Othunless specifically in-
temperatures, and disturbances are known to sl ter crickets, extreme
maies with gpermatophores, and the effect in allcththe calling cycles of
inhibitory. The only stimulative effects which mi ;ee cases is evidently
gtridulation of other males--known to be Stimulatig‘t be suggested are (1)
(2) the effect of the presence or aAbsexce of & B ve (Alesander, 1961) and
tophore pouch (Huber, 1955). But crickets call 5??Eat0phore in the sperma-
and undisturbed crickets with spermatophores do nit Out.acoustic Stimuli
larter effect 1¢ not specifically kmown to be stimul:iiiecontinUOUS1y; tﬁe

- rather than ihhibi-

£Orye

pause f£or questions
uestion: How do the physical char
ffect the sound? acteristics of the stridulating

The pre
pnature upon
of neurons--

organs a
They don't affect the patter '
‘ 1. They only aff
ect dominant fr
e-

RDA:
) and the intensity.

quency (cps
1s there no variation in those respects?

Question:
RDA: Yes, there is both individual
: variatio
gpecles. But you couiﬁ prgbigly play Yankee Doodqeazitzaziations between
er '
ythm or pattern you wouldn't chaiéiciit's iong gus
e cricket's

1f you didn't change
The effect would be only to ch
ange the intensit
y. Crickets of

response.
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%ﬁZZiﬁaﬁiﬁfiie’éﬁeiiziiuﬁﬁ”’ Nemobiinae and Gryllina

e, that e evo1s, and such different tuni e) have such different

1ike1y’ever it e e anvehpattern independently bngs of their auditory‘

“oncerning the use of Te rzg er. I think there's a ecause they are not

categories. The point ig éh:ztizznizgiitizg mechanizgzntotzrggnéade here

comes prevalent 1n T2 species, there willnilti;:t:? aiousticalgzthzzé;e
y be a hierarchy of i

patterns. Some aspects of the patt
subfamilies. pattern can be used to identify ge
nera and




