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THE ECOLOGICAL FOUNDATIONS OF APPLIED 
ENTOMOLOGY.* 

STEPHEN A. FORBES, 

State Entomologist of Illinois. 

It is my pleasing duty first to acknowledge the obligations 
of the economic entomologists of the country to this general 
society of American entomologists for giving this prominent 
place on its annual program to a topic which must, in the 
nature of the case, interest economic entomologists more than 

any one else. This is not by any means wholly an economic 

topic, however. Ecology is a very broad subject, extending 
in all directions far beyond the foundation lines of applied 
entomology; and successful ecological inquiry in the economic 
field, carefully verified as to results, as it must always be for 
practical use, may often suggest and illustrate methods equally 
useful in the other divisions of entomology, and hence of serious 
interest to every entomological specialist who does any thinking 
about his entomology. 

It may well seem, indeed, that this general association of 

entomologists, inclusive of all specialists, is a higher court 
before which to bring our plea for a broadening and strengthen- 
ing of the foundations and a widening of the relations of eco- 
nomic entomology, than an association composed only of 
economic entomologists themselves. There is no real separa- 
tion in this country between economic and non-economic, 

between applied and unapplied, or even inapplicable, entomol- 
ogy. These interests are all so closely related and mutually 

*The Annual Address to the Entomological Society of America, delivered at 
Philadelphia, Pa., December 30, 1914. 
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so helpful that our two associations representing them are 
more like the right and left hands of the same body than two 
independent individuals. In bringing our difficult and im- 
portant topic before what is virtually a union meeting of these 
two principal associations, we are simply bringing both hands 
to bear in the performance of a task which is too great for 
one hand alone. 

Applied entomology is peculiarly an American subject, 
and here if anywhere in the world it should have accomplished 
its ends or should at least be in sight of its goal; and yet we have 
to acknowledge that, after generations of work upon them, 
many of the great long-standing problems of our American 
entomology are still unsolved, and that the people of our country 
are still suffering enormous losses of various description be- 
cause of this fact. It is not because we do not know what we 
commonly call the entomology of the chinch-bug and the Hes- 
sian fly and the white-grubs and the cotton-moth that we are 
so nearly at our wit’s end in our efforts to devise means for their 
control; it is because the knowledge of their entomology merely 
is not sufficient for the purpose. This line of attack was, in 
fact, thoroughly tested by the earlier economic entomologists 
of America. Harris, Fitch, Walsh, and the young Riley were 

entomological observers whose applications of entomology were 
mere inferences from their observations. The older Riley, 
Howard, and Slingerland, were among the first to make serious 

use in economic inquiry of the experimental method of scien- 
tific induction; and now we havea small army of workers apply- 
ing their principles not only in precise, intensive work in the 
laboratory and the insectary, but on the broad scale of 
actual outdoor practice in varied environments, and on the 
long scale of season after season and year after year, postponing 
final conclusions until their premises stretch through a decade 
and extend over a continent. 

It is when we search for specific reasons for our successes 
here and our failures there that we are driven to a scrutiny and 
analysis of controlling conditions of every description, and so 
find ourselves involved in studies so far outside entomology, 
commonly so-called, that we are obliged to apply for assistance 
to the physiologist, and the chemist, and the physicist, and the 
meteorologist, arid the geographer, and the agriculturist, and 
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the animal husbandman, and the bacteriologist, and the phy- 
sician, and the sanitarian, or, in a word, to the ecologist, who, 

from the nature of his studies, must, if he is thoroughly to cover 

his field, be something of each and all of these, and still some- 
thing more. 

The last and most essential phase in the expansion and de- 
velopment of our subject is the actual, practical, thoroughgoing 
application of the products of all our work. It is an important 
part of the main thesis of this address that applied entomology 
is not, in any practical and sufficient sense, entomology which 
is merely applicable but of which no application has ever been 
made; but that it is entomology actually applied to the pro- 
tection, amelioration, or promotion of the welfare of man; 

and that, this being the scope of our topic, the means and 
methods of such application—the inducements, incitements, 

constraints, and compulsions necessary to a complete and 
effective application of the results of our entomological in- 
quiries—are as much a part of our subject as any other; that 
they are, indeed, the most important—the all-important part, 
since without their successful use all that precedes must fail 
of its purposed end. Entomology which is not applied is not 
really applied entomology, any more than an ocean voyage 
which ends at the bottom of the sea is a completed voyage. 
We must get our ship into port and unload her cargo or we never 
shall be known as successful navigators, competent for con- 
tinued command. We may find harbor pilots, and men at the 
docks, it is true, prepared and ready to take these terminal 
operations off our hands; but we must at least find the pilots 
and the dockmen, and in their absence we must discharge 
their functions ourselves. 

This is an especially important point to us just now, for 
before we can discuss intelligently the foundations of applied 
entomology we must know how far the structure is to extend 
whose foundations we are about to plan. It is my insistent 
argument that it must, in the very nature of the case, cover 
the whole field of publication, education, community organiza- 
tion, codperative effort, and legal compulsion necessary to 
give the fullest effect to the practical outcome of our ento- 
mological work; that our responsibilities, as official entomolo- 

gists at any rate, do not end until we have done our best to 
see that all this is done or at least provided for. Just what 
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this signifies with respect to the ecological foundations of ap- 
plied entomology we shall be in better position to see when we 
have come to conclusions as to the meaning of ecology itself, 
and as to the general relations of that subject to entomology 
as actually applied. 

At this point I shall have to appeal to your courteous 
patience for permission to present a few elementary definitions, 
a rehearsal of which seems to me necessary to avoid possible 
ambiguity, uncertainty, or misunderstanding; especially so as 
the animal ecologists themselves are not by any means in exact 
accord as to the scope, description, subdivision, and nomenclature 

of their subject. Let us agree, then, that, for the purposes of 
this discussion at any rate, the subject matter of ecology may 
be defined as the relation of organisms to their environment, 
and that this means the whole environment, organic and in- 
organic, and any and all organisms, man included—man, in- 
deed, as by far the most important living factor, from whatever 
point of view. And let us also understand that the relations 
meant are, first, relations of interaction—dynamic relations, 

of efficient cause, and effect produced upon the organism by 
its environment and upon the environment by the organism; 
second, space relations, of distribution, position, juxtaposition, 
and association—static relations, we may call these, since they 
show the status of an individual or a group at a given time with 
reference to the various objects of its environment; and third, 
successional relations, time relations, sometimes called genetic 
because, in showing the static relations of a group in successive 
periods, they trace the genesis of the present status. 

It is evident at once that dynamic interaction with the 
environment is a cause of which static relation and successional 
relation are the effects. An organism comes to be established 
where it is, and associated as it is, by reason of the nature of 
the interactions between itself and its environment. If we 
imagine all exchange of action between the organism or the 

group and its environment to be suddenly stopped, we must see 
that the group would collapse, that the organism would prompt- 
ly perish. If the system of interactions changes, the status 
changes to correspond, and not otherwise; and if these dy- 
namic changes, however slow, are continuous over a long 
period and in the same direction, the changes of status result- 
ing have the character of a succession. 
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Certainly, also, it is dynamic action and reaction between 

organisms and their environment which give ecology its main 
interest and importance. Status, genesis, and succession, 

organisms share with stones and soils and geological strata; 
but there is no ecology of such inanimate objects because they 
lack the intensity, variety, complexity, and quickness, of 
response to dynamic impression which organic ecology connotes. 
Water-spouts, clouds, flowing streams, winds, windmills, flames 

of fire and gasoline engines, are seats and centers of rapid action 
and reaction, but simple and uniform as compared with that 
of the living animal or plant. We may discuss their dynamic, 
static, and successional relations to their environment, if we 

choose, but we are agreed not to call these ecological. This is 
a term which we confine to living organisms; and it is indeed the 
special character of their reactions which enables us to dis- 
tinguish organisms as alive. 

Furthermore, there can be no doubt that it is primarily 
the dynamic factor only in ecology which interests the eco- 
nomic entomologist. It is only what insects do which gives 
them any importance to the economist, and it is only what can 
be done to them or about them in turn which gives applicable 
value to our knowledge of them and of their economy. We 
wish to know where they are or may be, how they are asso- 
ciated, and from whence they have come and by what they are 
likely to be succeeded, simply because their activities make 
them important to us. If they were inert we should not care. 

I must further distinguish briefly between the ecology of a 
species or larger taxonomic group on the one hand and that of 
a local miscellaneous assemblage of organisms on the other. 
We may have an ecology of Aphis maidiradicis, for example, 
or of the family Aphidide in general wherever they occur; and 
we may also have an ecology of all the inhabitants of the corn- 
field considered as a group of plants and animals associated 
in a natural habitat. From this point of view, we see applied 
entomology especially interested, sometimes in associational 
or habitat ecology, such as that of the household insects or 
the insects of the forest or the truck-farm or the orchard, and 
sometimes in species ecology or taxonomic ecology—that of 
a single economic insect species, for example, or that of the 
insect associates of a single crop plant, or the several mosquito 
species serving as carriers for a single disease-producing parasite. 
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And now what shall we say of that view of ecology by which 
man, with his unrivalled powers of action and influence—the 
center and source of the most amazing interactions ever known 
between an animal species and its environment—is left prac- 
tically outside the natural system, or is looked upon at best as 
a merely monstrous overgrowth of it—a pathological influence, 
a destructive enemy of nature, all whose works are artificial 
as compared with the natural effects and products of the vital 
activities of ants and caterpillars and crawfishes. There are 
ecologists to whom primitive nature is the earthly paradise, 
and civilized man isa kind of fiend, a Satan bent upon its destruc- 
tion—a triumphant Satan who seems bound to reduce the whole 
earth, except, perhaps, the national parks, zoological gardens, 
bird preserves, and the like, to conditions as unnatural, as 

abnormal, as those of a prison or a hospital. Their ecology 
is a system not of this present time but of the world before 
Adam, before the fall of man had introduced into the world 
the germs of that fatal and frightfully contagious disease known 

as civilization. 

And there are entomologists whom any trace of humanistic 
values in their entomology seemingly repels almost like a 
taint of disease or decay. They remind one of the famous 
English mathematician who is reported to have said that he 
thanked his God every day on his bended knees that he had 
never discovered anything useful. This attitude is of course 
their privilege, as a matter of personal choice, just as it is the 
privilege of the ecologist to specialize in the field of uncivilized 
nature, or of the paleontologist to study a vanished system 
of life by means of its fossilized remains; but to represent these 
divisions of the subject as any more normal or natural or im- 
portant than that phase or stage of the natural system which 
embraces civilized man, is not only misleading but, in my 
judgment, injurious. The ecological system of the existing 
twentieth century world must include the twentieth century 
man as its dominant species—dominant not in the sense of the 
plant ecologist, as simply the most abundant—for which idea 
prevalent would, I think, be a better term—but dominant in 

the sense of dynamic ecology, as the most influential, the 
controlling or dominant member of his associate group. 
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In applied entomology this is all of course very obvious, 
and needs no elaboration; for the economic entomologist is an 
ecologist pure and simple, whether he calls himself so or not—a 
student primarily of the interactions of insects and men, of 
that part of the actions and ecology of insects by which the 
welfare of man is affected, of that part of the ecology of insects 
which overlaps upon the ecology of man and that part of the 
ecology of man which overlaps, or can be profitably made to 
overlap, upon the ecology of insects. And it is the human 
interest which predominates and controls; the motive to ap- 
plied entomology is primarily humanitarian. If there were no 
human interest to which entomology is applicable, there would 
be no applied entomology. 

Now, since the field of applied entomology is precisely and 
solely that part of ecology in general over which the ecology 
of man and that of insects is coincident; since it is simply the 
ecological area common to two classes which differ almost 
immeasurably in their endowments, general interests, and 

natural relations, it must be evident, a priori, that a knowledge 

of the broad field of ecology as a whole, and of its general aims, 
principles, processes, and products, is fundamental to the special 
studies of the economic entomologist. It is only in some such 
sense as this that we can properly speak of the ‘“‘ecological 
foundations of applied entomology” at all. The very sub- 
stance of applied entomology being ecological through and 
through, it can have a foundation in ecology only as a part is 
founded upon the whole, as an apex is founded upon a base, 
as special aspects and applications of a subject are based upon 
its general principles and its most comprehensive characters. 
It is my special task, therefore, to point out and illustrate some 
of the ways in which general ecology may be made helpful to 
applied entomological ecology, and, vice versa, ways in which 
applied entomology may be made useful—is already useful, 
indeed—to the student of general ecology. 

A distinguished dean and professor of agriculture in one of 
our leading universities told me quite lately that the great need 
of practical agriculture at the present time is nothing less than 
a scientific study of vegetable physiology—the physiology of 
the common crop plants—concerning which we know so little 
that is exact and exhaustive that even the so-called scientific 
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farmer is still practicing his art in great measure as did his 
remote predecessors, by rule of thumb. He paid us the com- 

pliment of saying that the economic entomologists of the 
country are much farther advanced in this respect than the 
agronomists—that we know more of the corn insects than the corn 
breeder knows of the corn plant. I did not tell him, as I might 
have done, that this opinion simply signified that he knew less 
of entomologists and the state of their knowledge than he did 
of corn and the corn farmer; for this is also our case. How 

many of our measures of protection and defense against insect 
depredations depend upon any precise knowledge of general 
fact or scientific principle, or are traceable to anything better 
than a purely empirical warrant? If we attempt to analyze 
what we know and what we still need to know concerning any 
one of the great insect pests before we shall be in a position 
to do all that can be done and ought to be done to restrain its 
ravages and injuries either by measures of avoidance, pre- 
vention, mitigation, or arrest, we may perhaps get a clearer, 
concrete idea of what is involved in economic entomology, 
and what are the foundations of fact and principle upon which 

it rests. 

The chinch-bug of our western grain fields has been a subject 
of close, though inexpert, observation for nearly a century, 
and of much expert study and experiment for more than a 
generation; but during this present year, in my own state, 
where we have used against it every method and device which 
we could induce those most immediately concerned to apply, 
millions of dollars worth of farm crops have been destroyed by 
it, and a large part of the rural population of whole counties 
has been brought close to economic distress and in some cases 

to financial ruin. 

We know the facts concerning the geographical distribution of 
this insect species, without which, of course, we should not 

know where to expect its ravages and to provide against them, 
but this is for us a matter of observation merely, and not of 
scientific inference or rational interpretation; we do not defi- 
nitely know what are the limiting conditions of its distribution 
in any direction. Over parts of its occupied area it is present 
only in numbers economically insignificant, and we have little 
actual knowledge why it is destructive in a part of its territory 
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and not elsewhere. Still less do we know just why the bound- 
aries of its area of destruction fluctuate in its various outbreaks, 
or why the foci of its injuries shift from place to place in suc- 
cessive years. 

We know that such an outbreak or uprising is commonly 
preceded by widespread drouth for two or more years, and that 
as a rule its disappearance follows upon a season or more of 
comparatively wet weather, especially at its hatching time; 
but we do not know enough of other agencies contributing to 
either movement to give us means of either explanation or 
prevision; and of the climatic or meteorological agencies which 
seem to produce these effects, we do not know how or why they 
produce them, whether by some direct action upon the physio- 
logical or reproductive processes of the insects themselves, or 
indirectly through effects produced upon the food plants of the 
species, or upon its disease germs, or upon its newly discovered 
egg parasite, or upon several or all of these at once, -, together 
with other agencies as yet unknown. 

Concerning its single known effective insect parasite, 
discovered only last year, a species which seems to have special- 

ized upon the chinch-bug’s egg, we know that its rate of mul- 
tiplication so far surpasses that of its host that under favorable 
conditions it may rapidly overtake the latter and reduce an 
outbreak to insignificance—an apparently available weapon of 
first-class importance which has been made ready to our hands; 
but just what are the conditions favorable to its appearance, 
spread, and rapid increase, and whether these processes can be 
hastened artificially or not, of this we know nothing. We do 
not even know concerning this or any other parasitic insect 
how the parasite and the host are brought together in the 
field, whether because they have been so similarly tuned and 
timed to their environment that they find themselves brought 
into each other’s neighborhood automatically, because of like 
reactions to their surroundings, or by some more occult and less 
certain process. 

We know that at the beginning of a chinch-bug outbreak 
fungous disease seems to have little or no effect upon the 
rapidly multiplying hordes, but that when it is declining they 
sometimes burst forth like a flame in dry fuel. We have 
strongly suspected that this is due to a diminished average 
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vitality in the victims, but we can only guess at possible causes. 
of decrease in their powers of resistance; and of these disease- 
producing fungi we know too little, either of their effects, of 
the comparative virulence of the various species, of variations. 
in the virulence of different strains of the same species, or of 
the possibility of increasing their effect by selective cultures. 
of the most virulent varieties. 

We know that the chinch-bug is strictly.limited for food to: 
plants belonging to the grass and sedge families, but we do not 
know why it can not feed—refuses even to try to feed—upon 
other plants, although prompt starvation is the alternative;. 
nor do we know why it plainly prefers some of its natural food- 
plants to others, and why it thrives best and multiplies most 
rapidly upon those which it prefers. We do not even know by 
what tests or senses it distinguishes its favorite foods or avoids. 
those upon which it can not live. 

We have noticed, where this insect sweeps in hordes across 
a field, infesting all plants substantially alike, that here and 
there one may stand alive and erect while all its companions 
have perished; but we do not know why this should be so or 
whether by a selection of such escaping victims we might 
breed repellant or resistant lines, increasingly capable of with- 
standing attacks destructive to the average of their kind. 

We know the ordinary life history of the chinch-bug fairly 
well, although our knowledge is still lacking in the details of 
variation of life history in different regions, seasons, and cli- 
mates; while of its so-called physiological life history we know 
almost nothing exact. 

We know that an invaluable opportunity is afforded us at 
harvest time to destroy the pest as it attempts to escape on 
foot from the dry wheat stubble. We know that a line of crude 
creosote poured upon the ground is practically impassible by 
it, and that this simple fact of ordinary observation may be 
utilized to arrest its dispersal and, by the addition of post-hole 
traps along the line, to capture and destroy it by bushels and 
barrels and even by wagon-loads; but we do not know what it 
is in the creosote line which makes it seemingly impassible, 
since occasionally, or under extraordinary compulsion, the 
insects cross it without the slightest injury. Consequently, 
in our search for more desirable substances for this use we have: 
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to pick and choose at random, being quite without the guidance 
of any general knowledge of the physiological sensibilities of 
the species. 

We know that certain insecticide substances in solution or 
emulsion are effective against it in a way to make them prac- 
tically available, but we do not know how or by what proper- 
ties they produce their fatal effects and we are consequently 
without definite guidance in our search for other such insec- 
ticides. 

We know that any and all measures against this insect are 

of comparatively little avail if undertaken sporadically, by 
an individual only here and there; that for their fair and full 
effect they must be made the fixed policy and practice of whole 
communities, actuated by the community motive as well as 
the personal one. We know indeed that a large part of our 
applied entomology fails of its application because communities 
are not brought to the point of codperative action in the gen- 
eral interest; but we do not know—we have scarcely discussed 
among ourselves—the best means of appeal and the best methods 
of organization and management to effect these results, without 
which much of our economic entomology must fall practically 
short of the economic end. 

We realize that the actual utility of all our work depends 
upon a general knowledge of its practical product, and of pos- 
sible methods of its utilization in every case arising, and on an 
exercise of a sound judgment in the adaptation of such methods 
to the conditions of the time and place; but we are far from any 
kind of satisfying success in making such knowledge the com- 
mon property of the people most concerned and in training 
and assisting the common judgment to make the best use of the 
knowledge they possess. 

We well know that no people can be brought to do spon- 
taneously all that they ought to do in our field in the common 
interest, and that education, persuasion, encouragement, in- 

citement, and organization even, must be supplemented by 
legal requirement and by law enforcement if the people are not 
to suffer clearly avoidable losses of property, comfort, health, 
and life itself, due directly to insect infestation, and we have 

made considerable progress of recent years in securing legis- 
lation, state and national, in some parts of this field; but it still 
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remains true that the land owner who may be sued for damages 
if he permits his horse to break into his neighbor’s garden is 
not even liable to reproof if he raises caterpillars in armies, 
Hessian flies in swarms, and hordes of chinch-bugs, to destroy 

his own crops and then to spread throughout his neighborhood 
as a general menace and calamity. 

And so I might go on to enlarge my list of things done and 
things remaining to be done in various other lines of effort 
and activity if we are to do all that is needed to make our ento- 
mology applicable, and to secure the application of it. But 
I have gone far enough to illustrate the fact that the useful 
things we know and those we still need to learn are practically 
all items in the physiology and ecology of our injurious species, 
and that the physiological items are of practical interest to us 
solely because of their ecological significance. Even the human 
factors of our economic problem are really ecological, for they 
have to do with the relations and interactions of men among 
themselves, as affected by the relations and interactions be- 
tween themselves and their insect enemies. 

If you ask me now whether we should be any nearer the 
practical control of our most dangerous and destructive insect 
pests 1f we had the details of their ecology well worked out, I 
shall have to answer that I do not know, any more than the 

entomologists who studied the habits and general ecology of 
mosquitoes foresaw the use of their observations as an indis- 
pensable link in the study and control of malarial disease—any 
more than Laveran knew when he found a blood parasite 
associated with malarial disease in man that the remaining 
links in the chain would presently be traced. 

We can have, in fact, no better illustration of the economic 

value of ecology than this subject of insect-borne disease, the 
one of its kind which by the joint labors of entomologists, 
parasitologists, physicians, legislators, and administrators has 
been brought to the point of a scientific and practical success, 

perhaps the most remarkable and the most nearly complete 
of any achievement of applied entomology. Let us make of 
this a sample and test of successful research, distinguishing 
the successive stages in the discovery of the nature of malarial 
disease and the modes and means of its propagation—the 
joint conquest, as Sir Ronald Ross remarks, of medicine and 

zoology fighting side by side. 
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There was, to begin with, a general background of knowl- 
edge, variously acquired, of the parasitic relationship—the 
relation of internal parasite and animal host—a purely ecolog- 
ical subject. Next in logical succession came the question of 
the paths and modes of transmission by which a parasite - 
passes from host to host—again an ecological inquiry, in the 
course of which it was found that some parasites require two 
kinds of hosts in alternation for the completion of their life 
histories, and that these two hosts are usually—almost neces- 
sarily, indeed—animals ecologically associated. In rational 
but not chronological order, then follow (2) the discovery of 
protozoan parasites, eventually including a blood parasite in 
man invariably associated with malarial disease, and a special 
study of the habits and development of this parasite in man; 
(3) prolonged but vain search for it outside the human body in 
situations where malarial disease was prevalent; (4) the sug- 
gestion of mosquitoes as possible carriers of the malarial poison, 
a hypothesis based on the coincident distribution of mosquitoes 
and malaria; (5) experimental tests of this hypothesis by the 
feeding of mosquitoes with blood from malarial patients, and 
search for the human-blood parasite in their bodies—experi- 
ments which were successful when the right species of mosquito 
were chosen; (6) studies of the life history of the parasite in the 
mosquito’s body; (7) successful experiments in the inoculation 
of man with malarial disease by means of mosquitoes containing 
the malarial.parasite; (8) field studies of the precise distribution 
and reproductive habits of Anopheles; (9) experiments with 
practical measures for the local control of malarial disease by 
an elimination of the breeding places of malarial mosquitoes; 
(10) the construction of a program of practical operation and 
requirement for the local abolition of malaria; (11) the passing 
of ordinances and the issuing of orders for the execution of this 

program; and finally (12) the organization and management of 
a competent executive force, with authority sufficient to carry 
such a program out effectively. Thus was accomplished 
the virtually perfect result in Panama; and by a duplication of 
these methods, so far as they were applicable to a disease whose 
germ has never yet been seen, yellow fever was also mastered. 

In all this series it is the /ast step which costs; the malarial 
parasite and the mosquito are less refractory to the control 
of man than man himself; it is less difficult to perfect methods for 
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preserving life and health than it is to induce the threatened vic- 
tims to make use of them effectively. So true is this, even with 
respect to malaria, that Sir Ronald Ross has said, in an address 
delivered in London a month ago, that although fifteen years 
have elapsed since the essential discoveries were made, not more 
than atenth part of the possible benefit to human life has been 
effected, and that this is only because mankind has not put its 
heart effectively into the business. In the purely economic 
field also this is equally true, and in my own state further prog- 
ress in the control of the chinch-bug and the corn root-aphis 
seems to be blocked, as by an impassible stone wall, by the 
disinclination of the people most immediately concerned either 
to do voluntarily or to permit themselves to be coerced into 
doing the necessary right thing in their emergency. They 
would rather do as they like to their ruin than to be commanded, 
and perhaps compelled, to do as they ought for the salvation 
of themselves and their communities. 

Both of my foregoing illustrations, one of a complete and 
the other of an incomplete investigation, show us how thoroughly 
ecological applied entomology is in its distinguishing characters; 
but they do not sufficiently distinguish specific ecological detail 
from general method and principle, or give us any convincing 
evidence of the advantages which applied entomology may hope 
for in the work of the general ecologist who seeks only to develop 
his subject in the broad way, with no special thought of useful 
applications. 

For this we need only to recall what it is that the general 
ecologist undertakes to do. For us as students of applicable 
entomology and of the means and methods of its application, 
the question is, in general terms, whether it would help us 

in our special work if we knew in advance, or could readily 
learn, the essential facts concerning the environment of the 
animals or plants in which-we are especially interested; if we 
knew the topography of the environment, its hydrography, and 
its climate, as these are now and as they were before civilized 
occupancy; if we knew about the water supply, the drainage, the 
past and the present levels of the water table, the soils and their 
distribution, and the effects upon these of occupancy and use, 
present, past, and prospective; if we knew the details of the 
ecological structure of the region, and the probability of changes 
in such structure under gradually intensified human use; and 
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if, among many other particulars the mere enumeration of 
which would quite exhaust your patience, we knew the facts 
concerning the temperature, light, and moisture of the air in 
different situations at different levels and during all seasons 
of the year. 

None of this matter is entomology, but it, and very much 
more of the kind, is entomological ecology, because it is an 
indispensable part of a description of the ecological environment 
of insects—of that part of the physical environment which 
enters into relations of cause and effect with the insect species 
which it environs. 

Would it not further help us greatly if we knew, or could 
readily learn in advance, even the more general facts concerning 
the reactions of insects and groups of insects, especially the 

economic species, to these various factors of their environment, 
as worked out under precise experiments verified by observa- 
tions in the field—their reactions in their several generations 
and in the various stages of their life history—and the effects 
upon their welfare of natural variations in these several environ- 
mental factors; if we knew also much more than now of the 

general relations of insects to the other organisms of their 
neighborhood, especially to those upon which they feed, and 
of the relations of these organisms and their products to the 
several factors of the physical environment? 

To me it seems so evident that such a knowledge would be 
of the greatest value to the investigating economic entomologist, 
that I am quite prepared to paraphrase the statement of Dean 
Davenport concerning the agricultural need of vegetable 
physiology by saying that the greatest need of applied entomol- 
ogy at the present time is just this kind of scientific ecology, and 
that it is among our first and most important duties to acquaint 
ourselves with this field and to encourage, provide for if possible, 
and assist as we can, serious, exact, and thoroughgoing work in 
scientific entomological ecology. 

It is now time, indeed, for me to say that entomologists in 
general are not lacking in an appreciation of these facts or in 
a cultivation of these interests; that, without waiting for the 
ecologists to bring grists to their mill, they have gone out into 
the fields and have harvested and threshed much grain for 
themselves; that they have of recent years done considerably 
more, I think, in entomological ecology than has been done by 
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the professed ecologists, and that they are quite disposed to 
meet the latter gentlemen a very liberal halfway in the explora- 
tion and exploiting of their common territory. It is something 
of an obstacle, to be sure, to a codperative understanding of 
these two groups that they look in opposite directions, and thus 
approach each other backwards, the economic entomologists 
being interested primarily in conditions as they are and may 
be made to become, referring to the past only for clues useful 
in the solution of problems of the present and the future, while 
the pure ecologists are looking rather to the reconstruction of a 
vanished or vanishing past, and tracing ecological history as 
far back as their data will permit. Each of these two groups is 
performing, indeed, its most essential function; but it will cer- 

tainly be to the advantage of both that they should understand 
each other and should make the cross-connections necessary 
to enable each to apply the other’s products and to avail itself 

of the other’s services. 
It will help us perhaps to a clearer idea of just what kind of 

ecology is most needed in applied entomology if we see what, 
in general, the economic entomologists have lately been doing 
in the ecological field. A survey of reports and papers which 
have appeared in quite recent years will show us that, in ad- 
dition to the kinds of ecological data which have now become 
standard in discussions of economic species, there is a consider- 
able quantity of most interesting new work being done by en- 
tomologists on the effect of variations in temperature and mois- 
ture upon the metabolism, reproduction, and life history of 
insects—virtually an attempt to isolate the elements of weather 
and climate and to experiment with them separately as pre- 
liminary to experiment with the various combinations of them 
present in nature. These are the first steps in a very long road, 
with branches running in many directions. 

Pursuing one of these branches a few years ago I found 

myself on the boundary line of vegetable physiology, where I 
was fortunate enough to meet a botanical ecologist willing to go 
my way, and to him I was permitted to turn over the inquiry 
I was making, with a result, lately published in a doctor's 
dissertation at the University of Illinois, that the reason why 
I was sometimes driving injurious insects away from corn hills, 
with no injury to the seed or plants, by 4*preliminary treatment 
of the seed with repellant oils, but sometimes, on the other 
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hand, was injuring or killing the corn, was because the per- 
meability of the coats of the embryo of the corn plant to oils 
varies with the amount of moisture in the kernel, the wet corn 

kernel absorbing these oils quickly to the injury of the plant, 
while the relatively dry kernel absorbs them slowly, with no 
injurious consequences. My discrepant results were thus due 
to mere differences of weather at planting time in the several 
cases. 

The kind of ecology which entomologists, intent on the solu- 
tion of their special problems, are not now undertaking—are 
scarcely in a position to undertake—is the formulation and 
elaboration of general principles—the laying of foundations 
broad and deep. For their emergency structures, they are dig- 
ging down a little way as well as they can, or are merely build- 
ing, perhaps, on the bare ground. But this is because the eco- 
logists have not yet built—are only beginning to try to build— 
foundation structures up to their level. When the ecological 
foundations are well and truly laid, then our entomological 

superstructures will rest upon them, as a matter of course. 
Associational ecology, a favorite subject with the pure ecolog- 

ists, is another division to which entomologists have thus far 
given little attention—too little, I think, for their own good. 

Even where we treat in a comprehensive way of all the insects 
infesting a single crop plant—deal, that is, with a mixed asso- 
ciation in which the crop plant is the prevailing, central species 
—we pay little attention, as a rule, to the ways in which the 

different insect members of the group interact with each other, 
unless, indeed, they are parasitic or predaceous. 

Pardon me if I draw once more upon my own experience for 
a simple illustration of the relations which may be made out 
by a comparison of the data of associated species. It was ina 
study, made more than thirty years ago, of the insect population 
of a strawberry plantation that I noticed the curious way in 
which three species of coleopterous larvee succeed one another in 
their injuries to the roots of the strawberry plant, the life his- 
tories of the three being so adjusted, as by a kind of dove- 
tailing process, that simultaneous competition is completely 
avoided, each species appropriating its share of the growing 
rootage of the plant in its turn, and all thus drawing from it a 
much larger food supply than if their drafts had been coinci- 
dent. This fact was the more striking when it was seen that 
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one of these so-called root-worms differs so widely in its life 
history from another species of the same genus, living in the 
same territory but upon another food plant, as to suggest an 
actual fitting of it in, by a process of natural selection, to the 
period left vacant for it by its two companion root-worms of 
the strawberry field. 

Ecological succession has also its points of contact with 
economic entomology, as is being shown at this very meeting 
of the Association of Economic Entomologists, in a paper by 
one of our leading zoological ecologists. 

If, now, I may apply my own description of ecology, as 
inclusive not only of all kinds and grades of interaction between 
men and insects but also of all interactions among men which 
have insect activities as their cause, I may conclude this out- 
line of my subject by brief reference to the things which our 
countrymen ought to be induced to do in each other’s interest 
as well as in their own. The great obstacle to a reasonable 
success is, as I have already intimated, a deficiency of the com- 
munity spirit in the American community. If our people had, 
as a mass, a fair equivalent for the disposition to social co- 
operation, to social service, to social sacrifice when sacrifice 

is needed, that is exhibited by some of their insect competitors, 
our conquest of the insect world would be relatively easy. In 
that case, whenever a community was threatened with a de- 
structive insect outbreak, it would react unanimously, effec- 

tively, and at once to the warnings of its posted sentinels— 
its official economic entomologists. Knowing itself to be 
without the inherited automatic machinery of co6dperative 
action which makes a hive of bees or a colony of ants a unit when 
its welfare is threatened, it would provide itself in advance with 
artificial substitutes for this constitutional system. It would 
equip itself and its progeny with the necessary practical knowl- 
edge, 1t would cultivate by all possible means the necessary 
public spirit, and then it would surround itself with laws and 

ordinances and provide itself with officers, to the end that it 
might be constrained to do, even against the will of many of 
its individuals, what under like circumstances a family of social 

wasps would do because it could not help itself. Taking a 

lesson, in other words, from insect ecology, it would contrive 
to do by the aid of rational intelligence, forethought, and will 
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at least as much for the common welfare as the insect does in 
the interest of its kind under the impulse of a wholly ignorant 
instinct. 

I venture now to hope that I may have made by this time 
a sufficient showing of the fundamental nature of the connection 
between ecology and applied entomology to justify a few closing 
sentences upon the educational bearings of my conclusions. 
If applied entomology is essentially a mixture of human and 
insect ecology, then it seems clear that courses in general 
ecology should form a part of the education of the economic 
entomologist. Indeed, I have much tangible evidence of the 
value of this combination in the results shown in my own 
university department of entomology, whose more capable 
students all tell me of the unique advantage which they find 
in ecological courses because of the broader outlook and the 
new point of view which these give them, and especially be- 
cause of the greater theoretical interest of their technical studies 
when related to the foundation principles of ecology. The 
ecological environment is a complex of causal agencies, without 
an analysis and interpretation of which an adequate knowledge 
of causes in biology is impossible. 

I believe that students of ecology itself would be equally, 
although somewhat differently, profited if they were to take 
one or more economic courses in entomology; that they too 
would find a new outlook thrown open to them and a new and 
larger meaning given to their work. I hope that the time may 
soon come when ecology shall be taught in at least every state 
university and every agricultural college, and when something 
of applied biology shall be included among the regular courses 
of every university student specializing in ecology. Then for 
the first time we may be in a position to estimate fairly the value 
of the contributions which entomological ecology, fully and 
thoroughly applied, may be competent to make to the progress 
of biology and to the welfare of civilized man. 

Urbana, Illinois, December, 1914. 
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INTRODUCTION. 

The small insects of the order Thysanoptera have four 
long, narrow, membranous, flat, fringed wings. Only a few 
veins are present in the wings and when at rest they are laid 
horizontally along the back. The sucking mouth-parts form a 
cone at the caudo-ventral margin of the head-capsule. The 
maxillae, in part, and the left mandible are modified into 

piercing organs and enclosed within the mouth-cone. The 
mandibles, clypeus and maxillary sclerites are asymmetrical. 
The tarsi are two-jointed, bladder-like at the distal end and 

without claws. The metamorphosis is incomplete. 
The order is divided into two suborders, Terebrantia and 

Tubulifera. The more important distinguishing characters 
of these are as follows: The female of the Terebrantia has a 
saw-like ovipositor. This is wanting in the female of the 
Tubulifera. In the Terebrantia the terminal segment of the 
abdomen of the female is conical, while that of the male is 

rounded. In the Tubulifera the distal segment of the abdomen 
is tubular in both sexes. One or more longitudinal veins 

* Contribution from the Entomological Laboratories of the University of 
Illinois, No. 42. 
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extend from the proximal to the distal end of the wings in the 
Terebrantia, while only one, partially developed, median 
vein occurs in the Tubulifera. 

The Terebrantia are divided into two families, Aeolothripidae 
and Thripidae, while only one family, Phloeothripidae, occurs in 
the Tubulifera. It is generally stated by investigators in this 
field that the Terebrantia are the more generalized and of the 
two families in this suborder the Aeolothripidae are the more 
primitive. The following brief summary of the evidence as 
discussed by Uzel in his ‘“‘Monographie der Ordnung Thy- 
sanoptera,’’ page 22, supports the above statement. 

The wing characters of the Terebrantia are more generalized 
than those of the Tubulifera. The wings of the Terebrantia 
possess one or more complete longitudinal veins and in some 
cases cross veins, while the Tubulifera have only one partially 
developed longitudinal vein and no cross veins. Cross veins 
among the Terebrantia are present only in the family Aeo- 
lothripidae. The antennae of most Aeolothripidae are nine- 
segmented while in all other thrips except the genus Heter- 
othrips there are six to eight segments found. The maxillary 
palpi of the Aeolothripidae are four-segmented, while those of 
the Thripidae are usually three-segmented and those of the 
Phloeothripidae are composed of two long segments. The 
labial palpi of the Aeolothripidae are always four-segmented 
while those of other thrips have but two segments. The 
above data permit the assumption that the Terebrantia are 
more primitive than the Tubulifera. This assumption is 
substantiated by the comparative studies of the suborders 
made in this paper. 

The primary purpose of this research is to reach as definite 
a conclusion as possible in respect to the interpretation of the 
asymmetrical mouth-parts of the Thysanoptera. The litera- 
ture of this subject shows a decided diversity of views as to 
their homology and function. Some investigators consider 
the mouth-parts as fitted for biting, and others as fitted for 
sucking. The more recent workers, while agreeing that they 
are of a sucking type, yet disagree as to the homology of the 
mouth-parts. Besides the study of the mouth-parts, many 
interesting head structures have been observed. Of these the 
pharynx, salivary glands and head-glands are discussed and 
figured. 
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In view of the limited nature of the morphological studies 
of former workers, specimens of as many species of thrips as 
possible were secured for this work in order that an extensive 
view of the conditions in the order might be observed. Twelve 

or more species were used and of these the following nine were 
identified: (1) Heliothrips femoralis Reuter, (2) Frankliniella 
tritici Fitch, (3) Thrips physapus Linne, (4) Cephalothrips 
yucce Hinds, (5) Haplothrips verbasci Osborn, (6) Thrips 
tabaci Lindeman, (7) Chirothrips manicatus Haliday, (8) 
Anaphothrips. striatus Osborn, (9) Limothrips cerealium 

Haliday. 
The first five species in the above list are very abundant in 

the vicinity of Urbana and as living material was necessary 
for certain methods of preparation used, the most of my obser- 
vations were made on these. Fortunately these have proven 
to be typical and also comparatively easy to dissect and section. 
Heliothrips femoralis was present thruout the year in its 
nymphal and adult stages in the city and university green- 
houses. Cephalothrips yucce was found thruout the year 
between the closely appressed leaves of the crown of the yucca 
plant, Yucca filamentosa. Its nymphal stages are abundant 
from April to December. Only the adult stages of the following 
were found: Frankliniella tritici occurs in great numbers’ 
in the flowers of peonies, roses, composites, etc. Thrips 
physapus was very abundant in the flowers of dandelions and 
Haplothrips verbasci can be secured the year around on mullein. 
Of the above five genera, Heliothrips, Frankliniella and Thrips 
belong to the suborder Terebrantia while Cephalothrips and 
Haplothrips belong to the suborder Tubulifera. The nymphs 
of Heliothrips and Cephalothrips and the adults of all five 
species mentioned have received similar treatment and 

observation. 
Thruout the following discussions the structures as they 

exist in the generalized Terebrantia are considered first and 
the Tubulifera are compared with them. The generic names 
have been used in the different discussions and on the figures 
since only a single species of each genus has been considered. 
The term nymph is used in the following pages to designate 
the feeding, active, immature stages. In most cases only the 
older nymphs were used, however, a few observations were 
made on the early instars, but these did not differ from the 
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later instars. The term semi-pupa is used in this paper for 
the semi-quiescent instar just before the adult stage and it is 
only referred to in the suborder Tubulifera. 

METHODS. 

For general purposes thrips should be killed in boiling water 
and preserved in 70 per cent. alcohol. When only the chitinized 
parts are desired, living or preserved specimens should be boiled 
for ten or fifteen minutes in a 10 per cent. solution of potassium 
hydroxide, then reboiled in water to remove the alkali, and 
finally preserved in 70 per cent. alcohol. Living material 
treated in the above manner is better than preserved material, 
for preservation in alcohol tends to make the specimens too 
brittle for careful dissection. 

The use of a Leitz binocular microscope made possible the 
dissection of the minute mouth-parts. A number of media 
were tried in which to make dissections; carbol-aniline oil 

proved to be the best. Its good qualities are that it evaporates 
slowly and will clear specimens from any grade of alcohol 
above 50 per cent. If it be desirable to stain with safranin 
or orange G the stain can be dissolved in 95 per cent. alcohol 
and will readily mix with the carbol-aniline oil. 

The staining of the material for dissection with safranin 
proved to be very useful in differentiating the almost colorless 
mouth-parts of some of the species. In using aniline oil in any 
form one precaution must be observed; as much as possible of the 
oil should be removed with a blotting paper or a dry rag or by 
replacing the carbol-aniline oil with carbol-xylene or xylene 
before mounting in balsam. If the oil be not removed the 
media in which the parts are immersed will eventually darken. 

Material for sections was fixed with hot (80° C.) corrosive 
sublimate (saturated corrosive sublimate in 35% alcohol 
plus 2% of glacial acetic acid) for 15 to 30 minutes, which was 
replaced by 70% alcohol containing a few drops of iodine 
for 24 or more hours. 

Paraffin having a melting point of 52-54 C. gave a suf- 
ficiently firm medium in which to cut sections as thin as five 
microns. Erhlich’s and Delafield’s haematoxylins were used 
for staining sections on slides and orange G. or safranin for 
counter-staining. The best results were obtained by staining 
punctured specimens in toto for 24 hours in Delafield’s 
haematoxylin or from 3 to 7 days in borax carmine. 
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FIXED PARTS OF THE HEAD. 

In the order Thysanoptera the gross arrangement of the 

head and mouth-parts (fig. 1, 2, 5, 8, and 11.) is homologous 

with the corresponding arrangement of the head and mouth- 

parts of a generalized homopteron. The cone-like mouth- 

parts are attached to the caudo-ventral portion of the head- 

capsule and project caudad between the prothoracic legs, and 

the antennae are located at the extreme cephalic margin of 

the head between the compound eyes (fig. 1 and 8). 

HEAD-CAPSULE (fig. 1, 2, 5, 7, 8, 9, and 11).—Head structures 
in thrips differ in many respects from those of a generalized 
insect. In the head-capsule nearly all of the sclerites are com- 
pletely united and all traces of sutures have been lost. On 
account of this union the following areas of the head, front 
(fr.), vertex (vt.), genae (g.), and occiput (0.), are designated 
only in a general way on the figures. The labrum and the 
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asymmetrical clypeus are the mesal pieces on the ventral 
aspect of the mouth-cone. The compound eyes are located 
at the latero-cephalic corners of the head-capsule, and the 
ocelli when present are between the compound eyes on the 
dorsal aspect of the head. 

Heliothrips femoralis (fig. 1, 2, 5, 7, 12, 13, and 19).—A line 
extending between the vertex and the mouth-cone on the head 
of a nymph of Heliothrips has a dorso-ventral position, while a 
similar line on the head of an adult has a cephalo-caudal 
direction. The position of this line or axis in the nymph 
suggests a similarity to the position of the head of an orthopteron 
(Acrididae), while the position of the head of the adult is similar 
to the position of the head of an homopteron (Cicada). 

_ The head-capsule of the nymph is non-reticulated and 
slightly chitinized, while that of the adult is highly reticulated 
and heavily chitinized. The mouth-cone of the nymph occupies 
more than one-half of the cephalic aspect of the head-capsule 
and extends ventro-cephalad, while in the adult it is com- 

paratively smaller and projects ventro-caudad. 

Two similar caudal projections (c. a.) arise from the ventro- 
caudal margin of the head-capsule of the nymph and extend 
for a short distance as narrow pieces between the maxillary 
sclerites (mx. s.) and the submentum (sm.). In the adult 
of Heliothrips the caudal projections (c. a.) differ from those 
of the nymph in that they are decidedly asymmetrical. The 
left projection is broadly joined to the head-capsule while the 
broad right projection has a narrow, neck-like attachment. 
This striking asymmetry is possibly due to the excessive 
lateral extension of the clypeus toward the right side. The 
asymmetry of the caudal projections of other adult Terebrantia 
such as Thrips physapus Linne (fig. 3 and 6) is not as prominent 
as that found in Heliothrips. The caudal projections articulate 
along their dorsal sides against certain sclerites of the prothorax. 

The asymmetry of the head-capsule of the nymph and adult 
is very evident in a frontal view (fig. 1 and 13). About half-way 
between the meson and the left side of the head-capsule on the 
ventral margin of the front there is a decided recurrent angle 
which is very distinct in the adult. The thickenings, depres- 
sions, and invaginations on the frontal area of the head will be 
discussed under the internal head-skeleton. 
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Cephalothrips yucce (fig. 8, 9, 11, 17, 18, and 20).—A line 
extending between the vertex and the mouth-cone on the head 
of a nymph or adult of Cephalothrips has a cephalo-caudal 
position and thus in all its stages the position of the head- 
capsule resembles the position of the head of an homopteron 
(Cicada.). The nymph of Cephalothrips is very different from 
the nymph of Heliothrips. 

The head-capsule of the nymph and adult is smooth and 
non-reticulated. The mouth-cone of the nymph occupies 
about one-half the ventral aspect of the head (fig. 17), while in 
the adult it is reduced to about one-third the ventral aspect 
of the head (fig. 8). This reduction is clearly shown in the 
semi-pupal stage (fig. 20). The dotted line across the head 
indicates approximately the point of attachment of the mouth- 
cone as it would be in an active nymph. This line is dis- 
tinguishable in the early stages of the semi-pupa by a difference 
in the staining quality of the two areas on the ventral aspect 
of the head. With the reduction of the mouth-cone of the 
Tubulifera, striking modifications have resulted in the form 
of the clypeus, the left maxillary sclerite, and the piercing 
organs. The modification and the reduction of these parts 
during metamorphosis are of great value in determining their 
homology. 

Symmetrical, caudal projections (c. a.) are present at the 
ventro-lateral margins of the head-capsule of the nymph and 
adult. The caudal projections of the adult are prominent and 
terminate in distinct acetabula which fit against certain sclerites 
of the prothorax (p.s.). This arrangement permits of a dorso- 
ventral movement of the head. 

The asymmetry of the caudal margin of the front of the 

adult is not prominent and in the nymph no asymmetry can 
be seen. The recurrent angle in the adult is located in a 
position similar to that in Heliothrips. 

An unidentified suture (s.) occurs on the lateral aspect 
of the head-capsule of the adult dorsad of the caudal projec- 
tions. There is also an indication of a suture along the dorso- 
caudal margin of the head. This suture along with the 
thickenings and invaginations on the frontal and genal areas 
of the head will be considered later with the discussion of the 
internal head-skeleton. 
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CLYPEUS AND LABRUM.—The clypeus and labrum are the 
mesal pieces on the ventral aspect of the mouth-cone. 

Heliothrips femoralis (fig. 1 and 13).—The adult and nymph 
show no marked differences in the form of the clypeus and 
labrum. The clypeus (cl.) is the large asymmetrical piece, 
and the convex piece at its distal end is the labrum (Ir.). Garman 
and other workers have considered the area cephalad of the 

line f as the clypeus and the area ventrad of this line as the 
labrum. With this interpretation one meets with considerable 
difficulty 1n homologizing the parts in the two suborders. 
If the line f is a suture, it can not be the clypeo-labral suture, 
but must be the proximal margin of the clypeus. The area 

between this so-called suture and the front is a broad hyaline 
membrane (me.). In safranin-stained material, it is slightly 
colored while in sagittal sections stained in haematoxylin it 
shows a decided blue tinge. The above interpretation of the 
line f may be correct, but a better interpretation seems to be 
that it marks the point where the heavily chitinized, proximal 
end of the clypeus becomes more or less membranous, and thus 
permits the dorsal and lateral movements of the mouth-cone. 
The line f is located in a deep fold from which point the mouth- 
cone extends in a caudo-ventral direction in the adult and 
cephalo-ventrad in the nymph. A distinct line or suture 
(s.) can be seen extending from the recurrent angle on the front 
poOpeae lett alateral end: of the: dine if... Dhis/suture is’ the left 
lateral margin of the clypeus and shows distinctly in the nymph 
of Heliothrips (fig. 13) and in the adult of Thrips physapus 
(fig. 3). This evidence supports the interpretation that the 
entire area from the front to the small convex labrum is the 
clypeus. Garman’s drawing of Limothrips cerealium shows 
clearly the above clypeal and labral areas even tho he interprets 
the parts differently. 

The clypeus (cl.) is an asymmetrical triangle with its right 
latero-cephalic angle decidedly more cephalad than its left 
latero-cephalic angle. The left margin of the clypeus is a 
comparatively straight line from the front to the labrum and 
nearly parallel with the meson, while the right margin in the 
adult is a curved line and extends at a decided angle to the 
meson from the labrum to the point of attachment of the right 
caudal projection with the head-capsule. This unique asym- 
metry is characteristic of all the Terebrantia examined. 
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Cephalothrips yucce (fig. 8 and 17).—In the nymph of 
Cephalothrips the clypeus (cl.) is a long, V-shaped, nearly 
symmetrical piece attached to the caudal margin of the front 
(fr.). The fronto-clypeal suture between the clypeus and the 
head-capsule is wanting. The small, distinct, convex piece 
at the distal end of the clypeus is the labrum (Ir.). The clypeus 
of the semi-pupal stage is smaller than that of the nymph 
on account of the reduction of the mouth-cone. It is sym- 
metrical and shows a distinct fronto-clypeal suture, but the 
clypeo-labral suture is not present, however, it is indicated by 
indentations on the lateral margins of the clypeus near the 
distal end of the mouth-cone. The ventral margin of the 
labrum is bilobed indicating its future adult structure. Within 
the semi-pupal parts the developing adult structures can 
be seen. 

In the adult (fig. 8) the clypeus and labrum have been 
modified thru the reduction of the mouth-cone, but they are 
distinctly differentiated by sutures and color differences. 
The above interpretation of the clypeus and labrum, which is 
the one given by Muir and Kershaw, agrees with the nymph 
and adult condition found in all Tubulifera observed and it 
also explains the condition found in the Terebrantia. Garman’s 
interpretation of the clypeus and labrum in the Terebrantia 
presents difficulties when an attempt is made to apply it to 
the conditions found in the Tubulifera. 

_ CompouND EyvEs.—The compound eyes of Heliothrips (fig. 
12, 13 and 19) are present in the nymph as small, oval areas 
on the lateral aspects of the head-capsule in the dorso-caudal 
region. There are five, round, indistinct bodies in each elevated 

area. In the nymph of Cephalothrips (fig. 17 and 18) two 
similar, elevated, small, oval areas are present on the cephalo- 
lateral aspects of the head, but these possess no facets or round 
bodies. In the adult stage of both species (fig. 1, 2, 5, 7, 8, 9, 

and 11) there is a large, reniform area filled with facets, cover- 
ing the latero-cephalic areas of the head. In the adult of 
Heliothrips the eyes protrude beyond the general curvature of 
the head, the facets are scattered, few in number and variable 

in size. From a ventral view six large, opaque facets can be 
seen. These larger facets retain their muddy brown color, 

and do not become clear and transparent as do the remainder 
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of the facets when they have been treated with potassium 
hydroxide. In the adult of Cephalothrips the eyes do not 
protrude from the head-capsule, the facets are numerous, 

clear, and all approximately of the same size. 

OcELLI.—The ocelli as far as observed are three in number. 
They are situated on the dorsal aspect of the head between the 
compound eyes in the form of a triangle with the median ocellus 
on the cephalic side. In the two species figured the ocelli of 
Heliothrips (fig. 7) are clear oval bodies located on a small, 
elevated, triangular area, while the ocelli of Cephalothrips 
(fig. 9) are clear, circular bodies, larger than the facets of the 
compound eyes, more distant from each other than those of 
Heliothrips and not elevated above the general plane of the 
head-capsule. No traces of ocelli were found in the nymphs. 

TENTORIUM OR INTERNAL HEAD-SKELETON.—Under this 
heading only those internal structures found in the head that 
pertain to the tentorium will be considered. For other internal 
parts the discussions on the maxillae, pharynx and salivary 
glands should be consulted. 

One finds within the head of a generalized insect a definite 
arrangement of rod- and plate-like structures which go to 
‘support the internal organs and furnish points of attachment 
for muscles. . These rods or plates extend from three pairs 
of openings on the head-capsule. These openings are known 
as the invaginations of the anterior arms, dorsal arms and 
posterior arms of the tentorium. The invaginations of the 
anterior arms are usually associated with the lateral margins 
of the clypeus and with one of the points of articulation of the 
mandibles. The invaginations of the dorsal arms are associated 
with the points of attachment of the antennae. The invagi- 
nations of the posterior arms are associated with the occipital 
foramen, and the point of attachment of the maxillae. These 
generalized relations become modified in the various orders 
and families of insects. The invaginations may disappear and the 
rods and plates undergo striking changes or become atrophied. 
The important point, however, is that in all orders of insects, 
so far as observed, the invaginations and the arms of the tent- 
orium are always associated with the appendages named. 
These associations exist in thrips and an attempt will be made 
to show that they have an important bearing on the homology 
of their mouth-parts. 
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On account of the close relation existing between the 
Homoptera and the Thysanoptera, a comparison will be made 
between the internal head-structures of Cicada and those of 
thrips. Figure 29 is a lateral view of the entire tentorium 
of Cicada showing the invaginations and the arms. The 
invaginations of the anterior arms of the tentorium (i. a.) 
occur at the ventro-lateral ends of the clypeus while the dorsal 
arms are invaginated (i. d.) just ventrad of the antennae. 

Between these two pairs of invaginations distinct, thin, broad, 
chitinized plates extend which are the anterior arms of the 
tentorium (a. a.). The invaginations of the posterior arms 
(i. p.) are found on the lateral margins of the occipital foramen 
adjacent to the maxillary plates described by Muir and Ker- 
shaw. These invaginations give rise to the broad, plate-like 
posterior arms (p. a.) which nearly surround the occipital 
foramen. A small chitinized rod extends across the occipital 
foramen between the dorsal ends of the posterior arms. This 
rod is the body of the tentorium (b. t.) and from its mesal 
portion two long, slender rods arise which extend cephalad 
(d. a.) and unite with the invaginations of the dorsal arms 

(i. d.). These two rods are the dorsal arms of the tentorium. 
In Cicada the ventral ends of the posterior and anterior arms 
unite on each side (xc.) and between these united arms there 
extends across the meson a distinct plate or bridge (zc.). The 
usual association between the appendages of the head and the 
tentorium among insects may be found in Cicada; that is, the 
invaginations of the posterior arms (i. p.) are near the point 
of attachment of the maxillary, piercing organs with the head- 
capsule; the mandibles are associated with the anterior arms 
but on account of their great length and the excessive develop- 
ment of the clypeus, they are not connected near the invagina- 
tions of the anterior arms (i. e.) but connect with the head- 
capsule slightly laterad of the anterior arms near the invagina- 
tions of the dorsal arms; and the invaginations of the dorsal 
‘arms (i. d.) are adjacent to the antennae. 

As mentioned before, the internal head-skeleton of thrips 
undergoes considerable modification and this is well illustrated 
in the various heads figured. In the nymph of Heliothrips 
(fig 12, 18, 19 and 28) the tentorial structures are nearly all 

present, while in the adult of Cephalothrips (fig. 8 and 33) 
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extensive atrophy has taken place and those tentorial parts 
which still remain can only be interpreted by comparison 
with the more generalized conditions in the nymphs. 

On the cephalic aspect of the head of a nymph of Heliothrips 
(fig. 13) two sets of invaginations can be seen. One pair 
exists on the ventral margin of the front (i. a.) and the second 
pair (i. d.) a short-distance dorsad of these. Since the invagina- 
tions on the ventral margin of the front are close to the lateral 
edges of the wide clypeus, they actually occur on the lateral 
aspects of the head-capsule. This is especially true of the 
invaginations on the right side. Distinct chitinous arms extend 
between the invaginations on each side (a. a.). The invagi- 
nations, as described, are homologous with the two pairs of 
invaginations on the cephalic aspect of the head of Cicada. 
The two invaginations on the ventral margin of the front 
are believed to be the invaginations of the anterior arms of 
the tentorium (i. a.) while the invaginations dorsad of these 
are the invaginations of the dorsal arms of the tentorium 
(i. d.). The rods between the invaginations on each side are 
the anterior arms (a. a.). Chitinized thickenings (d. a.) 
extend dorso-caudad from each of the invaginations of the 
dorsal arms (i. d.) and these thickenings on reaching the caudal 

margin of the head-capsule turn caudad and run parallel 
with the caudal margin of the head (p. a.) to the distal ends 
of the caudal projections (c. a.). On comparison with Cicada 
the dorso-caudal extensions that project from the invaginations 
of the dorsal arms to the caudal margin of the head are homol- 
ogous with the dorsal arms of the tentorium (d. a.) while the 
chitinized thickenings along the lateral margins of the occipital 
forearm (p. a.) are considered as homologous with the posterior 
arms of the tentorium. In thrips the body of the tentorium 
is wanting, consequently the dorsal arms (d. a.) connect directly 
with the posterior arms (p. a.). The invaginations for the 
posterior arms (i. p.) were not identified in any of the thrips 
examined. Ina few cases it seemed as though the invaginations 
were present near the ventral end of the posterior arms (p. a.) 
where the thickenings (x.) on the ventral margin of the head- 
capsule came in contact with the posterior arms. Thus far 
the tentorium of a nymph of the Terebrantia can be homologized 
with the tentorium of Cicada. 
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The differences which occur between the tentorium of a 
Cicada and a thrips can be largely accounted for in the dif- 
ferences between the head-structures. The head-capsule of a 
thrips is elongated cephalo-caudad while this extension of the 
head-capsule of a Cicada is short. Furthermore in a Cicada 
the clypeus is large and occupies the greater part of the cephalic 
aspect of the head but this is not so in thrips. The invaginations 
of the dorsal arms (i. d.) in thrips are apparently not associated 
with the antennae. This seemingly lost association is undoubt- 
edly due to the excessive cephalic or dorsal growth of the head- 
capsule. The location of the invaginations of the anterior 
arms of the tentorium (i. a.) in thrips resembles the location 
in a generalized insect since they are near the cephalo-lateral 
corners of the clypeus and not near the distal ends of the 
clypeus as in Cicada. 

The following tentorial structures are present in thrips 
which are difficult to account for on the basis of the homology 
with the structures in Cicada. A distinct thickening extends 
along the caudal or ventral margin of the head-capsule between 
the caudal projections (x. and z.). This thickening is present 
in all thrips. In the nymph of Heliothrips the portion of the 
thickening (x.) between the ventral end of the right anterior 
arm (a. a.) and the right posterior arm (p. a.) is wanting. The 
above thickening may be secondary or possibly may be homol- 
ogized with the union of the ventral ends of the anterior and 
posterior arms.of Cicada’ (xc, and’ ze))---In “all the “thrips 

examined, distinct, chitinous, ental projections arise from the 

invaginations of the dorsal arms. These projections are not 
present in Cicada. 

In considering the tentorium of thrips figured in this paper, 
a distinct atrophy of certain portions and parts can be seen. In 
the adult of Heliothrips (fig. 1 and 27) a thickening occurs 
(x. and z.) along the caudo-ventral margin of the head-capsule 
and from this thickening other thickenings (p. a.) arise which 
extend to the caudal projections (c. a.) of the head-capsule. 
Of the anterior arms (a. a.) only the left one is present. The 
left anterior arm is located in a depressed line extending between 
the invagination of the left dorsal arm and the recurrent 
angle on the caudal margin of the front. The dorsal arms 
(d. a.) are wanting and also the posterior arms (p. a.) except 
for a small portion on the caudal projections (c. a.) of the 
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head-capsule. The invaginations of the anterior arms are very 
indistinct in this species due to the thick, highly chitinized 
and reticulated nature of the head-capsule. This characteristic 
also makes it difficult to differentiate the tentorial thickenings. 
However in Thrips physapus (fig. 3 and 6) the invaginations 
of the anterior (i. a.) as well as the tentorial thickenings are 
readily made out in dissected heads that have been stained. 
The invaginations of the dorsal arms (i. d.) with their ental 
projections show very clearly in the adult of Heliothrips and 
likewise in all thrips. 

In the nymph of Cephalothrips (fig. 22) a still greater 
reduction of the tentorium apparently exists. This apparent 
loss, however, may be due to the fact that it is impossible to 
distinguish all the parts on account of the extremely thin and 
membranous nature of the head-capsule. Only the invagin- 
ations of the dorsal arms (i. d.) with their ental projections 
show very clearly. By careful staining one can distinguish 
a thickening (a. a.) occupying the position of the left anterior 
arm of the tentorium. This thickening extends from the 
invagination of the left dorsal arm (i. d.) to the point where the 
asymmetrical piercing organ (1. md.) unites with the head- 
capsule. In this feature there is a remarkable similarity 
between the nymphal head of the Tubulifera and the adult 
head of the generalized Terebrantia. 

The tentorium of the adult of Cephalothrips resembles 
somewhat that of Heliothrips. In Cephalothrips the anterior 
arms of the tentorium are atrophied but the invaginations 
of the dorsal arms with their projections are very distinct 
and the invaginations of the anterior arms can be identified 
in dissected material that has been stained, if a careful examina- 
tion is made of the caudal boundary of the head-capsule (z.) 
at the point where the lateral margins of the clypeus are in 
contact with the front. Besides the thickenings that are similar 
to those of Heliothrips two thickenings extend cephalad (mx. p.) 
on the lateral areas of the head-capsule. These cephalic- 
extending thickenings clearly arise from the thickenings (z.) 
about the caudo-ventral margin of the head-capsule and 
terminate in enlarged, elevated ends which possess acetabula 
in which the proximal pieces of the paired, piercing organs 
(mx.) articulate. One can readily see that these mandibular 
pillars, as Muir and Kershaw call them, are of a tentorial origin. 
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A distinct strip (st.) is present on the caudal margin of the 
head-capsule of Cephalothrips and extends between the short 
sutures (s.) which arise from the latero-caudal margin. Stained 
material shows clearly that this area (st.) is structurally dif- 
ferent from the head-capsule cephalad of it. On the ends 
of this area (st.) two depressions are present which are similar 
in many respects to the invaginations of the tentorium. If 
these are invaginations of the posterior arms then this is a 
thickening composed of the union of the posterior arms about 
the dorsal margin of the occipital foramen. This interpretation — 
is rather questionable since no invaginations of the posterior 
arms have been seen in the more generalized thrips. 

As a conclusion to the above discussion on the internal 
head-skeleton, the following statements are of importance. 
The tentorium and the associated mouth-parts of an homopteron 
such as Cicada can be interpreted on comparison with the same 
parts in a generalized insect. The arms of the tentorium and 
their respective invaginations in the nymph of one of the 

Terebrantia can be homologized with the tentorial parts of a 
Cicada. On the basis of this homology the specialized and 
atrophied conditions existing in the adults of the Terebrantia 
and in the nymphs and adults of the Tubulifera can be inter- 

preted. 

Furthermore, on the basis of this homology between the 
tentorium of thrips and other insects an attempt will be made 
to demonstrate the association of the mandibles and the 
maxillae with their respective tentorial parts. This should 
give conclusive evidence as to the correct interpretation of 
the two sets of piercing organs. See discussion on mandibles 
and maxillae for this demonstration. 

MOVABLE PARTS OF THE HEAD. 

The movable parts of the head will be considered in the 
following order: antennae, labium, maxillae and mandibles. 
In the discussion of the movable appendages those of the 
generalized Terebrantia will be considered first and then the 
homologous structures of the Tubulifera will be compared 
with them. 
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ANTENNAE (fig. 4).—The antennae of the adult of Helio- 
thrips are about twice the length of the head-capsule, eight- 
segmented and reticulated with chitinous elevations cor- 
responding to the reticulations (rt.) on the head-capsule. 
The shape, size, reticulated character and the setal arrangement 

are shown in the figure. Segments one, two, six, seven and 
eight are of a brownish color similar to the head-capsule while 
the remaining segments are but slightly pigmented. The 
distal end of segment four gives rise to a thin, hyaline, two- 
branched sense cone (s. c.). The sense cones are not present 

in the antennae of the nymph. Except for this the antennae 
of the nymph are structurally similar to those of the adult. 

The antennae of the nymph and adult of Cephalothrips 
resemble each other and are of the same number of segments, 
eight, providing the very small pieces at the distal ends of the 
nymphal antennae are considered as segments. In the first 
stages of the semi-pupa (fig. 20) the antennae appear as 
mere buds at the cephalic margin of the head-capsule. As the 
insect becomes older, the antennal cases increase in size and 

length until they extend around the lateral margins of the head- 
capsule. A late stage of. the semi-pupal instar shows seg- 
mentation on the distal portions of the antennal cases. The 
eight-segmented antennae of the adult are about one and one- 
third times longer than the dorsal aspect of the head-capsule 
and have a yellow color thruout, except the two basal segments, 
which are of a brown tinge. The general shape, size and setal 
arrangement of the segments is shown in figure 10. Segments 
three, four, five and six each possess at their distal end a pair 
of simple, hyaline, spine-like sense cones (s. c.). The sense 
cones are wanting in the nymph. 

LABIUM.—The mouth-parts of Hemiptera are fitted for 
sucking. In this adaptation the labium is modified into a long, 
trough-like beak, enclosing the bristle-like mandibles and 
maxillae. The mouth-parts of Thysanoptera are also fitted 
for sucking. The adaptation in thrips, however, is not confined 
to the specialization of one part of the mouth, but the clypeus, 
labrum, maxillary sclerites and labium together form a broad 
and blunt mouth-cone, enclosing the needle-like mandibles 
and maxillae. Of these two types of sucking mouth-parts, 
those of the Thysanoptera more closely resemble a generalized 
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biting type of mouth. The arrangement of the parts of the 
mouth-cone, the presence of maxillary and labial palpi and 
other characteristics in Thysanoptera show this close similarity. 

The labium of the nymph and adult of thrips is similar 
(fig. 60 and 61). The entire convex, caudal area of the mouth- 
cone is the labium. From a caudal view it is distinctly tri- 
angular in outline, with the apex at its distal end and from a 
ventral or lateral view it is convex. The labium is attached 
along its lateral margins to the triangular, palpus-bearing 
sclerites (mx. s.) while its dorsal margin is united with the ventral 
membranous portion of the prothorax. It is composed of 
two distinct sclerites separated by a transverse suture (s.). 
The proximal piece is the submentum (sm.) and the distal 
piece is the mentum (m.). The mentum has at its distal 
end a membranous area which gives rise to a pair of small, 
two-segmented palpi (lb. pl.). The distal margin of the 
mentum possesses two small, chitinous projections considered 
by Hinds as paraglossae (pr.). 

Heliothrips femoralis.—The labium of Heliothrips (fig. 60) 
corresponds to the general description. The dorso-ventral 
length of the labium is about the width of the submentum. 
The ectal surface of the labium is slightly reticulated. 

Cephalothrips yucce.—The labium of Cephalothrips (fig. 61) 
corresponds to the general description. The mouth-cone of 
Cephalothrips is short, consequently the dorso-ventral length 
of the labium is less than one-half the width of its submentum 
(s. m.). The submentum is heavily chitinized along its proxi- 
mal margin as indicated in the figure.. The mesal portion of 
the suture (s.) between the submentum and the mentum is 
obsolete, but its lateral ends show distinctly. The two pro- 
jections or paraglossae at the distal end of the labium are united 
and form a lip-like structure over which the movable, paired, 
piercing organs pass. This lip is indicated by shading in 
figure 8. 

MAXILLAE.—A pair of asymmetrical, triangular, palpus- 
bearing sclerites (mx. s.) are situated on the lateral sides of the 
clypeus and labrum in the mouth-cone of the Thysanoptera 
(fig. 1 and 8). The palpi (mx. pl.) of these pieces are usually 
two- or three-segmented. A comparison of these palpus- 
bearing sclerites with similar sclerites in Cicada shows that 
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they are homologous with the so-called maxillary plates 
described by Muir and Kershaw. The segmented palpi 
however are wanting on the maxillary plates of the Hemiptera. 
Their presence in Thysanoptera indicates a more primitive 
condition and also is conclusive evidence that these sclerites 
are maxillary in origin. 

The lateral margins of the maxillary sclerites (mx. s.) are 
turned into the mouth-cone, thus giving rise to ento-mesal 
extensions (et.) or plates. These extensions, toward the distal 
end of the mouth-cone, unite with the lateral edges of the 
pharynx and form sheaths or troughs over which the needle- 
like portions of the paired piercing organs (mx.) pass. This 
is clearly shown in cross-sections of the pharynx (fig. 38-44 and 
51-57). 

Two sets of ps, eres are found in the mouth-cone of 
all Thysanoptera (fig. 22, 27, 28 and 33). The paired, sym- 
metrical set will be considered first because of their relation 
to the maxillary sclerites. Each one of the paired piercing 
organs is composed of three parts (mx.). Its distal portion 
is long, grooved, needle-like, and swollen at the proximal end. 
The middle portion is short and thick and separated from the 
distal portion by a distinct suture while its proximal end is 
connected to the proximal portion by a movable joint. The 
proximal portion is a heavy piece and in some cases three or 
four times as long as the middle portion. Also its proximal 
end articulates against. the cephalic edge of the maxillary 
sclerite (mx. s.) or in an acetabulum on an elevated pillar 
(mx. p.) arising from the head-capsule. This articulation in 
all cases is either directly or indirectly associated with the 
maxillary sclerite. The presence of two movable joints in 
this piercing organ makes its extension into a straight line pos- 
sible. This extension occurs when the organ functions. When 
the paired piercing organs are extended beyond the mouth-cone 
the grooved, needle-like piercing portions interlock and such a 
union naturally makes an effective tool. This interlocking is 
readily seen in sectioned material (fig. 25). 

The muscles which bring about the extension of the paired 
piercing organs (mx.) are attached to the proximal pieces. 
Each extensor muscle is connected with the ental surface of the 
maxillary sclerite and the mesal edge of the proximal piece 
when the piercing organs (mx.) are within the head-capsule. 
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The above characteristics concerning the maxillary sclerites 
(mx. s.) and the paired piercing organs (mx.) may be found in 
all thrips as far as observed and one can safely infer that the 

similar parts in all thrips are homologous and should have the 
same interpretation thruout the order. In a lke manner it 
will be found that a similar homology exists between the 
asymmetrical piercing organs of all thrips. This homology 

eliminates the suggestion offered by Muir and Kershaw that 
in the two suborders of the Thysanoptera a distinct difference 
of interpretation of the piercing organs might be possible. 

Heliothrips femoralis (fig. 1, 2, 5, 12, 18, 19, 27, and 28).— 
The maxillae of Heliothrips are in general typical of the sub- 
order Terebrantia and accord with the general description 
of the maxillae just given. The maxillary sclerites (mx. s.) 
of the nymph and adult resemble each other except that the 
palpi of the nymph are four-segmented while those of the 
adult consist of only two long segments. The palpi of some of 
the more generalized adult Aeolothripidae are four-segmented 
and thus the four-segmented palpi of the nymph indicate a 
generalized condition. The maxillary sclerites (mx. s.) are 
decidedly asymmetrical. This asymmetry is more pronounced 
in the adult (fig. 1). The proximal ends of the maxillary sclerites 
of the adult are not in direct contact with the head-capsule. 
There are distinct membranous areas (me.) between them. 
In this particular species the membranous areas (me.) continue 
from .the cephalic margin of the maxillary sclerites to the bases 
of the palpi where the membranes broaden and surround the 
proximal segments. The membranous strip on the left maxil- 
lary sclerite is more extensive than the one on the right. The 
ento-mesal extensions (et.) arising from the lateral margins 

of the maxillary sclerites resemble closely the general descrip- 
tion of these parts and they can be readily made out in figures 
28 and 39 to 44. 

The paired piercing organs of Heliothrips (fig. 27 and 28, 
mx.) are but slightly longer than the maxillary sclerites and 
this is true of the Terebrantia in general. The structure of 
their paired piercing organs resembles the general description 
of these parts. The proximal piece in the nymph is L-shaped 
and the base of the L articulates along the dorsal margin of the 
maxillary sclerite (mx. s.). The proximal piece in the adult, 
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likewise articulates against the cephalic margin of the maxillary 
sclerite and has an L-shape, but the base of the L is greatly 
reduced and the erect portion is longer, heavier and of the 
same thickness thruout. The above relation between the 
paired piercing organs and the maxillary sclerites is true of all 
Terebrantia as far as observed (fig. 14, 21 and 32). Since 
the paired piercing organs in the Terebrantia are directly 
connected with the cephalic margin or the latero-cephalic 
corners of the maxillary sclerite, one may conclude, as Garman 
has already done in his work on Limothrips cerealium, that these 
piercing organs are parts of the maxillae. If such is the case 

the paired piercing organs may be modified lacinia as Garman 
has suggested. According to Garman and other workers 
these organs consist of only two pieces, but in all species observed 
three distinct pieces can be found. The suture between the 
needle-like distal portion and the middle piece is wanting in 
the figures of other workers. 

Karl Jordan and other workers have interpreted the paired 
piercing organs (mx.) as mandibles. Jordan worked with 
Heliothrips haemorrhoidalis, a form closely related to Helio- 
thrips femoralis. His proof is largely founded on the state- 
ment that the embryonic development shows that these pieces 

are mandibles. The evidence in support of this statement 

is wanting in both figures and discussion. He has but one 
figure of the embryonic condition and in this the relation of the 

so-called mandibles to the head-capsule and other parts is 
not clear. The real difficulty with Jordan’s interpretation 
rests in the fact that he has wrongly identified the asym- 

metrical piercing organ (l. md.) and consequently in his 
search for mandibles he has from necessity tried to show that 

the paired piercing organs are mandibles. 

The conclusion in regard to the paired piercing organs of 
the Terebrantia is that they are portions of the maxillae, and 
the following additional evidence will be presented to sub- 
stantiate the same. 

In the first place, if these paired piercing organs are mandi- 
bles, how can one explain their three piece structure? Mandibles 
usually have only one solid piece, but maxillae on the other hand 
are composed of several sclerites and upon modification they 
might assume the conditions found in thrips. As to the exact 
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homology of these pieces it is difficult to determine. However, 

on the basis of the maxillae of other insects, one finds that the 

galea is usually segmented while the lacinia is not. In most 

sucking insects the galea is present and the lacinia may be 

wanting. It would seem that the paired piercing organs were 

galea rather than lacinia as Garman has suggested. For 

convenience of description the paired piercing organs will be 

designated as the maxillary setz (mx.). 

Strong evidence is likewise found in the relation existing 

between the paired piercing organs and the tentorium of the 

head. The maxillae in generalized insects are associated with 

the invaginations of the posterior arms of the tentorium and 

this relation was shown to be true with Cicada. On the basis 

of the homology between the tentorium of Cicada and thrips 

it was shown that the thickening about the occipital foramen in 

the nymph of Heliothrips (p. a.) are homologous with~ the 

posterior arms of.Cicada. In the nymph and adult of 

Heliothrips the paired piercing organs are closely associ-° 

ated with the ventral or caudal ends of these thickenings or 

so-called posterior arms. As mentioned before, no invagina- 

tion of the posterior arms of the tentorium could be found in 
this genus of thrips; however, from the close association of 

the paired piercing organs with the posterior arms of the 

tentorium we may conclude that the generalized relation 

between the posterior arms of the tentorium and the maxillae 

holds for thrips as well as for more primitive insects. 

Further evidence is found in the fact that in generalized 

insects the maxillae are always attached to the head-capsule 

caudad of the mandibles. As was pointed out in the dis- 

cussion of the head-capsule of thrips, the mouth-cone has been 

carried around the head until it is now found at the caudo- 

ventral portion of the head. As a result the mouth-parts 

have a cephalo-caudal extension rather than the generalized 
dorso-ventral direction. This rotation of the mouth-parts 
means that the maxillae should connect with the head-capsule 
dorsad of the mandibles. The paired piercing organs of the 
Terebrantia (mx.) are decidedly dorsad to the asymmetrical 
piercing organ (1. md.), and it will be shown later that the 
asymmetrical piercing organ is a mandible. 
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_ Cephalothrips yucce.—The maxillae of Cephalothrips (fig. 
8, 11, 17, 18, 20, 22, and 33) are typical of the suborder Tubu- 

lifera. The maxillary sclerites (mx. s.) of the nymph (fig. 17) 
and the adult (fig. 8) are dissimilar in comparative size and 
symmetry, but both possess a two-segmented palpus (mx. pl.). 
The long maxillary sclerites of the nymph are nearly symmetrical 
while those in the reduced mouth-cone of the adult are asym- 
metrical. This asymmetry in the adult is characterized by a 
distinct knob (n.) at the cephalic end of the mesal margin 

of the maxillary sclerite. This knob fits into a notch on the 
left margin of the clypeus and appears to be a portion of the 
maxillary sclerite, but a close examination shows that it is 
only connected with the maxillary sclerite by a narrow strip 
at its latero-cephalic corner; and a distinct fissure, which extends 
cephalad and laterad from the point where the clypeo-maxil- 
lary suture turns mesad, separates it from the maxillary 
sclerite. The asymmetrical piercing organ of the adult is 
associated with the above asymmetry. On comparison with 
the asymmetry found in the Terebrantia the asymmetry of the 
Tubulifera is of a decidedly different nature. 

The mesal extensions (et.) of the lateral edges of the maxil- 
lary sclerites resemble the general description of these parts 
(fig. 22, 33 and 35). However, a unique modification of these 
extensions is found in the development of two long, trough- 
like, cephalic extending arms (mx. g.). These parts serve to 
guide the long maxillary sete and have been designated as 
the maxillary guides. These guides are only present in the 
Tubulifera, and undoubtedly they have been developed in this 
suborder on account of the necessity of some kind of a guiding 
structure for the exceedingly long maxillary seta. The max- 
illary guides arise from the mesal part of the sheath (et.) that 
extends between the lateral edges of the maxillary sclerites at 
the distal end of the mouth-cone, and project forward into the 
dorsal portion of the head-cavity to the region of the compound 
eyes. Cross-sections of the pharynx (fig. 53 and 54) show 
that in this forward projection they unite with the pharynx. 
In the nymph they are narrow at their proximal ends but 
broadly rounded and separate at their distal ends, while in the 
adult they are trough-like and their distal ends are united in a 
transverse plate. The long maxillary sete pass around the 
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cephalic ends of the maxillary guides and at first are dorsad of 

the guides. In their caudo-ventral extension they pass along 

the lateral sides of the trough-like guides and laterad of the 

pharynx toward the tip of the mouth-cone beyond which the 

two distal, grooved, needle-like portions interlock and pro- 

ject as a single piercing organ (fig. 25). The maxillary guides 

show no relation to the tentorial structures of the head. 

The paired piercing organs (mx.) of Cephalothrips, except 

for size, and point of attachment in the adult, resemble the 

maxillary setze of Heliothrips. The linear extension of the 

maxillary sete in Cephalothrips is due largely to the increased 

length of the distal and proximal pieces. The large proximal 

piece in the adult possesses a distinct knob on its mesal margin 

which serves as a point of attachment for muscles. The 

resemblance between the maxillary sete in the nymph or adult 

of Heliothrips (fig. 27 or 28) and the paired piercing organs in 

the nymph of Cephalothrips is very striking and important. 

The feature of significance in the nymph of Cephalothrips is the 

point of attachment of the paired piercing organs with the 

cephalic margin of the maxillary sclerites. This shows clearly 

that the paired piercing organs of Cephalothrips are not only 

homologous in structure but in point of articulation with the 

maxillary sete of the Terebrantia. The paired piercing organs 

of the Tubulifera are therefore maxillary sete. -The evidence 

used to prove that the paired piercing organs of the Tere- 

brantia are maxillary in origin will likewise hold for the Tu- 

bulifera with the exception of the evidence based on the ten- 

torium, since some of the tentorial structures are wanting 

in the nymph of Cephalothrips. 

The relation of the maxillary sete to the mouth-parts in 

the adults of the Tubulifera (fig. 33) is apparently very different 

from the conditions found in the Terebrantia. The reduction 

of the mouth-cone explains to a large extent the characteristic 

modifications of this suborder. In the reduction of the mouth- 

cone the proximal pieces of the long maxillary sete (mx.) do 

not retain their point of articulation with the maxillary scler- 

ites but articulate in acetabula located in special elevated 

maxillary pillars (mx. p.) on the ental surface of the head- 

capsule cephalad of the maxillary sclerites. This modification 

is a result of a mechanical necessity. It would be impossible 
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for the long maxillary sete to function if they retained their 
connection with the reduced maxillary sclerites. However, 
their connection with the maxillary sclerites is not entirely 
lost since the thickenings from which the maxillary pillars 
(mx. p.) arise, extend to the tentorium (x. and z.), which is 
adjacent to the maxillary sclerites. These thickenings are 
undoubtedly derived from the tentorium, and since the maxille 

are associated with them they are possibly modifications of 
the posterior arms (p. a.). 

Muir and Kershaw in their work on a species of Tubulifera 
interpret the paired, piercing organs as mandibles. They 
give two lines of evidence. In the first place, they show that 
the asymmetrical piercing organ (1. md.) is a part of the 
maxilla, consequently the paired piercing organs must be man- 
dibles. Also they have proved to their own satisfaction by 
comparison with Rhynchota that the paired piercing organs 
are mandibles. ‘‘The paired sete we consider as mandibles, 
homologous to those of Rhynchota.” The first part of their 
evidence will be considered later. In regard to their own 
statement here quoted there is considerable doubt. They 
present no satisfactory evidence on this point, and as far as 
observed, the relations existing in Cicada permit of no such 
interpretation, as has already been shown. Jordan also studied 
individuals of the Tubulifera and came to the same conclusions 
as in his studies on the Terebrantia. The different inter- 
pretations of the paired piercing organs in the Thysanoptera 
of the authors mentioned above has been largely due to an 
incomplete comparative study of the nymphal and adult stages 
of both the suborders. 

MANDIBLES.—A large, heavy, unpaired piercing organ 
(1. md.) is present on the left side of the mouth-cone of all 
thrips (fig. 2, 3, 11, 12, 18, 22, 27, 28, and 33) while on the right 

side no such organ isfound. Berlese figures the asymmetrical 
piercing organ as occurring on the right side. Undoubtedly 
this is a mistake for in no case has such an occurrence been 
recorded by other workers. This asymmetry of mouth-parts 
is unique among insects. The asymmetrical, piercing organ 
connects with the head-capsule at the point where the left 
margin of the clypeus or the right margin of the maxillary 
sclerite comes in contact with the front. It is composed of 
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two parts, which are of about the same length. The 
distal half is a long, heavily chitinized, hollow spine, while the 
proximal half is broader, hollow and not as heavily chitinized. 
Cross and longitudinal sections show a distinct lumen extending 
thruout its length (fig. 26). At the very tip of the spine it 
is impossible however to be sure that an opening is present. 
If such an opening is present then it may serve as an exit for the 
secretions from the glandular tissue within the basal half of the 
piercing organ. If the lumen is not a duct for the secretions 
but a blind tube, then one can explain its presence on the basis 
that it is the place formerly occupied by the hypodermal cells. 
which formed the cuticle of the spine. 

Cross-sections of the pharynx show how the asymetrical 
piercing organ passes along the cephalic side of a left lateral 
extension of the pharynx (fig. 40 and 41). This left lateral 
extension is cephalad of the paired extensions over which the 
maxillary sete pass, and only occurs on the left side. In the 
Tubulifera the left maxillary guide helps to form this extension 

(fig. 53). 

There are large muscles attached to the proximal end of the 
asymmetrical piercing organ. These muscles connect with 
the dorsal aspect of the head-capsule and on contraction 
pull the asymmetrical piercing organ (J. md.) into the 
mouth-cone. The majority of the specimens examined showed 
the piercing organ protruding from the concave side of 
the labrum (lr.). Apparently this is its normal position and 
it is evidently used in making the first puncture thru the 
outer cells of the plant tissue. After this puncture is made 
it is probably withdrawn into the mouth-cone, and the 
long maxillary sete are then used to puncture the inner and 
deeper cell-layers. The withdrawal of the asymmetrical 
piercing organ from the tip of the mouth-cone also permits 
the plant juices to pass into the pharynx. 

On the right side of the mouth-cone a piece (r. md.) is found 
which is homologous in position to that of the left, asymmetrical 
piercing organ (fig. 27). In all cases this piece arises adjacent 
to the front, between the clypeus and the right maxillary 
sclerite, and extends to the right cephalo-lateral margin of the 
pharynx and unites with the same (fig. 40). This union is. 
indicated by a distinct suture in cross-sections of the pharynx. 
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The invaginations of the anterior arms of the tentorium (i. a.) 
in thrips are always located on the caudal margin of the front 
and adjacent to the asymmetrical piercing organ and the above- 

described piece. This evidence undoubtedly shows that this 
rudimentary piece on the right side is homologous with the 
asymmetrical piercing organ on the left. 

Helhiothrips femoralis (fig. 2, 5, 12, 19, 27 and 28.).—The 
left asymmetrical piercing organ and its right homologous 
rudiment are typical of the suborder Terebrantia and correspond 
to the general description given above. These parts in the 
nymph and adult closely resemble each other. In the nymph 
(fig. 28) the left, piercing organ is smaller, straighter, and its 
two halves less differentiated than in the adult (fig. 27). The 
basal half of the left, piercing organ is connected with the front 
by a narrow, chitinized neck. This connection is readily seen 
in frontal sections of the adult and nymph. 

The right, rudimentary piece in the nymph and adult 
extends as a distinct piece between the right cephalo-lateral 
margin of the pharynx and the front. This piece is homologous 
with the asymmetrical piercing organ (1. md.) and resembles 
somewhat its basal half. The distinguishing differences in these 
two are their size and the union of the right piece with the 
pharynx. Jordan represents a prominent projection on the 
right margin of the pharynx of Heliothrips hamorrhoidalis. 
This probably represents the asymmetrical piece above de- 
scribed. Garman found in his work on Limothrips a small, 
right, asymmetrical structure which he considered to be a 
rudimentary piece homologous with the left, piercing organ. 
These two pieces Garman designated as mandibles. This 
interpretation agrees with my own observations. Garman’s 
own words are, “The organ has every appearance of being a 
mandible. Its form and its relation to the other mouth- 
parts and to the epicranium all indicate this. Nothing cor- 
responding to this conspicuous organ is apparent on the right 
side of the head unless a very small, chitinous structure under 
the edge of the clypeus is a rudiment of the organ for this side.”’ 
Garman records the structure of the left mandible as con- 
sisting of one solid piece. The writer however, considers the 

left mandible as composed of two parts. At least in all thrips 
examined a distinct constriction occurs between the distal 
spine and the large proximal portion, and to all appearances a 
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suture is located here. Without any question the mandible 
is hollow, as heretofore explained. The following evidence goes 
to show that the asymmetrical piercing organs of the Tere- 
brantia are mandibular in origin. 

In the first place, as Garman has already mentioned, the 

structure, position, and point of connection of the asym- 
metrical piercing organ with the head-capsule are strong 
mandibular characteristics. It has already been pointed out 
that the invaginations for the tentorial arms on the front of 
thrips are homologous with the invaginations of the tentorial 
arms on the cephalic aspect of the head of Cicada. The in- 
vaginations of the anterior arms of the tentorium on the caudal 
margin of the front (i. a.) are adjacent to the point of connection 
of the left and right asymmetrical organs (1. md. and r. md.). 
This relation shows that the asymmetrical piercing organs of 
the Terebrantia are undoubtedly mandibles since in generalized 
insects mandibles are usually associated with the invaginations 
of the anterior arms of the tentorium. ; 

Furthermore, mandibles in generalized insects are always 
connected with the head-capsule cephalad of the maxilla. In 
the nymph of Helothrips the asymmetrical piercing organs 
are connected cephalad of the maxillary sete but in the adult 
on account of the change of position of the mouth-cone these 
connections are ventrad of the maxillary sete. This relation 
in the Terebrantia shows clearly that the asymmetrical pierc- 
ing organs are mandibular in origin. 

Karl Jordan interprets the left, asymmetrical piercing organ 
(1. md.) as a modified epipharynx. He bases his conclusion 
upon embryological studies. The one embryo figured shows 
the asymmetrical organ as the upper portion of the anterior 
end of the alimentary canal. The base of the so-called epi- 
pharynx is also connected with the head-capsule. He con- 
cludes from this figure that when the adult stage is reached the 
epipharynx loses all connection with the alimentary canal and 
becomes more firmly attached to the head-capsule. The 
above hypothesis in regard to the behavior of the epipharynx 
is contrary to the relations of these parts in other insects. 
Jordan likewise failed to account for the right, rudimentary 
piece (r. md.). On the whole Jordan’s interpretation is very 
unsatisfactory, for it does not explain numerous relations here 
pointed out. 
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Cephalothrips yucce (fig. 11, 18, 22, 26, 33, 34, 35 and 36).—A 
striking similarity exists between the ental view of the mouth- 
parts of anymph of Cephalothrips (fig. 22) and the adult stage 
of Heliothrips (fig. 27). This similarity is particularly notice- 
able in respect to the structure and position of the asymmetrical 
piercing parts. On the basis of this similarity it is possible 
to derive the correct interpretation of the asymmetrical, 
piercing organs. The left mandible (1. md.) in the nymph is 
a long, nearly straight, stout, two-segmented structure and con- 
nects with the caudal margin of the front (f.) at the point where 
the maxillary sclerite and clypeus unite with the head-capsule. 
Between this point of connection and the invagination of the 
left dorsal arm of the tentorium a thickening occurs (a. a.). 
This thickening is the anterior arm of the tentorium and can be 
seen in carefully stained and dissected material. 

The right, rudimentary mandible in the nymph of Cephal- 
othrips is represented by a distinct chitinized thickening be- 
tween the clypeus and the right maxillary sclerite. The 
distal end of this thickening (r. md.) unites with the right 
lateral margin of the pharynx as seen in cross-sections of the 
adult pharynx (fig. 55 and 56). Figures 33 and 35 do not 
show this connection because of the spreading of the heads. 

The above nymphal evidence clearly demonstrates the 
homology between the asymmetrical mandibular parts of a 
species of Tubulifera and those of a species of Terebrantia. 
The evidence used in proving that the asymmetrical piercing 
organs of the Terebrantia are mandibles is equally applicable 
in demonstrating that the asymmetrical parts in the Tubulifera 
are also mandibles. One exception however occurs in the fact 
that in the nymph of Cephalothrips the invaginations for the 
anterior arms have not been identified along with other ten- 
torial structures. 

The mandibular parts of the adult (fig. 33) undergo a 
distinct modification due to the reduction in the size of the 
mouth-cone. In this change the left mandible (1. md.) retains 
its position between the clypeus and the left maxillary sclerite, 
but in so doing the heavy, proximal portion turns and forms 
a half circle. This modification has resulted in the forniation 
of a distinct notch (n.) in the clypeus and the left maxillary 
sclerite. It has also resulted in the uniting of the meso-cephalic 
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corner of the maxillary sclerite and the base of the left man- 
dible. The right mandible in the reduction of the mouth-cone 
has given rise to a distinct, crook-like, ental projection. The 
above modifications are typical for the suborder Tubulifera as 

far as observed. 

Muir and Kershaw interpreted the left, asymmetrical 
piercing organ as a part of the maxille in their work on one 
species of Tubulifera. ‘‘The unpaired setz arises from the left 
maxille and is a part thereof.’ It is readily understood how 
such an error came about, since only the adult stage of a single 

species of Tubulifera was studied. The connection of the left 
asymmetrical piercing organ in the adult with the left maxil- 
lary sclerite is secondary. This connection does not show in 

the nymph. 

PHARYNX. 

If one examines the mouth-cone of various species of thrips, a 
short, heavily chitinized, ham-shaped piece is always found just 
beneath the clypeus. Stained and sectioned material shows 
clearly that this piece is a structural modification of the ali- 
mentary canal, fitted for sucking and homologous with the 

pharynx of sucking insects (fig. 5, 6, 19, 27, 35, 38-46, 48, 49 

and 52-59). Jordan figures this particular piece and calls it 
the hypopharynx of the pharynx, while his epipharynx is what 
we have interpreted to be the left mandible. 

Structurally the pharynx consists of one piece except for a 
small, chitinized, transverse area (t. a.) at the caudo-dorsal end 
(fig. 46 and 48). However, in respect to size and shape the 
pharynx is divided into two regions. The ventral half is a 
small, chitinized tube which opens within the ental groove 
of the labrum, while the dorsal half widens out into a broad, 

thick region. The entire pharynx resembles a gourd dipper 
which has had removed from one side almost one-half of its 
enlarged portion, and across this cavity there has been placed 
a concave, elastic membrane (e.) to which muscles (d. m.) 
are attached. On the caudal side of the enlarged portion there 
are two small openings. Glandular ducts (d.) pass thru these 
openings and pour their secretions into the sucking chamber. 

When the pharynx is sectioned in one of three planes, 
frontal, sagittal and transverse, it shows a centrally located 
canal extending thru its entire length. This lumen starts with 
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the mouth and continues dorsad of the pharynx as the oesopha- 
gus (oe.). Transverse sections of the pharynx show that it is 
firmly connected on its caudo-lateral aspects with the maxillary 
guides (mx. g.) and the mesal extensions (et. and 1. et.) from the 
lateral margins of the maxillary sclerites and the labium. 
Over the lateral extensions (et.) the maxillary sete (mx.) pass. 
The left mandible (1. md.) passes over an extension on the 
left lateral margin of the pharynx cephalad of the above 
extensions and the right, rudimentary mandible (r. md.) 
unites with the right margin of the pharynx. The above 
extensions and supports that connect with the pharynx serve 
to hold it in position while the large muscles are dilating its 
elastic membrane (e.). The above facts in regard to the 
pharynx hold for all thrips as far as observed. 

Heliothrips femoralis——Figures 38-46 and 58 give a much 
better idea of the general structure of the pharynx of Helio- 
thrips than a lengthy discussion, consequently only the im- 
portant and exceptional facts will be pointed out. The trans- 
verse sections (fig. 37-44) begin with a section thru the com- 

missures between the supraoesophageal and suboesophageal 
ganglia and end at the tip of the mouth-cone. Every second or 
third section, ten microns in thickness, has been figured. In 

this series the lumen (1.), lateral extensions (et. and 1. et.), 
piercing organs (mx., 1. md. and r. md.), elastic membrane 
(e.), and muscles (d. m.) are shown. The connection of the 
muscles along the meson of the elastic membrane is character- 
istic of the Terebrantia. The large nucleated and cross- 
striated muscles, the dilators of the pharynx (fig. 58, d. m.), 
extend cephalad into the cavity of the head-capsule and unite 
with the ventral and cephalic areas. Two or more of these large 
muscle bands unite with a more or less chitinous tendon 
(c. t.) which arises from the elastic membrane. Besides these 
long muscles a number of short muscles extend between the 
small ventral portion of the pharynx and the clypeus. 

The food of thrips is of a liquid nature and is sucked into the 
oesophagus in the following manner, judging from the structure 
of the parts. The muscles along the meson of the elastic 
membrane contract and dilate the lumen of the pharynx so 
that a partial vacuum is formed, and into this cavity is sucked 
the juice in which the tip of the mouth-cone is tmmersed. On 
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the relaxation of the dilating muscles the elastic membrane forces 
the food dorsad thru the open valve (v.) into the oesophagus. 
A more detailed account will be given of this process in the 
discussion of the pharynx of Cephalothrips. 

Cephalothrips yucce.—In a similar manner, as with Helio- 
thrips, figures 48-57 and 59 show the chief characteristics of 

the pharynx of the Tubulifera. In its main features it cor- 
responds with the general description of the pharynx but in a 
few details it shows a greater degree of specialization than the 
pharynx of Heliothrips. In the first place it is strikingly ham- 
shaped and comparatively smaller. This difference in size 
is probably due to the reduction of the mouth-cone. Trans- 
verse sections show that the maxillary guides (mx. g.) unite 
with the pharynx for a short distance, and the extension over 
which the left mandible passes is the cephalic margin of the 
left, maxillary guide. The right, rudimentary mandible (r. md.) 
is not as large asin Heliothrips, however, it still retains its con- 
nection with the right side of the pharynx. The lumen (1.) 
of the pharynx is straight. The most striking difference between 
the pharynx of Heliothrips and Cephalothrips is in the arrange- 
ment of the dilating muscles. 

A lateral view and transverse sections of the pharynx 
show a distinct chitinized plate (pt.) standing on edge along the 
meson of the elastic membrane (e.).. The muscles are confined 
to the ventral and dorsal ends of this plate and the majority 
of them are connected to the chitinous tendon (c. t.) at the 
ventralend. These muscles, so-called ventral dilators (v. d. m.), 
extend into the head and unite with the vertex. There is a 
small band of muscles, the so-called dorsal dilators (d. d. m.), 

which extend between the dorsal end of the plate and the caudo- 
ventral area of the front. This arrangement of muscles is 
easily derived from the more generalized type found in Helio- 
thrips. On the whole the form and arrangement of the parts 
in the pharynx of Cephalothrips would suggest that it is a 
more efficient organ than that of Heliothrips. 

The lumen (1.) of the alimentary canal is cut off by a valve- 
hike structure at the dorsal end of the pharynx (fig. 58a.). A 
prominent projection (p.) extends from the caudo-dorsal end 

of the pharynx into the lumen. This projection fits into a 
pocket (po.) on the opposite side. Under normal conditions 
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this valve is closed, consequently the lumen of the oesophagus 
is cut off from the pharynx while the elastic membrane is dilated. 
In suction the ventral dilating muscles (v. d. m.) contract and 
pull out the ventral portion of the elastic membrane. This 
results in the formation of a partial vacuum, and into this space 
the liquid food is drawn. The dorsal dilators (d. d. m.) now 
contract and dilate the dorsal end of the elastic membrane 
(e.). This dilation opens the valve separating the lumen of the 
pharynx and the oesophagus. While the dorsal dilators are 
contracting the ventral dilators relax and the ventral portion 
of the elastic membrane presses upon the enclosed food. This 
pressure forces the food dorsad in the lumen and then on the 
relaxation of the dorsal dilators the elastic membrane falls 
back into its normal position and the food is.forced on and into 
the oesophagus. This completes one stroke or dilation of the 
pharynx of Cephalothrips. 

The dilating muscles of the pharynx (d. m.) of Heliothrips, as 
before noted, are arranged along the meson of the elastic mem- 
brane (e.). This fact, along with the large size of the pharynx 
and its peculiar bent condition, would indicate that the elastic 
membrane does not have as distinct a ventro-dorsal dilation 
as that of Cephalothrips. Possibly the entire central portion 
of the membrane is dilated at one time and then as the large 
muscles relax the few strands of muscles uniting with the 
pharynx in the region of the valve contract and open the lumen. 
With the valve open and the elastic membrane pressing upon 
the enclosed food, the plant juice is forced into the oesophagus. 

SALIVARY GLANDS. 

Two or three kinds of salivary glands (fig. 15, 16, 23, 24, 

30, 31, 38-44, 45, 49 and 51-55) are present in thrips and 

these are all located in the thorax and abdomen. Uczel has 

figured the glandular portion of the salivary glands located 
in the thorax and abdomen but does not figure the course 
of the ducts. In Uzel’s figures two kinds of salivary glands are 
present in the thorax of Aeolothrips fasciatus, a form belonging 
to the suborder Terebrantia, and three kinds of salivary glands 
are found in the thorax of Trichothrips copiosa, a form belonging 
to the suborder Tubulifera. The species figured in this paper 
have only two kinds of salivary glands, which extend into the 
thorax and abdomen. These two kinds are paired and distinct. 
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Considerable variation occurs in regard to the exact location of 
these glands and the position and points of union of their ducts. 

One of the two pairs of salivary glands (fig. 15 and 24, 31) 
in the thorax and abdomen of the two species here considered 
is long, tubular and more or less homogenous thruout its length 
1. s.g.). This pair is located laterad or dorsad of the alimentary 
canal and continues caudad into the abdomen. Longitudinal 
sections thru these glands show that they are homogenous, 
nucleated and apparently syncitial. 

The second pair of salivary glands (fig. 16 and 30) are short, 
thick and more or less irregular in outline and usually confined 
to the thorax (s. s. g.). The cells of these glands are large and 
the cell walls are distinct. The nuclei are prominent and 
stain deeply. The protoplasm of the tissue stains un- 
evenly and is more or less filled with vacuoles. A distinct 
centrally located lumen extends thruout the entire length of the 
gland. 

The above two pairs of salivary glands give rise to ducts 
(1. d..and s. d.) at their cephalic ends. The four ducts extend 
into the head laterad and dorsad of the oesophagus. In the 
region between the supraoesophageal and suboesophageal 
ganglia the ducts turn ventrad and continue to the y-shaped 
chitinous structure (y.) caudad of the pharynx (fig. 28, 45, 49, 

58 and 59.). Within this structure or before entering it the 
four ducts unite into a common duct and this common duct 
(c. d.) continues ventrad to the apex of the mouth-cone. The 
secretions from the salivary glands are thus poured into the 
punctures in the host plant which are made by the mouth-parts. 
When thrips puncture green leaves or colored flowers the area 
about the puncture becomes light in color. This discoloration 
is undoubtedly due to the action of the salivary secretion on 
the plant tissue. 

The y-shaped piece (y.) caudad of the pharynx in all thrips 
is a characteristic structure. In both suborders this piece is 
somewhat different in shape (fig. 35 and 47) but it has the same 
relation to the mouth-parts. There is a distinct muscle band 
or there may be several bands (mu.) extending between the 
base of the arms of the y and the dorsal part of the caudal aspect 
of the pharynx (ph.). Possibly, on contraction, these muscles 
move the y-shaped piece in such a manner as to control the flow 
from the salivary glands. The exact homology of the y-shaped 
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structure is not clear but its general position and structure, 
its opening into the mouth-cavity and its relation to the sali- 
vary ducts would indicate that it is homologous with the salivary 
syringe of the Hemiptera. 

Heliothrips femoralis—The long, narrow, tube-like glands 
(fig. 31 and 24) are located laterad of the alimentary canal 
(1. s. g.) and extend from the metathorax caudad to about the 

fourth abdominal segment. Figure 24 shows that the gland is 
narrow and has a straight lumen extending thruout its length. 
The ducts from these glands (fig. 31, 1. d.) are enlarged and 
located dorsad of the oesophagus in the region of the pro- 
thorax and mesothorax. The enlarged portions of the ducts 
serve as reservoirs for the secretion. The ducts from these 
similar right and left glands unite with each other before 
entering the y-shaped structure caudad of the pharynx. 

The short, thick, oval glands (fig. 30, s. s. g.) in the thorax 
are about the length of two segments and located laterad of the 
oesophagus. The right gland is usually confined to the meta- 
thorax and the first abdominal segment. The cells of these 
glands are exceedingly large and distinctly differentiated. 
One or two deeply staining, irregular nuclei can be seen in each 
cell, and the protoplasm of the cells stains more or less unevenly. 
The ducts from these glands (s. d.) have about the same thick- 
ness thruout. In the region of the head they are somewhat 
larger than the ducts from the above glands in the same region. 
The duct from the left gland unites with the duct from the 
right similar gland before entering the y-shaped piece (fig. 40, 
45 and 58). Within the y-shaped piece the united ducts from 
the two kinds of glands join and form a common duct which 
continues to nearly the apex of the mouth-cone. 

Cephalothrips yucce.—The long, tube-like glands of Cephalo- 
thrips (fig. 15, 1. s. g.) are located laterad of the alimentary 
canal and extend from the prothorax into the first or second 
abdominal segment. These glands are homologous with the 
long, tube-like glands in Heliothrips, but they are thicker 
and have a sinuous lumen thruout their length. The cell 

consistency is about the same as in Heliothrips. The ducts 
extending from these glands into the head are very small and 
not dilated in the thorax. 
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The short, thick glands (fig. 16, s. s. g.) in the thorax of 
Cephalothrips are usually confined to the mesothorax and 
metathorax and located laterad of the alimentary canal. These 
glands are homologous with the short, thick glands of Helio- 
thrips. In Cephalothrips these glands are longer and made 
up of smaller cells filled with vacuoles and granulated areas. 
The ducts from these glands (fig. 23) are of the same consistency 
thruout and only slightly larger than the ducts from the long 
tubular glands. The union of the salivary ducts in the head 
is somewhat different from that of Heliothrips. The ducts 
(fig. 23, 49, 52-55 and 59) of one side (1. d. and s. d.) unite and 
these united ducts meet in the center of the mouth-cone and 
form a common duct (c. d.) before entering the y-shaped piece. 

HEAD-GLANDS. 

A distinct, multinucleated and deeply staining tissue (h. g.) 
is present in definite parts of the head and mouth-cone of 
thrips and so far as known is described here for the first time 
(fig. 26, 38-48, 45, 49, 51-55, 58 and 59). This tissue, as 

far as can be determined, is of a glandular nature and it will 
be here designated as the head-gland. Its histological struc- 
ture is different from that of the thoracic glands. Num- 
erous and coarsely granulated nuclei are present; the cell walls 
cannot be differentiated; the protoplasm stains unevenly and 
no lumen could be identified. This tissue is most abundant 
in the members of the suborder Terebrantia. In Heliothrips 
(fig. 26, 38-48, 45 and 58) it occurs in three distinct regions. 
The most prominent massing occurs cephalad of the pharynx 
(h. g.) on the two sides of the dilating muscles. The extent 

and shape of these two masses varies considerably but the 
figures of the transverse sections and the lateral views of the 
pharynx show the usual distribution in this area. Distinct 
ducts (d.) arise from the dorsal ends of these masses and ex- 
tend around the lateral sides of the oesophagus and turn ven- 
trad and enter the two small openings on the caudal aspect 
of the pharynx (fig. 27, 45,46 and 58). If the above masses are 
glandular then one can readily see how their secretions may be 
poured into the pharynx and aid in digestion. Besides the 
above glandular masses cephalad of the pharynx, similar tissue 
is present at the proximal end of the left and right mandibles. 
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The small mass on the left side (fig. 26) projects for a short 
distance into the hollow cavity of the left mandible. This 
is not the case with the mass adjacent to the right, rudimentary 
mandible. These two small masses are connected with the 
masses above described by means of fine ducts (dus). The 
exact extent of these ducts has not been definitely determined. 
It is possible that they unite with the ducts entering the pharynx. 
It is also possible that the secretions from the small mass within 
the left mandible passes out thru the minute lumen of the 
mandible. In the concave portion of the labrum small masses 
of tissue are present which resemble the above so-called gland- 
ular tissue. The extent of these masses varies and as yet no 
ducts have been observed in connection with them. 

In Cephalothrips (fig. 48, 49-51, 55 and 59) the above sup- 
posed glandular tissue of the head is present but it is not so exten- 
sive. Two distinct masses can be identified cephalad of the 
pharynx and these give rise to ducts (d.) that empty into the 
pharynx as in Heliothrips. Also a small mass of similar tissue 
is located at the base of the left mandible but no such mass 
is found on the right side near the right mandible. No glandu- 
lar tissue was found in the concave portion of the labium as 
in Heliothrips. 

SUMMARY. 

1. The general arrangement of the head and mouth-parts 
of the Thysanoptera and the Hemiptera is similar. 

2. The resemblance between the mouth-parts of Thysan- 
optera and Orthoptera is apparently closer than the resemblance 
between the mouth-parts of Hemiptera and Orthoptera. 

3. A comparison of the different structures of the two 
suborders shows clearly that the suborder Terebrantia is more 
generalized than the suborder Tubulifera. 

4. The mouth-parts of thrips are fitted for sucking. 
0. The parts of the mouth are in the form of a cone which 

encloses the piercing organs. The cone is composed of the 
clypeus (cl.) labrum (Ir.), maxillary sclerites (mx. s.) and labium 
(is.). 

6. The mouth-parts of thrips are asymmetrical. 
7. The asymmetry of the clypeus (cl.) and the maxillary 

sclerites (mx. s.) in the two suborders is of an entirely different 
nature. 
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8. The left asymmetrical piercing organ (1. md.) is the left 
mandible and the right, rudimentary piece (r. md.) extending 
between the pharynx (ph.) and the front (fr.) is the right, 
rudimentary mandible. These mandibular parts are present 
in all thrips as far as observed. 

9. A pair of maxillae are present in all. thrips. Each 
maxilla is divided into two parts; the asymmetrical or sym- 
metrical, palpus-bearing, maxillary sclerite (mx. s.) and the 
symmetrical maxillary seta (mx.). 

10. The tentorial structures in the nymph of Heliothrips 
can be homologized with the tentorium of Cicada. On the 
basis of this homology the greatly reduced tentorium of adult 
thrips can be interpreted. 

11. The usual association between the tentorium and the 
mouth-parts in generalized insects is present in thrips and aids 
in interpreting the piercing organs. The maxillary sete are 
closely associated with the posterior arms, while the left and 

right mandibles are associated with the invaginations of the 
anterior arms of the tentorium. 

12. A comparison of the head of the nymph of Cephalo- 
thrips and the head of the adult of Heliothrips shows clearly the 
homology existing between the two suborders in respect to the 
piercing organs. 

13. The semi-pupal stage of Cephalothrips shows a distinct 
reduction in the mouth-cone. The peculiar shape of the left 
mandible and the point of attachment of the maxillary sete 
in the adult is in part due to this reduction. 

14. The pharynx at the anterior end of the alimentary 
canal is modified into a distinct and characteristic sucking 
apparatus. 

15. Two kinds of paired salivary glands are found in the 
thorax and abdomen of the two species here figured. The 
ducts from these glands unite and pass into a y-shaped structure 
caudad of the pharynx. 

16. The tissue in the head, here called head-glands, has a 

similar structure and a definite arrangement. Ducts can be 
traced from the majority of these glands to the two small open- 
ings on the caudal aspect of the pharynx. 



1915] The Head and Mouth-Parts of Thysanoptera 57 

BIBLIOGRAPHY. 

Berlese, Antonio.—Gli Insetti, loro organizzazione, sviluppo, abitudini e rapporti 
coll’uomo. Vol. I., Milan, 1909, 153. 

Bugnion, E.—L’Appareil Salivaire des Hemipteres. Arch. D’Anat. Mic. Vol. 10, 
1908, 227-268; Vol. 11, 1910, 435-456. 

Faure-Fremiet, E.—Contribution a L’Etude des Glandes Labiales des Hydrocor- 
ises. Ann. des Sci. Nat. Zool., N. S. 9, Vol. 12, 1910, 217-239. 

Garman, H.—The Mouth-parts of the Thysanoptera. Bul. of the Essex Inst. 
Vol. 22, 1890, 24-27. 

Hinds, W. E.—Contribution to a Monograph of the Insects of the Order Thy- 
sanoptera Inhabiting North America. Proc. of the U. S. Nat. Mus. Vol. 26, 
1903, 79-242. 

Jordan, Karl.—Anatomie und Biologie der Physapoda. Zeit. fur Wiss. Zool. Vol. 
47, 1888, 541-620. 

Muir, F. and Kershaw, J. C.—On the Homologies and Mechanism of the Mouth- 
parts of Hemiptera. Psyche. Vol. 18, 1911, 9-10. 

Uzel, Heinrich.—Monographie der Ordnung Thysanoptera. 1895. 

EXPLANATION OF PLATES. 

PrATE. i: 

Fig. 1. Ventral aspect of the head of Heliothrips femoralis. 
Fig. 2. Left later:l aspect of the head of Leliothrips femoralis. 
Fir. 3. Left lateral aspect of the mouth-cone of Thrips physapus. 
Fig. 4. Antenna of Heliothrips femoralis. 
Fig. 5. Right lateral aspect of the head of Heliothrips femoralis. 
Fig. 6. Right lateral aspect of the mouth-cone of Thrips physapus. 
Fig. 7. Dorsal aspect of the head-capsule of Heliothrips femoralis. 

PLATE II. 

Fig. 8. Ventral aspect of the head of Cephalothrips yucce. 
Fig. 9. Dorsal aspect of the head-capsule of Cephalothrips yucce. 
Fig. 10. Antenna of Cephalothrips yucce. 
Fig. 11. Left lateral aspect of the head of Cephalothrips yucce. 

PEAnEe Une 

Fig. 12. Left lateral aspect of the head of the nymph of Heliothrips femoralis. 
Fig. 13. Ventral aspect of the head of the nymph of Heliothrips femoralis. 
Fig. 14. Ental view of a maxillary sclerite of Thrips physapus. 
Fig. 15. Longitudinal section, of the proximal and distal portions of a long, 

salivary gland of Cephalothrips yucce. 
Fig. 16. Longitudinal section of a short, salivary gland of Cephalothrips yucce. 
Fig. 17. . Ventral aspect of the head of the nymph of Cephalothrips yucce. 
Fig. 18. Left lateral aspect of the head of the nymph of Cephalothrips yucce. 
Fig. 19. Right lateral aspect of the head of the nymph of Heliothrips femoralis. 
Fig. 20. Ventral aspect of the head of the semi-pupa of Cephalothrips yucce. 
Fig. 21. Ectal aspect of a maxillary sclerite of Frankliniella tritici. 
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PLATE IV. 

Ental view of the ventral aspect of the mouth-cone and a portion of 
the head-capsule of the nymph of Cephalothrips yucce. The parts 
have been spread and the pharynx omitted. 

The union of the salivary ducts in Cephalothrips yucce. The solid 
lines indicate the structures in a sagittal section, ten microns thick. 

Distal portion of a longitudinal section of the long salivary glands of 
Heliothrips femoralis. 

Manner of interlocking of the grooved maxillary setae of Cephalothrips 
yucce when projectéd from the mouth-cone. 

Sagittal section of the left, asymmetrical mandible of Heliothrips 
femoralis. 

Ental view of the ventral aspect of the mouth-cone and a portion of the 
head-capsule of Heliothrips femoralis. The parts have been spread 
and the maxillary extensions (et.) omitted. 

Ental view of the ventral aspect of the mouth-cone and a portion of the 
head-capsule of the nymph of Heliothrips femoralis. The parts have 
been spread and the pharynx omitted. 

The tentorium of Cicada septendecim. 
Longitudinal section of the short salivary gland of Heliothrips femoralis. 
Longitudinal section thru a dilated duct of a long salivary gland of 

Heliothrips femoralis. The distal portion of the gland shown in 
figure 24. 

Ental view of the right maxillary sclerite of Heliothrips femoralis. 

PLATE V. 

Ental view of the ventral aspect of the mouth-cone and a portion of the 
head-capsule of Cephalothrips yucca. The parts have been spread 
and the pharynx omitted. 

Ental aspect of the left maxillary sclerite of Cephalothrips yucce. 
Ental view of the ventral aspect of the mouth-cone of Cephalothrips 

yuccee. The parts have been spread. 
Ental aspect of the right maxillary sclerite of Cephalothrips yucce. 

Piate VI. 

Frontal section thru the commissures connecting the supraoesophageal 
and suboesophageal ganglia of Heliothrips femoralis. 

38-44. Cross-sections of the pharynx from the dorsal end to the tip of the 

45. 
46. 

47. 
48. 

49. 
. 50. 

51. 

mouth-cone of Heliothrips femoralis. Each second or third section 
figured. 

Lateral view of the pharynx of Heliothrips femoralis. 
Caudal aspect of the pharynx of Heliothrips femoralis. The extensions 

over which the maxillary setae pass, have been omitted. 
Caudal aspect of the Y-shaped piece located caudad of the pharynx. 
Caudal aspect of the pharynx and labrum of Cephalothrips yucce. 

The extensions, over which the maxillary setae and left mandible 
pass, have been omitted. 

Lateral view of the pharynx of Cephalothrips yucce. 
Frontal section thru the commissures connecting the supraoesophageal 

and suboesophageal ganglia of Cephalothrips yucce. 
Cross-section of the oesophagus of Cephalothrips yucce at the point 

where ducts from the head-glands (d.) pass laterad of the oesophagus 
in their extension from the head-glands to the two openings on the 
caudal aspect of the pharynx. 

52-57. Cross-sections of the pharynx from the dorsal end to the tip of the 
mouth-cone of Cephalothrips yucce. Each second or third section 
figured. 
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Fig. 58. 

Fig. 58a. 
Fig. 59. 

Fig. 60. 
Fig. 61. 
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The Head and Mouth-Parts of Thysanoptera 

PLATE VII. 

Sagittal section thru the head and prothorax of Heliothrips femoralis. 
The salivary glands have been omitted. 

59 

The valve at the dorsal end of the pharynx of figure 58 more enlarged. 
Sagittal section thru the head and a portion of the prothorax of Cephalo- 

thrips yucce. The salivary glands have been omitted. 
Caudal aspect of the labium of Heliothrips femoralis. 
Caudal aspect of the labium of Cephalothrips yucce. 

LIST OF ABBREVIATIONS. 

Anterior arms of the tentorium. 
Alimentary canal, 
Antennae. 
Caudal projections or arms. 
Common duct of the salivary 

glands. 
Clypeus. 
Commissure. 
Chitinous tendon. 
Duct of the head-glands. 
Dorsal arms of the tentorium. 

. Dorsal dilating muscles of the 
pharynx. 

Dilated lumen. 
Dilating muscles of the pharynx. 
Duct from glandular tissue near 

mandible. 
Elastic membrane. 
Ental extensions of the maxil- 

lary sclerites. 
Fold in the clypeus. 
Front. 
Gena. 
Head-glands. 
Invaginations of the anterior 

arms of the tentorium. 
Invaginations of the dorsal 

arms. of the tentorium. 
Invaginations of the posterior 

arms of the tentorium. 
Lumen. 
Labium. 
Labial palpus. 
Duct of the long, salivary gland. 
Ental extensions of the labium. 
Left mandible. 
Labrum. 
Long salivary gland. 
Mentum. 
Membranous area. 
Muscle. 
Maxillary seta. 

mx. g. 
mx. p. 
mx. pl. 
mx. Ss. 

NX 

ZC. 

. Ventral, 

Maxillary guide. 
Maxillary pillar. 
Maxillary palpus. 
Maxillary sclerite. 
Notch. 
Nerve. 
Occiput. 
Ocellus. 
Oesophagus. 
Oenocyte. 
Pharyngeal projection. 
Posterior arms of the tentorium. 
Pharynx. 
Prothoracic leg. 
Pharyngeal pocket. 
Paraglossa. 
Prothoracic sclerite. 
Chitinous plate. 
Right rudimentary mandible. 
Reticulation. 
Suture. 
Sense cone. 
Duct of the short salivary gland 
Submentum. 
Short salivary gland. 
Caudal head-strip. 
Suboesophageal ganglion. 
Supraoesophageal ganglion. 
Thorax. 
Transverse area of the pharynx. 

dilating muscles of 
pharynx. 

Vertex. 
Ental thickening on margin of 

head-capsule. 
Union of the anterior and pos- 

terior arms. 
Y-shaped pharyngeal piece. 
Ental thickening on margin of 

head-capsule. 
Piece connecting the united 

arms. 
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Cephalothrips 
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Cephalothrips. 
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Cephalothrips. 
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Heliothrips. 
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17, 20. 
Cephalothrips. 

Cephalothrips 
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Frankliniella. 

Alvah Peterson. 
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Cephalothrips. © 
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STUDIES IN DIASPININE PYGIDIA. 

By E. W. STaFForD. 

Up to the present time the practice of staining Coccide in 
toto as an aid to taxonomic work has not been much adopted 
on this continent. Newstead and Green in their great Mono- 
graphs, recommend the use of stains, and in their preparation 
of specimens, stains are used. 

The Diaspine are classified for the most part on characters 
of the pygidia of the adult females. In my work with scale 
insects I found that one’s first tentatives toward the practice 
of staining are apt to be crowned with little positive success, 
but that after a little experimentation and practice, these 
artificial colors may be made to enhance the value of the mounts 
to such an extent as well to compensate for the extra labor 
involved in their application. 

Fic. 1—Types of Tubular Glands 

The chitinous paraphyses and the true marginal spines are 
not shown to better advantage in stained specimens than in 
those unstained. 

The marginal plates, the dorsal pores and the circum- 
gential pores are much more clearly defined in properly 
stained specimens than in those which have not been stained. 

67 
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The delicate tubular glands, which are practically invisible in 
unstained specimens, may be rendered clearly visible by proper 
staining. These tubules are in general different in different 
species and constant in the same species. Though they have 
been ignored by us, they nevertheless present a potentially 
valuable addition to our list of classificatory characters for the 
group. 

TECHNIQUE. 

Females were removed from under their waxy coverings and 
placed in strong cold aqueous solution of potassium hydroxide 
and allowed to remain until perfectly clear. This may require 
from two to five days. The specimens were then placed in a 
copious quantity of water for a couple of hours to remove all of 
the potassium therefrom. From the water they were trans- 
ferred to ninety-five per cent alcohol. From the alcohol, after 
plenty of time for dehydration, they were transferred to an 
alcoholic solution of Magentarot, (magenta-red), and allowed 
to remain about one hundred hours, or until they showed a 
purple color, but still remained translucent. They then were 
placed for a few seconds in absolute alcohol to wash off super- 
flous stain and transferred to xylol therefrom. 

After a couple of hours they were mounted in balsam or 
glycerine jelly. The above process entails little labor but 
extends over considerable time. 

The specimens may be boiled in strong potassium hydroxide 
for from fifteen minutes to half an hour, to procure the same 
degree of clarity and may be stained in Hamatoxylin solution 
von Delafield for ten or fifteen minutes. Thus the time of 
preparation may be much shortened. The former process has, 
however, given more desirable results. 

DORSAL-PORES. 

The pygidial pores in the Diaspine fall into two classes :— 
Larger, usually elliptic, grouped ‘“‘macropores,’’ and smaller 
or minute, circular, single, paired or grouped ‘‘micropores.”’ 
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SPECIES. 

Chrysomphalus obscurus: 

Micropores, about seven on each lateral margin. 

CHRYSOMPHALUS OBSCURUS  Comst 

Macropores in six groups, giving rise to slender capitate, 
bi-pistonate tubules. Tubules uniform and in six compact 
sheaves corresponding to the six groups of macropores from 
which they arise. 

Chrysomphalus aonidum: 

Micropores, ten; two between median lobes, two in median 

lobe, one in second lobe, one on margin beyond third. 

CHRYSOMPHLUS AONIDUM Ling 

Macropores, numerous and in rows. ‘Tubules of two types; 
one long, sub cyllindric, gradually expanding toward its truncate 
apex arises from between median lobes. Three similar to above, 
longer, arise from three macropores between median and second 
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lobe. About twenty, long, filiform, capitate, tripistonate 

in compact sheaf, arise from double row of macropores between 
second and third lobe. A group in all ways similar to above, 
arises from double row of macropores arising from beyond third 
lobe. Four, apparently non-tubulate pores close to each 
lateral margin. 

Aspidiotus ancylus. 

Micropores three—one between median lobes giving rise 
tosslender funnel form tubule uni-pistonate at truncate apex, 
one in median lobe. 

ASPIDIOTUS ANCYLUS  Pautn 

Macropores numerous, scattered, giving rise to short sub 
cyllindric truncate tubules, which are non-pistonate. Three 
arising from between median and second lobes are longer than 

the” others. 
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Aspidiotus brittanicus. 

Micropores fourteen—one in median lobe and one between second and third, give rise to minute, filiform, capitate, and 
sometimes stylate tubules, two in second lobe, one in third lobe, one cephalad of lateral margin of vaginal opening. 

ASPIDIOTUS BRITTANICUS 

Macropores scattered. Tubules from same, not uniform. 
Funnel form with and without terminal pistons, and capitate, 
armed terminally with fusiform stylets. 

Aspidiotus forbesi. 

Micropores four—one in median lobe, one in second lobe, 

ASPIDIOTUS FORBES! Jahns 

Macropores scattered. Tubules mostly slender, expanded 
toward their truncate apexes and non-pistonate. Filiform, 
capitate, pistonate tubules sometimes visible. 
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Aspidiotus hedere. 

Micropores six—one between second and third lobes, two 
at side of anal aperture. 

AspipiotuS HEDERAE Vall. 

Macropores about thirty-six, at caudal margin and in a 
rough diagonal row. Tubules short, sub cyllindric, truncate 
at apexes, which are not armed with pistons. 

Aspidiotus perniciosus. 

Micropores nine—one between median lobes and one in 
median lobe, give rise to filiform capitate tubules, two in second 
lobe, and one in third lobe are non-tubulate. 

ASPIDIOTUS PERNICIOSUS Comst. 

Macropores scattered, give rise to slender tapering tubules, 
ending capitate. All tubules armed terminally with fusiform 
stylet. 
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Aulocaspis rose. 

Micropores four—two between second lobe and anal aper- 
ture. These give rise to minute, short tubules terminating in 
two capita, the terminal one being armed with a minute piston. 

AULACASPIS ROSAE Bouche. 

Macropores numerous—situated in transverse rows at 
vestigial junctures of segments, and giving rise to very short 
sub cyllindric tubules, which are truncate at tips and armed 
terminally with short pistons. 

NotE—These studies were made for the most part with Bauch and Lomb 
ocular number two and one-quarter inch objective. 



SUGGESTIONS FOR THE STANDARDIZATION OF 
TECHNICAL TERMS IN ENTOMOLOGY.* 

By G. C. Crampton, Ph. D. 

The ever increasing confusion in the application of anatom- 
ical terminology in entomology, is rapidly producing an ab- 
solutely intolerable state of affairs, and unless steps toward 
reform are soon taken, it will eventually become practically 
impossible to make use of the present system of terminology, 
in comparative morphological work. Such chaotic and ab- 
solutely needless confusion, would not for a moment be toler- 

ated in any other branch of research, and it is difficult to under- 
stand why entomologists are supinely indifferent to a state of 
affairs which can hardly be said to reflect credit upon their scien- 
tific spirit or intelligence. If students of mammalian anatomy, 
for example, were to apply the term ‘‘mentum”’ to the back 
of the head in lemurs, to the top of the head in monkeys to the 
forehead in baboons, to the nose in higher apes, and to the chin 
in man, the storm of protest which such a course of procedure 
would arouse, can be easily imagined; yet entomologists may 
with impunity perpetrate a far more astoundingly flagrant 
manipulation of anatomical terminology than that cited in 
the foregoing hypothetical case, and no one is moved to even 
mildly protest! 

Lest the preceding statement should seem slightly over- 
drawn, one of several similar instances of remarkable entomol- 

ogical usage which suggest themselves, may be cited as an 
illustration. The term “squama,’’ for example, is applied to 
the sclerites of the labium and maxilla of Odonata, to the term- 

inal sclerite of the male’s genital claspers in Bombide, to the 
lens-shaped ‘‘first’’ abdominal segment of Formicide, to one 
or both calyptra of Diptera, to the tegule of Hymenoptera and 
Lepidoptera, to various squamiform structures of certain 
insects, to the clothing scales of others, etc. etc., ‘“‘ad infinitum!’’ 

We thus have structures located at opposite ends of the body, 
together with a generous intersprinkling of intermediate points, 
to which the term “‘squama’”’ is applied. If the object of en- 

*Contribution from the Entomological Laboratory of the Massachusetts 
Agricultural College, Amherst, Mass. 
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tomologists, in this and similar instances, has been to bring 
about a confusion ‘‘thrice confounded,” they are certainly to be 
congratulated upon the signal success which has crowned their 
efforts! 

Among the systematists, an awakening of the modern spirit 
of scientific exactness is apprent in the attempted standardiza- 
tion of entomological nomenclature, and it is to be hoped that 
the same spirit of scientific exactness may eventually impel 
them to adopt some standardization of entomological termin- 
ology as well. Since no rules or suggestions whatsoever (so 
far as I am aware) have been formulated for governing the 
application of entomological terminology, and since it is ap- 
parent that some one must take the initiative in this matter, 
I would venture to offer the following purely tentative sug- 
gestions, in the hope that other workers who have been con- 
fronted with the same disconcerting confusion in the application 
of anatomical terminology, may be moved to contribute to 
the discussion, or to offer better solutions of the difficulties 

than those here proposed. 

(1). Long established or general usage should be one of the 
most important factors in determining the application of a term. 
When, however, established usage is wholly at variance with 
logical consistency, it should always yield to the latter. For 
example, according to general and established usage, the term 
metatarsus is applied to the basal tarsal segment, no matter 
whether it be that of the metathorax, mesothorax, or prothorax. 

According to logical consistency*, however, the term meta- 
tarsus should always refer to the entire tarsus of the meta- 
thorax, and of the metathorax alone, since the prefix ‘‘meta”’ 
delimits all metathoracic structures: e. g. metanotum, meta- 

coxa, metafemur, etc. 

(2). The original usage of a term should always be retained. 
In other words, if the author of a term applied it to a well 
defined structure, this term should never be applied to any 
structures other than those homologous with the one to which 
this designation was originally applied. It is through the dis- 
regarding of this principle that much of the present confusion 

*The expression ‘‘logical consistency’’ is used advisedly, since it would be 
consistent to argue that the designation ‘‘pro-podeum’’ should refer to a pro- 
thoracic structure, but this blind carrying of consistency to the extreme, would 
hardly be logical. 
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of terminology has arisen, and it is extremely unfortunate 
that a few necessary exceptions prevent the rigid enforcement 
of this rule. For example, the designation ‘‘thorax’’ was prob- 
ably introduced by Linne (Fundamenta Entomologiz#:—Ameen. 
Acad., Tome 7, p. 143) who applied it to the pronotum of 
Coleoptera, Hemiptera, etc., and designated the true thorax 

as the “‘truncus.’”’ It would be wholly impracticable, at present, 
however, to attempt to restrict the term “‘thorax’’ to the pro- 
notum, and to substitute ‘‘truncus’”’ for the accepted and well 
established use of the term thorax. 

(3). If terms have been proposed, without clearly indicat- 
ing to what structures they should be applied, such terms 
should be regarded as ‘‘nomina nuda,”’ and the first definite 
application of these terms to insectan structures, should be 
considered as the original one. For example, the terms pre- 
sternum, sternum (in the restricted sense), sternellum and 
poststernum, were originally proposed by MacLeay (Zool. 
Journ. London, Vol. 5, No. 18, 1830) for four hypothetical 
sternal subdivisions which he neither figured nor described, 
but merely stated that since they were to be found in Sguzlla 
and Julus (neither of which are insects), they might occur in 
other ‘‘insects.’’ The first application of these terms to insects, 
was by M’Murtrie (The Animal Kingdom, New York, 1831— 
a translation of Cuvier’s work) who applied the terms pre- 
sternum, sternum and poststernum to the prosternum, meso- 

sternum and metasternum. (The term sternum, however, had 

been previously used as a general term applied to the sternal 
region of all segments.) 

(4). A term cannot be used at the same time in a broad and 
in a restricted sense (i. e. the same term cannot be applied to 
both the whole, and to one of its parts) without creating con- 
fusion. For example, the use of the term sternum in the 
broad sense, to indicate the entire sternal portion of a segment, 
and in the restricted sense to indicate one of the several stern- 
ites, or sternal subdivisions, creates unnecessary confusion, and 

only the original use of the term should be retained. 
(5). Although the law of priority cannot be strictly en- 

forced in anatomical terminology, it is evidently undesirable to 
apply any more new terms to structures already supplied with 
suitable designations, unless it can be demonstrated that the 
older terms are inappropriate, or are incorrectly applied. 
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(6). It should be permissible to supercede older terms with 
new ones, if there is no apparent unanimity of opinion among 
entomologists as to the application of terms concerning which 
the author himself was in doubt, or if it is impossible to deter- 
mine to what structures he intended that his terms should 
refer. In such cases it is far less confusing to apply entirely 
new terms, than to risk complicating further, an already suffi- 
ciently disconcerting state of confusion. 

(7). It should be permissible to make slight changes in 
older terms, to bring them into harmony with modern usage. 
For example, the designation “‘sternopleura’’ might be modified 
to “‘sternopleurite,’’ since the designation ‘‘pleura’’ refers to 
both flanks, while the term “‘pleurite’’ refers to a pleural sub- 
division (as is the case with the so called “‘sternopleura.’’) 

(8). If the author of a term applied it to wholly different 
(i. e. non-homologous) structures in the same or different 
insects, it should be permissible to designate the particular 
structure to which the term should be restricted. 

(9). It is advisable to avoid using a designation composed 
of two or more terms, for such designations are usually too 
cumbersome to be of practical application (e. g. “processus 
pteralis ale primus,” etc.) and when possible, should be super- 
ceded by a single concise designation, which may be compound 
or not. 

(10). Hybrid terms (i. e. those compounded from different 
languages) while permissible, are undesirable, and the number 
of those already in existence should not be further increased. 

(11). Designations expressed in a modern language should 
have no standing (e. g. ‘‘antecoxal piece’) and should be super- 
ceded by terms of Latin or Greek origin, in accordance with 
general zoological nomenclature. 

(12). In attempting to fix the application of anatomical 
terminology, the usage employed in some one standard work, 
such as that of Audouin (Recherches Anatomiques sur le 
Thorax des Animaux Articules:—Ann. Sci. Naturelles, Tome 

1. Ser. 1) might be taken as a basis, just as the tenth edition of 
Linne’s “Systema Nature’’ is taken by the systematists as the 
basis for establishing entomological nomenclature. An ob- 
jection to this suggestion is that Audouin was not at all certain 
as to the application of some of his terms (for example, he 
applied the term parapteron to wholly different sclerites in 
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different insects, as pointed out by Crampton, 1914, “On the 

Misuse of the Terms Parapteron, etc.’’-—Journal N. Y. Ent. 

Soc., Vol. 22) and in certain instances he applied his terms to 
wholly unnatural subdivisions of the integument (as is the case 
with the region which Audouin designates as the “postscutel- 
lum,’’ to which attention has been called by Snodgrass, 1909, 
“The Thoracic Tergum of Insects’’:—Ent. News, Mar. 1909). 

The same fault is present to a greater degree in all the earlier 

works upon this subject, which prevents taking any of them as 

the standard. 
(13). Consideration should be given to the usages employed 

in standard works of reference (text-books, glossaries, etc.) 

though unfortunately these authorities do not always agree 
among themselves, nor are they always logical. 

(14). Consideration should be also given to the conclusions 

of any investigator who has made a thorough study of the liter- 

ature, and of the homologies of the parts in various orders of 

insects, and has also presented an impartial resumé of all of the 

available evidence bearing upon the subject, provided that his 

conclusions are in accord with common sense and logical con- 

sistency—which, in the last analysis, must be the governing 

principles in the application of anatomical terminology. 
The opinion of any individual worker has but little weight, 

and if effective steps are to be taken toward bringing order out 

of the present chaos, it must be accomplished through the action 

of some committee vested with the proper authority to carry 
out whatever plans may be decided upon. I would therefore 
propose, as a final suggestion, that the Entomological Society 
of America appoint a committee of considerable permanence, 
which would take up this matter in detail, and which would be 

prepared to decide upon whatever points in anatomical termin- 

ology might be presented for its consideration. The con- 

clusions of such a committee, being authoritative, would doubt- 

less be readily accepted by entomologists in general. 



RESULTS OF TWENTY-FIVE YEARS’ COLLECTING IN 
THE TACHINIDA, WITH NOTES ON 

SOME COMMON SPECIES. 

By J. M. ALpricH, 

Assistant in Cereal and Forage Insect Investigations, Bureau of Entomology. 

A recent rather careful inventory of my collection in this 
family was made the basis of further studies. which seemed of 
general interest and are presented in this paper. 

First a few personal words about my collecting. 

I began to collect insects in 1888. In my first two seasons 
I collected everything without discrimination; but in the spring 
of 1890 I definitely selected the Diptera as my specialty and 
began a private collection in them, still for many years continu- 
ing to make a general collection for my institution. In the fall 
of 1890 my attention was directed especially to the Tachinidze 
through meeting in Washington Mr. C. H. T. Townsend, who 
was already specializing in them. For several years I sent him 
material. The appearance of Coquillett’s Revision of the 
Tachinide in 1897 gave a new impetus to my collecting in the 
family; within a few years he had named a large number of 
species for me, by the aid of which I gradually acquired suffi- 
cient knowledge of the characters to determine for myself 
within narrow limits. I mention these beginnings merely to 
show that I have since possibly the first year of the twenty-five 
paid much more than casual attention to this family. 

I should preface my statistics with the remark that I have 
about the same general conception of species and genera as that 
of Coquillett in his Revision, and that I use mainly the nomen- 

clature of that work. The total number of North American 
Tachinide in the collection is about 260 species, but I leave 
out of account in the following figures some 25 species not deter- 
mined. 

Total number ok namediN Aj species;. 62..55. 5002-4. deenesa ces 232 
SUPHOSedenewa GMeGlestaAllOMont MCGe saw ame class ceva sisal tests ons 31 
DitterencenassieneditG mamediSpeCieSss: . 2.222. .c0.c sche escs sce 201 
Generatnepresenhe cee werk a pert. lao seine vctta ho ore ae eine ote 103 
epecies;collectadubyeman Selig rete Bene ocinry ts lnkocricia rele iale «ors 185 

Total number of species in collection from Rocky Mountain 
andPPaciiCySlOMeercolOnsver sees micinatcaiistr foes come gs os 143 
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Following are the species collected by myself in the different 
regions in which I have lived: 

Collectedtini Souths Dakotas 74:seasonssser serene eee ees 35 
At Lawrence, Kans., first half of 1 eeean GUC Daa enka an a Oe ee 19 
In ‘Idaho, 20'seasonss)o vecache <sioe ee eee ee are SOE nr: 91 
IniCalitormiaysirst-nalmonl90G samen cee etee 21 
In Indiana, 114 SEASONS) ec Behan lhs oo Serie ee ee eee 64 

The following figures show something about the relative 
abundance of species: 

Represented by ‘one specimen: 32, 80 42 cma scien a nee eee eee 66 
By! two "Specimens were: «ly. ae ee ee ha eee oe eee 24 
By; Ghreetspecimens. fees ee ele tee ee 23 
By four specimens. crc ccicte a ee ery eer eit ie ee 21 
By, five SPecumens pr c1 ee eet eee ee eet 11 
By ASixiSpeCimens fi sctomck. eee anes Oe ER eee 13 
By \S@ven Specimens ny. 302 Mah vecatyoupo eee eae oa hehehe eee Mier 11 
By eightionmmoresspecimensissh ane eee eae ee ieee 63 

From the figures just given, it appears that about 25% 
of the species are represented by a single specimen, an equal 
proportion by eight or more, and that the other 50% fall be- 
tween these extremes. The strikingly large number represented 
by a single specimen may be in part explained by the fact that 
my entomological friends have sometimes favored me with a 
rarity of which they could spare but one: Professor Melander 
has in fact often divided with me when he had but two speci- 
mens. So I re-examined the 66 cases, and found that only 41 
were collected by myself, and 25 by others. 

During all the period of my collecting I have been trying to 
get long series, especially in recent years. Therefore it seemed 
surprising that I could show eight or more specimens in only 
63 species—the more so as in many of these I had only found the 
insect a time or two in all my experience, as in Dichocera lyrata 
Will., Paradejeania rutilioides Jean., and others. Immediately 
the question arose. How many really common species of 
Tachinide occur in the United States, and which are they? 

Taking my 63 species as a tentative list, I asked Messrs. C. 
W. Johnson and W. R. Walton to make similar ones, enumerat- 
ing the species which they had found either generally or occasion- 
ally common; Mr. Johnson named 52 species and Mr. Walton 
71. About the same time while doing some work in the Illinois 
collection at Urbana I listed 29 named species which were repre- 
sented by eight or more specimens; and on a brief visit to 
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Professor Melander I made a very incomplete list of 23 
species among his duplicates. This gave me five lists, of which 
two were largely western and two eastern. 

The total number of species mentioned in these lists is 107; 
of these only 15 were mentioned in all the lists and seem 
therefore entitled to rank as the commonest Tachnids of 
the United States; 9 were mentioned four times, and hence 

may be considered as almost as common; 9 more were mentioned 
three times, indicating that they are fairly common; 24 were 
mentioned twice and 50 only once—these two classes have their 
periods of abundance, as many other species no doubt have, 
but are not generally or even frequently common. These 
indications are given as approximations only, conceding that 
further study of the matter would tend to increase the number 
of the common group. 

Taking them as they are, however, some rather striking 

facts about their parasitic relations will appear. I give a few 
notes about the first class, which occurred in all the lists: 

Cistogaster immaculata Macq. Adults are collected on 
flowers throughout the summer, and are in every collection. 
There is no trustworthy record of the rearing of this species, 
nor so far as I can find of its European congeners; its evident 
close relationship with the following species suggests the 
Pentatomide as its hosts. 

Gymnosoma fuliginosa R. D. Adults with the preceding, 
and equally common. Has been bred in Arizona from nymphs 
or adults of Pentatoma sayi, and again in New Mexico from the 
same host (the latter an unpublished record of the Bureau of 
Entomology). It lays an egg on the prothorax of the bug. 

Phorantha occidentis Walk. The most abundant of all 
Tachinide; I collected 328 specimens in 20 minutes on October 
23, 1914, by sweeping the flowers of Chrysanthemum leucan- 
themum near La Fayette. Nearly all my dated specimens were 
taken in September and October, and from flowers of compos- 
ites. It has been reared on September 11, 1913, by F. B. 
Milliken, from Nysius angustatus Uhler, one of the False 
Chinch Bugs (unpublished record). One of its European 
allies (Phasia hemiptera) attacks adult beetles, inserting an 
unincubated egg by means of a sharp ovipositor. Occidentis is 
probably a single-brooded species. 
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Myiophasia aenea Wied. ‘This is the least abundant of the 
fifteen; in spite of the fact that it’ is included in all the lists, I 
have never seen a good, long series. It has been bred several 
times from beetle larve. 

Senotainia rubriventris Macq., and trilineata V.d. W. These 

are always common, especially the latter, on sandy soil in sum- 
mer, where wasps dig their holes. Presumably they parasitize 
these Hymenoptera, as their European congeners do, but 
none have been bred in this country. 

Ocyptera caroline R. D. Common on flowers in late sum- 
mer, especially on goldenrod. It has been bred once from a 
grass-hopper. It makes a fair counterfeit of Ammophila 
when feeding on flowers, with its black and silvery colors and 
red abdomen. 

Panzeria radicum Fabr. This robust species occurs on 
flowers from April throughout the summer. It parasitizes 
caterpillars, and has been found to be single-brooded, wintering 
in the puparium. 

Tachina robusta Townsend. A large species found only in 
spring, often on willow bloom, or sitting on the bare ground. 
It has been bred from larve of moths, and is presumably 
single-brooded. 

Winthemia quadripustulata Fabr. Undoubtedly our most 
abundant Tachinid parasite of lepidopterous larve, from many 
species of which it has been bred. The adults are very common 
on foliage. 

Paradidyma singularis Tns. Only moderately but persist- 
ently common. Bred from burrowing webworms by Forbes 
in Illinois (unpublished record). 

Gonia capitata De G. A very early spring form, even 
earlier than Tachina robusta. In my experience, the dark 
form occurs only in spring, while in late summer there is a less 
common form with yellow abdomen; this if sustained by more 
careful study would argue for specific distinctness, corresponding 
more or less to Williston’s species. Bred from cutworms—the 
spring form. 

Microphthalma disjuncta, Wied. Adults found on bare 
ground in June and July. Not very common westward, per- 
haps not occurring at all in the Pacific Northwest, although it 

occurs in the Southwest. Parasitic on larve of Lachnosterna 
and presumably in the Southwest on allied genera. Probably 
single-brooded. 
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Archytas analis, Fabr. Adult on sweet clover and golden- 
rod in midsummer. Has been bred from tent caterpillar and 
army worm. 

Echinomyia algens Wied. Adult with the preceding. Has 
been bred from a cutworm. 

The second group of species, mentioned in four of the five 
lists, is as follows: 

Trichopoda pennipes Fabr. This appears to occur from 
Argentina to about the latitude of Kansas, and still farther 
north to the eastward, but not in the northwest. It has been 

bred from Anasa and Leptoglossus, plant-feeding Heteroptera. 
Cryptomeigenia theutis Walk. Very widespread but not 

abundant. The adults of Lachnosterna are attacked, and 

presumably allied genera in regions where Lachnosterna is not 
represented. 

Linnemyia comta Fall. Abundant on foliage; has been 
reared from cutworms, and from Laphygma frugiperda (the 
latter an unpublished record of the Bureau). This species 
perhaps more than any other in the second group deserves a 

place in the first, from its very wide distribution. It has 

however been bred only a few times. 
Euphorocera clartpennis Macq. Except for the fact that 

I did not find this species well represented in the Illinois col- 
lection, I should have placed it in the first group; my impres- 
sion is that it is a close second to Winthemia quadripustulata 
as a parasite of lepidopterous larve; it has been reared from 
many species. 

Metacheta helymus Walk. Persistently common, but not 
abundant. Adult on foliage. Until the past summer this 

species had never been bred, but Mr. Gahan and Mr. Hyslop 
both reared it this year from the Army Worm in Maryland 
(unpublished records). 

Metopia leucocephala Rossi. Adult on low foliage and on 
the ground. Common throughout the summer. Has not been 
bred in this country, but in Europe, where the species also 
occurs, it has been reared from nests of Bembex, Halictus, and 

Philanthus, burrowing Hymenoptera. 

Spallanzania hesperidarum Will. Not generally abundant, 
though widespread. A butterfly parasite. 

Peleteria tessellata Fabr, and robusta Wied. Both very 
common species on flowers throughout the country, all summer 
long. Robusta has been bred from Leucania unipuncta by 
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Vickery at Brownsville, Tex.; from Chorizagrotis agrestis by 
Kelly at Wellington, Kans.; and from Paragrotis ridingsiana 
by Doten at Austin, Nev. (Unpublished records). Tessellata 
is so closely allied that it undoubtedly attacks Lepidoptera, 
though not yet reared. 

Omitting the less common species, there are a few facts 
to be emphasized in the ones above discussed. 

First, among twenty-four commonest North American 
Tachinidae, twelve are known to parasitize Lepidoptera, three 
each the Coleoptera and Hemiptera, one each the Hymenoptera 
and Orthoptera; while in four the larval habits are unknown, 

only one of these last however probably attacking the Lepidop- 
tera. 

Second, that several of these species are probably single- 
brooded. Parasitism seems in these cases to have restrained 
within narrow limits the ordinary, primitive exuberance and 
rapidity of Muscid development. The economic importance 
also of the species is materially affected by this limitation. 

Third, that the natural history of these species is mostly 
unknown or at least unpublished. While some progress has 
been made in studying the internal anatomy of the females and 
making out the stage of advancement at which the young are 
deposited, there is a great lack so far of field work on the re- 
production, as well as of dissection of infested hosts to ascertain 
the mode of life of the larva. There should be more workers 
in this field. Merely to find and record a fly in the breeding 
cage where a cutworm moth was due is but a small contribution, 

though a useful one, to the biology of the fly. Mr. Walton's 
interesting published observation on larviposition in Cheto- 
phleps setosa Coq., the cucumber beetle parasite,* illustrate 
the sort of beginnings we must have in order to handle the sub- 
ject properly. Hence in conclusion I cannot too strongly 
commend to the rising generation as a research subject the 
biology of parasitic diptera, in which there are many discoveries 
to be made, of both scientific and economic importance, and 

of general interest as well. 
My acknowledgments are due to Dr. Webster for permis- 

sion to use unpublished records, and to Mr. Walton for gener- 
ously furnishing them in advance of his forth-coming new host 
index of Tachinide. : 

*Mentioned in his article as Neocelatoria ferox. 



ON PROPER GENERIC CONCEPTS. 

By CHARLES H. T. TOWNSEND. 

If any excuse be needed for presenting this subject, it is that 
we are face to face with the problem of adequate and practical 
generic concepts in the muscoid flies, and it is a patent fact 
that the soundness of our taxonomic system depends upon its 
correct solution. 

In approaching this problem it is important to review 
briefly the work of former systematists, in order to guard against 

a repetition of their errors. The genera of Meigen’s predeces- 
sors correspond roughly to our families and subfamilies, those 
of Meigen to our subfamilies and tribes. These authors do not, 
therefore, figure in this consideration. We may group subse- 
quent authors as specialists and generalists. 

Desvoidy was the first muscoid specialist. He had a close 
eye for differences, but often showed poor judgment in esti- 
mating the value of those differences. No one has ever accused 
him of confusing distinct forms under one name. His errors lay 
in attaching too great importance to minor characters subject 
to variation in the case of species, and in choosing insecure 
and invalid characters for some of his genera. 

Rondani was the next specialist in this group. Although 
in a sense a general dipterist, he possessed a very special know]l- 

edge of the Muscoidea. He, however, misidentified various 

species of the early authors, due perhaps in large measure 
to a revulsion of feeling prevailing in his time against the too 
minute and often misjudged discriminations of Desvoidy. 
With regard to genera, he revised and extended Desvoidy’s 
system, and his mistakes here are not conspicuous. 

Finally Brauer and Bergenstamm, and especially Brauer, 

abundantly won the honors as specialists in external muscoid 
characters, and they accomplished this by an intensive study of 
the external adult dnatomy, which led naturally to restricted 
genera and groups. The only blame that can attach to them is 
in their ignoring Desvoidy’s Myodaires and designating certain 
invalid genotypes. As intensive students of external characters, 
it is instructive to note how closely they approached the truth 

in the majority of their generic and group concepts. Those 

85 
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cases in which they confused distinct genera or referred them 

to wrong groups were due to no fault of perception, but rather 

to the fact that they had no sure guide to the value of certain 
slight but constant external adult characters. At the present 
day we are fortunate to possess such guide in the male and 
female reproductive system, egg and first-stage maggot charac- 

ters. 

The errors of the specialists are, on the whole, comparatively 

few and not appalling; while, the causes thereof being recognized, 

their repetition may be avoided. All favored closely restricted 

generic concepts. 

Let us now turn to the muscoid work of those general dip- 

terists who have passed into history. All of these employed 

broad as opposed to restricted generic concepts. Macquart, 

Schiner and Wulp are very important and significant in this 

connection. Walker, Bigot and Coquillett stand more or less 

apart from them, but are even more significant. None of these 

authors can claim the title of muscoid specialist. 

The generalists attempted to apply the same broad generic 

concepts to the Muscoidea that they applied to the rest of the 

Diptera. Without going into lengthy detail, it is enough to 

state that their mistakes are many and often overshadow the 

good contained in their results. Their misidentifications of 

species are extremely numerous. Their wholesale confusion 

of distinct generic forms was the natural result of no concise 

generic concepts. Almost throughout, their genera are mixed- 

genera. They may be said to have practically lacked muscoid 

generic concepts, for their generic rulings were largely arbitrary 

and so loose as to admit numerous foreign elements. The true 

explanation of all this is that they possessed only the most 

superficial knowledge of their subject. I wish to add that these 

statements can be fully substantiated. 

History, therefore, testifies to the necessity for restricted 

generic concepts in the Muscoidea. After many years of in- 

tensive study of these flies, I can see this necessity more clearly 

every day. There is no question whatever of the necessity, 

either in theory or in practice, but I seek to present some 

tangible and specific reasons in demonstration. 

Investigation of this subject demands consideration of 

several principles, namely, phylogenetic orientation, environ- 

mental adaptation including habitus-convergence, inheritance 
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including evolutional trend or anatomical convergence and 
parallelism, valuation of characters. 

In other words, in attempting to fix the proper generic con- 
cept in a given group, we must consider the position of that 
group in the phylogenetic scale (orientation); the response of 
that group to the factors of the environment (adaptation) ; 
and the comparative importance of the various internal and 
external anatomical structures of all instars for indicating 
relationships and lines of development both within and without 
that group (inheritance and valuation). The detailed con- 
sideration of these principles leads us to the following reasons 
for restricted genera in most of the muscoid groups. 

(1). Smaller generic value in young stocks owing to greater 
approximation of the generic stems and their branches, carrying 
with it the necessity for generic recognition of such stems or 
types of development from a direct but rather remote common 
origin, in order to avoid indefinite diagnoses and secure concise 
generic concepts. Here the principle of orientation figures. 
The majority of muscoid stocks stand near the limits of present 
arthropod specialization. They represent the numerous twigs 
of the phylogenetic tree. As such they are, on the whole, 
young stocks yet in process of evolution, still approaching their 
maturity, full of transitionals. These stocks exhibit, each 

within itself, certain definite lines of development issuing 
directly from a common source and marking generic stems, 
which are often connected by transitional species. Groups of 
generic stems that happen to be connected throughout by 
transitional species can not be treated as a single genus, on 
account of their diverse combinations of characters. Such 
stems must be separately recognized. They can be satisfac- 
torily defined as genera by employing atavic and subatavic 
characters, or those afforded by structures not especially sub- 
ject to adaptation. Here the principle of adaptation enters. 
We have now to provide for the taxonomic disposal of the tran- 
sitional species. They may be defined as lettered but un- 
named subgenera of those restricted genera in common with 
which they show the most characters of phylogenetic 1m- 

portance. Older stocks do not exhibit such conditions as ob- 
tain here. Their generic stems are farther apart, the branches 
therefrom less numerous, and many of their transitionals have 

disappeared. (See diagram). 
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(2). Necessity for generic separation of cases of parallel 

or convergent development from what are practically remote 

or very remote distinct origins; that is to say, anatomical 

parallelism or convergence in generic stems whose distinctness 

carries far back into the past, but which are in reality of ancient 

or very ancient though indirect common origin. Here the 

principles of inheritance and valuation are paramount. Here, 

if our generic concepts be not very closely drawn, they will allow 

the entrance of forms which we know positively to belong 

outside. The reproductive and early-stage characters serve 

us especially in this connection as a key to the value of the 

external adult characters. It is understood that a taxonomic 

system must neither obscure nor do violence to known relation- 

ships or lines of development, but must rather present a true 

phylogenetic picture. (See diagram). 

UNRESTRICTED | RESTRICTED 

PROFIT LOSS PROFIT Loss 

Transitional spe-|But the extremes || An intelligible gen-| But transitional 

cies are easily re-|of the genus are || eric definition may | species must be 

ferred generically| too dissimilar to || be drawn up easily | referred as lettered 
be included in an || owing to the less | subgenera 

A small number of 
generic names 1s 
required 
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early-stage char- 
ters with the ex- 
ternal adult char- 
ters is not required 

intelligible generic 
definition 

But a generic name 
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that generic com- 
parisons lose their 
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phylogenetic lines 
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and early-stage 
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value of the exter- 
nal adult charac- 
ters 
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Exoristid Masiceratid 
EXPLANATION OF DIAGRAM. 

The diverging lines from the two conimon points represent generic stems 
including typical species or those of same general type as the stems. Branch lines 
from the stems represent atypical or transitional species which must be grouped 
with those restricted genera in common with which they show a preponderance 
of important characters. 

The portion of diverging lines below horizontal dividing line represents young 
stocks; the portion above same, old stocks. As stocks age the generic stems 
become farther removed from each other, and transitional species largely drop out. 

Cnephalomyia floridana and Pseudogonia ruficauda are generically distinct 
forms, within the Spallanzaniine tribe, with greatly contrasted egg and first-stage 
maggot, yet so alike in adult as to be almost indistinguishable. Very slight but 
constant head characters separate them, and the early-stage characters show that 
the value of these slight adult characters is generic. 

Eumasicera coccidella is a Masiceratid whose adult is extremely similar in 
external anatomical characters to the adults of the Exoristids Sisyropa hemero- 
campe and Exorista eudrye Thompson (nec Townsend), yet the first possesses 
microtype eggs while the others possess elongate sub-cylindrical macrotype eggs 
with short pedicel. All would be referred to same genus on external adult charac- 
ters, but the small differences in latter are shown by the early stages to be of 
family value. 

While the diagram might be taken to indicate convergence in the adults in 
these two cases, it is intended merely to illustrate the close similarity in external 
adult characters of forms shown by early stages to be ver, distinct. The actual 
descent has probably been through adult parallelism in both these cases, with 
juvenile divergence in the Spallanzaniine case, and juvenile-reproductive diver- 
gence in the Masiceratid-Exoristid case. 
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In summing up the evidence, we may present a contrasted 
statement showing the advantages and disadvantages respec- 
tively of employing unrestricted and restricted genera in the 
Muscoidea. One method must be right and the other wrong. 
The right method must show advantages unequaled by the 
wrong method. It becomes a question of balancing profit and 
loss in the two methods. 

The profit in the unrestricted-genus method is seen to be 
purely nominal; while the loss is manifestly irreparable. In 
the last analysis-the profit turns to loss. On the contrary 
the profit in the restricted-genus method is of the greatest 
practical value; while the loss, to say the most, is easily borne. 
In the last analysis the loss becomes a gain. 

In conclusion I would emphasize one fact. The muscoid 
flies require the nicest and most delicate taxonomic manipula- 
tion. The correct separation of their genera and species re- 
quires the most painstaking discrimination. Any tendency 
to lump forms among them is sure to result in bungling and error. 
An intensive study of the whole superfamily is urgently needed 
to correct the multitudinous mistakes of former authors, 

especially those that we have classed above as generalists. 
Until one has penetrated deeply into the subject, he cannot 
begin to realize the great number of egregious blunders that 
have been perpetrated by the generalists in this group. Unless 
one investigates the subject intensively and impartially, he 
will be unable to realize the conditions. 



BRAUER ON GENERIC VALUES IN THE MUSCOIDEA. 

By FREDERICK KNAB, 

Bureau of Entomology. 

The idea seems to prevail with some American writers on 
Muscoidea, that generic and specific values can be standardized, 

that is, that the validity of genera and species should be made 
dependent upon the amount of difference. Such practice, 
dictated merely by convenience and the limitations of the work- 
er, manifestly does violence to the facts in nature; it could be 

ignored as unscientific, were it not so generally advocated. 

Moreover, the inevitable result of confusing poorly defined 
species or genera is to invalidate such data as have been pub- 
lished upon them, from both a purely scientific and an economic 
standpoint. Thus, Dr. Townsend has shown me that flies, 

which according to the accepted “‘system’”’ are one species, lay 
very different eggs or have remarkably distinct first-stage 
larve, that indicate, at the least, wide differences in biology. 

It is a well recognized and generally accepted principle, that 
recent groups have less clearly marked species and genera than 
the more ancient groups, where the intergradient forms have 
dropped out. In the Muscoidea we have such a recent group 
and the great diversity of modifications presented makes the 
problem of establishing a natural classification, that is, one 
that follows the phylogeny, an extremely difficult one. Fried- 
rich Brauer, who, in spite of many adverse criticisms, remains 
one of the greatest exponents of the Diptera, clearly perceived 
this, as is shown by the following translation of a passage in his 
early paper on the systematic significance of the larval char- 
acters of the Diptera, published forty-five years ago.* 

“In surveying the larval forms, one perceives at once that 
the genera and families of the orthorhaphous Diptera are far 
more sharply characterized, that is, have a higher systematic 

value, than the Cyclorhapha, among [the imagines of] which 
occurs the greatest diversity within the narrowest limits. 
While with the Orthorhapha the majority of the families can 

*Kurze Characteristik der Dipteren-Larven zur Bekraftigung des neuen von. 
Dr. Schiner entworfenen Dipteren-Systemes. Verh. zool.-bot. Ges. Wien, vol. 19, 
pp. 843-852 (1869). 

gI 
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even be recognized and sharply characterized in the larval 

state, those of the Cyclorhapha on the other hand disappear 

under the pen. 

‘“‘No one has up to now characterized the subfamilies of the 
muscids [Muscoidea] in our sense as larve; indeed, not even 

for such obvious forms as Oestrines, Muscines and Sarcopha- 

gines can characters be determined. We must leave it to the 
future to find such characters or to confirm their non-existence. 
It can be readily understood that the slight characters by 
which the imagines of these subfamilies are separated, although 
constant, find none, or a hardly appreciable, expression in the 
fundamental larval organization.” 



THE NEMOCERA NOT A NATURAL GROUP OF DIPTERA. 

By FREDERICK KNAB, 

Bureau of Entomology. 

The classification of the Diptera is based upon recognized 
evolutional principles. The forms in which the larva has a well 
developed head and the imago multi-articulate antennze are 
placed lowest and from them are derived the higher flies, with 
the system of nerve-ganglia concentrated, headless larvee and 
in the imago the number of antennal joints reduced and the 
venation specialized. Brauer, in his earlier attempts to formu- 
late a natural classification of the Diptera on larval characters, 
gave primary importance to the reduction of the larval head. 
He considered phylogenetically lowest those forms in which 
there is a well developed head with the mouth-parts in normal 
position, and arranged the other families in sequence in accord- 
ance with the degree of reduction of the head, the relative con- 
centration of the nerve centers and the modification of the 
mouth-organs.!. Later, when further study had revealed the 
existence of many refractory elements, he laid greater stress 
on the progressive concentration of the nervous system, and 
readjusted his classification with the help of this factor.? 

Brauer’s ideas have been generally accepted and our present- 
day classifications practically follow him. However, while the 
transition from the lower to the higher flies along the lines 
indicated by him may be readily followed in a general way, 
detailed study reveals many contradictions, more particularly 
among the lower forms, within the so-called Nemocera. Very 
naturally these contradictions have led to various attempts 
toward a more natural grouping, none of which can be pro- 
nounced successful; the only ones worthy of mention in this 
connection are those of Osten Sacken* and of Lameere?. 

As already stated, the principles applied to the classification 
of the Diptera by Brauer are fundamental and must be accepted. 
But the presence of contradictory elements indicates that some 
fundamental factor has been overlooked, and such proves to be 
the case. This factor, more fundamental, as we shall see, than 

the reduction of the larval head, is the organization of the larval 
respiratory system. We have in dipterous larve several dis- 
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tinct types of respiratory system. In certain families we find 

a series of lateral spiracles (peripneustic type), as in normal 

terrestrial insects. In others the larval tracheal system is 

laterally closed, open spiracles occurring only in single anterior 

and posterior pairs (amphipneustic), or in but a single posterior 

pair (metapneustic). Still other forms show a completely 

closed tracheal system (apneustic), the skin assuming a re- 

spiratory function, sometimes supplemented by specially evolv- 

ed appendages (blood-gills). 

It is evident that the presence of a series of open lateral 

spiracles represents the normal unmodified type and is therefore 

a more primitive condition, while the partial or completely 

closed respiratory system has been acquired in adaptation to 

an aquatic environment. We must therefore look upon the 

dipterous larve with lateral spiracles as an archaic type and any 

classification that disregards this fact must necessarily be faulty. 

From such an ancient type are to be derived the amphipneustic 

and metapneustic forms. As to the forms with wholly closed 

trachee, it must be pointed out that they may be derived equally 

well either from the modified types or directly from the peri- 

pneustic stock, and there is good evidence that such forms have 

originated in both ways. 

While these conclusions have been reached by wholly 

independent reasoning, it must be pointed out that the phylo- 

genetic significance of the modifications of the larval tracheal 

system has been already indicated many years ago. Palmén 

pointed it out in his classic work on the tracheal system of in- 

sects, but he left to others the application of the principle.» He 

argues that the functionless thread-like spiracular branches 

which exist in forms with wholly or partly closed tracheal 

system could not have been always functionless. “It is un- 

thinkable that they were rudimentary from the beginning 

and have originated or been acquired phylogenetically as mere 

threads. On the contrary, they must have been formerly con- 

stituted like the other parts of the tracheal system and have had 

their full function in order to be able to occur now as rudimen- 

tary structures. The larve existing at present which possess 

a closed tracheal system, have therefore formerly had open 

stigmatal branches in all stages of their existence. This means, 

in other words: Out of the relatively primary, open form of 

tracheal system of the oldest insects, there has originated 
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phylogenetically the relatively secondary, closed form existing 
among larve of the present time’ (1. c., p. 72). 

Strangely enough none of the attempts at the classification 
of the Diptera have taken this fundamental factor into con- 
sideration. While the condition of the larval respiratory system 
in the various families is stated in a perfunctory way in some 
classifications, its significance seems to have remained wholly 
unappreciated.* 

Let us now survey the result of grouping the families of the 

so-called Nemocera according to the character of the larval 
tracheal system, first placing on the one side the forms with 
the primitive series of lateral spiracles and on the other the 
specialized forms with partially closed spiracles. | Under the 
primitive peripneustic type we have the families Bibionide, 
Scatopside, Mycetophilide, Sciaride, Chironomide (part) 
and Cecidomyide. The forms with partly closed tracheal 
system include the Psychodide, Culicide (part), Ptycho- 
pteride, Tipulide and Rhyphide. The apneustic forms do 
not, as one might expect, form a concrete natural group in 
culimination of the metapneustic type, but are of diverse origin. 

Thus, in the Culicide the derivation of the apneustic 
Chaoborus larva is clearly indicated by the existence of a closely 
related, more primitive form (Eucorethra) with open posterior 
spiracles. On the other hand, we have in the larve of most of 
the Chironomidz apneustic forms derived from peripneustic 
stock. This is demonstrated by the existence of peripneustic 
and apneustic larve in the closely related genera Ceratopogon 
and Culicoides. Where entire families have apneustic larve, 
as is the case with two within the family-complex here consider- 
ed, their proper position must be decided by other evidences. 
of relationship. With the two families in question, the Simu- 

iide and the Blepharoceride, this evidence is so strong that 
they can be unhesitatingly associated with the peripneustic 
forms. In fact, in the larve of the Simuliidz the series of 

lateral spiracles, although minute and not functional, may 
be still detected. 

* Only Osten Sacken has felt, at least to a degree, the fundamental significance 
of differences in the respiratory system. He excluded Mycetobia pallipes from the 
Mycetophilide, on the ground that according to several good observers its larva 
is amphipneustic, while all other known forms are peripneustic (Proc. Ent. Soc. 
Phila., vol. 1, p. 151; 1862). I have had no opportunity to examine this larva, but 
nevertheless believe that the supposed difference rests upon an error of observation. 
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The adult characters of the groups thus created need not be 
discussed in detail at this time; suffice it to say that in this light 
also the groups give the impression of naturalness. But even 
their superficial consideration forces upon us another fact, 
and that is that we have in these groups two stocks which have 
become dissociated in the remote past and are developing along 
independent lines. For the evolutional picture presented by 
the adults is just the reverse of the larval one. The group with 
the more primitive (peripneustic) larve shows far the greatest 
specialization in the adults. This finds its most tangible 
expression in the reduction of the wing venation—its stronger 
development in the costal region together with a well developed 
costal vein, and a weakening of the posterior veins—as we see 
it in the Scatopside, Simuliide, Chironomide and Cecidomyi- 

de. In this last group this line of development reaches its 
culmination, not only in the greatly reduced wing veins, but 
also in the reduction of the number of tarsal joints (Hetero- 
pezine). In the larve, too, we find other evidences of extreme 
specialization along independent lines. As is well known, the 
larve of the Cecidomyide have no distinctly chitinized head, 
there having been a reduction, as in the higher flies; but the 
persistence of the lateral spiracles, as well as the adult char- 
acters, demonstrates the close relationship with the others of 
the series. Thus we can safely say that in the Cecidomyide 
we have the evolutionary apex of the peripneustic stock. 

In the metapneustic series we find the adults exhibiting a 
far more primitive type. The wing-veins are more numerous, 
more evenly distributed over the wing-surface and all of nearly 
equal strength throughout. This condition alone makes it 
impossible to deduce the metapneustic forms from the existing 
peripneustic ones. They must have had their origin in peri- 
pneustic stock long since extinct, in which the adults likewise 
were still in an archaic state. 

It is thus evident that the time-honored group of Nemocera 
must be discarded as an unnatural one. The multiarticulate 
antenne of the imago, which have been relied upon as of pri- 
mary value, and the phylogenetic significance of which in a 
broad way can not be ignored, must be discarded as a group 
character. The two groups here indicated may be designated 
by already established terms, originally applied in a much more 
limited sense, Oligoneura and Polyneura. This seems far pre- 
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ferable to the creation of new terms, particularly as the defini- 
tion of those groups has been modified by different workers 
and as the names are appropriately applicable to the present 
groups. The status of these groups is now as follows: 

Oligoneura Polyneura 

Bibionide Psychodide 
Scatopsidee Culicidee 
Simuliidee Ptychopteridz 
Mycetophilidee Tipulide 
Sciaridze Rhyphideze 
Blepharoceride Orphnephilidz 
Chironomid 
Cecidomyidze 

Postscript.—Since the foregoing was written, Dr. E. P. 
Felt has called my attention to the possibility of the occurrence 
of metapneustic larvae among the Cecidomyide. The forms in 
question are the so-called resin gnats, recently referred by Kieffer 
to the genus Retinodiplosis,’ whose larve live in the resin 
exuding from the injured twigs of pines. Fortunately the 
larve of these forms have been studied and the necessary data 
were obtained, for Retinodiplosis resinicola O. S. in papers by 
Comstock’ and by Miss Eckel,’ and for R. resinicoloides Wil- 
liams in a paper by this last author. The facts disclosed are 
highly interesting. These larve are structurally peripneustic, 
but functionally they are metapneustic. The lateral spiracles 
are minute and not functional, being under normal conditions 
embedded in the resin, while the last pair (on the eighth ab- 
dominal segment) is much enlarged and modified for its aug- 
mented duty. / 

The position of the Blepharoceride, as indicated in the fore- 
going, is confirmed through definite information regarding the 
organization of the larval tracheal system. No mention of 
larval spiracles could be found in the more recent literature on 
the group, and this led to the inference that none occur. Ina 
recent paper Mr. Hugh Scott shows that in Paltostoma minute 
functionless spiracles occur on all six of the body segments of 
the larva” and that such spiracles were already demonstrated 
on the larva of Curupira by Fritz Mueller in his classic paper." 
Therefore the Blepharoceride unquestionably belong in a 
peripneustic Series (Oligoneura). 
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RESOLUTION 

ON THE DEATH OF WILLIAM SAUNDERS. 

The death of William Saunders, C. M. G., L. L. D. on Sep- 
tember 13th, 1914, at the age of seventy-nine years removed 
one of the pioneers of Entomology on this continent. 

As one of the founders of the Entomological Society of 
Ontario in 1863 and of ‘The Candian Entomologist” in 1868, 
which journal he edited successfully from 1874 to 1886, and as 

author of ‘‘Insects Injurious to Fruits’’ published in 1883, he 
rendered meritorious services to the science of Entomology 
in its varied aspects. His active interest in the science was 
only limited by his appointment in 1886 as Director of the 
Experimental Farms system of the Canadian Department of 
Agriculture, the organization and development of which stands 
as an enduring monument to his tireless spirit and industrious 
zeal. 

He was elected a Fellow of our Society in 1907 and as a 
tribute to his memory and as a public acknowledgment of 
his conspicuous services in the development of Entomology, 
which should serve as an example to the younger generation, 
we recommend that this record be entered 1n the minutes of the 
Society and published in the Annals. 

CHARLES J. S. BETHUNE, 
F. M. WEBSTER, 

C. GORDON HEwITT, 

—Commiuttee. 
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HENRY HERBERT LYMAN, M. A. 

Mr. Lyman and his wife lost their lives in the disaster that 
befell the steamship ‘“‘Empress of Ireland’’ in the St. Lawrence 
River on May 29th, 1914. He was born in Montreal Decem- 
ber 21, 1854, and was a graduate of McGill University. After 
leaving College he entered his father’s firm of wholesale chemists 
and eventually became senior partner and president of the 
widely known Lymans, Limited. From his early boyhood he 
was greatly interested in observing insects and their ways and, 
though engrossed with the management of an extensive business 
concern, he devoted his evenings and holidays very largely to 
the study and collection of Lepidoptera. For nearly forty 
years he was an active and zealous member of the Entomological 
Society of Ontario, and rarely failed to attend its annual meet- 
ings. During the same period he was the mainstay of the Mon- 
treal Branch, whose monthly meetings were for the most part 
held at his hospitable residence. In 1897 he was elected Presi- 
dent of the parent Society, holding office for two years, and in 
August, 1907 he became a Fellow of the Entomological Soci- 
ety of America. He was also a member of many Entomological 
Societies in Europe and America. 

Mr. Lyman was a constant contributor to the “Canadian 
Entomologist’? and the Annual Reports of the Society, his 
papers amounting to more than seventy in number. They 
were for the most part systematic studies in the Lepidoptera, 
though some were of a less technical character. 

For a long time past Mr. Lyman suffered from increasing 
deafness and of late could only carry on conversation with the 
aid of an ear-trumpet or by writing. He was, however, always 
lively and cheerful, and enjoyed attending scientific meetings 
and other gatherings. He was an excellent example of an 
amateur Entomologist, who devoted much time and study to 
the pursuit, and keenly enjoyed the work for its own sake. His 
large and valuable collections of Lepidoptera were bequeathed 
to the Museum of McGill University, Montreal, together with 
a sufficient sum of money to ensure permanent and proper 
care. 



HENRY H. LYMAN, M.A, 



Vi ous 
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The Entomological Society of America desires to place 
upon record its appreciation of the high services to entomology 
rendered by the late Mr. Lyman and its sense of the loss sus- 
tained through his untimely and tragic death. It is, therefore, 
ordered that the foregoing memorial be inscribed upon the 
minutes of the Society as a tribute to their late member and 

fellow. 
CHARLES J. S. BETHUNE, 
W. J. HOLLAND, 
ELLISON A. SMYTH, 

—Commiauttee. 

RESOLUTION 

ON THE DEATH OF JOHN A. GROSSBECK. 

In the death of John Arthur Grossbeck, on April 8, 1914, 

the Entomological Society of America lost a member who had 
made considerable additions to the knowledge of North Ameri- 
can Lepidoptera and Culicide. For about seven years he was 
an able assistant to the late Prof. John B. Smith at New Bruns- 
wick, New Jersey and was entrusted with much of the obser- 
vational work on the early stages of mosquitoes. 

In 1911 he became Assistant at the American Museum of 
N- ural History and was Librarian of the New York Entomolo- 
gical Society. His general knowledge of entomology, great 
industry and much artistic ability made him an ideal museum 
man, and he gave conscientious care to the specimens in his 
charge. 

His early death at the age of thirty-one years is a great loss 
‘to entomological science, and we, his associates, record our deep 
sorrow at the departure of a co-worker and friend. 

FRANK E. LUTz, 

Wo. T. DAVIS, 

EpGAR L. DICKERSON, 

—Committee. 



PROCEEDINGS OF THE ENTOMOLOGICAL SOCIETY 
OF AMERICA. 

Philadelphia Meeting. 

The first meeting of the Entomological Society of America 
was opened on Wednesday evening, December 30th, by Presi- 
dent Philip P. Calvert in the large lecture room of the Phila- 
delphia Academy of Natural Sciences for the giving of the An- 
nual Public Address. The speaker of the evening was Pro- 
fessor Stephen Alfred Forbes of the University of Illinois. His 
subject was, ‘Ecological Foundations of Applied Entomology.”’ 
In compliance with the request of the Executive Committee 
at the Atlanta meeting, Dr. Henry Skinner of the Phildelphia 
Academy of Natural Sciences presented a “History of the 
Entomological Society of America.’”’ In addition to the history 
of the Society, Dr. Skinner showed pictures of many of the 
pioneer entomologists of America. The slides were prepared 
from photographs, of which the American Entomological Socie- 
ety has the largest collection in America. The speakers were 
greeted by a large and enthusiastic audience. After the com- 
pletion of the addresses, the audience adjourned to the Library 
of the Academy, where the local entomologists entertained the 
visitors atasmoker. The exceptionally large number of visiting 
entomologists and the large number of persons in and about 
Philadelphia interested in collecting and studying insects, made 
it a great opportunity for the meeting of friends and acquaint- 
ances. It was pronounced by all a most enjoyable evening. 

The Society was honored at this meeting by the attendance 
of the pioneer American hymenopterologist and Honorary 
Fellow of the Society, Mr. Ezra Townsend Cresson. 

The meeting for the reading of papers was called to order 
by President Calvert at 10:00 A. M., Thursday, December 31st., 

in Class Room D of the Veterinary Building of the University 
of Pennsylvania. The following committees appointed previous 
to the meeting were announced. 

Committee to draft resolutions on the death of Mr. H. H. Lyman.—Rev. 
C. J. S. Bethune, Dr. W. J. Holland, and Dr. E. A. Smyth. 

Committee to draft resolutions on the death of Mr. J. A. Grossbeck.—Dr. 
Frank E. Lutz, Mr. Wm. T. Davis, and Mr. E. L. Dickerson. 

Committee to draft resolutions on the death of Dr. William Saunders.—Rev. 
C. J. S. Bethune, Mr. F. M. Webster, and Dr. C. Gorden Hewitt. 
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The President was directed by motion to appoint the fol- 
lowing committees: Committee on Resolutions; Committee 
on Nominations; Auditing Committee. 

The following papers were then read, but in compliance with 
the action of the Executive Committee only titles are given: 

C. P. GILLETTE, Colorado Agricultural College.—Food Habits of Some Colorado 
Aphids. 

CORNELIA F. KEpHART, Cornell University.—The Poison Glands of Automeris io 
Fabr. 

NATHAN Banks, U. S. Bureau of Entomology.—Geographical Distribution of 
Neuropteroid Insects, together with an Analysis of our Insect Fauna. 

PauL S. WeEtcH, Kansas Agricultural College.—The Biology of Nymphula 
maculalis Clemens. Read by title. 

V. E. SHELFORD, University of Illinois.—Modification of Tiger-beetle Colors 
by Temperature and Moisture. 

L. HASEMAN, University of Missouri.—Life-history, Development, and Work 
of Unspotted Tentiform Leaf-miner of Apple. Read by title. 

Epna MosHe_r, University of Illinois.—Pupal Characters Used in the Classifi- 
cation of the Sphingide. Presented by the Secretary. 

J. M. Avpricu, U. S. Bureau of Entomology.—Results of twenty-five Years 
Collecting of the Tachinide. 

MortIMER D. LEONARD, Cornell University.—Notes on Capsid Life-histories. 
W. D. Funxkuouser, Ithaca High School.—Notes on the Life-histories of cer- 

tain Membracide. 

’ The President announced the following committees: 
Committee on Resolutions.—F. M. Webster, Henry Bird, and J. S. Houser. 
Committee on Nominations.—J. Chester Bradley, C. P. Gillette, and J. A. 

Nelson. 
Auditing Committee-—Wm. T. Davis, J. H. Emerton, and Frank Morton 

Jones. 

The Society then adjourned to meet at 2:00 P. M. 

R. A. CooLey, Montana Agricultural College.—A Photographic Record of the 
Development of the Female Lepidosaphes ulmi Linn. 

C. H. TyLeER Townsenp, U. S. National Museum.—On Proper Generic 
Concepts. 

ANNA GRACE NEWELL, University of Illinois—The Homology of the Genitalia 
of Benacus griseus. 

On motion the Society adjourned for the remainder of the 
afternoon so that the members could attend the Symposium 
being held by the American Society of Naturalists on the sub- 
ject, ‘The Value of Zoology to Humanity.”’ 

The Society reconvened at 10:00 A. M., Friday, January 
1st., 1915 for the Annual Business Meeting and the presentation 
of the remaining papers of the program. 

The Committees appointed to present resolutions on the 
death of Mr. H. H. Lyman, Mr. J. A. Grossbeck, and Dr. 
William Saunders presented their reports. They were ordered 
accepted and printed. 
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The Secretary presented the following report for the Exec- 
utive Committee which met in Room 109, Zoological Laboratory 
University of Pennsylvania, Wednesday, December 30th. 
There were eight members in attendance, Messrs Calvert, 
Needham, Hewitt, MacGillivray, Osborn, Banks, Felt, and 

Aldrich. 

REPORT OF THE EXECUTIVE COMMITTEE. 

The only matter submitted to the Executive Committee by the 
Secretary in the interim since the last Annual Meeting was the selection 
and appointment of Professor Stephen Alfred Forbes to give the Annual 
Public Address at the Philadelphia meeting. 

The following twelve new members were elected by the Executive 
Committee June Ist, 1914:— 

M. T. Smulyan 
George W. Barber 
J. Howard Gage 
Sarah E. Maul 
Adolph I. Fabis 
R. P. Dow 

S. W. Frost 
Herbert Rieckes 
Dwight Isely 
Alice A. Noyes 
William A. Hoffman 
Philip Garman 

The following members have died during the past year:— 

J. A. Grossbeck H. H. Lyman 
G. T. O. Mueller 

The following resignations were presented and accepted :-— 

Joseph Bridgham 
Owen Bryant 
Harrison G. Dyar 

Ida M. Elliot 
J. P. Jensen 
H. A. J. McElhose 

Evelyn G. Mitchell 

The names of fifteen members were dropped from the rolls by 
the Secretary for the non-payment of dues. 

The following were elected to membership by the Executive Com- 
mittee at its meeting on Wednesday :— 

Gal. G, Annals. 
Edward A. Agar 
Gertrude A. Bacon 
John W. Bailey 
J. Percy Baumberger 
G. E. Bensel 
A. G. Boving 
B. L. Boyden 
Henry W. Brolemann 
Alfred E. Cameron 
Seth Bunker Capp 
Henry F. Carter 

H. G. Champion 
Royal N. Chapman 
H. D. Chase 
R. N. Chrystal 
C. P. Clausen 
Cj-Gole 
Nicholas E. Crosby 
S. S. Crossman 
Edward M. Dadd 
Andrew A. Dalglish 
C. A. Dawson 
George O. Day 
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Joseph J. De Gryse 
D. M. DeLong 
Johannes Dewitz 
Paul Dognin 
Walter E. Dove 
A. B. Duckett 
John E. Dudley, Jr 
E. H. Dusham 
John Eckert 
J. M. Enburg 
Robert Etheridge 
J. C. Evenden - 
G. F. Ferris 
Theodore Frison 
Angel Gallardo 
Gerson Garb 
Gustave Gilson 
Murray O. Glenn 
Emol August Goeldi 
Guido Grandi 
Charles T. Green 
Percy H. Grimshaw 
Charles J. Grist 
J. E. Gutberlet 
V. R. Haber 
Henry Hacker 

" H.R. Hagan 
J. E. Hallinen 
C. C. Hamilton 
C. W. Hauck 
Frank B. Herbert 
Alfred Hetschko 
A. H. Hollinger 
Neale F. Howard 
W. George Howes 
William S. Huntington 
Georg Jacobson 
F. P. Keen 
C. H. Kennedy 
Harold H. King 
Francis Klapelek 
Anton Krausse 
E. W. Laake 
H. K. Laramore 
W. H. Larrimer 
David T. Larsen 
Cyril E. Latour 
H. S. Leigh 
Frank M. Littler 

Proceedings of the Philadelphia M. eeling 

T. P. Lucas 
W. L. McAtee 
Simon Marcovitch 
Eva Grace Miller 
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A. A. C. de Carvalho Monteiro 
Martin E. Mosely 
John C. Moulton 
Roe Niver 
Charles Oberthur 
Joseph Oizam 
Mary H. Oliver 
Francis H. O’Neill 
Charles J. Pierson 
J. J. Pillsbury 
Carlos E. Porter 
H. A. Preston 
C. A. Reese 
H. J. Reinhard 
S. G. Rich 
C. H. Richardson, Jr 
Frederick Ris 
H. A. Ritchie 
Kurt Baron von Rosen 
Arthur H. Rosenfeld 
Nai Nab Salakshana 
Rene Vitalis de Salvaza 
H. E. Schradieck 
P. W. A. Scott 
F. Hazelton Smith 
Loren B. Smith 
Roger C. Smith 
G. J. Spencer 
Frederic V. Theobald 
Pedro Torgansen 
Ivar Tragardh 
Juan Tremoleras 
Major J. B. G. Tulloch 
Conte Emilo Turati 
A. Jefferis Turner 
Chester F. Turner 
B. C. S. Warren 
D. B. Whelan 
William H. White 
C. B. Williams 
R. C. Williams 
P. B. Wiltberger 
William B. Wood 
M. P. Zappe. 
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TREASURER’S REPORT. 

RECEIPTS. 

Cash on deposit in the First National Bank, Champaign, Illinois, 
Decenibér’8,; L9U3.. n5-s:. conc he en ee ee eee $ 132.44 

Life Membership Fees deposited with Cleveland Trust Company, 
Cleveland, ‘Qhio;: fully Plo en ae saeco ce eae seen ne eee 150.00 

Interest on Fees of Life Members, July 1, 1914...........4..........05:. 10.07 
Cash received from Herbert Osborn, Managing Editor of the Annals.... 564.00 
Cashreollected sas Dues iz pc yee roses ines eho ier eae aE a Re 915.99 
Checks returned and refused payment, money order not negotiable, and 

SUDSCrIptiOns. ect a oe ene a Cee ea EOC One Er aan ioe 12.00 

$ 1,784.50 
BALANCE. 

Bills paid, Annals: 
Annalstand Separates, june, OUSP oan. eeeeeaei nae $ 270.75 
Annals and Separates, September, 1913.................: 319.60 
Annals and Separates, December, 1913....-...:.......-. 202.95 
Annalsand Separates. March silence ene cee ei 226.40 
Annalstand: Separates, mjunes dl OWAS oe ioe ee eee eee 129.25 
Annals} Postage and -Expressagesay sae ae eerie 39.33 
Annals Enera vin gs Me te cere Srl) tee Ria eee ee eae 61.21 

———————— | beroe 
Bills paid, Secretary-Treasurer’s Office: 

Stampsiand Stamped Pnvelopes...4- eset eee eer $ 61.86 
PrintinowandsSuppliesaee. eres date oie oe ieee een een 95.81 
Printing 12000Bookletser sce. teen eater ea oe eee 16.60 
stenographer andiOficetblelpras seo sae re ace 41.35 
Warrting Certiicateston 915: andar. > sae: 8.65 
Mele prams sceak 6 ob wee eee tacoma ht eane het lee thts Cn ae 2.21 

a a ES 
‘Checks returned and refused payment, money order not negotiable, and 

SUbSeripeiOrns: 3% >a skhcr ete fe ae ea eae OP on $ 12.00 
Life Membership Fees deposited with Cleveland Trust Company, Cleve- 

land,Ohio; December, 19IA vata Qi wer oe eee e eee eee 150.00 
Interest on Fees of Life Members deposited with Cleveland Trust Com- 

pany; December 11914, at 4,0. =. sere eee ee eee 10.07 
Cash on Deposit in the First National Bank of Champaign, Illinois, 

December Vay Oa ec cree ey cI bite tants nce at Eo re ee 136.46 

$ 1,784:50 

The names of the following Fellows were recommended to the 
Executive Committee at the Atlanta meeting for election as Honorary 
Fellows :— 

Charles James Stewart Bethune John Henry Comstock 
Charles Henry Fernald Eugene Amandus Schwarz. 

This recommendation was adopted by the Executive Committee 
and in accordance with the Constitution was referred to the Fellows 
for a mail ballot. This ballot was taken during the past year and the 
Executive Committee now declares them duly elected. 

The Managing Editor of the Annals of the Entomological Society of 
America submitted to the Executive Committee the following report 
for the year ending December Ist., 1914:— 
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REPORT OF THE MANAGING EDITOR OF THE ANNALS. 
The 1914 volume of the Annals has been issued with some delays 

which have been due in part to the absence of the Editor from Columbus during several weeks of the summer and in part from the uncertainty of the amount available for publication. The volume as completed will 
contain nearly 400 pages and 45 plates, two of them in color. The 
numbers have been larger and more profusely illustrated than would 
have been possible without the contributions of some of the authors. The paper by Professor Triggerson was printed with assistance of a 
contribution from the author, Professor Gillette of the Colorado Agri- 
cultural Experiment Station provided the colored plates accompanying 
the paper of Miss Palmer, and Messrs. Childs, Severin and McGregor 
have assisted in the cost of plates for their articles. 

The collections for the year have amounted to $593.69. $29.68 has been spent on office account and $564.01 has been turned over to the 
Treasurer. The income may be classified as follows :-— 

DHUSeKipHonUACCOUMt:., ilack. sso. oss. eed..., $233.06 
pale onBaek Numbers... .. 6.6L. oo ocecc ... 133.61 
1213 CAP 0E SSS ce ec eg ee 129.02 
petal MC omprpuUtOnss. 4 jocks ace tf oce. oc... 98.00 

$593.69 

While the Editor would have preferred a somewhat larger volume it did not seem practicable with the income at hand and with a con- siderable deficit from preceding years to involve the Society in any large amount. With the income of the year it has been possible to bring up payments on the back numbers §0 that the Society is now in fairly good shape and it seems probable that we can maintain a volume of approximately 400 pages per year. 
It is very possible that some of our foreign subscriptions may 

lapse and that there will be few additional sales on the foreign account during the next year. This may reduce our income slightly. On the other hand a considerable addition to the membership list is reported 
by the Secretary. 

Respectfully submitted, 

HERBERT OSBORN. 

In accordance with Article VII of the Constitution, adopted at the Atlanta meeting, that the Editorial Board of the Annals shall consist of ten members, one of whom shall be the Managing Editor and the other members of the Board shall serve for three years, three members retiring annually, the Executive Committee took the following action. Professor H. C. Fall was elected as the additional member of the Board and the following dates fixed as the time for the retirement of the different members: J. H. Comstock, C. J.S. Bethune and C. W. Johnson to retire in 1915: V. L. Kellogg, L. O. Howard and W. M. Wheeler to retire in 1916; P. P. Calvert, J. W. Folsom and H. C. Fall to retire in 1917. 
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The following members were elected as Fellows:— 

Nathan Banks A. P. Morse 
J. Chester Bradley Pe ].-Parrott 
W. E. Britton Edith M. Patch 
C. T. Brues A. L. Quaintance 
H. T. Fernald J. AcG, Reha 
Glenn W. Herrick W. A. Riley 
J. S. Hine Annie Trumbull Slosson 
O. A. Johannsen E. M. Walker 
A. L. Melander H. F. Wickham 

E. B. Williamson. 

The membership of the Society as reported at the Atlanta meeting 
consisted of one Honorary Fellow, 36 Fellows, and 402 Members. 
There is reported at this meeting the election of 12 Members on June 
Ist, the death of one Fellow and two members during the year, the 
resignation of one Fellow and six Members at this meeting, the dropping 
from the rolls of the names of fourteen Members for the non-payment of 
dues, and the election of 120 Members at this Meeting. The present 
enrollment of the Society consists of 5 Honorary Fellows, 48 Fellows, and 
498 Members, or a total of 551. 

The Committee consisting of Mr. Nathan Banks and Mr. Morgan 
Hebard, of which the late Mr. H. H. Lyman was also a member, 
appointed at the Atlanta meeting to report at this meeting on the 
feasibility of establishing a Thomas Say Society, presented the fol- 
lowing report to the Executive Committee: 

THOMAS SAY FOUNDATION. 

The Committee on the Thomas Say Society report as follows: They 
find there is an increasing demand for the means of publication of 
larger works on American systematic entomology, and they therefore 
recommend to the Entomological Society of America the following 
plan for the issuance of such works under the title of ‘The Thomas 
Say Foundation.”’ 

To accomplish this purpose the Society shall appoint a temporary 
committee of five members who shall have charge of all matters con- 
cerning the Foundation until more definite plans are adopted by the 
Society. 

This Committee shall consist of an Editor, a Treasurer, and three other 
members, all of whom shall be appointed by the Executive Committee 
of the Society. They shall be authorized to solicit, hold, and spend 
subscriptions and funds for the purpose of obtaining a permanent 
fund for this Foundation and for the issuance of such works on American 
Systematic entomology as the Committee shall deem worthy of 
publication. 

They shall also be empowered to determine the form, character, 
price and other details of the publication. The Treasurer of the Ento- 
mological Society of America be authorized to pay bills not to exceed 
fifty dollars for the preliminary expenses of presenting this matter 
to the entomological public. 
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This Committee is charged with making a report of their operations 
and expenditures to the Executive Committee of the Society at its 
next Annual Meeting. 

To put this plan into definite shape the Committee would suggest 
the following amendment to the Constitution of the Entomological 
Society of America, which shall be known as Article VIII of said 
Constitution: 

ARTICLE VIII. 

SECTION 1. NameE—This fund, the publication, and the com- 
mittee shall be known as ‘‘The Thomas Say Foundation.”’ 

SECTION 2. PurposE—The purpose of this Foundation is for the 
publication of works of a monographic or bibliographic character on 
the insects of North America. 

SECTION 3. PuBLicaTioN—Each publication shall be a volume 
complete in itself, and numbered consecutively. 

SEcTION 4. CoMMITTEE—This Committee shall consist of six mem- 
‘bers, four of them to be elected by the Executive Committee of the 
Society, two retiring annually, and an Editor and a Treasurer to be 
designated by the Executive Committee. 

SECTION 5. PowErs—This Committee is empowered to determine 
all matters concerning the publication. 

SECTION 6. Funps—They are also empowered to solicit, hold, 
invest, and expend funds committed to their care; only the interest 
from any endowment fund to be available. 

SECTION 7. RESPONSIBILITY—The Society shall be in no way 
responsible for debts contracted by this Foundation, unless previously 
authorized by the Executive Committee. 

SECTION 8. ReEports—The Editor and Treasurer shall present a 
report of their operations and expenditures to the Executive Com- 
mittee at each Annual Meeting, and the accounts of the Treasurer shall 
be audited by the Auditing Committee of the Society. These reports 
shall be published as a part of the proceedings of the Executive Com- 
mittee of each Annual Meeting. 

MorGan HEBARD, 
NATHAN BANKS. 

The report was adopted by the Executive Committee and the 
following persons were named as the temporary committee for the 
Thomas Say Foundation: J. M. Aldrich, Nathan Banks, Morgan 
Hebard, Alex. D. MacGillivray and E. P. Van Duzee. The Executive 
Committee empowered this temporary committee to select its own 
officers. 

[The four members of the temporary committee in attendance at the 
Convocation Week meetings held a meeting at the Academy of Natural 
Sciences and discussed ways and means of publication and elected 
Morgan Hebard as Treasurer and Alex. D. MacGillivray as Editor.] 
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The Executive Committee directed the Secretary to prepare for 
publication with the proceedings of the Philadelphia meeting, the 
Constitution, a list of officers, and a list of members. 

There have come to the Secretary some reports of the non-receipt 
of the Certificates of Membership furnished by the Society. The 
Secretary has mailed a certificate to all those entitled to receive them 
for each year except the present. He still has some certificates for 
each year except 1910 and would be glad to supply those who have not 
received one, as long as the supply lasts. 

In order that the Summer Meeting to be held on the Pacific Coast 
in 1915, may be properly looked after, the Executive Committee 
recommends the election of Dr. E. C. Van Dyke of the University of 
California, as Local Secretary. It shall be his duty to arrange the 
program, act as Secretary for the meetings, and prepare the report of the 
proceedings of the meetings for publication in the Annals. 

Dr. C. Gordon Hewitt moved the adoption of the Report of the 
Secretary—Treasurer and that the motion should include an expression 
of the Society’s deep appreciation of the efforts of the Secretary-Treas- 
urer during the last year in the direction of increasing the membership 
and scope of the Society, which efforts had been so eminently successful. 
Motion adopted. | 

COMMITTEE ON RESOLUTIONS. 

Yours committee on resolutions beg to submit the fol- 

lowing :-— 

Resolved, that the thanks of this Society are due, and are hereby 
tendered to the University of Pennsylvania, the Academy of Natural 
Sciences, and the local Committee of the American Association for the 
Advancement of Science in providing for the comforts and pleasures 
of our members which have added so much to the success and profit 
of the Society while in this city. 

Resolved, that the thanks of the Society be further tendered to the 
American Entomological Society, the Feldman Collecting Social and 
other entomologists for their courtesies and entertainment; also to the 
local press for exceptional courteous treatment, to the local officers 
for their extremely successful efforts in providing for the expeditious 
dispatch of the business of the Society, all of which have contributed 
to make the Philadelphia meeting one of the most successful in the 
history of the Society. 

(Signed) F. M. WEBSTER, 
HENRY Brrp, 
J.-S: Houser: 
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REPORT OF THE COMMITTEE ON NOMINATIONS. 

Your committee begs leave to report the following names as 
nominees for the various offices for 1915:— 

OFFICERS. 

President: Vernon Lyman Kellogg, Leland Stanford Junior Uni- 
versity, Stanford University, California. 

First Vice-President: J.5. Hine, Ohio State University, Columbus, 
Ohio. 

Second Vice-President: J. M. Aldrich, U.S. Bureau of Entomology, 
Lafayette, Indiana. 

Secretary-Treasurer: Alex. D. MacGillivray, University of Illinois, 
Urbana, Il. 

ADDITIONAL MEMBERS OF THE EXECUTIVE COMMITTEE. 

C. T. Brues, Harvard University, Bussey Institution, Forest Hills, 
Boston, Mass. 

W. A. Riley, Cornell, University, Ithaca, N. Y. 
E. C. Van Dyke, University of California, Berkeley, Calif. 
T. D. A. Cockerell, University of Colorado, Boulder, Colorado. 
J. A. G. Rehn, Academy of Natural Sciences, Philadelphia, Pa. 

MEMBER OF COMMITTEE ON NOMENCLATURE. 

Nathan Banks, U. S. Bureau of Entomology, East Falls Church, 
Virginia. 

(Signed) J. CHESTER BRADLEY, 
CoP -GiitEraie: 
J. A. NELSON. 

On motion, the Secretary was instructed to cast a ballot 
for the officers named and they were declared elected. 

It was later pointed out by a member of the Committee on 
Nominations that Dr. E. C. Van Dyke, not being a Fellow, was 

not eligible to election to the Executive Committee. On motion, 

the Society declared his place vacant and instructed the Execu- 
tive Committee to fill the vacancy. 

(The Secretary has taken a mail ballot of the Executive 
Committee and Professor A. L. Melander, Washington Agri- 

cultural College, Pullman, Washington was elected to the vacant 
place.) 
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REPORT OF THE AUDITING COMMITTEE. 

December 31st, 1914. 

We, the undersigned, have this day examined the accounts of 
Alexander D. MacGillivray, Treasurer and Secretary of the Ento- 
mological Society of America, for the year ending December 14th, 1914, 
and the accounts of Herbert Osborn, Managing Editor of the Annals 
of the Entomological Society of America for the year ending December 
Ist, 1914, compared the vouchers therewith and found them correct 
and properly cast. 

(Signed) Wa. T. Davis, 
J. H. EMERTON, 
FraNK Morton JONES. 

REPORT OF THE SPECIAL COMMITTEE ON THE SUMMER MEETING 

OF 1915. 

The committee reports in favor of holding a meeting on the Pacific 
coast in conjunction with the zoological section of the American Associa- 
tion for the Advancement of Science, the precise dates to be selected by a 
local committee, the latter to be appointed by the President and author- 
ized to complete the arrangements respecting the program, meeting 
places, hotel headquarters and other matters essential to a successful 
gathering. 

We recommend that this meeting be as much in the nature of a 
congress as possible, in order that certain outside entomologists, includ- 
ing a number of foreigners who are expected to be present, may present 
papers and take part in the discussions. The desirability of pre- 
senting papers of general interest or of emphasizing the wider applica- 
tions of special investigations is mentioned in this connection. A 
number of smaller entomological societies expect to meet at the same 
time, and this arrangement will therefore admit of a larger and more 
enthusiastic gathering. The transaction of any business would naturally 
be restricted to members of the Entomological Society of America. 

It is also felt that in making up the program, cognizance should be 
taken of the dates when certain general sessions of the zoological section 
of the A. A. A. S. are held. 

The committee considers it very desirable to have a hotel head- 
quarters designated, since this greatly facilitates intercourse between 
visiting entomologists. Several of the committee favor a banquet of 
some nature and it is presumable that such a feature would appeal 
strongly to all in attendance. 

The committee would also call attention to the summer zoological 
camp conducted under the auspices of the University of California 
and located in the Sierras close to Lake Tahoe. This will be open 
from the middle of June until the end of July, not only to undergrad- 
uates and postgraduates who wish to take up field work, but also to 
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general entomologists who would care to stop off for a: week or so and 
do a little collecting in the high mountains. The site is ideal, being 
accessible to the main transcontinental railroad and in one of the most 
beautiful parts of the Sierras. The location was selected with a view 
to its accessibility to Eastern entomologists. 

' Attention of entomologists should also be called to the California 
Fruit Growers’ Convention at Stanford, to be held the week immediately 
preceding the session of the American Association for the Advancement 
of Science. This gathering should be of much interest to economic 
entomologists. ; 

We are informed that a special committee of the American Associa- 
tion for the Advancement of Science expects to issue a scientific hand- 
book* for sale at a low price to members of the American Association 
and affiliated societies. This publication will give a great deal of 
information concerning the geography, topography, fauna and flora 
of California, together with data respecting railways, hotels, etc. 

All of which is respectively submitted. 

(Signed) E. P. Fett, W. M. WHEELER, 
V:. L. KELLocG, T. D. &. CocKkERELL, 
A Coors E: C; Van DYKE. 

On motion, the report of the Committee was adopted and the 
Committee discharged. 

The following amendment to the Constitution submitted at 
the Atlanta meeting was read :— 

ARTICLE IV, Section 2.—The business of the Society not otherwise 
provided for shall be in the hands of an Executive Committee, con- 
sisting of the officers named in Section 1, and of six additional members, 
five of whom shall be elected from the Fellows of the Society, and the 
sixth shall be ex-officio the Managing Editor. Four members of the 
Committee shall constitute a quorum. 

- To be amended to read: 

ARTICLE IV, Section 2.—Executive Committee. The business of the 
Society not otherwise provided for shall be in the hands of an Executive 
Committee, consisting of the officers named in Section 1, and six addi- 
tional members, five of whom shall be elected from the Fellows of the 
Society, and the sixth shall be ex-officio the Managing Editor. There 
shall be a meeting of the Executive Committee at each Annual Meeting. 
Four members shall constitute a quorum and in the case of the non- 
attendance of this number at any Annual Meeting, the Society shall 
elect a sufficient number from among the Fellows in attendance to 
complete the quorum. 

On motion, the amendment was adopted. 

cisco, Cal., under the title ‘‘Nature and Science on the Pacific Coast’’ at $1.50 net. 
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The following resolution was moved by Dr. J. Chester 

Bradley: 

That the Committee on Nomenclature be requested to formulate 
rules for the preservation and fixation of family names, with a view 
after approval by the Society to ultimately presenting them to the 
Nomenclatorial Committee of the International Congress _ of 
Entomology. 

That the Committee on Nomenclature be requested to prepare a list 
of a few of the more important names in each order which are in danger 
of being lost or changed in sense by strict application of the rules of 
nomenclature, which it is desirable should be preserved, and present 
this list, after approval by the Society to the International Commission 
on Nomenclature with the request that the rules be suspended in the 
case of these names, and their use permanently authorized. 

On motion, the resolution was adopted and referred to the 
Committee on Nomenclature. 

The following papers were then presented :— 

FREDERICK Knas, U. S. National Museum.—The Nemocera not a Natural 
Group of Diptera. 

ALVAH PETERSON, University of Illinois.—Studies on the Morphology of the 
Head and Mouth-parts of Diptera. Read by title. 

C. P. Gittette, Colorado Agricultural College.— Interpretation of the Codling 
Moth Data from Colorado. 

V. E. SHELFORD, University of Illinois—Modification of the Color Paterns of 
Cicindela by Temperature and Moisture. Read by title. 

NATHAN Banks, U. S. Bureau of Entomology.—Suggestions for Discovering 
Affinity and Phylogeny. 

C. P. Gittette, Colorado Agricultural College.—Insect Notes from Colorado. 

A. D. MacGituivray, University of Illinois ——The Modification of the Sub- 
costal Vein in the Wings of Insects. Read by title. 

N. E. McInpoo, U. S. Bureau of Entomology.—The Olfactory Sense of Cole- 
optera. : 

James ZeEtrEK, Entomologist Republic Panama.—The Ecology of Plague. 
Read by title. 

F. M. Wesster, U. S. Bureau of Entomology.—Importance of Observations 
apparently Unimportant. Read by title. 

HERBERT OsBorNn, Ohio State University.—Life-history Studies on the Cer- 
copide and Jasside. 

C. R. Crossy, Cornell University.—An Insect Enemy of the Four-lined Leaf- 
bug. Read by title. 

The exhibition was held in Room 112, Zoological Laboratory 
under the direction of Dr. Philip P. Calvert. The following 
exhibits were shown :— 

J. H. EmMerton.—Circulating Collection of Spiders. 

HERMAN H. BrREHME.—Life Histories of Economic and other Insects. 

Harry B. Weiss.—An Improved method of Mounting Insects. 
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On motion, the Society adjourned to meet in one year with 
‘the American Association for the Advancement of Science 

at Columbus, Ohio. 

ALEX, D. MAcGILLivray, Secretary. 
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A SYNONYMIC LIST OF JAPANESE CHRYSOPIDA, WITH 
DESCRIPTIONS OF ONE NEW GENUS 

AND THREE NEW SPECIES. 

By Waro NAKAHARA. 

In the Journal of the College of Agriculture, Tohoku Im- 
perial University, Vol. VI, for August, 1914, Mr. H. Okamoto 
has published a paper entitled “‘Uber die Chrysopiden-Fauna 
Japans,’’ enumerating 31 species of Lace-winged flies as oc- 
curring in Japan and Formosa. I regret to say, however, that 
I have found that his view cannot be accepted in some cases, 
and at the same time I was able to discover some new forms. 

This paper will include a synonymic list of Japanese Chryso- 
pidae (excluding those that are confined to Formosa, Loo-Choo, 
or Bonin Island), to be followed with descriptions of new forms. 

To show the points of more or less difference between the 
opinions of Okamoto and of .myself, I present the following 
comparative table of the forms described or mentioned 
by him (left column) and those listed by me in the present 
paper (right column): 

Nakaura matsumare (Okamoto)=A pochrysa matsumare Okam. 
Nothochrysa olivacea Gerstaeker = Parachrysa (n. g.) olivacea (Gerst.) 
Chrysopa intima M’Lach.= ely sobs perla intima M’Lach. 
Ch. nigriceps Okam.=Ch. perla L. 
Ch. sapporensis Okam.=Ch. formosa Brauer. 
Ch. inornata Matsumura= Ch. vittata Wesm. 
Ch. nikkoensis Okam.=Ch. sachalinensis Mats. 

The species newly added to our fauna are as follows: 1. 
Apochrysa minomoana n. sp. 2. Chrysocerca japonica n. sp. 
3. Chrysopa yamamure n. sp. 4. Ch. alba Linne. 
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Apochrysa matsumure Okamoto. 

Apochrysa matsumure Okamoto, Trans. Sappero Nat. Hist. Soc., iv, p. 18, 
fig. I (1912). 

Nacaura! matsumure Navas, Rev. Russ. d’ Entom., xiii, p. 280 (1913). 
Nakaura matsumure Okamoto, Journ. Coll. Agr., Tohoku Imp. Univ., vi, 

p. 53 (1914). 
Kagoshima (Okamoto). 

Apochrysa minomoana n. sp. 

Minomo near Osaka. 

Nothochrysa japonica MacLachlan. 

Nothochrysa japonica M’Lach., Trans. Ent. Soc. Lond., t, p. 182 (1875). 

Hondo (west of Gifu); Shikoku (Okamoto); Kinshiu; 
Formosa (Petersen and Okamoto). 

Parachrysa (n. g.) olivacea (Gerstaecker). 

Nothochrysa olivacea Gersteecker, Mitt. Neu.-Verp. u. Rug., p. 74 (1893). 

Yokohama (Gerstzecker) ; Nikko. 

Chrysocerca japonica n. sp. 

Hakone. 

Chrysopa perla (Linne). 
Hemerobius perla Linne, Syst. Nat., Ed. 12, p. 911 (1768). 
Chrysopa perla Shneider, Monog. Chrysop., p. 136, pl. 49 (1815). 
Chrysopa nigriceps Okomoto, Journ. Coll. Agri., Tohoku Imp. Univ., vi, p. 58- 

59 (1914). 

Hondo (mountainous regions) ; Siberia; Europe. 

Chrysopa perla intima MacLachlan. 
Chrysopa intima M’Lach., Trans. Ent. Soc. Lond., p. 230 (1893). 
Chrysopa perla var. fracta Navas, Broteria, Ser. Zool. ix,, p. 39 (1910). 

Saghalien; Hokkaido; Hondo (mountainous regions) ; Siberia. 

Chrysopa lezeyi Navas. 
Chrysopa lezeyi Navas, Broteria, Ser. Zool., ix, p. 42 (1910). 

Sapporo, Hokkaido (Okamoto); Kofu, Hondo (Navas). 

Chrysopa formosa Brauer. 
Chrysopa formosa Brauer, Z. b. G., Wien, Sp. 10 (1856). 
Chrysopa sapporensis Okomoto, Journ. Coll. Agr., Tohoku Imp. Univ., vi, 

p. 60 (1914). 

Hokkaido; Hondo; Europe. 

(1) The genus Nacaura formed by Navas for A pochrysa matsumure, is scarcely 
more than a sub-genus; it has nearly all of the radial cross veins connected with 
one another by short cross veinlets, but they are of no generic value, since they 
have no stability. In A. minomoana n. sp., some of the cross veins in radial area 
of fore wing are often connected with one another, as stated in its description. 
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Chrysopa furcifera Okamoto. 
ae ee Okamoto, Journ. Coll. Agr., Tohoku Imp. Univ., vi, p. 61 1914). 

Hondo; Kiushiu; Loo-Choo; Formosa. 

Chrysopa vulgaris microcephala Brauer. 
Chrysopa microcephala Brauer, Z. b. G., Wien, Sp. 4 (1856). 
Tokyo, Kyoto, Gifu; Europe. 

Chrysopa vittata Wesm. 
Chrysopa vittata Wesm., Bull. Acad. Brux., viii, p. 211 (1841). Chrysopa inornata Matsumura, Journ. Coll. Agr., Tohoku Imp. Univ., iv, p. 14 (1911). 

Saghalien; Hokkaido; Hondo: Europe. 

Chrysopa nipponensis Okamoto. 
Chrysopa nipponensis Okamoto, Journ. Coll. Agr., Tohoku Imp. Univ., vi, p. 65-66 (1914). 

Hondo; Kiushiu. 

Chrysopa bipunctata Burmeister. 
Chrysopa bipunctata Burm., Hand b. d. Entom., ii, p. 982 (1839). 
Hondo. 

Chrysopa cognata MacLachlan. 
Chrysopa cognata M’Lach., Linn. Soc., ix, p. 249 (1867). 
Nothochrysa robusta Gerstaecker, Mitt. Ver. Neu-Vorp. u. Rug., p. 73 (1893). Chrysopa ricciana Navas, Rey. Russ. d’ Entom., x, p. 193 (1910). 
Hokkaido; Hondo; Shikoku; Kiushiu; Formosa; Siberia; 

China; Cambodia. 

Chrysopa sauteri Petersen. 
Chrysopa sauteri Petersen, Ent. Mitt., ii, p. 258 (1913). 

Hondo; Formosa. 

Chrysopa decorata Petersen. 
Chrysopa decorata Petersen, Ent. Mitt., ii, p. 260 (1913). 

Hondo; Formosa. 

Chrysopa matsumurae Okamoto. 
Chrysopa matsumure Okamoto, Journ. Coll. Agri., Tohoku Imp. Univ., vi, p. 68 (1914). 

Hondo. 

Chrysopa sachalinensis Matsumura. 
Chrysopa sachalinensis Matsumura, Journ. Coll. Agr., Tohoku Imp. Univ., iv, p. 14 (1911). 
Chrysopa nikkoénsis Okamoto, Journ. Coll. Agr., Tohoku Imp. Univ., vi, p. 69-70 (1914). 

Saghalien; Hondo. 
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Chrysopa cognatella Okamoto. 

Chrysopa cognatella Okamoto, Journ. Coll. Agri., Tohoku Imp. Univ., vi, 
p. 70-71 (1914). 

Hokkaido; Hondo;. Shikoku. 

Chrysopa yamamure n. sp. 

Gifu. : 

Chrysopa alba (Linne). 
Hemerobius albus L., Syst. Nat., Ed. 12, p. 911 (1766). 
Chrysopa alba Steph., Ill. Brit. Ent. Mand., vi, p. 204 (1836). 

Gifu (Mr. S. Yamamura Coll.); Europe. ; 

Chrysopa kurisakiana Okamoto. 
Chrysopa kurisakiana Okamoto, Journ. Coll. Agr., Tohoku Imp. Univ., vi, 

p. 71-72 (1914). 

Hondo; Kiushiu. 

DESCRIPTION OF ONE NEW GENUS AND THREE NEW SPECIES. 

Apochrysa minomoana n. sp. 

Head greenish, paler on face; cheek with a small black spot; anterior 
margin of clypeus narrowly variegated with fuscous; palpi pale. Antennae 
much longer than fore wing, reddish brown; basal joint rather yellowish, 
striped with red-brown on outer side; the second joint with blackish 
outer side. 

Prothorax much longer than broad, with a faint whitish median 
line; lateral sides narrowly marked with red-brown. The rest of 
thorax and abdomen greenish above, with a yellowish dorsal line; 
the third and fourth abdominal segments varied with black on lateral 
sides, next four segments suffused with blackish posteriorly; underside 
much paler. 

Legs greenish, suffused with darkish on tarsi; hind femur with a 
distinct black ring near its end. 

Fore wing very broadly hyaline, with two blackish spots as shown 
in figure 1, pl. VIII; venation mostly greenish, some veins in discal and 
outer marginal areas black; costal cross veins mostly simple, but one 
or two of them furcate; radial sector with about 25 branches; inner 
series of graduate veinlets very irregular in arrangement; several 
or often one or two of the cross veins between radius and its sector are 
connected by short cross veinlets. Hind wing witha very small, blackish 
spot in stigmatic region; veins greenish except those in outer marginal 
area; two series of gradate veinlets present. 

Length of body, 14 mm.; of antennae, 35 mm.; of fore wing, 24 mm.; 
of hind wing, 22 mm.; width of fore wing, 10 mm. 

Two female specimens, captured by Messrs. A. Nohira 
and M. Shibakawa at Minomo, Prov. Settsu (near Osako) in 
August and November, 1914, are in mv collection. 
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_ Parachrysa n. gen. © 

Anterior margin of labrum entire. Antenna about as long as the 
“body,.shorter than the wings; the basal joint much dilated. Fore wing 
elongate, subacute at apex, basal part of the costal space narrow, 
gradually widened towards the middle of the wing; two gradate series 
of cross veins; the third cubital cell transversely and apparently about 
equally divided by a vein, which is not parallel to cubitus. Hind 
‘wing with two gradate series. Abdomen of the male with a large, 
peculiar-shaped subgenital plate, but without paired lateral appendages. 

Type: Nothochrysa olivacea Gerst. 
So far as the wing venation is concerned, this genus closely 

resembles Banks’ Allochrysa, but I think the distinction be- 
‘tween these two genera may be looked upon as of sufficient 
generic value in view of the fact that, while Parachrysa has a 

large subgenital plate, Allochrysa is altogether devoid of it—a 
sort of difference analagous to that which separates Chrysocerca 
from Chrysopa. 
“  Parachrysa olwacea is a very rare insect in Japan. I have 
only a single male specimen which I succeeded in obtaining 
at Nikko, on July 19, 1914. 

Chrysocerca japonica n. sp. 

Head pale yellow, with no marking; maxillary palpus fuscous 
black, few terminal joints yellowish ; labial palpus yellowish. Antennae 
about as long as fore wings, pale yellow; terminal joints more or less 
suffused with fuscous. 

Prothorax somewhat longer than broad; pale yellow with greenish 
suffusion; meso- and meta-thorax greenish yellow with a whitish longi- 
tudinal band above. Legs pale yellow; anterior tibia somewhat brown- 
ish; claws piceous or fuscous black. 

Fore wing rather broad with its apex nearly rounded. Costa, 
subcosta and radius pale yellow; cubitus and anal veins also pale 
yellow, but terminally blackish; radial sector and media pale yellow, 
but blackish basally and terminally; cross veins exclusively blackish; 
branches of radial sector also blackish; pterostigma pale yellow. 
About twenty cross veins in costal area; inner gradate series somewhat 
irregular in arrangement, containing six or seven veinlets; outer series 
runs almost parallel to the outer. mor of the wing, and is made up 
of some nine or ten cross veins. 

Hind wing narrow; veins mostly eeecas but radius, media, cubits 
and anal veins pale yellow: cross veins mostly blackish, but those in 
anal area of the wing pale yellow. Inner and outer sradate series 
each consists of about seven cross veins. 

Abdomen yellowish, somewhat fuscous on ventral side; the male 
with a long subgenital plate, which is covered with fine pale yellow 
hairs, and is rather triangular in shape when seen from below; dorsal 
appendage short, furnished with numerous long hairs. 



122 Annals Entomological Society of America [Vol. VIII, 

Length of body, 10 mm.; of antenna, 13 mm.; of fore wing, 13 mm.; 
of hind wing, 11 mm. 

The type is a single male specimen captured by the author 
at Hakone, on July 29, 1914. 

Chrysopa yamamure n. sp. 

Head yellowish, somewhat raised on vertex; a distinct black spot 
on each cheek; palpi yellowish; antennae yellow, more or less suffused 
with fuscous beyond middle. 

Prothorax pale yellow above, suffused with fuscous or darkish 
on each side, with a minute blackish spot on anterior end of each 
lateral margin. The rest of thorax and abdomen yellowish, with a 
pale white median stripe above. Legs yellowish, with pale hairs; 
claws piceous black. 

Wings hyaline. Longitudinal veins in fore wing entirely greenish 
yellow; costal, radial, cubital and anal cross veins and all of gradate 
veinlets blackish; radial sector and its branches greenish yellow, but 
each is blackish at base; number of gradate veinlets in the inner series 
5-7, in the outer series 6-8. Hind wing with venations mostly greenish 
yellow; costal cross veins black, one or two radial cross veins and greater 
part of gradate veinlets blackish. 

Length of body, 8-10 mm.; of fore wing, 12-14 mm.; of hind wing, 
10-12 mm. 

Three male and two female specimens captured by Mr. S. 
Yamamura at Gifu are in my collection. 

At first sight one may take the species for Chrysopa alba, 
but yamamure is easily recognized by the black spot on each 
cheek. 

EXPLANATION OF PLATE VIII. 

Fig. 1. Wings of A pochrysa minomoana n. sp. 
Fig. 2. Fore wing of Parachrysa olivacea (Gerst.). 
Fig. 3. Apex of abdomen of same o& (from side). 
Fig. 4. Same (from below). 
Fig. 5. Fore wing of Chrysocerca japonica n. sp. 
Fig. 6. Apex of abdomen of same o (from side). 
Fig. 7. Same (from below). 
Fig. 8. Fore wing of Chrysopa yamamure n. sp. 
Fig. 9. Face of Chrysopa yamamure. 
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GEOGRAPHIC DISTRIBUTION OF NEUROPTEROID 
INSECTS, WITH AN ANALYSIS OF THE AMERICAN 

: INSECT FAUNA. 
By NATHAN BANKs. 

It is usual in general works on distribution to consider 
insects as widely dispersed by winds, and sea-currents, and 
therefore of little use in geographic studies. But every ento- 
mologist knows that the great majority of insects are more 
circumscribed in distribution than many of the higher animals. 
There are many insects of as wide distribution as the human 
species, but for each of these there are thousands that are con- 
fined to a very restricted range. Of our 15,000 known species 
of beetles only 500 or 600 are also known from Europe. Many 
of these belong to a few families of particularly northern dis- 
tribution, many are accidental captures, and many have been 
introduced by commerce. Insects, when properly investigated, 
are just as useful in studying distribution as any other animals. 

It has been remarked that there are two principal view- 
points from which to study geographic distribution. One is to 
consider what animals inhabit each country, and from these 

facts divide the world into a series of regions, subregions, etc. 
This, the static method, is, to my mind, extremely useful, and 

has been utilized by many, and may be followed to much 
advantage. It presents the facts that are to be accounted for 
by our theories. The other viewpoint is how the fauna of a 
country came to be what it is; an attempted explanation of its 
various elements. This, the dynamic study of distribution, 

depends largely upon geology, paleontology, and upon phil- 
osophic considerations regarding the origin, habits, and means 
of dispersal of the various groups of animals. In reality these 
two viewpoints are the beginning and end of the same thing. 

From this dynamic viewpoint one sees that the insect fauna 
of a country, as the United States for example, is partly due to 
what it has inherited from previous land-masses in this vicinity, 
partly to what has migrated to it in ancient times, and partly to 
what has reached it since the continents have existed in their 
present form. 
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An insect that belongs to a country through inheritance, and 
one that it obtains through migration or dispersal, each may 

spread over that country and exist side by side; or each may be 
restricted to a very narrow range. The many cases of insect 
introduction in historic times show that great numbers of insects 
not now occurring here, could live and thrive with us. 

The various orders, families, and genera of insects did not 
originate at the same time and place. The place of origin, and 
the changes that have elapsed since their origin have a definite 
bearing on their distribution today. Most divergent views of 
the relationship of certain faunas are often expressed by stu- 
dents who consider different groups. For example the Panorpid 
fauna of the United States would show that the Eastern United 
States is closely related to Europe, while the Raphidiide would 
show that it is the Western United States that is related to 
Europe. Again the large and rather recent family of butter- 
flies, Heliconide, are only neotropic; while the ancient, small, 

family Sialide are of world-wide occurrence. The explanation 
must be in the different time and place of origin of these groups, 
and the continental changes that have aided or barred their 
dispersal. 

From a study of mammals and birds zoologists divide up the 
world into several zoological realms, whose outlines agree fairly 
well with those of the continents; thus we have an African, 

Australian, South American, Malayan, Indian, and Holarctic 

realms; the latter for Europe and North America. With 
insects this is not so. Several, probably all, of the continents 
possess elements showing relationship to other regions, deriv- 
atives of a fauna more fully developed elsewhere, and indicating 
that insect distribution is much older than the present form of 
the continents. Thus the Nearctic part of the Holarctic realm 
is not a unit, but a commingling of natives and immigrants from 
times long before there were any mammals. 

New Zealand has been included in the Australian realm, yet 
the insect fauna of New Zealand is more foreign to Australia 
than to America. Moreover, Australia presents at least two 
very different series of insects, one similar to that of Europe or 
at least to the fossil insects of Europe, and the other a series of 
peculiar, often primitive forms entirely unlike the European 
insects. 
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Since the main orders of insects have existed on this earth 
the gross outlines of continents have changed several times, and 
between these changes there were migrations and dispersals, just 
as there is today. So that today each continent has insects 
which by their structure and origin are isolated from the other 
insects around them and find their relations only to insects of 
distant countries. 

The striking cases of discontinuous distribution have to me 
a most significant importance; I hardly think that their value 
has ever been sufficiently appreciated by the student of 
geographic distribution. 

A few years ago I stood in an isolated valley in Western 
North Carolina. About me were flying several species of 
Panorpa and a Bittacus, Panorpids which are widely distributed 
in the Eastern United States, not one of which occurs in the 

Western States. Yet right with these Panorpids was another, 
a species of Panorpodes, a genus whose only other known habitat 
is Oregon and Japan. In that same valley are many spiders, 
nearly all of which are common over much of the Eastern United 
States, but yet there, and in several nearby places in the South- 

ern Appalachians, is a curious spider, Hypochilus. Where else 
does it occur? In Colorado, and a closely allied genus in North 
China, and one in New Zealand. Hypochilus, and its related 
genera are the only known members of what is structurally the 
most isolated family of spiders. Panorpodes is also a very dis- 
tinct genus and less specialized than the other Panorpid genera 
around it. 

These two cases are but samples of a long list of insects (and 
also plants) that show a relationship of our Alleghanies with the 
Northwest, and with Japan and North China. How did it 
happen? I doubt if-you can find a single genus of insects which 
is now known only from the Southern Appalachians and say 
from Eastern Brazil, or West Africa; regions no more distant 

than Japan. Why are there not such cases? 

Consider another series of cases. In Eastern South America, 

in Argentine, and parts of the Andean region there are several 
species of a genus of handsome antlion flies, Dimares. It is 
structurally very unlike anything else in South America. Yet 
in South Africa, in Arabia, in Ceylon are species of another 

genus Echihromyrmex, so similar to Dimares, that one is loathe 
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to separate them. Both‘have-a venational peculiarity unknown 
in all other Myrmeleonide:- Another genus, Creagris, common 

-in Africa and India, even to Australia, 1s represented in South 

America by Dimarella,- which possesses the same structural 
peculiarities, otherwise unknown in the family. One of the most 
distinct genera of the Chrysopide is Apochrysa. It occurs in 
Australia, Insulinde, Ceylon, Africa and Eastern South America 

up into Central America. A distinct genus of caddice flies, 
Leptonema, common in South America, occurs elsewhere only in 
Africa and Ceylon. The Oestropsychid caddice flies, of which 
there are five genera, have a similar distribution, one genus in 
Insulinde, three both Indian and African, and one Brazilian. 

The restricted genus Embia, abundant in Africa, has several 

species in Brazil. The peculiar Oligoneurine mayflies are known 
from Southern Europe, Africa, Northern South America, Cen- 

tral America and West. Indies. These instances from the 
Neuropteroid insects can be duplicated in other orders of 
insects. What does this relation between South America and 
parts of Africa and India mean? 

Consider a third series of cases. Again and again entomol- 
ogists have called attention to the fact that. many structurally 
isolated Australian and New Zealand insects find their nearest 
counterpart in certain Chilian forms. This is as noticeable in 
the Neuropterotd insects -as’ in:other=orders.; he curious 
-Australian Perlid genus, Eusthenia, is closely related (as far as 
existant forms are concerned) only to the Chilian genus, Diam- 
phipnoa. Stenosmylus occurs only in Australia, New: Zealand, 
and Chili; Pszlochorema only in Chili and New Zealand; the 
Chilian Mantispid, Drepanicus, is most-closely related to the 
Australian genus, Ditaxis. The termite, Porotermes, 1s from 
Chili, Australia, Tasmania, and South-Africa. siete surely 
must be a reason for this distribution. ~ 

There are still other series of cases:of widely - discontinuots 
distribution. One is the similarity between-certain insects of 
Patagonia, the Straits, Falkland Islands,- etc.,-and: insects of 
‘Europe and North America. T he Limnephilid. caddice flies are 
almost. wholly Holarctic in distribution, and. constitute -a:large 
share of our Trichopterous fauna. - One .or two reach. North 
Africa and Mexico. .In the tropics ‘there are none, but,in this 
-Patagonian region they reappear in genera. the.sameor closely 
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similar to our own. The same can be said of other insects; in 
Carabide Pycnochila and Omalium are such examples. Mabille 
reporting on Lepidoptera from Terra del Fuego and Cape Horn, 
remarks on the likeness of that fauna to the European and 
North American. Elwes has noted the same thing in butterflies. 

Another series of cases represent the relationship of the 
insects of the Madeira and Canary Islands to those of the Med- 
iterranean region. This has been extensively studied by Wol- 
laston and Murray for the Coleoptera, and the Neuroptera, 
though not so fully known from the islands, tell the same story. 

A series of cases, familiar to us, of discontinuous distribution, 

are those due to the advance and subsequent retreat of the 
ice-cap. The cases of butterflies and other insects and spiders 
stranded on the tops of various mountains are well known; and 
it should be noted that living with these stranded insects are 
many others that occur all over the neighboring country. The 
Holarctic insect fauna includes hundreds of cases of discontin- 
uous distribution; species the same or closely allied in North 
America and Europe. These are usually cases of divergent 
evolution, since in nearly all cases a close comparison shows 
that they differ slightly in structure, or color, or habits. 

After one is familiar with the appearance of the insects of the 
United States and begins to examine exotic forms, he naturally 
compares them with those of this country, or of Europe, whose 
fauna is well-known. 

The Neuropteroid insects that I have seen from South 
America frequently fall into our genera or are closely related 
thereto. Certain Chilian forms, and a few others like A po- 
chrysa, Dimares, etc., look foreign. When I examine the Neu- 

roptera of Japan and India the same idea appeals to me—how 
many are closely similar to our own. Here and there, as 
Perissoneura of Japan, and Palpares in India, are foreign 
forms. When I consider the Australian Neuropteroids I see 
also a number that are strikingly like those of the United States. 
Even frail and isolated genera, as example Sisyra, occur in closely 
allied species right through from United States, Europe, India, 
Japan, Insulinde, and to Australia. But with these familiar 

insects are many that are widely different from our own. 

This foreign element that I notice in South America, in 
India, in Australia is the typical African Neuropteroid fauna. 
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When I examine the Neuropteroid insects from tropical and 
South Africa and Madagascar, I see that a large part are strange 
to me. That where genera are the same, they are usually 
worldwide, and that many of our typical forms are wholly 
unrepresented in Africa. 

The points wherein Australia differs from the United States 
are in many cases just the points wherein Australia agrees with 
Africa and Ceylon. 

For example, Psychopsis, a remarkable Hemerobid that 

forms a tribe. or subfamily by itself occurs in several species in 
Australia, East Africa and India. Ankylopterus, Protoplectron, 

Lysmus, Creagris, Nesoleon, Atalophlebia, Notanitolica, Dipseu- 

dopsis Periclystus, Suhpalasca, etc., all show the relation of 
Africa, India, Malasia, and Australia. Various other genera 

connect Africa and India as Palpares, and Tomatares. Similar 
striking insects in other orders indicate the same relationship. 

There is, therefore, broadly speaking but three types of insect 
fauna, as already noted by Murray. One, the Microtypal, 
includes many of the insects of Europe and North America, and 
Northern Asia, a considerable element in Andean America, 

many in India and Insulinde, and New Zealand, a district rep- 
resentation in Australia, but very poorly developed in Africa. 

Another fauna is the African or Gondwandan; it embraces 

many of the forms most peculiar to us. Its present home is 
Africa, but strong in Australia and almost as strong in Insulinde 
and Ceylon, plainly present in India, and noticeable in South 
America through various isolated genera. We may mention 
some of the peculiarities of this Gondwandan fauna in Neurop- 
teroids. There are no Limnephilid, nor Rhyacophilid caddice- 
flies, no Raphidia, no Panorpa, no Sialis, in fact many of our 
common genera are there represented by different genera. 

And third, is the Brazilian fauna, a more recent develop- 
ment; this does not appear so distinct in the Neuroptera as in 
the Lepidoptera, but we may cite Allochrysa Callibetis, Hap- 
loglentus, Ululodes (and allied genera), Trichoscelis, Campsurus, 
Euthyplocia, Thrysophorus, Blepharopus, Phylloicus, Marilia. 

It is so customary to consider New Zealand as part of the 
Australian realm that I desire to express as strongly as possible 
that as far as their insect fauna is concerned Australia and New 
Zealand are much more related to other parts of the world than 
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to each other. Sharp says ‘“‘The Coleopterous fauna of New 
Zealand seems to have most affinity with that of Chili and 
Patagonia, and but little with that of the Australian fauna.”’ 
Meyrick holds that for the Lepidoptera ‘“‘ New Zealand is utterly 
different from Australia.” The Neuroptera show the same 
differences. 

New Zealand lacks all the peculiar, primitive or synthetic 
Neuroptera such as Ithone, Eusthenia, Nymphes, Stilbopteryx, 
Mastotermes, Plectrotarsus, etc., that occur in Australia. There 

are no Ascalaphide in New Zealand, many in Australia, no 
Mantispide in New Zealand, many in Australia, only one (an 
separate genus) of Myrmeleons in New Zealand, many in 
Australia. Among the true Neuroptera Stenosmylus occurs in 
Australia and New Zealand, but also in Chili. New Zealand is 

remarkable for its Trichopterous fauna. At least 15 genera are 
now known from there, some so peculiar they have not been 
placed in the known subfamilies. Six are not known elsewhere 
in the world. One (the famous marine caddice fly) occurs else- 
where only in Australia. Three others occur also in Australia, 
but also in other parts of the world, two of them in South 
America. Five occur in various parts of the world, not in 
Australia, all in South America. 

In the Mayflies New Zealand has at least 6 genera, three 

peculiar to the islands, two in Australia, one of which is also 

elsewhere, and one also in North America. In fact, there are 

no two regions of the world that are geographically so close and 
entomologically so remote as Australia and New Zealand. 

From the above considerations I consider it certain that 

since the origin of the various orders of insects the continental 
land-masses have changed entirely. That for a very long period 
there were two principal continents of very different shape from 
any that we have at present, and that on one was developed the 
microtypal fauna, and on the other the Gonwandan; the Bra- 
zilian fauna being a more recent development. That the con- 
tinental changes have favored or prevented dispersal, and these 
continental changes are the real causes of the peculiarities of 
faunas, and that proximity has little to do with distribution. 

These series of cases of discontinuous distribution are pos- 
itive evidence of land connections, now broken, of avenues of 

dispersal, now closed. The surprises of distribution are due not 
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only to these land connections, but to the varying places of 
origin of the various families and genera. Of the insects in any 
country, some are endemic, some ancient migrants, some more 
recent migrants. 

Our western Raphidiid fauna, and absence of Panorpid 

fauna could be explained in two ways. The Raphidiudze may 
have arisen there and migrated to Asia during a land connection, 
or else if it came from Asia the genus Panorpa was not as 
abundant in Asia as at the present time. 

It will be seen from the foregoing that I consider the insect 
fauna of the United States to be composed of several elements. 
I believe there are at least five that can easily be distinguished. 

1. Genera which are relicts of a very ancient fauna when 
land masses were of a different conformation from now. These 
genera are isolated in our fauna and mostly examples of discon- 
tinuous distribution. 

One of these series includes the Panorpodes, the Hypochilus, 
Lachnocrepis, Pristodactyla, Tachopteryx, Hagenius, Tmestphorus, 

Midea (section of Anthocharis), Cryptocercus, of the Alleghanian 
fauna, and doubtlessmany other forms showing relation of Cali- 
fornian and northwest with Europe or Siberia and Japan. Such 
are Raphidia and Megalomus in Neuroptera. Paraplinthus and 
Necrophilus are apparently also in this series, and probably 
Amphizoa and Cephaloon, perhaps Rhinomacer. 

In Southern California there is a series of isolated genera 
which indicate relationship to a very ancient fauna, perhaps 
connected to the islands of the South Seas. Such are 
Dinapate, Distaxia, Schizopus (Coleopt.), Oliarces (Neur.), 
Hubbardia (Arachn.), Timena (Orth.), probably Apioceride 
(Dipt.), and the true Thynnide (Hym.), also belong to this 
group, which stands widely apart from the other insects 

around it. 
In this section we might include any descendants from our 

Paleozoic insects; I doubt if it is possible to trace any such 
genera, but our curious Merope tuber may be such a form. 

The Sialidae may have arisen within our territory as descendants 
from Paleozoic forms, but from their present distribution one 
would suspect Southeastern Asia as their starting place. Our 
mayflies are probably later migrations; Pteronarcys in Perlide 
may be a derivative of that ancient fauna, but I doubt 

it; our cockroach fauna is also probably due to later migrations. 
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2. Genera representing relicts of probably an ancient 
invasion from South America, possibly through the West Indies, 
and after South America had been connected to Africa or to a 
Pacific continent. These genera are isolated systematically in 
our fauna, forms that look out of place in our insects, and 
usually unrepresented in Europe either recent or fossil, at least 
northern Europe. Such in the Neuroptera are Dilar, Amphien- 
tomum, Neoperla, Leptocella, Ganonema. 

In Coleoptera, Cupes, Ischaha, our Lymexylon, Othnius, 
Passalus, Pseudomorphus, Brenthus. 

In Hemiptera Hentcocephalus, Cylapus, Fulvius, Isometopus, 
probably Belostoma, Oncerotrachelus, Ceratocombide, Rhagovelia. 

In Hymenoptera, Rhinopsis, Pelecinus, Leucospis, Stizus, 
Pristocera. 

In Diptera, Phlebotomus, Nemistrinide, Mydas, Calobata, 

Sphyracephala, Euxesta, Pyrgota, Blepharoceride, Stylogaster, 
Systropus. 

In Lepidoptera Feneseca, Thyris, Stenomma, Hemerophilide, 
Halesidota. 

In Orthoptera, Camptonotus. 
It will at once be noted that this element is almost wholly 

Eastern, and is the element that distinguishes our Eastern 
States both from the Western States and from Middle and 
Northern Europe, in fact a tropical element still present with 
us, and most noticeable in mid-summer. 

3. Genera originating in this country from an insect fauna 
of which 1 and 2 are the relicts. These are genera confined to 

the United States but whose affinities are rather with South 
American or Asian insects than with European. I consider that 
this fauna had a long period of quiet development and became 
very extensive. The Miocene fossils perhaps represent this 
fauna. 

In Neuroptera, Meleoma, Betisca, Polypsocus, Paraperla, 
Neophylax, Heteroplectron, Nannothemts, etc. 

In Coleoptera, Sandalus, and many other genera. 
In Hemiptera—Siznea, Corythuca, Araphe, Corynocoris, Tel- 

amona, Cyrtolobus. 
In Hymenoptera, Lyroda, Grotea, Labena, Ceratogastra. 
In Diptera, Eclimus, Pelastoneurus, Bittacomorpha, Eutreta, 

Acrotoxa, Pseudotephritis, Idana. 
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In Lepidoptera, Psychomorpha, Acoloithus, our Blasto- 
baside. 

In Orthoptera, Stenopelmatus, Ceuthophilus, Hippiscus. 
In this fauna there was apparently no Cicadide, no Mantide, 

nor Mantispide, no Mutillidea, no Ascalaphide, no Myr- 
meleonidz, no Emeside, and few forms of a number of families, 

now fairly well represented here. These came in later from 
the South. 

4. Genera (and derivative genera) representing the hol- 
arctic fauna shoved down by the advance of the ice-sheet, and 
left well scattered by the retreat of the ice-cap. These are the 
forms that show the relationship of our insect fauna particularly 
that of the Eastern States (and British America) with the insects 
of Northern and Middle Europe. The bulk of many large fam- 
ilies belongs to this section, which is most prominent in the 
spring. 

In the Neuroptera, nearly all the Trichoptera, probably 
Panorpa, Hemerobius, Chrysopa in part, several genera of 
Odonata as Sympetrum, Aeschna, Cordulia. 

In Coleoptera, much of the Carabide, Staphylinide, etc. 
In Hemiptera, many Capsids, Lygezids, and Corixa, Jasside, 

Aradide, Corizus, Salda. 

In Hymenoptera, many Tenthredinide, Ichneumonide, 

Osmia, Bombus, Andrena, Crabro. 

In Diptera, many Muscide, Anthomyiide, Syrphide, and 
genera in nearly all families, as Bombylius, Pipunculus, Syrphus. 

In Lepidoptera, many Noctuide, Geometride, and genera 
all through the order. 

In Orthoptera, Tettix, Gryllus, Decticus, Podisma. 

This element is recognized by all entomologists; possibly the 
lower borders of this Holarctic fauna was contiguous to the 
previous element, and represented by the Florissant fossils; 
but I am inclined to believe that these fossils show more relation 
to a Western fauna rather than to a northern one. 

5. Genera representing a comparatively recent influx from 
the American Tropics, a migration still in progress. To this 
belong our Mantispide, much of Myrmeleonide, Ascalaphide, 
Mantide, Cicadide, Mutillide, Brenthide, much of the 

Reduviide and other Heteroptera, many genera as Acordulecera, 
Pepsis, Allochrysa, Resthenia, Heterinia, Callibetis, the Ana- 
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phoride, Megacilissa, Exomalopsis, Entechuia, A piomerus, Con- 

orhinus, Anasa, Zelus, Polybia, Schistocerca, Volucella, Schinia. 

I doubt not but there are other elements also in our fauna, 

but I think that these are the most noticeable, and sufficient to 

show that the Nearctic insect fauna is not a realm, but a con- 

glomeration of several such realms. 

The history of each insect is written in its structure. It is 
therefore possible to discover where each form arose and how it 
accomplished its distribution. This involves a study of the 
phylogeny of the genus or family, an investigation of its orig- 
inal home, and the causes that have aided or barred its dispersal; 
but the essential basis of all is the systematic study of the group 



SUGGESTIONS FOR TRACING RELATIONSHIPS OF 
INSECTS. 

By NATHAN BANKS. 

In studying any group, especially when one is trying to 
make a synoptic table, we become interested in the relationships 
or affinities and try to arrange the species or genera according to 
our ideas of their phylogeny. Yet, I fear in many cases we 
proceed without any clear idea of a basis for decision. It is 
evident that in different groups different methods may be nec- 
essary, but there are a few considerations which I think may 
apply to many cases. 

Some authors try to put first those forms that possess prim- 
itive characters, or the greatest number of such characters. 
Others take certain synthetic forms which seem to show rela- 
tionships in several directions as a starting point for the group. 

Everyone has observed that in any large group, as an order, 
there is contradictory evidence as to what is the most primitive 
family or genus. In Coleoptera for example, certain genera 
have more free ventral segments than usual, other genera have 
ocelli, or traces of a median suture on the head, yet some of 
these will not have the five-jointed tarsi. 

A case familiar to me is the Hydropsychid caddice-flies. 
Their ancestors were near the Rhyacophilidz and had 3, 4, 4, 

spurs, ocelli present, and the female with two little appendages 
at tip of the body. We find in the Hydropsychids that some 
have ocelli, but do not have the 3, 4, 4 spurs, while others have 

the 3, 4, 4 spurs, but not the ocelli, and various genera have the 

primitive abdominal appendages. 

In other words primitive characters are inherent in the 
descendants and may be developed in various parts of the 
descendant series, or, more properly, retained by varying lines 
of descendant series, so that taking any family of existent forms 
several arrangements are possible according to what primitive 
character is chosen as the criterion. 

Genera differ from other genera by at least two sets of char- 
acters. One is the positive characters, the presence or absence 
of a structure, the other is in accrescent characters, or developing 

136 
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tendencies. The positive characters are most useful in delimiting 
genera (and other groups) but because of their constancy of little 
value in tracing relationship. It is to these accrescent characters 
that we should look for phylogeny. _ 

If several species of a genus A have spines on the vertex, and 
an allied genus also has spinose vertex, it is not likely that these 
spines in genus A will indicate relationship; but if in a series of 
genera with bare vertex, there is a genus in which spines are 
present, then the arrangement and size of these spines may 
indicate phylogeny. Take for example the spider genus Tetrag- 
natha; it has a peculiar character in the enlarged, much-toothed 
mandibles; a study of the increased modification and armature 
of these mandibles will afford clues to relationship of the species. 
Formerly I and others have used variations in eye-position as 
group characters, but these same variations in eyes occur in 
allied genera and so may occur in various parts of Tetragnatha 
irrespective of phylogeny. 

Therefore, to my mind the best way to get at the relation- 
ships of the species of a genus, or the genera of a family, is by 
tracing the development of some character peculiar to the series; 
an accrescent character, found in varying stages of development 
in the group, but not found in allied groups, particularly groups 
that may be considered ancestral to the group in question. 

There are many prominent cases where, I believe, primitive 
characters have deceived systematists. For example, in spiders 
the cribellum and calamistrum are primitive characters, and , 
occur in groups otherwise widely separated. Several arachnol- 
ogists have insisted on grouping these forms together, thus 
producing a most heterogeneous assemblage, whereas if they 
would ignore these primitive characters, and study the accres- 
cent development of some peculiar character of spiders they 
would reach a better knowledge of their phylogeny; the male 
palpi are just such a character. 

Another case is the pronotum in Hymenoptera extending to 
the tegulza; Ashmead put the social and fossorial wasps together 
on this account; the character occurs elsewhere in the Hymenop- 
tera, and therefore cannot be depended upon to indicate affinity. 
In the Lepidoptera various systems have been based on the 
possession of some primitive character, thus the case-forming 
habit of larve, the jugum, mandibles, number of anal veins, etc., 



138 Annals Entomological Society of America [Vol. VIII, 

have served to unite groups otherwise discordant. A careful 
study of the proboscis, or the scales might serve to give clues to 
phylogeny. 

In the Coleoptera, tarsal and antennal characters have been 

used yet mostly in vain, the elytra, a character peculiar to the 
group, should be investigated. If we consider groups as large 
or larger than families we notice that specialization has not 
proceeded along one definite line, but the line of specialization is 
continually changing, and often accompanied by other mod- 
ifications. Each change in the line of specialization marks the 
limits of a group of greater or less extent; one structure having 
reached a certain stage marks time while other structures are 
modified. 

The Mantispide have peculiar front legs, having reached a 
certain development this structure remains fairly stable, while 
other structures develop. The Limnephilide in the Trichoptera 
are an example of stability in venation; generic characters are 
largely to be found elsewhere, while in the Sericostomatide 
venation continues to vary and aid in defining genera. 

In the Diptera the Muscide, Tachinide, Dexide and Sar- 

cophagide were defined by bare or pilose antennz, yet genera 
with pilose antennz occur in various related families. An 
accrescent character of these groups appears to be the chaeto- 
taxy, and this has been used to indicate a new classification of 
these families. 

Structural and other characters may be roughly grouped 
into two sections, adaptive, that is those which have been 
influenced by environment and habits, and atavic, or those 
which are of no use to the insect, and persist because they are 
not in the way, and have a long history back of them. The 
adaptive characters are of use in small groups to indicate 
affinity, but soon break down when applied on a larger scale. 

Thus two eyeless species occurring in the same caves may be 
closely related when belonging to one genus, but most such eye- 
less cave insects are not related. Asa whole adaptive characters 
are of little use in tracing relationships. It is the atavic, or 
accompanying characters, not related to a life-habit, that are 
the best for indicating affinity. All insects have many points 
of structure or color that are of no use to them. Many of these 
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characters are variable, and one must endeavor to find by an 
examination of a long series of at least a few species what 
characters are constant. 

Atavic characters usually exist unchanged through a long 
series, so they are of no use (or little use) in tracing affinity 
within a genus. They are of most use in indicating the relation- 
ships of genera and families, and especially where insects have 
acquired a number of striking adaptive characters, some of 
which may be those of convergence and tend to conceal the 
true affinities. 

Other points might be brought out, but at present I desire 
to impress upon systematists that atavic characters should be 
sought in the broader fields of classification, while in many 
studies, particularly in genera, accrescent characters should be 
considered, while the use of primitive and of adaptive characters 
should be avoided, or used only in connection with the others. 



LIFE HISTORY OF THELIA BIMACULATA FAB. 
(MEMBRACID£). 

W. D. FUNKHOUSER. 

(Contribution from the Entomological Laboratory of Cornell University.) 

Thelia bimaculata Fab., is one of the most common and 

widely distributed of the species of Membracide in eastern 
United States and is abundant on locust (Robinia pseudacacia 
L.) in the vicinity of Ithaca, N. Y., where the following study 
has been made. The life history of this insect has not hitherto 
been described and the only reference in literature to the imma- 
ture form seems to be the short description and the excellent 
figure of the last nymphal stage by Matausch* in 1912. Although 
both adults and nymphs may be collected in large numbers 
throughout the summer, the efforts of several years of rather 
extensive field work on the local forms of the family failed to 
show any records of oviposition or traces of the eggs until it was 
noticed that early in the spring the nymphs appeared most 
abundant near the bases of the trees and seemed to be migrating 
upward on the trunk, which led to the natural conclusion that 
the eggs were laid near the ground. This surmise proved to be 
correct and upon removing the dead leaves and humus from 
around the bases of the trees, great numbers of nymphs with 
their attendants were exposed, and the bark, a few inches under 

the forest litter and just above the roots, was found to be punc- 
tured with egg-slits and full of eggs and emerging nymphs. 
This location for the egg-punctures is rather peculiar, since most 
of the species of Membracide common to this locality lay their 
eggs in the buds or in the younger twigs near the end of the 
branches.t After the eggs were discovered and the egg-laying 
habits observed, no difficulty was experienced in rearing the 
insects and in securing the rest of the life-history data. 

3 aes Ignaz Bull. American Museum Natural Hist. 1912. Vol. XXXI; 
26, 333. Pl. 29, Fig. 7. 

+ Cf. Hodgkiss, H. E. The pple and Pear Membracids. Geneva Agr. Exp. 
Sta. Tech. Bull. No. 17. 1910. 

Riley, C. V.. Proc: Ent. Soc. Wash. 1893. Vol. Ils 88-92" p: 
Marlatt, Co. Insect Lites 1894- Viole Vil: 8-14" p. 
Matausch, I. Observations on the Life History of Enchenopa binotata 

Say. Journ. N. Y. Ent. Soc. March, 1912. Vol. XX: No. 1. 58-67 p. 
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GENERAL DESCRIPTION. 

This species of Membracide is one of the largest represen- 
tatives of the family found in New York state. The male was 
originally described by Fabricius in 1794 and no doubt received 
its specific name from the gaudy yellow fascia on the thorax. 
The female is quite different in color from the male, being of a 
sober uniform gray with occasional irregular brownish markings. 
Thelia bimaculata is the type of Amyot and Serville’s old genus 
Thelia (1843) and is one of the few remaining species now left 
in that genus. 

The species may be at once recognized by the porrect pro- 
notal horn, the longitudinal ridges of the prothorax, the sharp 
posterior process and the yellow stripes of the male. 

HABITS. 

Of all the insects which inhabit the locust none are more 
interesting or more easily observed than this large and handsome 
species of membracid. Locally they may be found in remark- 
able numbers from early spring until late autumn, and with 
their nymphs and constantly attending ants provide a most 
profitable source of study. They seem to prefer the smaller 
trees and are most abundant in rather open growths where the 
trees are young and not over twenty feet in height, and here 
they choose the lower branches and the trunk for their resting 
places. They are seldom found more than fifteen feet above 
the ground. Like most membracids they enjoy the sun and 
the most favorable collecting places are the trees in the open 
fields, along the roadsides, and at the edges of timber. They 
are seldom, if ever, seen in shady woods. The adults have the 

interesting habit of resting on the larger branches and on the 
trunk in rows of from twenty to forty individuals, ranged so 
close together that their bodies are almost touching, and almost 
invariably with the heads pointing towards the base of the 
branch, or pointing downward if they are on the trunk. Whether 
this characteristic attitude is assumed in order to increase their 
resemblance to the thorns and irregularities of growth of their 
host, would be a matter of conjecture. An idea of the number 
of individuals which may thus be found may be given by the 
fact that one field note (July 22, 1911) records the taking of 280 
adults and over 200 nymphs at one time from one small tree. 
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The species is not active, although the insects fly well for short 
distances with a distinct buzzing flight, and they may usually be 
picked up with the fingers without difficulty. The males are 
more active than the females and more easily disturbed. Migra- 
tion is evidently slow, as it often happens that one tree may be 
covered with individuals while another in close proximity is 
unmolested. In this locality, under ordinary conditions, both 
sexes appear in nearly equal numbers until about the middle of 
August, after which time the males become scarcer and by the 
first of October have practically disappeared, although the 
females remain abundant until late in November. Females 
have been collected, in fact, some time after the first few snows 

have fallen, but there is no evidence to show that any of the 

adults winter over. 

The nymphs are usually found on the trunk near the ground, 
tightly flattened against the tree in the crevices of the bark, a 
position which makes their protective resemblance truly remark- 
able, and where the gray color and spiny dorsum is conducive to 
a most effective concealment. The larger individuals migrate 
upward and when seen on the branches are found pressed closely 
to the bark in the crotch of a twig or the axil of a leaf, where 
they tend to escape any but the most careful search. They 
are, however, attended by ants in large numbers, and these 

vigilant attendants betray to the collector of the nymphs the 
object of his search. The anal tubes of the immature insects are 
capable of great evagination and from these tubes issues in bub- 
bles the liquid which the ants seek. This liquid appears to be 
secreted more abundantly when the ant strokes the nymph 
with its antenne. When picked up in the fingers the nymphs at 
once eject some of this fluid, sometimes in considerable quan- 
tities. The ants attend the adults as well as the nymphs but 
only the nymphal forms have been observed to give off liquid in 
the manner described. The ants do not hesitate to protect 
their charges, and bite viciously the fingers of the collector who 
seeks to remove the nymphs from the tree. 

MATING AND OVIPOSITION. 

Under natural seasonal conditions mating begins in the field 
about the first week in July. The position assumed in this 
process is the one not unusual in Hemiptera, with the caudal 
extremities together and the heads in opposite directions. The 
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individuals are very sluggish at this time and seldom move 
unless disturbed. The time taken in the field for the process 
is generally about twenty minutes, but one pair in the laboratory 
remained in cop for almost an hour. Mating continues through- 
out the summer, the largest number of cases being noted during 
the last week in August. The last date on which this process 
has been observed in the field was November 6th. 

In oviposition the female descends to the base of the tree, 
with the head pointing downward, and makes a narrow longi- 
tudinal slit about seven millimeters long in which the eggs are 
deposited. In very young stems the egg-slit sometimes pierces 
the wood but in most cases the ovipositor is deflected on striking 
the wood and slips to one side, the eggs being laid in the cam- 
bium between the bark and xylem. The slit is very narrow and 
hardly noticeable but the tips of the eggs may be seen protruding 
very slightly out of the bark when the process is completed 
(Fig. 3.) The eggs are about 2144 mm. long, white and club- 
shaped (Fig. 1). They are laid in a palmate formation (Fig. 2) 
recalling the egg-mass of Stictocephala inermis Fab.,* but much 
larger. The bases of the eggs are about 5 mm. apart and the 
apices compressed closely together. The number of eggs varies 
from three to six in a slit, the latter number being most common. 
The process occupies about forty minutes, after which the insect 
usually moves upward and slightly around the stem and repeats 
the process. One female has been known to make three such 
slits in succession, but as egg-laying is usually observed in the 
late afternoon it is difficult to keep field records on this score and 
the average number of egg-masses laid by one female at one 
time may be larger. Dissection shows the average number of 
eggs in the abdomen of the female to be twenty-eight. 

EMERGENCE AND DEVELOPMENT OF NYMPHS. 

The first numphs begin to appear in late May and early 
June. Field records made on May 30, 1911, June 1, 1912, 
June 2, 1913, and June 1, 1914, show that the early stages were 

collected on these dates. About two days before hatching, the 
tips of the eggs begin to crack and just before the nymphs 
emerge, break open at the top and usually split some distance 
down the side. 

*Agr. Exp. Sta. Tech. Bull. 17. Geneva, 1910. Pl. 2, Fig. 5. 
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There are five instars and each may be easily recognized. © In 
the first (Fig. 4) the insect is almost white and the dorsum is 
armed with branched spines as in the case of the nymphs of the 
subfamily Ceresint. The beak is very long, reaching almost to 
the tip of the abdomen. In the second instar (Fig. 5) the nymph 
is dark colored, the thoracic spines have almost disappeared, the 
abdominal spines are much shorter and three-branched and the 
beak still very long. The third instar (Fig. 6) shows no thoracic 
spines but a swelling which precedes the pronotal horn, the 
meso- and metathoracic segments are slightly lengthened at 
their lateral margins and the abdominal spines are simple and 
not branched. In the fourth instar (Fig. 7) the pronotal swell- 
ing has become lengthened and porrect and the wing-pads are 
apparent, while the abdomen is marked with dark spots and the 
beak is shorter. The fifth and last instar (Fig. 8) presents a 
greatly developed pronotum which now covers the mesonotum, 
the wing-pads are fully developed and the legs are characteristic- 
ally mottled with brown. 

The time occupied in this process appears to be subject to 
some variation but whether this is due to seasonal or weather 

conditions it has not been possible to determine. It has been 
noticed that the nymphs which appear in the early summer 
require a slightly shorter time between the periods of molting 
than those which emerge in the fall. It has also been observed 
that in some cases the males appear to require a longer time in 
each nymphal stage than do the females. The first molt usually 
occurs about a week after hatching; the second five days later; 
the third instar lasts six days; the fourth instar six days, and the 

last, which is subject to the most variation, from eight to fifteen 
days. Thus the total period from egg to adult is approximately 
one month. 

ECDYSIS. 

The splitting of the integument first appears on the dorsal 
part of the head. It then continues down the median dorsal line 
but seldom extends farther than the sixth abdominal segment. 
The head is released slowly but the thorax quickly follows and 
the integument sometimes breaks around the coxe and femora 
leaving parts of the old skin attached to the legs for some time 
after the ecdysis is completed. In fact, this insect often leaves 
an imperfect exuvia, and forms are commonly found with rem- 
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nants of the old integument still clinging to the legs and abdo- 
men. The abdomen is removed slowly, here again, especially 
in the case of the female, small pieces of old skin sometimes 
remaining attached to the caudal extremity to be sluffed off 
later. The process is a comparatively rapid one, usually occu- 
pying about twelve minutes, while in one case observed in the 
laboratory (in the last molt) the time from the first splitting of 
the skin over the head to the complete emergence of the insect 
lasted only five minutes. 

The recently emerged adults are almost white, the abdomen 

gray or greenish, and the whole body very soft. The thorax 
hardens rapidly and the normal color is completely apparent at 

the end of six hours. At first the colors are quite brilliant but 
become duller in a few days. The newly molted adults are very 
active and fly in a surprisingly short time but during the first 
few hours of their adult life the pronotal horn is likely to be 
injured on account of its soft condition, and if crushed or 

twisted will harden permanently in that position. 

The old nymphal skins do not remain attached to the host 
but drop to the ground as soon as the ecdysis is complete. 
Consequently the cast skins are not seen on the trees as they 
are in the case of most of our other forms of Membracide. 

FEEDING. © 

Although careful field notes have been kept on this species 
for several years, and a very large number of individuals have 
been observed under natural conditions, surprisingly few actual 
instances of feeding have been noted. When recorded, it has 
always been in the early morning, and the insects have been, 
not on the more succulent twigs as might be expected, but on 
the second or third year’s growth, with their beaks in the crev- 
ices of the bark. In the laboratory the nymphs fed on the 
young stems but the feeding periods were very short and they 
seldom moved about on the plant. No records were made of 
the nymphs feeding in the field. It may be noted that both 
while feeding and while molting the nymphs are constantly 
attended by swarms of ants which seem in no way to disturb 
the membracids and it has even been suggested by Miss Branch* 

_ that the ants are necessary factors in the life of an individual 

* Branch, Hazel E. The Kansas University Bulletin. July, 1913. Vol. VIII: 
No. 3., p. 84. 



146 Annals Entomological Society of America [Vol. VIII, 

membracid. The experience of that author, however, in rearing 

the nymphs of Entylia sinuata, in which species the molting was 
not successfully accomplished in the laboratory without the 
presence of ants, has not been experienced in the rearing of 
Thelia bimaculata, since this latter insect has molted repeatedly 
while in the cages in the insectary without the attendance of 
ants. The feeding of this membracid, likewise, has not seemed 

to be affected in the least by the absence or presence of these 
usual attendants. 

Hosts. 

Robinia pseudacacia L. seems to be the only host supporting 
Thelia bimaculata in this locality. Specimens have never been 
taken on any other tree although in general collecting for Mem- 
bracide practically all of the local flora has been examined. 
Likewise, no evidences of eggs or nymphs have ever been found 
except on this one host. Neither have specimens of this species 
been collected in the grass or weeds or by sweeping and it seems 
evident that the entire life cycle of the insect is spent on the 
locust. As has been stated, the migration of this form seems to 
be limited and the insects appear year after year in a given 
group of trees while others nearby are not infested. 

ENEMIES. 

Parasitism is common in the eggs but none of the parasites 
have been identified in the course of this study. Many eggs fail 
to mature and are found to be punctured and blackened. The 
bodies of both nymphs and adults, also, often contain larva— 
apparently hymenopterous—but none of these have thus far 
been successfully reared although several attempts have been 
made to work out this phase of the subject. Matausch has 
recorded parasitism in this speciest which destroyed the sexual 
organs but was not able to rear the parasites. 

The larger Asilids occasionally carry off a membracid and in 
one instance a toad was found at the foot of a tree busily engaged 
in trying to secure the nymphs. In this case the operation 
seemed to be fraught with some difficulties on account of the 
tenacity with which the membracids held to their host and on 
account of their sheltered position in the cracks of the bark, 

+ Matausch, Ignaz. The effects of parasitic castration in Membracide. Jour. 
N. Y. Ent. Soc., Sept., 1911. Vol. XIX: No. 8. 194-196 p. 
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and they would doubtless have escaped unnoticed had it not 
been for the movements of the large ants running briskly about 
them. Birds apparently avoid the insect. No case of their 
being eaten by birds has been observed in the field, and several 
handfuls thrown to birds in captivity were refused, although one 
or two individuals were picked up, only to be dropped again. 
Evidently the strong pronotal horn and the sharp posterior 
process (the latter being sharp and hard enough to pierce the 
skin if the adult insect is suddenly seized) and the hard prothorax 
are sufficient protection from bird enemies. The bodies of 
these insects are occasionally infested by a small red mite, and 
not infrequently a membracid is found in a spider’s web. 

ATTENDANCE By ANTS. 

The attendance by ants on various species of Membracidez 
has often been recorded. Interesting notes have been pub- 
lished on this subject by Mrs. Rice!, Miss Branch?, Belt*, Green!, 
and Lamborn’, and attention called to the fact by other authors. 
In the case of Thelia bimaculata this is a most noticeable and 
interesting feature of their life-history. The species of ants 
which have been found attending both nymphs and adults have 
been very kindly determined by Professor W. M. Wheeler as 
follows: Formica obscuriventris Mayr, Formica exsectoides Forel, 
Camponotus pennsylvanicus DeGeer, Crematogaster lineolata Say 
and Prenolepis imparis Say. 

ECONOMIC IMPORTANCE. 

Thelia bimaculata can hardly be considered as an insect of 
economic importance in so far as any damage to the tree caused 
by its presence is concerned. The amount of sap consumed is 
apparently very small and the method of egg-laying has prac- 
tically no injurious effect on the host. The fact that the egg- 
slits are very narrow and placed longitudinally, makes it possible 
for the bark to quickly heal over the wound and the scars have 

1Rice, Mrs. M. E. Insect Life. 1898. Vol. V: No. 4. 243-245 p. 
Branch, Hazel E. Morphology and Biology of the Membracide of Kansas. 

Kans. Univ. Bull. 1913. ae VIII: No. 3. p. 84. 
3Belt, T. Honey exuding Membracide attended by ants. Naturalist in Nic- 

aragua. 1874. 
4Green, E. E. Note on the attractive properties of certain larval Hemiptera. 

Ent. Month. Mag. Aug. 1900. Vol. XX XVII: p. 185. 
5Lamborn, W. A. Ants and Membracide. Trans. Lond. Ent. Soc. 1918. 494- 

498. p. 
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usually disappeared after the second season. No trace has been 
found of other insects or of fungus in the openings thus made, 
and since the ovipositor of the insect seldom penetrates the wood 
there is no trace of the incision below the bark. A careful com- 
parison of trees in the field has led to the conclusion that those on 
which the membracids were numerous were in no way less sturdy 
than those on which no membracids were found. 

TECHNICAL DESCRIPTIONS. 

Egg: 

Measurements: Average length 2.6 mm.; average greatest width 
.6 mm. 

Club-shaped. Smooth, without sculpturing. Translucent white 
with pointed end opaque white. Neck gradually acute. Chorion vit- 
reous. Cap comparatively large, somewhat wrinkled. Micropylar 
apparatus opaque and white. 

First instar: 

Measurements: Length 1.8 mm.; maximum width .2 mm. 
White, with brown head and brown dorsal spots; dorsal surface 

decorated with prominent bristles. : 
Head broad, flat, brown, covered with long bristles; constriction 

between head and thorax deep; eyes prominent, centers blood-red; 
antennz colorless, well developed; clypeus white; beak white and 
extending almost to tip of abdomen; ferruginous maxillary and man- 
dibular sete visible. Prothorax prominent, brown, tuft of three paired 
bristles on median dorsal line, one pair of very fine bristles anterior to 
this tuft and a single bristle on each side below it. Mesothorax white 
with brown lateral patch on each side near dorsum, one heavy branched 
bristle on each side median dorsal line with fine lateral bristle below it. 
Metathorax white, four fine unbranched dorsal bristles. Abdomen with 
eight visible segments, brown above, white below, fifth and sixth seg- 
ments white throughout, seventh and eighth segments brown above 
and white below, each of first six abdominal segments bearing above 
a pair of heavy branched spines suddenly acuminate in a fine bristle 
and two rows of fine lateral hairs, seventh and eighth segments with a 
pair of fine unbranched bristles on each side dorsal line, underside of 
abdomen white and sparsely pilose, anal tube protruding. Legs and 
feet entirely white, femora and tibiz hairy. The above description from 
a specimen killed and described immediately on its emergence from 
the egg. 

Second instar: 

Measurements: Length 2—2.8 mm.; maximum width 1 mm. 
Entirely light chocolate brown except undersurface of abdomen 

which is white; body very finely punctate with white. 
Head finely pilose; dorso-cephalic part produced into two tuberos- 

ities; beak heavy and extending almost to extremity of abdomen. 
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Prothorax brown with two pairs of short blunt bristles. Meso-and 
metathorax each uniform brown with one pair of obsolete bristles on 
median dorsal line. Abdomen brown, posterior margins of segments 
darker; eight segments distinct, first six pairs bearing double row of 
blunt spines at dorsal line, each spine with short lateral bristles and 
ending in a fine hair, last two segments faintly bristled; anal tube 
prominent. Legs brown, somewhat lighter at joints. 

Third instar: 

Measurements: Length 3-5 mm.; maximum width 2—2.5 mm. 
Gray-brown mottled with dark brown; undersurface of abdomen 

lighter. Body wider and flatter in proportion than in preceding instars; 
widest in abdominal region. Pronotal horn beginning to appear on pro- 
thorax and lateral margins of meso-and metathorax beginning to lengthen 
to form wing-pads. 

Head wide, frontal tubercles prominent, front of head dark in color; 
eyes brown, facets distinct; ocelli visible; clypeus set off by distinct 
suture; beak extending to a point half-way between hind coxe and apex 
of abdomen. Prothorax with prominent tuberosity on median dorsal 
line; entire dorsal surface of prothorax swollen. Mesothorax and meta- 
thorax almost smooth above; lateral margins of each of these segments 
extended in blunt points. Each abdominal segment bearing double 
row of short, sharp spines above; two parallel rows of dark spots on 
each side of abdomen in about the position in which the lateral hairs 
appeared in the first instar; anal tube prominent and black. Legs mot- 
tled brown; femora almost black; tibie lighter at extremities; tarsi 
flavous. 

Fourth instar: 

Measurements: Length 5-7.5 mm.; maximum width 2.5-3 mm. 
Body robust; abdomen heavy; color light mottled gray. Pronotal 

process becoming porrect; prothorax overlapping mesothorax. Wing- 
pads well developed. 

Head decidedly prone; frontal tuberosities pointing directly for- 
ward; eyes light brown; ocelli prominent; clypeus well defined; beak 
reaching just beyond posterior coxeze. Prothorax well developed; anterior 
process becoming porrect; posterior margin of pronotum beginning to 
overlap mesonotum. Mesothorax and metathorax almost smooth 
above; wing-pads well formed and prominent, covering one-third of 
second abdominal segment at lateral margin. Abdomen very light in 
color with longitudinal brown fascia above, almost white below;  spir- 
acles very distinct; anal tube darker than the rest of the abdomen and 
often much distended; first two abdominal segments almost smooth 
above, next five bearing short, thickened spines. Legs and feet mottled 
brown, sparingly spined and pilose; femora hairy and club-shaped; 
tibiz somewhat flattened; tarsi comparatively large; claws heavy 
and strong. 
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Fifth instar: 

Measurements: Length 8-10 mm.; maximum width 3.5—5 mm. 
Body robust; mottled gray; anterior pronotal process porrect; 

pronotum entirely covering mesonotum dorsally; wing-pads fully devel- 
oped, first and second pads extending about equidistant posteriorly; 
legs mottled. 

Head much deflexed; frontal tuberosities small; eyes brown; ocelli 
white; clypeus distinct. Prothorax well developed and_ strongly 
chitenized; anterior process projecting far forward, cylindrical; meso- 
thorax and metathorax distinct; wing-pads long, wings sometimes 
faintly visible through the pads. Abdomen greatly swollen; double row 
of blunt spines down dorsal line, smaller anteriorly and increasing in size 
toward the posterior end; nine segments distinctly visible; undersurface 
of abdomen greenish-white, in female sometimes showing impression of 
ovipositor. Legs strongly marked with patches of gray-brown; femora 
and tibize pilose; tarsi hghter in color; claws ferruginous. 

Adult—Female: 

Measurements: Length 11 mm.; length including horn 14 mm.; 
width between humeral angles 5.5 mm. 

Gray with indistinct darker irregular markings; porrect cylindrical 
horn, slightly flattened and somewhat darker in color at the tip; tegmina 
hyaline, apex fuscous, almost reaching extremity of dorsal process. 

Head including eyes twice as broad as long, grayish-yellow mottled 
with ferruginous and brown; margins of lore strongly sinuate; clypeus 
pilose; eyes dark brown; ocelli white, nearer to each other than to the 
eyes and situated on a line drawn through center of eyes; beak extending 
to posterior coxze; head very sparingly punctate and sparsely pilose. 
Thorax gray, deeply and densely punctate; median percurrent brown 
line sharpened into a ridge on extremity of horn and at apex of posterior 
process; sides of prothorax roughly and irregularly carinate; horn 
porrect and greatly variable in length, cylindrical except at extreme tip 
where it is flattened laterally; posterior process heavy, tectiform, grad- 
ually acute, almost straight, very slightly decurved and extending just 
beyond apex of tegmina. Tegmina hyaline, apex fuscous, base and 
costal region lightly punctate; under-wings hyaline, two-thirds as long 
as tegmina. Under surface of body gray-brown, pubescent. Legs 
uniform yellow brown; femora thick and smooth; tibiae and tarsi 
densely pilose. 

Male: 

Differs from female in size and markings. Smaller, body somewhat 
less robust; porrect horn usually shorter and tending to curve; tegmina 
equalling apex of posterior process. Color deep chocolate brown; 
porrect horn almost black; apex of posterior process becoming cinnamon 
brown; a wide, brilliant, lemon-yellow longitudinal stripe on each side 
of prothorax, extending from margin half-way to median dorsal line, also 
small patches of yellow on metopidium; head yellow with brown 
patches. Undersurface of abdomen darker than in female. 
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EXPLANATION OF PLATE IX. 

Big. I. Ege. 
Fig. 2. Egg-mass showing arrangement (Inside of bark). 
Fig. 3. Egg-slit showing tips of eggs (Outside of bark). 
Fig. 4. First instar. 
Fig. 5. Second instar. 
Fig. 6. Third instar. 
Fig. 7. Fourth instar. 
Fig. 8. Fifth instar. 
Fig. 9. Adult female. 
Fig. 10. Adult male. 
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THE DEVELOPMENT OF THE HAIRS UPON THE WINGS 
OF PLATYPHYLAX DESIGNATUS WALK. 

By WM. S. MARSHALL, University of Wisconsin. 

While it has been assumed that the hairs on the wings of the 
Trichoptera develop in exactly the same way as those upon the 
wings of the Lepidoptera there is, so far as we know, no definite 
work to show that this assumption is correct. The following 
study was therefore undertaken to definitely ascertain, in some 
one species of Trichoptera, in what manner these hairs did 
develop upon the surface of the wings and Platyphylax designatus 
was selected for the work. 

It has been impossible to find any works which could be 
given as an historical review of the subject and those papers 
having to do with the development of the wing of the caddis- 
flies have been given in a former paper (5). Dewitz (3), from 
whose work comes most of our previous knowledge of the devel- 
opment of the wings in this group of insects, does not take up 
the formation of the wing hairs. Spuler (9) distinguishes 
between hair scales and those hairs without a circular ring-like 
base for articulation and he shows a surface view of a portion of 
the wing of a Trichopteran, Philopotamus scopulorum, with a 
few of the latter hairs and four of the ring-like bases into which 
the hair scales are inserted. Regarding these structures he says: 
“Die gleichen Gebilde (hairs) finden wir auch bei den Trichop- 
teren, gerade die Micropteryginen und Hepialiden, in der 
Fligelbidlung so nahe den allgemeinen Modus der Haarbildung 
vor sich. Dieselben werden von der Hypodermis gebildet. 
Jeder Stachel ist seiner Bildung nach unicellular.’’ Tower (11) 
reaches a similar conclusion, saying: ‘“‘In development the 
scales of Coleoptera follow exactly the same course as was found 
by Mayer (6) in the Lepidoptera.” 

The wings of Platyphylax designatus are more or less covered 
with hairs; these are present upon all the wings and on both 
surfaces although the anterior wings show a greater degree of 
pubescence than the posterior and the upper surface bears a 
much larger number of hairs than the lower. These hairs can 
be roughly divided into four groups: 1, vein and marginal hairs; 
2, large surface hairs; 3, small surface hairs; 4, special long hairs. 

153 
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1, vein and marginal hairs. The vein hairs are in most cases 
in a single row on nearly all of the longitudinal veins and are apt 
to be equidistant from each other; this is not true for the entire 
course of each vein as the hairs generally come closer and closer 
together in passing from the distal to the proximal part of the 
vein. Besides what one might call the ordinary vein hairs there 
are a number of very much smaller ones which, upon many of 
the veins, alternate with the larger hairs; on account of the 

prominence of the regular vein hairs these smaller ones are not 
at first likely to be seen. The vein hairs are mostly restricted 
to the upper surface and are more numerous and larger on the 
anterior than upon the posterior wings. The longest and thick- 
est vein hairs are found near the base of the anterior wing, these 
are fluted, with many small ridges running lengthwise along the 
hair giving it the appearance of a cog wheel in transverse 
section (Fig. 1). 

The marginal hairs, similar in size and structure to the vein 
hairs, are found not only upon the extreme margin of the wing 
but they extend for a short distance on to both the upper and the 
lower surfaces. In the anterior wing these hairs are longest, 
all lie close down against the margin and are directed toward the 
apex of the wing. Along the anterior margin of the posterior 
wing these hairs are similar in position to those upon the 
anterior wing but along its posterior and outer margins they are 
arranged perpendicular to it; these hairs as well as some upon 
the surface are plumose, the plumules are very small and not 
visible until the hairs are examined with a high power of the 
microscope. 

All vein and marginal hairs are widest at the base and grad- 
ually taper to a point; they are hollow, nearly all are slightly 
curved and each fits into a raised ring-like cuticular opening on 
the surface of the wing. 

2. Large surface hairs. Nearly all of these hairs are 
smaller than those just described, they are also heavier and 
darker and a little more curved. On the anterior wing these 
hairs are more numerous than on the posterior one and in both 
wings they are much more abundant upon the upper surface. 
On the posterior wing most of these hairs are on its outer third, 
except a narrow strip running along near the costal margin, and 
there are several large hairless areas, these are probably due to 



1915] Wing Hairs of Platyphylax Designatus tao 

the folding of the wing. The circular raised ring into which 
the hairs fit is smaller and less noticeable than the similar part 
for vein and marginal hairs. These surface hairs have a pointed 
distal end, with this exception their diameter changes but little 
and they do not become widened at the base. 

3. small surface hairs. These are very numerous and are 
scattered regularly on the surface, vein and margin. They are 
all nearly equal in size and are bent or hooked near the tip. A 
surface view of any part of either wing shows that these hairs 
come from nearly all of the hypodermal cells which have not 
taken part in the formation of one of the larger hairs. 

4. The longest hairs are near the base of the posterior wings, 
they are much longer than the others and are present upon the 
surface and on the veins. These long narrow hairs are of equal 
diameter throughout except the pointed distal end. The ring- 
like cuticular thickening into which each hair fits is not directly 
upon the surface but situated upon a rounded papilla. In 
transverse section these hairs are seen to be fluted, much more 
deeply so than the large ridged vein hairs; the number of raised 
ridges varies from five to eight although. six is by far the most 
constant number (Fig. 2). 

When the pupa of Platyphylax designatus emerges from the 
last larval skin the wings are found at the sides of the thorax 
extending down against the legs and by these held from further 
extension in a ventral direction. In a surface view the wings 
are seen to have several longitudinal folds, Marshall (Fig. 23), 
and in section to have a fluted appearance along both surfaces. 
The wings soon begin to unfold and straighten until they are 
extended backward along the sides of the abdomen, Marshall 
(Fig. 25). The thickness of the wing does not at first decrease 
and in section the cells of the hypodermis are seen to be arranged 
in a fairly regular, single layer over the entire surface and just 
inside of the cuticula. The wings in their continued growth 
back over the body begin to decrease in thickness and at about 
this time there first appear those enlarged hypodermal cells from 
which the vein and marginal hairs develop; these are soon fol- 
lowed by the other enlarged cells between the veins from which 
the large surface hairs are formed. 

Vein hairs. Just before the appearance of these above men- 
tioned cells the hypodermis occupies a fairly even layer just 
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under the cuticula, cell boundaries are very hard to differentiate 
but the elongated, irregular, ovoid nuclei are fairly regular in 

their arrangement (Fig. 3). From the inner surface of the 
hypodermis come off a number of strands of protoplasm many of 
which, at this stage of the wing’s development, pass across from 

surface to surface and connect the two layers of hypodermis with 

each other; these strands have nothing to do with the develop- 
ment of the wing hairs. The first indication of the trichogens, 
cells from which the hairs develop, is noticed in that certain of 
the nuclei of the hypodermis increase in size and then, with 
some of the surrounding protoplasm, push in from their original 
position towards the median part of the wing and away from the 

cuticula. These trichogens which first appear are situated 
adjacent to a vein and between it and the cuticula (Fig. 4). 
Nearly all of these trichogens lie along one side of the section; 
this is the upper surface of the wing upon which surface most of 
the hairs develop. The trichogen nuclei differ in position and 
size from the normal ones of the hypodermis, they also become 
more circular in outline but do not as yet differ in structure. At 
the same time that the trichogen nuclei wander away from the 
surface of the wing it is noticed that other nuclei go with them, 
these latter retain their normal size; they can be found in 
younger stages of the trichogen’s growth (Figs. 5, 6, 7) and also 
after the hair has been developed (Fig. 8). What function these 
nuclei may perform is not known. This differs a little from the 
account of Mayer (6) who found that in Lepidoptera the 
trichogens first grow outward, towards the cuticula, while in 
Platyphylax we find that the movement is at first opposite to 
this and that the trichogens wander inward, away from the 
cuticula. 

In the regular hypodermal cells each nucleus has one, some- 

times two, rather small nucleoles which did not stain with 
hematoxylin or alum carmine. The trichogen nucleole, also 
non-staining, is at first similar to that of the other nuclei but 

enlarges with the growth of the nucleus until it becomes very 
noticeable (Fig. 6). At a later stage cell boundaries are more 
easily seen and the trichogens differentiate themselves from the 
other cells not only in this respect but also by the darker 
appearance of the cytoplasm; this fact, that the trichogens 
stain more deeply than the regular hypodermal cells was 
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noticed by Mayer (6). This is due to the secretary activity of 
these cells and shows that hair formation has already started 
(Fig. 7). At this stage it was difficult to find places where the 
young hairs could be followed for any distance because, during 
the wing’s development, the hairs lie close against the surface 
and are shown in section as little circular or oval masses near 
the surface of the wing. 

With the further growth of the trichogen its nucleus, also 
enlarging, begins to flatten out against the vein adjacent to 
which it lies; it becomes elongated and occupies a position with 
its longitudinal axis parallel to the surface of the wing. With 
the growth of the nucleus its nucleole, which has for some time 
been a single large one, changes and by some process, fragmen- 
tation or otherwise, becomes divided into numerous smaller 

pieces which are scattered irregularly around within the nucleus 
(Fig. 7). The flattening of the trichogen nucleus becomes 
especially noticeable after the decrease in thickness of the wing 
and it is always found to be pressed against an outer surface of 
the vein adjacent to which it hes. With this narrowing of the 
wing the nucleus not only becomes more flattened but may be 
bent and curved and, in studying sections, trichogens are found 
which contain apparently two nuclei but these are in reality 
sections through two parts of the same one. It might be well 
in this connection to mention that the vacuole, Mayer (6) or 
vacuoles, Schaffer (7), present in the trichogens of the Lepidop- 
tera were not seen in Platyphylax. 

After emergence of the imago sections show that the parts 
already enumerated are still present except the large trichogens 
which, as such, could not be found. The hypodermis is still 
present on both surfaces of the wing but the nuclei have become 
irregular in outline and many of them flattened against the 
cuticula. The functions of the trichogens ended they have 
undoubtedly decreased very much in size and lost their identity 
amongst the general hypodermal cells. (Fig. 8). This last 
figure does not show the final condition as the hypodermal 
layers become more reduced and in places almost entirely rep- 
resented by the small irregular nuclei. 

Large surface hairs. The special enlarged cells from which 
later develop the large surface hairs do not become differentiated 
until the trichogens of the vein and marginal hairs are plainly 
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visible, when they do first appear the wings have started to 
decrease in thickness. As already mentioned there is a stage in 
the development of the wing at which all cells of the hypo- 
dermis are similar and occupy an even layer just under the 
cuticula (Fig. 3); then some of these cells adjacent to the 
developing veins and at the margin of the wing increase in size 
and move away from the surface. With the exception of the 
trichogens at the two last mentioned places there is an even 
layer of hypodermal cells, all similar and equidistant from the 
cuticula, covering the areas between the veins and it is from some 
of these that the surface hairs develop. 

Here and there in this even layer of hypodermis certain of 
the nuclei increase in size and move inward and away from the 
cuticula; these are similar to the enlarged nuclei which form the 
trichogens of the vein and marginal hairs except that the nuclei 
are different in their position on the wing and have no relation 
to the veins or margin. This is the first indication of the 

trichogens of the large surface hairs and when one (Fig. 10) is 
compared with the trichogen of a vein hair (Fig. 5) their sim- 
ilarity is apparent. Strands are seen coming from the free 
margin of the former and appearing very similar to part of the 
wall of a developing vein; they are, however, only some of the 
protoplasmic strands which extend from the hypodermis to the 
middle membrane (‘‘Grundmembran”’). 

As in the trichogens of the vein hairs the cytoplasm of these 
cells is often darker colored than that of adjacent cells and can 
be seen as dark streaks through the hypodermis (Fig.11). From 
a surface view (Fig. 12) this same darker cytoplasm may be seen 
surrounding the nucleus of each trichogen but it is not notice- 
able in the other hypodermal cells. The same increase in sur- 
face of the nucleole that was noticed in the vein trichogens is 
seen, but to a less extent, in these nuclei (Fig. 13) and, when 

the secretion of the hair becomes active, several nucleoles are 

noticeable in each trichogen nucleus. 

Small surface hairs. These hairs are so numerous upon both 
surfaces of the wing that there are very few hypodermal cells, 
excepting those taking part in the formation of the other kinds 
of hairs, from which one is not formed. In looking at the surface 

of a wing in which these small hairs have been developed one can 
examine many cells without finding one from which a small sur- 
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face hair has not been formed. The amount of secretion neces- 
sary for the formation of one of these hairs is comparatively 
small and no change is noticeable in the nuclei of the cells from 
which they come. 

Upon the emergence of the imago these cells, as well as the 
trichogens of the larger hairs, decrease in size, loose their 
regular form and become small, irregular nuclei lying, as a rule, 
flat against the cuticula (Fig. 14). 
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EXPLANATION OF PLATES X AND XI. 

All figures drawn with a camera lucida. In all drawings the upper surface of 
the wing is to the left. 

Cu., cuticula. 
Tr. S., trichogen of surface hair. 
Tr. V., trichogen of vein hair. 
V., vein. 

1 

2. 

Transverse section of a large vein hair. X 1700. 

Transverse section of one of the very long hairs found on the posterior 
wings. X 1700. 

.3. Section through one wall of the wing from a pupa after the last larval skin 

ood. 

ig. 12. 

ig. 13. 

ig. 14. 

ig. 15. 

10. 

has been cast and the body has started to contract. The cells of the 
hypodermis are as yet all similar and at no place in the section can 
any enlarged nuclei be found. X 1700. 

Section of a little older stage showing part of a vein, V, adjacent to 
which is an enlarged cell and nucleus, the beginning of a vein-hair 
trichogen, Tr. V. X 1700. 

A slightly older stage, after the wing has started to fold, showing three 
normal hypodermal cells and a vein-hair trichogen, Tr. V., near 
which is one of the other nuclei which move out with the trichogen. 
X 1700. 

A still older stage showing the enlarged nucleus of the vein trichogen. 
The greatest change over the preceding figure is in the much enlarged 
nucleole of the trichogen nucleus. X 1700. 

Section of a wing which does not as yet show the final folding. The 
nucleole shows the change from the single large one of the preceding 
stage. The cytoplasm of the trichogen is seen to be much darker than 
of the normal hypodermal cells and is extended out for some distance 
in the beginning of its development. Cuticula not drawn. X 1100. 

Section of a wing which has decreased very much in thickness. One 
vein-hair trichogen and two of surface hairs on upper surface. Middle 
membrane, M..m., through center of wing and connected by pro-- 
toplasm to both surfaces. Cuticula not drawn. X 875. 

From transverse section of a wing of an imago soon after its emergence. 
Shows one vein hair and how the vein as well as other surface is 
covered by the small surface hairs. X 600. 

Four normal and one enlarged hypodermal cell, the latter has wandered 
a short distance towards the center of the wing and away from the 
surface; this enlarged nucleus, Tr. S., will later become that of a tri- 
chogen from which will develop one of the large surface hairs. X 1700. 

Two trichogens, Tr. S., of enlarged surface hairs showing the beginning 
of hair development. Cuticula not drawn. X 1100. 

Surface view of wing of about same stage as preceding. Four trichogens, 
Tr. S., and several normal hypodermal nuclei are shown. X 1100. 

Section of wing of pupa, wing folded within cuticular covering. One 
large and two small surface hairs. X 1700. : 

Section showing one large and two small surface hairs. From an imago 
just after its emergence. X 1700. | 

Three small surface hairs, from folded wing shortly before emergence of 
imago. X 1700. 
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THE BIOLOGY OF THE JUNIPER BERRY INSECTS, 
WITH DESCRIPTIONS OF NEW SPECIES.* 

By S. MARcovitcH, 

Division of Entomology, University of Minnesota. 

In the spring of 1913, Professor Crosby, of Cornell Univer- 
sity, suggested that I work out the life history of two chalcids 
bred by him from deformed berries of Juniperus virginiana L. 
There was also an Eryophyid mite present within the berries, 
so that at first it was difficult to tell which one deformed the 
berries and what were the relations between them. 

In the fall, I discovered a Tineid larva eating the seeds, 
while a little later, a Dipterous larva was found eating the fleshy 
portion of the berry. The latter has proved to be a new species 
of the family Trypetidz. Since then, I have found a Cecido- 
myid larva, and have reared six species of chalcids from the 
berry, at least two of which are plant-feeding in habit. It 
seems rather remarkable, at first, to think that so many insects 
are able to find food in such a small fruit; yet when it is known 

what a role the mite plays, and how completely the berry is 
utilized, it does not seem so strange. 

The Mite—Character of the Injury. From the observa- 

tions of others and from my own examinations, the berry was 
found to be deformed by the mite, it being classed as a mite gall. 
Massalongo, 1889, in describing this gall, thought that the mite 
penetrates the young ovule through the micropyle before the 
ovule scales become fleshy. Fertilization is thus hindered, and 
as the scales become fleshy as usual, it is probable that the 

physiological stimulus of fertilization necessary for growth is 
substituted by the pathological stimulus of the parasite. 
Whether or not fertilization is hindered would be difficult to 
say, as the stigmas of the ovules were open during the beginning 
of the work of the mites, and once a mite entered the ovule, the 
berry was found deformed. 

The normal berry is more or less cone-shaped while the one- 
seeded, deformed berries assume a chestnut shape. In the two 
or more seeded berries, however, the deformation assumes 

* Begun at Cornell University; completed at the University of Minnesota. 
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somewhat the shape of a dumb-bell (Fig. 6, Pl. XII). The mites 
go in and out through two openings, located at the ends of the 
berry. These openings are in many cases elevated, and shaped 
like a miniature volcano, measuring about one-sixth of a mil- 
limeter wide at the top. The areas surrounding the openings 
are yellowish, circular in outline, and very much hardened, thus 

probably preventing the tissue from growing around the 
opening by which the mites go back and forth. 

Just how this area became hardened, and the various stages 
leading up to the deformed berry were unknown. At flowering 
time, however, on May 27, the mites were found in the begin- 

ning stages of their work, and the various steps leading up to 
the deformed berry were traced. Some remarkable changes 
were found and the interesting feature learned was that the 
outer hardened area was ovule tissue, and the opening in the 
center, the stigmal opening of the ovule. In the flower stage, 
two or three upright ovules are visible (Fig. 1, Pl. XII) sur- 
rounded by somewhat thickened scales. A little later, the 
scales become fleshy and grow over the ovules (Fig. 3, Pl. XII) 
which seem to sink into the berry after fertilization takes place. 
If attacked by a mite at this time, the ovules do not sink into 
the berry, but broaden out and remain on top, the scales growing 
around them (Fig. 4, Pl. XII, a). The opening of the ovule, 
then, becomes the opening by which the mites pass back and 
forth, while the body of the ovule becomes the hardened portion 
surrounding the opening. 

A cross-section of a young, deformed berry about a week 
old already shows the openings by which the mites pass back 
and forth to be formed from the old micropyle (Fig. 5, Pl. XII). 
From this opening, a narrow path leads down into the berry, 
where it enlarges into a circular burrow. Here one or two 

reddish mites and from two to ten greenish-white eggs are to 
befound. After a mite has entered a berry, it becomes deformed 
and fleshy, the seeds failing to develop. It is probable that the 
fleshy portion of the deformed berries is made up of more ovule 
tissue than the normal berries. In this spongy portion, the two 
phytophagus chalcids are found feeding (Fig. 5, a and b, PI. 

XVIII), as well as the mites. The chalcids may, therefore, be 

considered to be inquilines, since they live in the abode of the 
mite. 
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Eriophyes quadrisetus typicus (F. Thom.)*. The body is 
cylindrical, annulated, gradually tapering to posterior segments. 

It is very similar to P. pint. The body is shorter than in P. 
pint, being about 3 or 4 times as long as broad. The dorsal 
scutum possesses striations that are not very distinct, one of 
which is found on the median line and one on each side, both 

diverging at the posterior end. lLaterad of these are two arcs 
of circles, one on each side, with the concave surfaces facing 

outward. Near the margin are others that are also curved and 
incomplete. Seta dorsalis is borne on the sides of the cephalo- 
thorax, at a noticeable distance in front of its posterior curva- 
ture. It extends forward and upward and beyond the base of 
S. L., if bent backwards. 5S. L. are very long, being the longest 
of the ventral setz of the abdomen. Caudad of S. L., S. V. 1 

are found to be shorter than 5. L. 5%. V. 2 are short, while 

S. V. 3 attain the posterior extremity of the body. Besides the 
above-named 5S. D., there is, further behind, another pair of 

©». D., which are very short. At the anterior extremity of the 
scutum, there exists a minute frontal seta. The sete C. P. are 

well developed. The S. C. A. are longer than in any other 

species and very stout, (.025 mm.). S. G. are well developed. 
The rings are of the same character on both sides. The fifth 
joint of the legs is somewhat longer than the fourth, having at 
the end a small, distinct comb with seven pairs of small hairs. 
The tarsal claw is just a little longer than the comb. The 
valves of the epigynum are smooth, the posterior one being 
square. 

Meng thvottemalemcna.m:smice momieeemie lech cee o .25 mm. 
Watdthieotehernailecmrre ss sta ce te caries ori ceiele sts .0O7 mm. 
Shel) abeta Ole recone ae iaee ocho ethos ate .07 mm. 

LAG Ra e BN SRN PEE Coe, STEREO LTE ap Se ea .04 mm. 
SR Rail ierces ee clue eitcy et sor hear poke erent Ua, wn .03 mm 
Sn ea eA SeIG TAS, 0 Hic DS OL SS PES ECR ac ee .02 mm 

Eriophyes quadrisetus juniperus. On January 23, some ber- 
ries received from Professor C. O. Houghton, of Newark, Del., 

were found to be deformed in a different manner. Upon exam- 
ination Mr. Hodgkiss reported the mites to be Eriophyes 
quadrisetus juniperus. In this case, the berry was not fleshy 
throughout, and seeds were present, the tips of which stuck out 
of the berry in a conspicuous manner. ‘The normal berries are 

* Translated from Canestrini and identified by Mr. Hodgkiss of the Geneva 
Experiment Station. 
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blue while the ones infested with this latter variety are green 
and smaller, the mites being present within the seed. In 
Europe, E. quadrisetus typicus is said to deform the berries of 
Juniperus communis in a somewhat similar manner while 
Eriophyes quadrisetus juniperus works at the bases of the leaves, 
causing them to swell (Laggerheim 1899). 

Egg. The egg is translucent and whitish. It is oval in 
shape, with bluntly rounded ends. The longer axis measures 
about 50 w, and the shorter axis about 35 uw. They occur in 

great numbers in the berry during the growing season. 

Life History. The winter is spent by the mites within the 
berries, principally in the greener ones and those not eaten out 
by the chalcids. With the approach of spring, the mites 
become active, leave the berries, many of which are still on the 

tree, and begin entering the young ovules. These soon become 
deformed and eggs are laid in them. Here the young find 
sustenance and make channels radiating out from the original, 
central burrow. Through the tiny openings at the ends of 
the berry, the adults pass to and fro and seek other ber- 
ries, just past the flower stage, to start new colonies. The pro- 
duction of the young is continuous throughout the growing 
season. During October, the mites begin to collect in certain 
berries where they pass the winter, losing most of their greenish 
color and becoming brownish. 

The berries of mature trees are, practically without excep- 
tion, deformed by the mites, while those of young trees are 

usually normal. It seems probable that the berries develop 
quicker in the latter case before the mites have a chance to enter 
the ovules; while on the old trees, the berries develop slowly 
enough to enable the mites to get out of their hibernating 
quarters, and find the ovules before they have become sunken. 

THE JUNIPER BERRY CHALCID. 

Eurytoma juniperinus, n. sp. 

Life History. This species is plant-feeding in habit and 
found in the fleshy portion of the deformed berries, but never 
in the seed tissue of Juniperus virginiana. ‘There is but one 
generation a year and the winter is passed in the larval stage. 
On May 26 the insect was already found in the pupal stage, 
while on May 29 adults were observed emerging. On June 26 
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an egg was found in the central burrow of the mites, as shown 
in the diagram (Fig. 6, b, Pl. XVII). The egg was removed to 
note the length of the egg stage, and after two days of warm 
weather, the embryo could be seen to be already formed. The 
head was located on that end where the long pedicel arises from 
the egg (Fig. 7, Pl. XII), thus agreeing with Triggerson’s 
observations with respect to the orientation of the embryo in 
the egg (Triggerson, 1914). The mandibles could be seen to be 
working back and forth in a lively manner, while in the caudal 

half of the egg could be seen in motion, some oil globules. The 
neck of the egg was shrunken while the pedicel was curled back 
over the body of the egg. These larve are quite abundant in 
the mite-infested berries, two or three being often found. They 

are comparatively active, move about, and devour large portions 
of the berry (Fig. 5, a, Pl. XVIII). 

Female.—Length 2 to 2.3 mm.; thorax 0.7 to 0.8 mm.; abdomen 
1 to 1.3mm. General color black (Fig. 1, Pl. XIII); scape and part of 
pedicel brownish, rest of antennz black. Color of legs variable; hind 
coxee, femora except knees, and tips of tarsi, black; rest of legs suffused 
with brownish. Head seen from above transverse, concave behind and 
convex in front. From the base of the antenne to clypeus there is a 
low smooth elevation. Antennal furrows with the sides straight or 
slightly convergent below. Head and thorax umbilicate-punctate; 
propodeum coarsely rugose on the sides, the longitudinal median 
depression broad and shallow, densely and distinctly reticulate-punctate 
throughout, except sometimes for the longitudinal furrow which is 
crossed with small transverse ridges. The anterior portion of the 
propodeum contains three longitudinal carinz enclosing a smooth 
quadrilateral area. On the cephalic face of the front coxe there is a 
deep diagonal furrow bounded in front by a distinct ridge, which makes 
a sharp turn near the upper angle. Wings hyaline. 

Abdomen conic-ovate, smooth, about three-fourths as wide as long, 
with a fine sculpture on the anterior half of the segments but fading out 
on the dorsal surface. Hind margins of segments 2, 3, and 4 nearly 
parallel (Fig. 3, Pl. XIII). Viewed from the side the dorsal surface of 
the abdomen presents a nearly straight line, except at the ends. Seg- 
ments 2, 3, and 4 subequal; the 5 longer than the 3 and 4 together; 7 
a little longer than or subequal with the 6. The 6, 7, and tip of sheaths 
of ovipositor clothed with fine white pile. 

Many of the cotypes vary in having more brown on the 
face, the venter of the prothorax and part of the mesothorax, 

the abdomen beneath, and legs. 
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Male—Length 1.6 to 2.1mm.; abdomen 0.7 to 0.9mm. Similar to 
the female in coloration but much more variable, so that some specimens 
are nearly all red, all gradations being found. Pedicel and scape brown- 
ish, the latter markedly dilated above. In the darker forms, only the 
proximal portion of the scape is brownish; rest of antenna dusky. 
Wing veins brownish or yellowish. The first funicle joint slightly longer 
than the second, the rest subequal and arched above. Petiole and hind 
coxee finely reticulate, the latter about three-fourths the length of the 
former. Sometimes a brownish spot is present in the darker forms on 
the upper angle of the prothorax. 

Variety Crosbyi.— @ similar to the above in coloration and size. The 
dorsal surface of the abdomen is evenly curved, and not as straight as 
in E. juntperinus. The posterior margins of segments 2 and 3 are nearly 
parallel, while the posterior margin of the 4 segment meets that of the 
3 on the ventral surface. The tip of the abdomen appears to be rather 
sharp-pointed. The anterior border of the segments of the abdomen 
with a fine sculpture, that does not fade out on the dorsal surface. 
Viewed from above all the segments are not visible due to the greater 
curvature. This form may be a distinct species, and as I intend to work 
on this genus, further consideration will be given it at a later date. 

Described from numerous specimens reared from the berries 
of Juniperus virginiana at Ithaca, New York. 

Cotypes deposited in the entomological collection of Cornell 
University, and in the author’s collection, University of 
Minnesota. 

Larva.—(Fig. 1, Pl. XIV). Length about 2.3mm. Color dull white, 
mandibles (Fig. 3, Pl. XIV), brownish with a large, sharp tooth in its 
inner edge. Head and antennal tubercles distinct (Fig. 2, Pl. XIV). Just 
back of the mandibles is a thick, fleshy labium, slightly lobed and 
extending beyond the mandibles. On the under side of the labium there 
is a minute spine, which is elevated on a small tubercle. The setz on 
the head and thorax are medium in size, spine-like, and arise from small 
tubercles, there being eight on the head, ten on each thoracic segment 
and four shorter ones on each of the abdominal segments. On the 
mid-dorsal line of each abdominal segment is a large, rounded tubercle, 

more distinct when the larva is killed in hot water. The spiracles are 
nine in number, as shown on the diagram, (Fig. 4, Pl. XIV), there being 
one on the meso- and metathorax;, and one on each of the first seven 
abdominal segments. 

On January 10 some of the Jarve were placed in vials on 
cotton, to check up the adult stage. Similarly, five different 
kinds of larvae were taken out of the berry and checked up 
with the adult forms. The larve of E. juniperinus, when taken 
indoors, will pupate in about ten days, gradually turn black, and 
emerge about four days later. 
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THE JUNIPER BERRY GENIOCERUS. 

Geniocerus juniperi Crawford 

This species has been proved to differ from all the other 
known members of this parasitic group in that it is plant-feeding 
in habit. They are, by far, the most abundant, there being 
often as many as eight or ten larve in a single berry. The 
young larve were observed from the time tley were visible 
until they were full-grown, and found to live in tight-fitting 
burrows (Fig. 5 b, Pl. XVIII), that gradually become larger as 
the insect feeds and grows: This fact alone is sufficient to 

establish its plant-feeding habits. It is very inactive and a 
moderate feeder, as compared with the Eurytoma larve. There 
is but one generation a year, and the winter is passed in the 
larval stage. 

“Female.*—Length about 1.5 mm. Lemon-yellow, with dark brown 
markings on the rear of the head, front of pronotum, and small brown 
spot on each lateral angle of pronotum, one on front of axille, suture 
between mesoscutum and scutellum; propodeum medially; spot on 
each side of abdominal segments and the apical margins of segments 
more or less suffused with brownish; scape yellow with a brown spot 
above, rest of antennz brownish; joints of funicle elongate; seen under 
high power the antenne show three ring joints; head and thorax finely 
sericeous; median furrow of mesoscutum rather indistinct, median pair 
of furrows on scutellum about half as far apart as length of scutellum; 
propodeum with median carina hardly as long as the metanotum; 
submarginal vein with about four bristles; legs yellow with the apical 
joint of tarsi brown; ventor along median line somewhat brownish; 
sheaths of ovipositor apically distinctly brown. 

Paratypes vary in having more brown, the mesoscutum medially 
with a large brown spot in front; vertex, parapsidal areas anteriorly, 
sides of propodeum with brown spots; the abdomen with the bands 
more pronounced.”’ 

As the males are very much fewer in number, I did not 
succeed in locating one in my rearings until January 2, 1915. 

Male——Length 1.2.mm.; abdomen 0.5 mm. Color lemon-yellow, 
but the whole dorsal surface much darker than in the female. These 
darkened areas are more pronounced on the rear of the head, propodeum, 
furrows of scutellum, and abdomen. The latter has the dorsum brown, 
excepting for the anterior and posterior extremities, while the apical 
margins of the segments are darker. The whole ventral aspect lemon- 
yellow, except for a small area on the prothorax. The antennz are 

* Female to be described by J. C. Crawford, Proc. Ent. Soc., Wash. Male 
described by author. 
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similar to G. marcovitchi (Fig. 8, Pl. XV). The first joint of the funcile 
about as long as the pedicel, second joint slightly shorter than the third; 
third and fourth subequal; club as long as the two preceding joints. 
Under high power, two ring joints are visible. 

Egg—tThe egg as dissected out of the female is club-shaped, whitish, 
with one end wider than the other. Length 0.45 mm.; width of wider 
end 0.075 mm.; width of opposite end 0.033 mm. (Fig. 14, Pl. XV). 

Larva —Length 1.5 mm. by 0.9 mm. wide. Color dull white with 
brownish mouth parts. The larva is apparently smooth all over (Fig. 6, 
Pl. XIV). The head and thorax are not differentiated, the former being 
reduced to a conical projection, on the end of which are situated the 
mouth parts. Looking down upon the head, the mouth parts are seen 
to be situated in a ring (Fig. 7, Pl. XIV), which is heavily chitinized on 
the dorsal half and to which are attached three prominent lobes, the 
middle one being the largest. Viewed from the side, these lobes project 
backward so as to appear like teeth. Within the center of the ring are 
the two mandibles that project downward into the mouth cavity. Just 
above them are two slender processes in each side of the ring that might 
be termed the maxille. 

NATURAL ENEMIES. 

On October 30, 1914, I found a parasitic larva in contact 
(Fig. 9, Pl. XV) with one of the Geniocerus larva, the latter 

being discolored and dead. Later this species bred out to be 
Gentocerus marcovitcht, Crawf. (Proc. Ent. Soc. Wash., 

1915). These parasites breed out in large numbers, and are 
among the first insects to emerge from the berries when taken 
indoors: There are apparently two generations and the winter 

is passed in the larval stage. As the berries remain greenish 
and pulpy, they would have no difficulty in ovipositing in the 
fall. Oviposition was observed in the usual way on August 13, 
lasting about two minutes. When the ovipositor was with- 
drawn it would apply its mouthparts to the exact spot where it 
had oviposited, apparently feeding. After a few minutes it 

would again oviposit in about the same spot, and then feed 
again. This operation was repeated several times. 

Geniocerus marcovitchi. 

“Female.—Length 2mm. Blue black or greenish black; joints of the 
funicle elongate, under high power the antennz show three ring joints; 
mesoscutum finely longitudinally sericeous, median furrow on mieso- 
scutum indistinct; metanotum with two yellow spots on disk; propo- 
deum with median carina short, hardly as long as the metanotum; sub- 
marginal vein with three or four bristles; legs blue black, the knees, 
extreme bases and apices of tibize and tarsi except apical joint whitish. 
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Male—Length 1.75 mm. Similar to the female, the first joint of the 
funicle about as long as the pedicel, much shorter than the second joint, 
joints 2 to 4 being subequal in length, club not enlarged, almost twice as 
long as last joint of funicle, tibize yellowish white with a brown stripe 
inwardly.” ; 

Larva.—Length 1.6 mm. and 0.7 mm. wide. Color dull white. The 
anterior end of larva wider than posterior end, with the head segment 
rounded. Mandibles very small and pointed. The larva is smooth 
all over, and composed of fourteen segments. 

Egg —tThe egg of this species is more or less club-shaped, one end 
being provided with a long process, while the other end is rounded and 
tapering (Fig. 13, Pl. XV). 

Another parasitic larva was found in the berries but as yet 
I have not been able to determine its host (Fig. 11, Pl. XV), 

although it might be parasitic on the Eurytoma larva or phyto- 
phagus. When a berry is cut in two, the larve are usually to 
be found in a vertical position and sometimes quite numerous. 
This larva is rather elongate, spindle-shaped, and pointed at 
both ends, the hind end being somewhat less acute. It is 
brownish in color, but lighter at both ends. In the middle of 
the larva can be seen a conspicuous uric acid concretion that is 
visible through the skin. There appear to be fourteen seg- 
ments, with the anal segment bearing two minute spines and 
slightly lobed. After boiling in caustic potash, the mouth parts 
are seen to consist of two tiny, pointed mandibles. The pupa is 
at first brownish in color but later turns black. The sheaths 
covering the mandibles and lateral edges are very prominent. 
Length of pupa 1.4 mm., width 0.7 mm. 

THE JUNIPER BERRY FRUIT FLY. 

Rhagoletis juniperinus, n. sp. 

In the latter part of September, 1913, a Dipterous larva was 
found feeding upon the fleshy portion of the Juniper berry, at 
six-Mile Creek, Ithaca, N. Y. Some were kept indoors, and on 

April 6 one adult emerged. After careful comparison with 
many descriptions of related forms, Professor Johannsen found 
it to be distinct, although closely related to R. ribicola Doane. 

Life History. It was not until the afternoon of August 12, 
that an adult male was observed on the tree. On August 21 
females were found ovipositing, the process of which lasted 
about one minute, during which time the ovipositor was worked 
at an angle of 45 degrees. Just beneath the skin, at this angle, 
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an egg was later found and dissected out. The egg punctures, 
which can be found on all sides of the berry, appear as small 
brown spots, visible to the naked eye, and sometimes with a 

distinct opening. The fact that the flies appear so late, as 
compared with other members of the genus, is another example 
of the adaptation of the time of emergence to the proper stage 
of the development of the particular fruit. The larve mature 
about October 9, although a few were found in the berries 

October 27. They pupate about an inch below the surface of 
the ground. On October 8, however, some were found to have 
pupated within the berries, which had been picked about two 
weeks previous, and kept in a glass jar. Two or three pupa 
were often found within these berries, and once even five, 

although the berries when examined on the tree, were found to 
contain but one larva. No holes of any kind were visible on 
those berries which had been kept in the glass jar. The larve 
eat the fleshy portion of the normal berries and as the young 
trees have a greater proportion of normal berries, they are 
much more numerous there. 

Female.—Length 3.2 to 4.2 mm.; thorax 1.38 to 1.8 mm. General 
color, black; head yellowish or brownish; ocellar area dark with space 
between ocelli and compound eyes more or less suffused with brownish; 
occiput yellowish brown, except for a few darkened areas which are some- 
times arranged radially; antenne brownish, with the anterior corner of 
last joint rather sharp; arista black, except for proximal portion; 
bristles black, except for the post-verticles, which are yellowish. The 
three facial pairs of bristles convergent, the ocellar pair strongly 
proclinate, the two fronto-orbital, and vertical pair strictly reclinate 
(Fig. 6, Pl. XIII). 

Thorax shining black with four longitudinal, yellowish bands on 
dorsum—the inner pair projecting farther forward, and confluent in 
front. Scutellum black, except for a white rectangular spot on the 
hinder portion; halters yellow. A striking, bright, alabaster-colored 
band runs from the humeri to the base of each wing. The thoracic and . 
four scutellar bristles, black. 

Abdomen, shining black; posterior border of segments 2, 3, 4, and 5, 
with a rather broad band of white, the band of the 6th much narrower. 
Femora, except tips, black, front pair often lighter; tibiz, trochanters, 
and tarsi except tips, yellowish-brown; cox black, lighter at tip. 
Wings hyaline, marked with four brown cross bands, as in R. ribicola 
Doane. The first is somewhat oblique, and runs from the humeral vein 
to the sixth longitudinal vein, along which it gradually fades out beyond 
the posterior basal transverse vein. The second is much broader, nearly 
perpendicular, begins on the costa, between the tips of the axillary and 
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the first longitudinal vein, and extends across the middle of the fifth 
longitudinal vein, fading out before reaching the posterior margin of the 
wing. The third is nearly parallel with the second, not quite as broad, 
runs over the posterior cross-vein and reaches the posterior margin just 
behind the tip of the fifth longitudinal vein. The fourth band is oblique, 
completely united with the third on the costal border, and reaches the 
posterior border at the tip of the fourth longitudinal vein. First 
longitudinal vein with short, black, bristles. Anterior cross-vein a 
little oblique, and slightly curved. Anal cell drawn out to a distinct 
point (Fig. 4, Pl. XIII). 

Described from six females and three males, reared from 
berries of Juniperus virginiana at Six Mile Creek, Ithaca, N. Y. 

Types in the author’s collection, University of Minnesota. 
Paratypes deposited in Cornell University. 
According to Doane’s table of the North American species 

of Rhagoletis, the present species runs down to R. ribicola 
Doane. The two species may be separated by the following 
characters: 

Anal cell drawn out to a distinct point, spot on scutellum white and small... 
juniperinus 

Anal cell not drawn out to a distinct point, spot on scutellum light yellow and 
NBWASENE 1S toe ce Ge tre tee cecal IE Ie Sr ta ae a RO Re ed oe ribicola Doane. 

Larva—Length 6 mm.; width 1.4 mm. Generally dirty white, 
sometimes slightly greenish (Fig. 1, Pl. XVI). Body rather stout, 
tapering very little in back, but more in front. Two great hooks (Fig. 
11, Pl. XVI). The anterior spiracles (Fig. 6, Pl. XVI) are funnel-shaped, 
ending in eleven or twelve lobes, each of which, in turn, seem to end in 
a number of minute pores. The base of the spiracle is made up of 
polygonal areas. A spinulose area on either side of the dividing line, 
between segments, from the third and onward, becoming more pro- 
nounced towards the venter, where they form the ventral fusiform areas 
from the fifth to the twelfth segments. A small transverse line is visible 
on the middle of each ventral segment. The anal tubercles are prom- 
inent, and slightly convex. The stigmal plates are about twice their 
diameter apart, slightly elevated (Fig. 3, Pl. XVI), and composed of 
three straight slits directed towards the base of the opposite plate 
(Fig. 10, Pl. XVI). Between the stigmal plates and the anal tubercles 
are two pairs of distinct fleshy tubercles (Fig. 2 and 3, Pl. XVI), the two 
nearer the anal tubercles being smaller and a little closer together. 

Egg—tLength 0.64 mm.; width about one-fourth of the length. 
Color whitish with the proximal end yellowish; tip or pedicel brownish. 
Egg is smooth all over (Fig. 8, Pl. XVI). 
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THE JUNIPER SEED CATERPILLAR. 

Argyresthia alternatella Kearf. 

On September 1, a small caterpillar was found within the 
seeds of the berries at Six-Mile Creek. On February 12 two 
moths emerged, and were identified by Mr. August Busck as Argy- 
resthia alternatella Kearf. He also informed me that the early 

stages and life history were unknown, the moths having been 
collected by. Kearfott in 1908. 

Life History. By May 24 the moths were found flying about 
the trees, and on June 6, eggs were found. These were laid on 
the stems just below the berries (Fig. 6, Pl. XVIII), while a few 
were also found lodged on the tips of the scales. By June 24 the 
berry in cross-section showed three concentric layers within the 
fused scales. It is probable that the outermost layer, being a 
part of the ovule, divides and fuses with the scales to form the 
fleshy portion of the berry. The second layer probably becomes 
the hard seed-coat, while the inner one becomes the endosperm. 
It was in the third layer that the earliest stage of the caterpillar 
was found (Fig. 6, a, Pl. XVII), working its way into the seed, 

while the seed-coat is still soft, and consuming many of the 
seeds. The mature larve feed on the fleshy portion of the mite- 
infested berries and, to some extent, on that of the normal ber- 

ries. The larve become full-grown about September 25 and 
emerge from the berry to build their white, silken cocoons. A 
few, however, were found in the berry October 30, together with 
a parasite in contact with one of them. While digging for the 
pup of the fruit flies, I came across the small, silken cocoons, 
which are formed on the ground, just beneath the grass and 

sometimes attached to small sticks. |The seeds infested by the 
caterpillar seem to be slightly larger and rounded in shape, while 
the mite-infested berries are dumbbell-shaped. 

“Adult.*—Head white, palpi golden, antennez golden fuscus, basal 
joint paler, thorax white, patagia and posterior end golden; abdomen 
and legs whitish-ochreous. - Expanse 10-12 mm. 

Fore-wing. Golden-ochreous, reticulated with brown oblique faciz. 
There are five brown spots on costa, about equally spaced between inner 
6th and outer 5th. There are three similar spots on dorsal margin at 
inner 4th, middle and outer 4th; broken brown facia join the costal and 

dorsal spot, somewhat like a double or jointed letter WV. There is a 

* Description from Kearfott. N. Y. Ent. Soc. 16: 182. 
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streak of brown on dorsum at base and the apex of the wing is lightly 
reticulated with this color. Cilia light brownish ochreous on costa and 
upper half of termen, becoming pale fuscus below middle. 

Hind-wing. Light fuscus, cilia with a faint ochreous tinge.”’ 

Pupa—About 4 mm. long by 1.3 mm. wide (Fig. 4, Pl. XVIII). 
General color greenish, becoming brownish toward maturity. Eyes 
reddish in mature pupe. Head, tip of wing pads, tip of abdomen, and 
5th, 6th and 7th abdominal segments darker than the rest of the body. 
General shape cylindrical with abdomen pointed, ending in about seven 
or eight stout, black spines and reaching a little beyond wing pads. 
Head bears two conspicuous setz on each side of the top, two sete on the 
front, just laterad of the eyes, and one on each side of the back of the 
head. <A row of eleven smaller setze on the center and on each side of 
the dorsum. Six spiracles visible. 

Larva.—Length 7 mm. by 1.5 mm. wide (Fig. 1, Pl. XVII). Head 
brownish, ocellar area, anterior margin of head, and a fine line extending 
from the ocellar area to the first segment, dark brown. The anterior half 
of the thoracic and the first eight abdominal segments with an orange- 
colored band which is more prominent on the dorsal half. The bands of 
the second and third thoracic segments are somewhat narrowed on the 
dorsum while that of the first thoracic segment 1s lighter. The last two 
segments suffused with red, nearly all over. The remaining portion of 
the body of the larva is yellowish. Some of the larvae, however, show 
very little of the orange color on them. The mandibles are strong 
bisetose and quadridentate, the two inner teeth being the larger (Fig. 2, 
Pl. XVII). The antenne are three-segmented and borne on a fleshy 
membranous cone (Fig. 3, Pl. XVIII). The first segment is wider than 
long while the second segment is slightly longer than wide, truncate, and 
bears a long seta on each side of its apex as well as a small spine and two 
tubercles, which are about three times as long as broad. The minute 
third segment is borne on one side of the center, the apex of which bears 
three small spines and two tubercles, one of which bears a seta and is 
half as long as the other. The arrangement of the sete on the third 
abdominal segment is shown in the diagram (Fig. 7, Pl. XVII). The 
hooks of the pro-legs and spiracles are brownish, the latter surrounded 
by a small, circular, yellowish area. The thoracic legs are large at the 
base but taper rapidly (Fig. 3, Pl. XVII). The first eight abdominal legs 
are wart-like, ending in about nine hooks that are arranged in a circle, 
somewhat open on the outer end (Fig. 5, Pl. XVII). The number of 
hooks seems to vary, thirteen being the highest number found. Pro-legs 
have about seven hooks. There are nine spiracles, one on the prothorax 
and one on each of the first eight of the abdominal segments, located in 
the middle of the orange-colored band. 

FEgg—tLength 0.33 mm. by 0.2 mm. wide. Shape oval; color, 
greenish white, with a tinge of purple. The eggs found on the stem are 
somewhat flattened on the under side, but less so when found on the 
scales of the berry. The surface of the egg is covered with numerous 
wavy ridges (Fig. 7, Pl. XVIII). 
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NATURAL ENEMIES. 

Secodella sp.—A few specimens of a very beautiful, large, 
blue chalcid were reared in the winter of 1913 and occurred in 

much greater numbers the following year. A larva differing 
from those usually found in the Juniper berries was discovered 

in December, 1914, among the large particles of excrement 
characteristic of the Tineid larve; hence, I assumed that it 

was parasitic on the Tineid. After placing a few in vials, the 
large blue chalcid bred out, the females of which are long and 
possess a tapering abdomen. This whole subfamily are external 
feeders on Lepidopterous larve. Mr. Crawford of the U. S. 
National Museum has just informed me that this is a new 

species, and belongs to the genus Secodella. 

Larva—-Length 2.2 mm. General color dull white, with the middle 
segments brownish (Fig. 6, Pl. XV). Head distinct, with a tubercle on 
its dorsal surface (Fig. 7, Pl. XV). Antennal tubercles whitish and very 
prominent. Two tiny, pointed mandibles. In some specimens, the 
spiracles and tracheal system are visible. Prothorax provided with 
four minute spines while the other segments apparently do not have any. 

Family Encyrtide.—On October 17, I dissected out of the 
caterpillars six parasitic larvae which were greenish in color and 
about 1.8 mm. long. The host larva was apparently healthy 
and crawled around naturally, although a small swelling was 
visible on one of the abdominal segments. It seems that only 
about three of the parasites mature in one host larva—the 
pupe of these arranging themselves 1n a peculiar manner. The 

host larval skin is pushed in, in two places so that the outlines of 
three pupe are visible, the anterior one having the head and legs 
of the host attached to it (Fig. 4, Pl. XVII). The adult isa 
pretty chalcid, the male having beautifully branched antennze 
(Fig. 1, Pl. XV). According to Ashmead’s table, this species 
runs down to the genus Prionomitus (?). I reserve the descrip- 
tion of these parasites for a later date. 

Protapantales sp.—A few parasites belonging to this genus, 
as determined by Professor Bradley, were reared. The adults 
were observed ovipositing on June 11, while the eggs of 
Arygyresthia were still attached to the berries, hatching at this 
time. Just before ovipositing, the abdomen is extended and 
the hind legs are rubbed against each other and over the 

ovipositor. 
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Another parasite belonging to the Ichneumonidz was reared. 
This species was also found when I opened a pupa of Argy- 
resthia which looked paler than the rest. 

THE JUNIPER BERRY MIDGE. 

On October 14, 1914, the berries growing along the bluffs of 
of the Mississippi River, near St. Paul, were found to contain 

a reddish Cecidomyid larva, together with a Tetrastichus larva in 
the same cell. The midge larve are found only at the bottom 

oi the berry, close to the .stem-(Fig. 5 c, Pl. XVIII), there 
being often two or three in one cell. The adults have not, as 
yet, been bred out. The larva is orange-colored, measuring 
about 2.5 mm. while the breast bone is elongate, as shown in 
Fig. 8, Pl. XII. These larve were not found to be present in 
berries from Ithaca, New York. 

DISTRIBUTION AND USES OF JUNIPERUS. 

The Junipers are widely distributed over the United States 
although usually not very abundantly. The berries having a 
rich, aromatic odor, are as yet of no great economic importance. 
They are, however, used in medicine and, to some extent, by the 

Germans who use them in making gin and flavoring sauer kraut. 
They also furnish food for birds. Of greater importance than 
the berries is the timber furnished by the Juniper trees, the 
propagation of which is attended with some difficulty. As a 
result, I have had a number of inquiries regarding sterility of the 
seed, so that a study of the seed-infesting insects has an economic 
importance. Berries were received from many locations, as 
follows: 

Boston, Mass.—On October 29 some berries of Juniperus 
communis were received from Boston but were not infested. 

Morganstown, W. Va.—Received berries February 1 and 
found them infested. 

Blacksburg, Va.—Received berries January 20 and found 
the mites present in great abundance, as well as the larve 
of Gentocerus junipert. There was also evidence of the work 
of the Trypetid larve. 

Taney County, Mo.—On November 16, received some ber- 
ries of Juniperus virginiana but found them normal. 
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Kansas State College——Received berries on November 
16 from Charles A. Scott, found no trace of the mites, but 
did find evidence of the work of the Trypetid and Tineid larve. 

Pullman, Wash.—Received berries on November 18 from 
the grounds of the campus but they were not infested. 

Durham, N. H.—On November 26 some berries of both 

Juniperus virginiana and J. communis were received from Pro- 
fessor Foster. The former were normal but the latter were 
found to contain Eurytoma larve within the seeds of only the 
green berries, the blue ones apparently not being infested. 
There was no trace of the mites, but found an egg of the 
Eurytoma within the seed together with the Eurytoma larve. 

College Station, Tex.—Received berries on December 28 

from Professor A. T. Potts and found them normal. 

Fort Collins, Colorado.—On November 10 some berries of 

Juniperus scopulorum, a western species of Juniper, were 
received. The berries were dried up but found adults of Eury- 
toma within the seeds, with no trace of the mites. By the 
presence of the excrement the caterpillar was apparently present. 

St. Paul, Minn.—On October 13 berries along the bluffs of 

the Mississippi River at Fort Snelling, were examined. The 
mite was present, as well as the Eurytoma and the Tineid and 
midge larve. These berries were very similar to the ones found 
around Ithaca, New York, excepting that I failed to find the 
Geniocerus or Trypetid larve. 

Newark, Del.—On January 23 berries were received from 

Professor C. O. Houghton. Some dead adult Eurytomas, which 
were very small, were also found in the seeds. Sometimes a 
brownish yellow larva, probably belonging to the genus Tet- 
rastichus, was encountered within the deformed seeds that 

might be parasitic on the Eurytoma, although I was unable to 

find any evidence. 

Logan, Utah.—February 13, received berries from George 
Re, Savill, These were found to be infested by the mites, 
and there was evidence of the presence of the caterpillar. The 
berries were not deformed, the species being Juniperus utahensis. 

I wish to thank all of the above named for kindly sending 

me berries of the various Junipers. 
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Method of Work.—Drawings and measurements were made 
from larve killed in hot water and, where possible, from parts 

mounted on slides. Trachea were studied by putting a few 
drops of caustic potash or chloroform on the larva and then 
placing a cover glass over it. 

Acknowledgment.—I wish to thank Professors Crosby and 
Johannsen for their many kind suggestions throughout the work 
and especially Professor Crosby, at whose suggestion the work 
was undertaken, and whose aid was invaluable throughout the 
study. 
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EXPLANATION OF PLATES. 

PLATE XII. 

Flower stage of Juniperus virginiana showing the upright ovules. 
Flower stage more advanced showing thickening of the scales. 
Flower stage still further advanced; scales beginning to grow over the 

ovules. 
A young deformed berry; (a) Top of an ovule not covered by the scales, 

to be the opening by which the mites pass back and forth; (b) The 
normal ovule nearly covered by the scales. 

Longitudinal section of a young deformed berry showing the early work 
of the mites. 

Mature deformed berry; (a) Opening by which the mites pass back and 
forth. 

Egg of Eurytoma juniperinus containing embryo. 
Breast bone of the Cecidomyid larva. 

PLATE XIII. 

Female of Eurytoma juniperinus, (enlarged and modified from a drawing 
of E. tylodermatis, after U. S. Dept. of Agriculture). 

Stigmal club of EF. juniperinus. 
Abdomen of E. juniperinus. 
Wing of Rhagoletis juniperinus. 
Antenna of R. juniperinus. 
Side view of head of R. juniperinus. 
Head of R. juniperinus from in front. 

PLATE XIV. 

Larva of E. juntperinus. 
Head of larva of E. juniperinus, from in front. 
Mandible of E. juniperinus. 
Trachael system of larva of E. juniperinus. 
Pupa of E. juniperinus. 
Larva of Geniocerus junipert. 
Mouth parts of G. juniperi seen under high power. 
Pupa of G. junipert. 

PLATE XV. 

Adult male parasite of A. alternatella. Fam. Encyrtide. 
Antenna of same. 
Stigmal club of same. 
Stigmal club of parasite A. alternatella. Secodella sp. 
Antenna of Secodella sp. 
Larva of same. 
Head from in front of larva of same. 
Male antenna of G. junipert. 
Larva of Gentocerus marcovitchi. 
Pupa of G. marcovitcht. 
Undetermined larva sometimes found in the berries of J. virginiana. 
Mouth parts of same. 
Egg of G. marcovitch. 
Egg of G. junipert. 
Mandible of G. juntpert. 
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PLATE XVI. 

Larva of R. juniperinus. 
Side view of cuadal tip of larva of R. juntperinus. 
End of larva of R. juniperinus. 
Head end of larva of R. juniperinus. 
Sensory papilla of R. juntperinus. 
Anterior spiracle of R. juniperinus. 
Tip of one of the lobes of the anterior spiracle of R. juniperinus (enlarged). 
Egg of R. juniperinus. 

' Head end of larva of R. juniperinus from beneath. 
Stigmal plate of R. juniperinus. 
Cephalo-pharyngeal skeleton of R. juniperinus. 

PLATE XVII. 

Larva of Argyresthia alternatella. Kearf. 
Mandible of larva of A. alternatella. 
Thoracic leg of larva of A. alternatella. 
Parasitized larva of A. alternatella, showing three mature pupa of the 
Encyrtid. 

Hooks on prolegs of 4. alternatella. 
Longitudinal section of a berry showing (a) Young larva of A. alternatella 

in the third layer of the ovule; (b) Egg of E. juniperinus in burrow 
of mites. 

Diagram showing the location of setz on the first abdominal segment of 
A. alternatella. 

PLATE XVIII. 

Labium of larva of A. alternatella. 
Mazxilla of larva of A. alternatella. 
Antenna of larva of A. alternatella. 
Pupa of A. alternatella. 
Longitudinal section of a mature deformed berry. 

(a) Larva of E. juniperinus. 
(b) Larva of G. junipert. 
(c) Decidomyid larva. 
(d) Mite. 

A young berry showing position of eggs of A. alternatella. 
Egg of A. alternatella. 
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SOME NEW SPECIES OF JASSOIDEA. 

S. E. CRUMB, 

U.S. Bureau of Entomology. 

This paper includes descriptions of twelve new species of 
Jassoidea mostly from Tennessee, and a description of the male 
of Deltocephalus mendosus Ball. 

Deltocephalus visendus n. sp. (Pl. XIX, figs. 3, 4). 

Pale cinereous, resembling reflexus in form and markings. Face 
not distinctly bicolored. 3.4 to 4.2 mm. long, 1. mm. broad. 

Vertex flat, as long as its width between the eyes, nearly two and 
one-half times as long on middle as next eye, nearly twice as long as the 
pronotum, clypeus short, tapering, broad, apex broadly truncate, one- 
third the length of the front, pronotum twice wider than long. Elytra 
in form and venation as in reflexus, but with two cross nervures, claval 
veins confluent through the middle fourth of the outer vein. 

Color: General color pale cinereous, vertex with the apex white, 
margined laterally with black, an orange line from apex toward the 
ocelli, ocelli red, a pair of median transverse bars on vertex, another 
pair of convergent submedian spots near the base and six longitudinal 
stripes on the pronotum, pale brownish fuscous, elytra with black spots 
outside the anterior juncture of the claval veins, behind the first cross 

vein and in the third apical cell. Face black above, becoming brownish 
fuscous below. 

2 Ultimate ventral segment twice as long as the penultimate, 
twice as broad as long, side margin narrowed from before the middle, 
the lateral angles produced, short, roundingly lobate, the posterior 
margin gently emarginate, the median fourth subangularly produced 
and minutely notched at apex, surpassed by the lateral lobes. Segment 
pale with a dark, median apical area. 

o Valve triangular, twice as broad as long, three times as long 
as ultimate segment; plates twice as long as valve, nearly one-half 
longer than broad, side margin nearly straight, convergent, abruptly 
constricted about one-third from the apex, beyond which the tips are 
nearly parallel, blunt and minutely excavated on the inner margin. 
Pygofers about one-fourth longer than the plates, distinctly compressed 
from near the base. 

Described from two males and two females collected by the 
author, November 19, 1914, at Jacksonville, Florida. 

Deltocephalus funabulus n. sp. (Pl. XIX, figs. 17, 18). 

White, resembling albidus, with all the veins of the elytra margined 
with dark fuscous, face black above and abruptly pale yellow below. 
3.7 to 4. mm. long, 1.1 to 1.5 mm. broad. 

189 
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Vertex flat, one-fourth longer than its width between the eyes, 
twice as long on middle as next eye, one-half longer than the pronotum, 
tip blunt; clypeus tapering, truncated at apex, cheeks broad, slightly 
emarginated beneath the eyes, the lateral angles obscure; pronotum 
twice broader than long, elytra narrow, appressed, as long as abdomen, 
with the claval veins usually separate or united only by a cross nervure, 
two cross nervures in the corium, central anteapical cell simple, venation 
as in albidus. 

Color: General color white, markings closely resembling albidus, 
vertex yellow with margin and apex white, apex margined antero-laterally 
by two small, black dots and posteriorly by a larger black dot; ocelli red; 
a narrow marginal line from apex toward ocellus, orange, a pair of slender 
median transverse bars and a pair of convergent curved submedian 
basal spots, continuing the submedian thoracic stripes, pale brownish 
fuscous. Thorax with four broad longitudinal pale fuscous stripes. 
Elytra with nervures white, narrowly margined with dark fuscous. 
Venter dark. Last ventral segment of the female concolorous with 
the remainder of the venter. 

Q Last ventral segment three times as long as the penultimate, 
three-fifths as long as broad, side margins distinctly narrowed from 
before the middle, between their angular posterior limits the posterior 
margin is gently, roundingly emarginate with a large rounded median 
lobe slightly exceeded by the lateral angles, and bearing a small apical 
notch and a pair of longitudinal black dashes. 

& Valve rounded, two and one-half times broader than long; plates 
one and one-half times longer than valve, three-fifths as long as broad, 
lateral margin convex, tips blunt, slightly divergent, pygofers very 
large, somewhat depressed, inflated, one and one-half times broader and 
three times as long as the plates, with a broad, dark fuscous area behind 
the plates, the inner margins pale. 

Described from thirty-three specimens, taken at Galena, 
Kansas, and Clarksville, Tennessee. The former taken during 

October on Aristida oligantha, the latter taken during September 
from Aristida gracilis. Collected by the author. 

Deltocephalus mendosus Ball. (Plate XIX, fig. 21). 

This species was described from the female only (Can. Ent., Vol. 
LXIII, p. 202) as a variety of fraternus. Recently I have collected a 
single male having the peculiar markings of the vertex and the venation 
of fraternus, but differing widely from the male fraternus in the genitalia. 
If, as it seems quite probable, this is the male of fraternus this variety 1s 
certainly worthy of specific rank. The male is described below: 

& Valve large, acutely triangular, somewhat upturned at tip, as 
long as broad; plates broader than valve at base, nearly as long as 
broad, exceeding valve by nearly half its length, the lateral margins 
irregularly convex, tips oblique, rounded; pygofers exceeding the plates 
by nearly their own length, without finger-like appendages found in 



1915] New Species of Jassoidea 191 

fraternus and excavated and inflated basally for the reception of plates, 
the apical third produced into a slender, cylindrical process. 3.6 mm. 
long, 1.2 mm. broad. 

Deltocephalus pyrops n. sp. (Pl. XIX, figs. 15, 16). 

Vertex Platymetopius-like, elytra white, the venation outlined with 
dark fuscous, the costal area canary yellow. 3.6 to 4. mm. long, 1.3 
mim. broad. 

Vertex flat, acutely angulate, slightly recurved from near the base, 
twice as long as width between the eyes, nearly three times as long on 
middle as next eye, two and one-half times as long as the pronotum, 
face and especially the front strongly convex, not quite one and one-half 
times longer than broad, front narrow, four times as long as the clypeus, 
clypeus tapering, exceeded by the tips of the gene, margin of gene 
strongly oblique and nearly uniformly convex from eye to clypeus, pro- 
notum nearly two and one-half times wider than long, elytra nearly as 
long as abdomen, narrowed slightly toward the tip, claval veins and 
central anteapical cell variable. 

Color: Vertex, pronotum and scutellum pale brownish yellow; ver- 
tex with oval apical area white, margined laterally with black and pos- 
teriorly with fuscous, two pairs of transverse, fuscous dashes on the 
disc, one anterior to and the other posterior to the ocellus; ocelli, eyes 
and often the ovipositor bright red; pronotum with a fuscous band 
back of each eye; elytra white, the nervures narrowly outlined with 
dark fuscous, the costal area pale canary yellow; venter pale; face 
pale yellow, broadly margined above, excepting the tip of front which 
is white, with dark fuscous, which on the front encroaches upon the 
yellow in the form of three or four well marked teeth. 

2 Ultimate ventral segment nearly twice as long as the penultimate, 
one and one-half times as broad as long, narrowed posteriorly to the 
distinct lateral angles, between which the posterior margin is obliquely 
truncated, to near the middle where it is broadly incised nearly one-half 
way to the base, the apex of this incision bears a triangular tooth, the 
tooth and surrounding area deep black. 

o&' Valve subangulate, twice as broad as long; plates one and one- 
half times as long as the valve, and one and one-half times as broad as 
long, their common outline broadly oval, the sides rounding strongly to 
the blunt, slightly divergent tips, pygofers large, one and one-half times as 
broad and nearly two and one-half times as long as plates, with a pair 
of arcuated fuscous lines and more or less red behind the plates. 

Described from thirty-six specimens collected September, 
1914, by the author at Clarksville, Tennessee, on Aristida 
gracilis. 

Deltocephalus arundineus n. sp. (Pl. XIX, figs. 11, 12). 

Near inimicus, but in shape and markings resembling a Scaphoideus 
of the sanctus group. 3.3 to 3.7 mm. long, 1.2 mm. broad. 
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Vertex nearly flat, one and one-half times longer than width between 
eyes, three-fifths as. long at eye as on the middle, as long as pronotum, 
margin thick, frontal sutures convex, clypeal suture obsolete, clypeus 
parallel margined, pronotum twice as wide as long, venation of elytra 
much as in inimicus, claval veins united by a cross vein near the middle 
of the inner claval vein, outer vein united to claval suture by a few 
supernumerary veins near the apex, second cross nervure present, central 
anteapical cell constricted and divided by a cross vein, outer anteapical 
cell rectangular at apex, elytra longer than abdomen, appendix broad, 
more nearly truncate at apex than in inimicus. 

Color: Vertex white, four marginal dots and two smaller ones next 
the eye black, the apical pair triangular, a large irregular spot on the 
disc narrowly connected with the black dots next the eye and a pair of 
convergent dashes near the base, fuscous brown, ocelli white; prono- 
tum fuscous, the anterior margin and three longitudinal stripes pale, 
anterior margin with a dark fuscous spot behind each eye, and a paler 
fuscous area on the middle; elytral venation white, margined with 
fuscous, basal third of clavus white, an elliptical fuscous area at each 
angle, an oblong area next the claval suture, a spot on the costa, and 
the third apical cell, black, all these black markings being the accentu- 
ated portions of a common cruciate fuscous apica! figure and a fuscous 
more basal saddle. 

Q Ultimate ventral segment three times as long as penultimate, 
nearly twice as broad as long, roundingly narrowed posteriorly, the 
lateral angles produced, lobate, the posterior margin obliquely excavated 
one-fourth to base of segment, with the apex of excavation convexly sub- 
truncate, and one-third the width of the segment. 

o& Valve rounded posteriorly, twice longer than ultimate segment, 
nearly three times as broad as long, convex anteriorly; plates four 
times as long as valve, more than one-half longer than broad, concavely 
narrowing to the attenuate tips which equal the pygofers. Pygofers 
very densely clothed with bristles. 

Described from ten females and eight males taken on 
Arundinaria tecta, July and August, 1914, by the author at 
Clarksville, Tennessee. 

Deltocephalus vinnulus n. sp. (Pl. XIX, figs. 1, 2). 

Related to compactus with very similar genitalia in both sexes, but 
much paler. 2. to 2.6 mm. long, 1. mm. broad. 

Vertex convex, slightly longer than width between eyes, nearly 
one-half longer on middle than next eye, margin thick, tip blunt, as long 
as pronotum, clypeus parallel margined, suture obsolete, pronotum twice 
as wide as long, elytra hyaline obliquely subtruncate at tip, venation 
pale, claval veins separate, a few supernumerary cross veins along the 
sutural margin, central anteapical cell divided by a cross vein, outer 
anteapical cell rectangular at apex. 

Color: Vertex, including ocelli, white, the anterior half black, oak 
ing a white, squat, T-shaped figure, the base of which is formed by a 
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white dot on the apex, a fuscous cloud on the disc, remainder of insect 
dorsally and ventrally, excepting the black upper half of face, an uni- 
form, pale yellowish brown, the cells of elytra, the pronotum and venter 
sometimes faintly infuscated. The macropterous form is the more 
infuscated. 

2 Last ventral segment of abdomen two and one-half times as long 
as penultimate, nearly twice as broad as long, distinctly angulate 
anteriorly with a second membrane excavated nearly to the base as in 
compactus, outer membrane strongly emarginate laterally from the 
base, exposing a rounded lobe of the inner membrane, the lateral angles 
obsolete, the posterior margin gently convex with a pair of median pale, 
fuscous triangles. 

co Valve convex, twice as broad as long, strongly convex on both 
anterior and posterior margins, the posterior margin subangulate; plates 
twice as long as valve, as broad as valve at base, as long as broad, 
strongly, concavely narrowing to the acute tips, which equal the apex 
of the pygofers. Pygofers distinctly broader than plates and set with 
coarse, infuscated bristles. 

Described from five males and two females taken September, 
1914, by the author at Clarksville, Tennessee, on Andropogon 
virginicus. In the macropterous form the elytra are much 
longer than the abdomen, while in the brachypterous form the 
elytra are distinctly shorter than the abdomen. 

Deltocephalus vicilinus n. sp. (Pl. XIX, figs. 5, 6). 

Resembling sylvestris, but smaller, male plates broadly truncated. 
2.4 to 2.6 mm. long, .7 mm. broad. 

Vertex flat, as long as width between eyes, one-half longer on middle 
than next eye, strongly angulate, long as pronotum, front very convex, 
clypeus tapering, rounded at apex, which exceeds the gene, pronotum 
twice as wide as long, venation as in sylvestris, elytra exceeding abdomen, 
narrowing posteriorly. 

Color: As in sylvestris, vertex pale greenish, with a median longi- 
tudinal pair of brownish stripes, apex, front margin, and the median 
stripe whitish, a curved fuscous line from apex toward the black ocelli, 
pronotum green, paler anteriorly with six pale, fuscous stripes, elytra 
pale olive green, infuscated apically, the venation pale, front infuscated 
gray with light arcs, clypeus and gene pale. 

2 Ultimate ventral segment one and one-half times as long as the 
penultimate, twice as broad as long, strongly convex anteriorly, posterior 
margin gently emarginate, the median third slightly subtruncately 
excavated. A transverse black line at middle. 

o Valve rounded posteriorly, three times as broad as long; plates 
distinctly broader than the valve, about three and one-half times as 
long as valve, nearly as long as broad, as broad as pygofers at base, side 
margins nearly straight, tips roundingly truncated, one-half as broad 
as base, a common triangular basal area yellow, margined with fuscous, 
pygofers slightly exceeding plates and densely clothed with coarse bristles. 
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Described from nine females and three males collected by 
the author October 8, 1914, at Clarksville, Tennessee, from 

small grasses on dry upland. 

Athysanus (Stirellus) villicus n. sp. (Pl. XIX, figs. 24, 25). 

Near punctatus. With two large, round, black spots on anterior 
margin of vertex next eye. An orange or fuscous brown band on 
posterior half of pronotum. Female ovipositor rather strongly exserted. 
2.6-3. mm. long and 1. mm. broad. 

Vertex convex, as long as width between the eyes, as long as 
pronotum, one-fifth longer on middle than at eye, bluntly angulate, 
margin blunt, front convex in both diameters, rapidly narrowing to 
the parallel margined clypeus. Pronotum two and one-third times as 
broad as long. The elytra subhyaline, narrowed toward the apex, 
venation weak, distinct, the central anteapical cell divided by a cross 

. yer 

Vertex, anterior half of pronotum and scutellum yellow, posterior 
half of the pronotum and the elytra pale orange or infuscated brown, 
two large, round, black spots on anterior margin of vertex next the 
eye, and two minute, fuscous points at apex; venation pale, face yellow, 
the front more or less infuscated with a median stripe and lateral 
arcs pale, a black point beneath each ocellus, venter mostly pale. 

Q Ultimate ventral segment of abdomen one and one-half times 
as long as penultimate, twice as broad as long, lateral angles rounded, 
posterior margin gently emarginate, but sometimes appearing angularly 
excavated, owing to the curvature, strongly curved over the ovipositor, 
with a small, rounded median tooth. Ovipositor rather strongly 
exserted. 

o& Valve convex, twice as long as preceding segment, strongly 
convex on anterior margin, subangulate posteriorly, over twice as 
broad as long; plates twice as long as valve, nearly as long as broad, 
side margin nearly straight, tips acute, slightly exceeded by the stout 
pygofers which are heavily clothed with bristles. A basal median 
fuscous line on each plate. 

Described from seven females and ten males, collected by 
the author at Clarksville, Tennessee, September and October, 

1912, on Aristida gracilis, in company with Deltocephalus pyrops. 

Phlepsius optatus n. sp. (Pl. XIX, figs. 13, 14). 

Very near fulvidorsum in shape, size and genital characters, but 
paler and differing in details. Length 5. to 6. mm., breadth 1.6 mm. 

Vertex convex, nearly three and one-half times as broad as middle 
length, about one-fifth longer on apex than next eye, one-third as long 
as pronotum, the margin blunt, front three times as broad between 
ocelli as at clypeus, slightly longer than broad, convex, the sutures 
convex, elytra long, appressed at tip. 
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Color: Vertex, pronotum and scutellum pale yellowish, inscribed 
with fuscous, the impressed line of vertex and two points on posterior 
margin, an indefinite mark behind each eye, a pair of spots near apex 
of scutellum and two points midway between these and the basal 
angles, black; elytra milky white with a narrow, creamy white sub- 
margin along costa, the basal three-eighths very sparsely, the remainder 
more densely, inscribed with fuscous, showing a tendency to form 
a transverse band across the tip of the outer claval vein, a spot at tip 
of outer claval vein, another beyond and outside tip of clavus, several 
small spots along costa toward the tip and at tip of elytra, black; 
face pale yellow, fuscous inscribed; legs white, two bands on femora 
and the insertion of the spines black; venter white. 

@ Last ventral segment twice as long as preceding, one-half wider 
than long, one-half broader at base than at apex, lateral lobes rounded 
subangulate, posterior margin roundingly emarginate one-fourth to 
base of segment, with a pair of minute submedian lobes between which 
the margin is notched, a transverse curved black mark each side of 
middle; pygofers with short, stout, white bristles set in black points; 
ovipositor slightly exceeding pygofers. 

co Valve nearly as long as preceding segment, three and one-third 
times as broad as long, convex anteriorly, subangulate posteriorly; 
plates nearly five times as long as valve, one-fifth longer than broad, 
concavely narrowing from near the base to the broad, subtruncate 
tips which are exceeded slightly by the pygofers. 

Described from three females and three males, collected by 
the author at Clarksville, Tennessee, May, June and July, 1914. 

Eutettix ziczac n. sp. (Pl. XIX, figs. 19, 20). 

Vertex nearly as long as wide and distinctly angled with a zigzag, 
fuscous, longitudinal band on elytra. 5. mm. long, 1.6 mm. broad. 

Vertex, basal three-fifths shallowly transversely depressed, slightly 
wider than middle length, one-half longer on apex than next eye, dis- 
tinctly angulate, angle between vertex and front acute, elytra long, 
neither flaring nor appressed, one cross nervure. 

Color: Vertex pale yellow, washed with orange, four points on 
anterior margin, a reticulate area on disc and four marks along posterior 
margin, black, pronotum pale olive, irrorate with black, scutellum 
yellow, washed with orange with black markings, elytra white, mottled 
sparingly with orange, venation orange, overlaid with fuscous dots, the 
fuscous reticulation disposed in a zigzag stripe extending along the 
scutellar margin and basal three-fourths of clavus and the tip of the wing 
branching to meet the costa twice between the cross nervure and the 
base of the central anteapical cell, and once opposite the apex of the 
outer anteapical cell. Face yellow, irrorated with black. Beneath 
pale. 

2 Last ventral segment one-half longer than the preceding, nearly 
two and one-half times as broad as long, gently angularly emarginate, 
subtruncate. 
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Described from one female taken at Sabinal, Texas, April, 

1910; -by thelate- Ce Pract: 

Chlorotettix nacreosa n. sp. (Pl. XIX, figs. 9, 10). 

An uniform pearly white above and below in the female. Deep 
orange in the male. 5. to 5.5 mm. long, 1.6 mm. broad. 

Vertex flat, one-third broader between eyes than middle length, 
one-half longer on apex than at eye, three-fourths as long as pronotum, 
distinctly angulate, profile of face and vertex acute, lorae remote from 
margin of cheek. 

Color: @ pale, uniform grayish subiridescent white both dorsally 
and ventrally, the eyes green, spines on legs brownish, ovipositor dark, 
elytra faintly tinged apically with brownish, venation pale. co Uniform 
deep orange above and below, eyes green. 

2 Ultimate ventral segment twice as long as the preceding, twice 
as broad as long, posterior margin triangularly emarginate nearly one- 
half way to base. The outline broken by a pair of rounded, submedian 
lobes narrower and shorter than the lateral lobes and with their outline 
continued across the lateral lobe by a suture. 

& Valve strongly convex anteriorly, rounded posteriorly, twice as 
long as preceding segment, nearly two and one-half times as broad as 
long; plates one-fifth longer than broad, nearly two and one-half times 
as long as valve, transversely convex, the margin upturned, tips bluntly 
rounding, sub-truncate, equalling all but the brown apical styles of 
the pygofers. 

Described from eighteen females and four males, collected 

by the author, July 29-30, 1914, from Arundinaria tecta, at 
Clarksville, Tennessee. 

Chlorotettix vacuna n. sp. (Pl. XIX, figs. 22, 23). 

Size and general appearance of Balli, but with genitalia distinct. 
Length 6. to 6.5 mm., breadth 1.6 mm. 

Vertex convex, one and one-half times broader between eyes than 
middle length, one-third longer on middle than next eye, bluntly 
subangulate, margin thick. 

Color: Vertex, anterior margin of prothorax and the scutellum 
yellowish, tinged with green, prothorax brownish, elytra subhyaline, 
brownish, front tinged with orange, venter green. 

Q Ultimate ventral segment two and one-half times as long as 
penultimate, one and one-half times as broad as long, not te¢ctiform, 

but uniformly transversely convex from the lateral margins, closely 
applied to the pygofers, membranous, intricately rugose, lateral margins 
but little narrowed, the posterior angles distinct, the posterior margin 
occupied by a broad, sinuated, triangular excavation three-fourths 
to base of segment, the apical half of the excavation straight margined. 
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o Valve as long as last ventral segment, twice as broad as long, 
subangulate posteriorly; plates three times the length of valve, two- 
‘thirds as broad as long, the outer margin convexly narrowing to the 
subacute tips, their common figure an elongate oval. 

Described from four males and two females collected by the 
author September 3-4, 1914, Clarksville, Tennessee. 

Chlorotettix vivida n. sp. (Pl. XIX, figs. 7, 8). 

Apparently related to minima Baker. 5.5 mm. to 6. mm. long, 
1.5 mm. broad. 

Vertex convex, one and one-half times as broad between the eyes 
as long, five-eighths as long at eye as at middle, distinctly angulate, the 
margin thick excepting at the slightly conical apex, venation indistinct. 

Color: Head, thorax and scutellum pale brownish, usually with a 
greenish tinge, elytra subhyaline, pale green with a brownish tinge 
more distinct apically. 

Q Ultimate ventral segment of abdomen twice as long as penulti- 
mate, twice as broad as long, lateral angles rounded, posterior margin 
broadly, somewhat sinuately triangularly excavated to about one-half 
the length of the segment, with a small apical notch. 

o& Valve as long as preceding segment, four times as broad as 
long, convex posteriorly; plates nearly four times as long as valve, 
nearly as broad as long, slightly narrower than valve at base, convexly 
narrowing three-fourths their length, the apical fourth produced into 
two narrow, parallel margined processes, pygofers equalling plates, 
densely clothed with spines apically. 

Described from three males and nineteen females taken 
May, July, August and September, 1914, at Clarksville, Ten- 
nessee, by the author. 
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EXPLANATION OF PLATE XIX. 

Fig. 1. Deltocephalus vinnulus, last ventral segment of female. 

Fig. 2. Deltocephalus vinnulus, male genitalia. 

Fig. 3. Deltocephalus visendus, male genitalia. 

Fig. 4. Deltocephalus visendus, last ventral segment of female. 

Fig. 5. Deltocephalus vicilinus, male genitalia. 

Fig. 6. Deltocephalus vicilinus, last ventral segment of female. 

Fig. 7. Chlorotettix vivida, male genitalia. 

Fig. 8. Chlorotettix vivida, last ventral segment of female. 

Fig. 9. Chlorotettix nacreosa, male genitalia. 

Fig. 10. Chlorotettix nacreosa, last ventral segment of female. 

Fig. 11. Deltocephalus arundineus, last ventral segment of female. 

Fig. 12. Deltocephalus arundineus, male genitalia. 

Fig. 13. Phlepsius optatus, last ventral segment of female. 

Fig. 14. Phlepsius optatus, male genitalia. 

Fig. 15. Deltocephalus pyrops, last ventral segment of female. 

Fig. 16. Deltocephalus pyrops, male genitalia. 

Fig. 17. Deltocephalus funabulus, last ventral segment of female. 

Fig. 18. Deltocephalus funabulus, male genitalia. 

Fig. 19. Eutettix ziczac, last ventral segment of female. 

Fig. 20. Eutettix ziczac, left elytron. 

Fig. 21. Deltocephalus mendosus Ball, male genitalia. 

Fig. 22. Chlorotettix vacuna, last ventral segment of female. 

Fig. 23. Chlorotettix vacuna, male genitalia. 

Fig. 24. Athysanus (Stirellus) villicus, male genitalia. 

Fig. 25. Athysanus (Stirellus) villicus, last ventral segment of female. 
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THE FORMATION OF THE MIDDLE MEMBRANE IN 
THE WINGS OF PLATYPHYLAX DESIGNATUS WALK. 

WILLIAM S. MARSHALL, 

University of Wisconsin. 

There appears to be some difference of opinion regarding 
the terms middle membrane and ‘‘Grundmembran,”’ their first 
formation and ultimate fate, and, at what stages in the develop- 

ment of the insect’s wing they occur. Semper (10), from whose 
paper the word ‘‘Grundmembran’’ comes chose for his work 
the later stages of some Lepidoptera and found, between the 
two hypodermal layers of the developing wing, a membrane-like 
structure which he called the ‘Grundmembran’’—this name 
has been adopted by others. Semper’s view as to the origin of 
this membrane from “ Bildungszellen’’ has been followed by 
some; we believe, however, the more widely accepted view to 
be that of Schaffer (9) who, speaking of the development of the 

wing in the Lepidoptera says: ‘‘Sehr fruh, etwas sobald die 
Schuppen sich anlegen, beginnt in ganz eigenartiger Weise die 
Verschmelzung der Flugelblatter.’’ Again: ‘‘Est is eine von 
Plasmen gebildtee continuirliche Membran vorhanden die ich 
als ‘Grundmembran’ des Epithels bezeichnen will.’’ Later the 
same worker says: ‘‘die Grundmembranen bei der Fligelblatter 
sich bereits dicht auf einander verschmolzen sind. Der Fltgel 
erscheint so aus zwei Epithelien zusammensesetzt, von denen 
gegen eine in der Mitte gelengene Membran pfeilartige Fortsatze 
auslaufen.”’ 

What one might call the generally accepted view regarding 
the middle membrane is this: The basement membrane covering 
the hypodermis of the young developing wing is similar to that 

201 
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on other parts of the body and, 1n the very young wing bud, the 
continuation of the one into that of the other can be easily seen. 
The young wing is formed by a fold of the hypodermis which at 
first remains unchanged and the two walls of the fold come to 
lie adjacent to each other, they finally come together and the two 
opposed basement membranes fuse to form the middle mem- 
brane. This happens early in the development of the wing 
and has been seen, clearly by some observers, indistinctly by 
others. Later in the development when the hypodermal cells 
have assumed their characteristic spindle shape this middle 
membrane persisting, or a new one forming, has been clearly 
seen as a well marked layer passing through the median portion 
of the wing and connected at either side to the hypodermal cells 
by long strands. This is the layer first described by Semper (10) 
and Schaffer (9) and it has been seen by nearly all those who 
have studied the development of an insect’s wing by means of 
sections. 

It might be well to give a few views of those who have 
studied the development of the wings of insects although not 
trying to make such a series of quotations complete. Comstock 
and Needham (1) working with beetles say: ‘‘It is also impor- 
tant to note that the basement membrane of the hypodermis of 
the wing differs in no respect from that of the hypodermis of the 
body wall, and is continuous with it. In the thinner parts of 
the wing the two basement membranes melt and fuse, this 
forming what has been termed the middle membrane of the 
wing.” 

Mercer (6) in speaking of the Lepidoptera says: ‘‘In sec- 
tions of the wing buds made at this time (fifth larval stage) the 
so-called middle membrane is seen only with difficulty. This 
has given rise to the belief that it disappears at this time. Later 
when the wings become more opaque, i. e., in the pupa stage, 
the two basement membranes are again easily seen.’’ Again 
the same author says: “Students of the subject have been 
confused by descriptions of three different structures, the base- 
ment membrane of the hypodermis, the middle membrane of 
the larval wing buds, and the ‘Grundmembran’ of the pupal 
wing; when in reality there is only a single structure, the 
basement membrane.”’ 

Mayer (5), who worked with Lepidoptera, says: ‘‘The 
middle membrane has disappeared as such, and in its place one 
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finds a delicate membrane lining the whole interior of the wing 
bags. This is the ‘Grundmembran’ of Semper.’’ The figure 
to which Mayer refers for illustration of the middle membrane 
is taken from what he labels a mature larva; it is very similar 
to what we have shown in figure eight which is of an early pupa, 
this does not show any thing so membrane-like as Mayer has 
drawn and called the ‘Grundmembran’ in several of his later 
figures. Again he says: ‘The inner ends of these spindle- 
shaped cells are often seen to be fused to a double membrane 
(middle membrane), occupying the space between the two walls 
of the wing pad. In very old larve, however, this membrane is 
usually absent, and the inner portion of the cells which 
constitute the wing tissue end free.” 

Tannreuther (11), working with Lepidoptera found that 
“‘the basement membrane of the larval hypodermis is contin- 
uous over the sides of the evaginated cavity, which in later 
stages of development becomes the middle membrane of the 
larval wing. The hypodermal cells with their long fibre-like 
threads remain attached to the basement membrane which is 
continuous with that of the hypodermis.’”’ Again, in speaking 
of the larva in the fourth instar, he says: ‘‘The basement 
membrane is not so distinct, as the larva (e) at this stage differ 
in the sharpness of this membrane. In some individuals it is 
scarcely visible, in others it can only be determined by the ends 
of the hypodermis cells or fibres.”” In speaking of the prepupal 
wing he says: ‘“‘The basement membranes of the evaginated 
cavity become united to form the middle membrane of the 
adult wing.”’ 

The following quotations are from Krtiger whose work was 
principally with Coleoptera. ‘‘Dort wo die beiden Fltigella- 
mellen aneinanderstossen, zeigt sich schon, wie bemerkt, die 

erste, schwache Bildung einer Grundmembran. Sie geht offen- 
bar aus den Zellen der Hypodermis hervor, was allerdings erst 
in spateren Entwicklungsstadien klar erkannt wurde. Die 
Grundmembran ternnt noch als deutliche Scheidewand bei die 
Flugellamellen.”’ 

Powell (7) in his work on the development of the wings of 
certain beetles, speaking of the larve shortly before pupation. 
“The basement membrane which throughout the development 
of the wing is very thin and not easily discernable, becomes 
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more or less degenerated during the prepupal period and in 
places the bases of the cells either end free or become fused and 
anastomosed with each other.”’ 

It might also be well to give a very brief account of the 
early development of the wings of Platyphylax taken from an 

earlier paper, Marshall (4), 
In the earliest, newly hatched, larve sections through the 

thorax fail to show any modifications of the hypodermis at 
those areas where the wing rudiments will later appear. Very 
soon, probably in the second instar, four small, disk-like thick- 

enings can be seen; they are formed by the elongation of a few 

cells of the hypodermis (Text-figure I, A) and are found on each 
side of the wing-bearing segments, dorsal to the legs. These 
disks, which remain continuous with the hypodermis, soon 
invaginate and each, sinking below the surface, forms a small 

pocket, the peripodial cavity, at the bottom of which the disk 

is situated (Text-figure I, B). The hypodermis consists of a 
single layer of cells with a basement membrane along its inner 
surface, this membrane is the same on the disk and on the sur- 

rounding hypodermis both of the peripodial cavity and that 
covering the thorax. The disks never recede far from the sur- 

face from which they invaginated and soon commence to evag- 
inate (Text-figure I, C). The peripodial ‘cavity remains in 
communication with the exterior through the peripodial pore, 
the opening formed by the original invagination. At first the 
invaginated disk was, from a surface view, circular, it gradually 
elongates and when evagination takes place the wing rudiment 
is like a flattened sack; each wall of this sack consists of a single 
layer of hypodermal cells and a basement membrane which 
forms the inner, adjacent, part of each wall. In this way the 

basement membrane of each wall comes to oppose and lie 
adjacent to that of the other wall, and, as the walls come closer 

and closer together, the two basement membranes lie against 
each other, touch, and apparently fuse. This is not true over 
the entire inner surface as here and there this fusion of the two 
layers has not occurred and certain elongated free spaces remain, 
these are the developing wing veins. 

The wing rudiment increases in size and a slight bending is 
necessary in order that it may remain within the peripodial 
cavity; the expulsion from this cavity takes place shortly after 
the larva has closed its case preparatory to pupation and the 
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young developing wings become external (Text-figure I, D). 

The wing veins become clearly discernable from a surface view 
and in section they appear as empty spaces alternating with 
those parts where the two layers of the wing remain connected. 
While still within the last larval skin the wings become so large 
that, confined as they are by this covering, a second folding 
becomes necessary; during this: period the wings attain their 
greatest thickness. When the last larval skin splits and the 
pupa is free the wings straighten and grow much thinner. The 
cuticular covering now formed by the wings soon becomes too 
small for their growth and another period of folding ensues, the 
wings remain thus folded until the emergence of the imago when 
they unfold and assume their definite form and shape. 
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A. B 
TEXT-FIGURE I. 

Four views of the young developing wing of Platyphylax designatus. A, thicken- 
ing of the hypodermis; B, after invagination of this same thickened portion; C, the 
wing rudiment has evaginated, but still lies within the peripodial cavity; D, 
soon after the wing rudiment has left the peripodial cavity and become external. 
In all figures the external surface of the larva is to the right; the hypodermis 
only is represented, the cuticula not drawn. Figs. A, B and C, X 220; D, X 105. 

After evagination of the imaginal disk each wing rudiment 
consists of two layers of hypodermal cells folded down into the 
peripodial cavity and each wall of the fold is a layer of cells 
similar, except in its greater thickness, to the continuous hypo- 
dermal layer forming the wall of this cavity. The two layers 
of the rudiment lie close to each other but in the early stages of 
development do not touch along any part of their opposing 
surfaces (Fig. 1, A). Each layer is seen in section to be com- 
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posed of a single row of cells with ovoid nuclei which are 
arranged in two or three apparent rows. The long narrow cells 
are so crowded together that the nuclei have lost their regular 
linear arrangement and have been pushed towards one end in 
the cell to which they belong. The nuclei are situated more in 
the basal half of each layer so that there is a thicker portion of 
protoplasm along the free surface of the hypodermis than 
between the nuclei and the basement membrane. In the spec- 
imens of Platyphylax examined the cell boundaries, which have 
been figured by other observers in different insects, could not be 
found with any great regularity and only here and there could 
traces of any boundaries separating the cells be seen. The 

hypodermis covering the thorax and that forming the peripodial 
membrane has a distinct basement membrane, this can also be 

seen on that part of the hypodermal layer forming the wing 
rudiment although in this last place it is not distinct (Fig.1,B.m). 

The two layers of the wing rudiment, as its development pro- 
ceeds, approach each other and pass through a stage in which 
there is but a narrow open space separating them from each 
other; here and there this open space is wider forming large 
openings, the developing wing veins. Narrow open spaces are 
also noticed between the cells of each layer, these do not as yet 

entirely separate the cells but appear only in the basal region; 
this is, however, the beginning of that separation of the cells 

which finally results, with the migration of the nucleus and 
protoplasm to one end, in the formation of the elongated, spin- 
dle-like cells which have been described in the developing wings 
of a number of insects. An endeavor to find a basement mem- 
brane in the wing rudiment shows that it is not distinct and 
continuous, it can sometimes be seen but cannot be traced for 

any considerable distance along the basal surface of either 
layer. Other workers have observed the basement membrane 
at this stage in different insects although, as quoted in the 
introductory remarks, all have not seen it with equal distinctness. 

- As the development of the wing goes on its two layers finally 
approach each other and their inner surfaces touch except where ‘ 
the developing wing veins are present. The two basement 
membranes should now lie adjacent to each other and fuse to 
form the middle membrane. An examination of sections at this 
stage shows however, that a continuous median membrane 
separating the two layers of the wing from each other cannot 
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with certainty be found. One does however find, running 
through the middle of each section, a continuous, narrow, lighter 

_ zone which is connected with and separates the two layers of 
hypodermis from each other (Fig. 3). This zone is without 
definite boundaries, and, from the darker protoplasm of the 
adjacent hypodermal layers, there are numerous small processes 
extending into it so that it is impossible to trace any definite line 
which might separate the parts from each other. Another 
change one notices at this stage is in the gradual moving of the 
nuclei of each layer towards the outer surfaces of the wing; most 
of these nuclei are no longer, as formerly, grouped in the basal 
half of each layer but are now fairly well scattered in all its 
parts. This is well shown by comparing figures one and three. 

It is apparent that this hght median zone remains for but a 
short time during the development of the wing. Slides through 
wings a little older than the last described fail to show any 
median zone which can be recognized as lighter in shade than 
the rest of the wing, but, in the same median position, one can 

still see the same zone but it is now darker than the rest; the 

sections showing this were prepared and stained in the same 

way as the slides showing the lighter median zone. The two 
layers of the hypodermis no longer lie close against this median 
zone but have moved slightly away from it, not leaving a clear 
entirely open space, but each layer of the hypodermis is con- 
nected with the median zone by numerous protoplasmic strands 
separated from each other by vacuoles which are irregular in 
outline. This makes each side of the median zone much lighter 
and this contract coupled with a probable increase in the density 
of the protoplasm of the middle zone, might account for its now 
appearing darker than the other parts of the slide (Fig. 4). | 
There are now, excepting the cuticular covering, five layers 
shown in each section of the wing: 1, two outer layers, the 

original hypodermis, which have decreased in width and now 
form but a part of the entire section; 2, along the inner surface 

of each of these is a lighter layer composed of numerous vacuoles 
separated from each other by protoplasmic strands which con- 
nect the two outer layers, 1, with 3, a median layer which 

appears slightly darker than the other parts of the section. 
None of these layers has a distinct boundary. This last median 
layer is present in the developing wing of Platyphylax and 
forms what is commonly known as the middle membrane; this, 
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as will be shown, disappears and is replaced by a second one 
which is Semper’s ‘‘Grundmembran.’”’ The accepted name, 
middle membrane, is so well established that the introduction 
of a new term, such as middle lamella or middle layer, would be 

futile; the old term will be adopted both for the earlier and the 
later layer although we cannot see in Platyphylax that there is 
a true membrane present in the median part of the developing 
wing. 

In many sections at this age, and later, there can be found 

running through this middle layer small darker dots and short 
lines which would correspond to the middle membrane of other 
observers (Fig. 5). These are more or less distinct in different 
sections but do not show continuously for any great distance 1n 
any section and we are unable to find any regular structure 
strictly homologous to a membrane. The strands of proto- 
plasm which connect this middle layer to the outer layers will 
be spoken of as the perpendicular strands. 

All the stages so far described can be found in the developing 
wing while it is still within the peripodial cavity, in fact many 
internal rudiments show stages more advanced than these. We 
also find in these stages as well as later ones a number of dividing 
nuclei, the mitotic figures were nearly all found near the outer 
surface of the developing wing and away from that portion 
where the nuclei are most crowded together. 

The middle membrane can be recognized when the perpen- 
dicular strands and the vacuoles between: them first become 
clearly differentiated as layers of the wing. With the growth 
of the wing changes take place in the relative thickness of the 

different layers, the two original hypodermal layers decrease in 
thickness and the layers just inside of them, composed of the 
perpendicular strands and vacuoles, increase in thickness to 

finally, as will be seen later, occupy by far the largest part of the 
wing. The perpendicular strands are not straight but branch 
and divide and are generally curved for part of their length, such 
irregularities are more noticeable in the older stages when the 
strands are longer. Each strand appears to pass from the mid- 
dle membrane to a nucleus in the hypodermal layer (Fig. 6). 
In sections such a connection is not always discernable but no 
doubt holds true for a great majority of the strands. Mayer (5) 
says: ‘‘Each of the hypodermis cells gives rise to one, and only 
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one, of these processes’’; and later, ‘‘occasionally a hypodermis 
cell is seen without any such process.”’ 

At first the increase in width of the clearer layers, that is the 
elongation of the perpendicular strands and the clear spaces 
between them, causes no appreciable changes except in the 
relative width of the different layers. In certain slides one can 
see that, scattered rather irregularly in the middle membrane, 

there are a number of small ovoid bodies not well stained but 
clearly marked off from the surrounding protoplasm. At first 
it was difficult to understand just what these small bodies were 
but from a study of different stages of development it became 
apparent that they were nuclei of the hypodermal layers which 
had wandered into the middle membrane. In wings of about 
the age we are now considering, (Fig. 6), one can see that many 
of the nuclei of the hypodermis he along its inner margin, some 
are noticed protruding into the adjacent clear layer and a few 
are seen on the perpendicular strands. Those nuclei occupying 
the two first mentioned positions and some of those on the 
strands are similar in size and structure to the normal nuclei of 
the hypodermal layer, some of those on the strands however are 
seen to be much smaller and lighter stained than normal but are 
still easily distinguished by their rather distinct boundaries 
which mark them sharply off from the surrounding cytoplasm 
(Fig. 7). This enlarged view will show more clearly what hap- 
pens during this wandering and that many of the hypodermal 
nuclei pass from their original position to the middle membrane 
going from one layer to the other along the perpendicular 

strands. During this change in their position they lose their 
characteristic nuclear appearance and become much reduced in 
size. In this last figure (7) one sees, to the right, the inner ends 

of a few normal nuclei (entire nuclei not drawn) that are still 
within but at the inner edge of the hypodermal layer, adjacent 
to these are two entire nuclei that have started to move towards 
the middle membrane; the latter nuclei are as yet normal in 

appearance and size. Along some of the perpendicular strands 
can be seen other nuclei that have already decreased in size and 
lost their nuclear characteristics in a breaking up and disap- 
pearance of their reticulum and in their failure to stain. Finally, 
in the middle membrane, can be seen many of the nuclei which 

have wandered from the hypodermal layers, these have entirely 
lost their nuclear appearance but can be distinguished by the 
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rather definite boundary with which each is surrounded; they 

persist as small, fairly regular ovoid bodies within the middle 
membrane, remaining visible until a considerably later stage, 
continually decreasing in size to finally disappear. 

Comstock and Needham (1) give a different origin for the 
nuclei in the middle membrane. They say: ‘‘In later stages, 
when, after the expansion of the wing, it (basement membrane) 

contains distinct nuclei, there is evidence that some of these at 

least are derived from the hypoderm cells whose nuclei once 

crowded up to this level, have remained stranded here after the 
expansion of the wing.’’ Later in the same work they say: 
‘““When through excessive crowding, some of the innermost 
nuclei have come into contact with the basement membrane at 
the subsequent expansion of the wing, these, seem instead to 
remain where they are, and to attract to themselves the slender 
prolongations of the neighboring cells.” 

In the stages which have already been described (Figs. 1 to 

7), the wing, except in the earliest stage, (Fig. 1), remains of 
about the same thickness and any changes taking place during 

the formation of the middle membrane and of the perpendicular 
strands go on during a partial rearrangement of the contents of 
the wing and an increase of its area. Before the larva closes its 
case preparatory to pupation the wing has grown down against 

the base of the leg and subsequent growth in a ventral direction 
is checked; covered, externally, by the cuticular layer the wing 

is confined within a limited area which it finally fills, it then 
starts to fold and this is noticed in both small and large folds 
along the surface (Fig. 8), giving it a fluted appearance, Verson 
(13). During this period and also after the larval case has been 
closed a surface view will show another system of very much 
larger folds; these start at the anterior margin of the wing and 
finally extend entirely across it, at first there are but one or two 
but an increase in their number soon occurs and gives to the 
wing a complicated folded appearance Marshall (4, Fig. 23). 
This is now that stage in the development of the wing when it 
has reached its maximum width and the perpendicular strands 
their greatest length. 

Sections through the wing at this period of its greatest 
thickness show that there has been a considerable change in its 
internal structure. The outer layers which have been very 

distinct since the beginning of the formation of the clear layers 
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have nearly disappeared and are now seen restricted to a narrow 
layer along the surface of the wing just under the cuticula. It 
is seen from this section (Fig. 8) that the earlier clear layers 
now form nearly all of the wing, the long clear spaces still sep- 
arating the perpendicular strands which extend nearly to the 
cuticula. The middle membrane is much narrower than in the 

last stage but occupies the same median position and still shows 
a number of the nuclei which have wandered into it. 

During the growth of the wing in the latter part of larval life 
and while the insect 1s in a period in which the wings would be 
of about the ages found in figures six and eight the middle mem- 
brane shows, in some specimens, traces of what might be taken 
for the remains of amembrane. Running through the center of 
the middle membrane there can often be seen small dark dots 
and rods which may in some specimens be so numerous as to 
show a more or less linear arrangement (Fig. 8), this is only 
continuous for a short distance. Most of the slides examined 

did not show this central linear arrangement of dark dots and 
rods and one could see only a few darkened dots in its place; in 
most of the sections examined nothing of the kind could be 
found. We do not believe that this corresponds to a membrane 
although it occupies exactly the position in which the basement 
membrane would be found if present. 

The meaning of the wandering of some of the nuclei from 

the hypodermal layers to the middle membrane is not clear. As 
will be shown later these nuclei finally disappear and there is no 
apparent reason why they should leave those parts of the wing 
where the other nuclei are found and wander to a portion of the 
wing in which it is impossible to see that they are of any use. 
The crowding of the nuclei due to the increase in width and 
folding of the wing might necessitate a decrease in their number 
but at this stage there still remains a thin outer layer along the 
surface of the wing which is nearly free from nuclei (Fig. 6) and 
into which other nuclei might be pushed. That an accretion to 
the mass of the middle membrane is needed and supplied in this 
way is not possible as the middle membrane soon after the nuclei 
have wandered into it, begins to decrease in thickness and to 
ultimately disappear. During the stages already described 
dividing nuclei can often be seen within the hypodermal layer 
so that nuclei are both being formed in this layer and also lost to 
it from this change in their position. 
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The wings, after the last larval skin has finally been cast, 
remain for a short time in their folded condition; they then 

unfold, decrease in thickness with an increase in their area. As 
a result of this the old hypodermal layers, just under the cuti- 
cula, are spread as a continuous layer in this position and have 

apparently received a considerable amount of the cytoplasm 
which was formerly in the perpendicular strands when these 
became shorter and thinner (Fig. 9). The nuclei, which in the 

last stage were all in the perpendicular strands, have nearly all 
wandered into the layers under the cuticula; a few still remain 
in the strands from which they later disappear. The middle 
membrane has become much thinner and, instead of being a 
fairly continuous layer, 1t here and there now assumes a zigzag 
shape; along its course can be seen very small and somewhat 
ovoid bodies, these are all that remain of those nuclei which, at 

an earlier stage, wandered into this layer from the hypodermis. 
During that period in the life of the pupa in which its body 

contracts and shortens the changes, noted in the last paragraph, 
are continued and become more marked. The nuclei of the 
perpendicular strands have all passed from these into the old, 
outer, hypodermal layers in which they now are arranged in a 

fairly even layer. The protoplasm does not in these layers 
become even but in many places surrounds each nucleus in a 

triangular mass, these at the base are connected with each — 
other but the apex of each points towards what remains of the 
middle membrane and is, in most cases, extended out into one 

of the perpendicular strands (Fig. 10). The perpendicular 
strands have become thinner and most of the protoplasm that 
they contained has entered the outer layers of the wing. The 
middle membrane no longer extends as a continuous layer 
through the median part of the wing but its zigzag course 
becomes more marked until finally it separates into a number of 
strands and can no longer be followed continuously as in all the 
earlier stages. This disappearance of the middle membrane 
becomes more marked until all traces of it are lost, the perpen- 
dicular strands then either pass across the wing from one surface 
to the other or they end blindly at some place along such a 
course. The failure to see all of the strands connected with 
both layers of the hypodermis is undoubtedly in part due to a 
study of thin sections. Many of the nuclei which earlier wan- 
dered into the middle membrane from the hypodermal layers 

° 
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are still present but now restricted to the perpendicular strands 
(Fig. 11). 

The wings reach their maximum thickness after the con- 

traction of the pupa and they then lie stretched over and at the 
sides of its body; this chitinous case which now encloses them 
while ample in extent for the wings in their present condition is 
not sufficient to allow of the next growth, that of an increase in 
surface area. When this occurs it is necessary for the wings to 
decrease in thickness and become very much folded which 
folding continues until the imago is ready to issue from the 
pupal skin. To the perpendicular strands that pass across the 
wing from one surface to the other Mayer (5) has assigned a 
probable contractile power and to this attributed the drawing 
together of the two surfaces of the wing. This would account 
for the decrease in thickness and the limited area of the cuticular 
sack which now encloses the wings would necessitate the folding 
which becomes so marked during the remainder of pupal life. 
The narrowing of the wing is noticeable before its folding has 
commenced. 

During the process described above certain changes take 
place in the different layers of the wing, of these the most 

noticeable is the reforming of the middle membrane which 
again occupies its old place in the median part of the wing 
(Fig. 12) and is now thinner and more membrane like than 
during the earlier stages before its disappearance. The per- 
pendicular strands again pass from the hypodermis to the mid- 
dle membrane and are irregular and branched. The degen- 
erated nuclei which earlier wandered from the hypodermal 
layers to the middle membrane and which, upon the disappear- 
ance of the latter, remained on the perpendicular strands (Fig. 
11) are again found in the middle membrane. In the hypo- 
dermal layers many nuclei are seen which have wandered away 
from the outer surfaces of the wing and come to he between the 
hypodermis and the middle membrane. These are the nuclei 
of those cells, trichogens, from which later will develop the hairs 
upon the surface of the wings. It is at once noticed that these 
trichogens are more abundant upon one side of the sections than 
upon the other; this fact, knowing that there are many more 
hairs upon the dorsal than upon the ventral surface of the wing, 
enables one to distinguish these surfaces from each other rather 
early in pupal life. 
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The wing, as this last folding continues, decreases more and 
more in thickness (Fig. 13) but structurally there is no notice- 
able change. Here and there places are seen in the sections 
where the hypodermis and middle membrane have increased in 

thickness (Fig. 14) but such places are apt to be near the margin 
of the wing. The cause of this is not known unless it can be 
due to the folding of the wing which may push the hypodermis 
and the middle membrane in such a way as to increase, at 
certain places, the thickness of each. 

After the folding of the wing has reached its maximum 
(Fig. 15) certain changes have taken place. Most noticeable of 
these is the final disappearance of the middle membrane and of 
the small degenerated nuclei which it contained. After this has 
occurred the perpendicular strands again pass entirely across 
the wing and directly connect the two hypodermal layers with 
each other. These layers are now thinner and their nuclei are 
so arranged that the longitudinal axis of each lies parallel to 

the surface of the wing. 
No marked change is noticeable in the wing after the adult 

insect has emerged (Figs. 16 and 17). The wing has become a 
little thinner and the hypodermal layers show a decrease in 
amount and their nuclei are smaller. The activities of the dif- 
ferent layers have ended and there is little left within the wing 
of what was present during the early stages of its development 
and growth. 

From the foregoing account it can be seen that in Platyphylax 
the term middle membrane cannot be used to designate a true 
membrane but rather as the name for the thin layer of proto- 
plasm occupying a median position within the wing. As has 
been noted by others this layer is not continuous during the 
entire development and growth of the wing but disappears and 
is reformed in the same place. Of these two structures the 
latter is the more membrane like. 

In the preparation of the material two or three of the com- 
moner sublimate, acetic acid fixitives were used and the slides 

stained with Delafield’s hamatoxylin or with alum carmine. 
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EXPLANATION OF PLATES XX-XXII. 

All figures drawn with a camera lucida. 

B. M., basement membrane. 
Cu., cuticula. 
Hyp., hypodermis. 
M. m., middle membrane. 
Per. cay., peripodial cavity. 
Per. mb., peripodial membrane. 
Pp. s., perpendicular strands. 
Tr., trichogens. 

Figures eight to seventeen inclusive have been drawn with the same magnifica- 
tion to allow an easy comparison of the relative thickness of the wing at these 
different stages of development. : 

PLATE XX. 

Fig. 1. Section through one of the two layers of hypodermis that form the internal 
wing rudiment. This figure shows the position of the crowded nuclei 
as more in the basal part of the layer. 875. 

Fig. 1A. Transverse section of the entire wing rudiment from which the pre- 
ceding figure was taken. X 105. 

Fig. 2. The middle part only of a section through an internal wing rudiment. 
The outer part of each layer of the hypodermis is not drawn. The two 
layers have nearly come together and only a slight open space can be 
seen between them. ‘The separation of the cells along their sides has 
started and a few of the narrow spaces between them can be seen. 
x 1100. 
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Section through a wing rudiment after the two layers have come together 
and a narrow, lighter zone has appeared between them. X 875. 

. Transverse section of entire wing rudiment from which preceding figure 
was drawn. X 105. 

Median part only of a section through a wing rudiment. This shows the 
early formation of the middle membrane and of the perpendicular 
strands. > 1100. 

Section through a young external wing, lateral stage than preceding 
figure. > 1100. 

PLATE X XI. 

Section of a wing at a later stage showing the wandering of many of the 
nuclei to the middle membrane in which a number of these nuclei, 
much reduced in size and clearness, can be seen; other nuclei are visible 
on the perpendicular strands. To the right a small outer portion of 
the hypodermis and the cuticula have not been drawn. X 1100. 

A small part of the same section more highly magnified to show the 
wandering of the nuclei from the hypodermis to the middle membrane. 
Only the inner edge of one layer of hypodermis is drawn and, in it, the 
ends of five nuclei. Opposite this is shown a part of the middle mem- 
brane and between these two the perpendicular strands on which are 
seen some of the wandering nuclei. The position of this view is shown 
by the space between the two lines at a, in the preceding figure. > 1700. 

Section of a wing at a later stage, shortly before the casting of the last 
larval skin. All the nuclei in the middle membrane are reduced in 
size and the perpendicular strands greatly elongated. X 740. 

Section of a wing at a still later stage of development. The middle 
membrane in which are seen a few of the nuclei that have wandered 
into it from the hypodermis is narrow and much more membrane like 
than in the preceding figures. X 740. 

PLATE XXII. 

Section of a wing from a pupa after the last larval skin has been cast, 
the body contracted and the wings straightened. The nuclei of the 
hypodermis are nearly all arranged in a single row along the surface 
and many of the perpendicular strands extend entirely across the 
wing. The middle membrane is no longer continuous. X 740. 

A little later stage showing that at this part of the section the middle 
membrane has entirely disappeared. Cuticula not drawn. X 740. 

Section from the wing of a pupa before its final folding has commenced. 
The middle membrane has again formed as a continuous layer. > 740. 

Section of a pupal wing after the last folding has started. Cuticula 
not drawn. 740. 

Section of another wing of about the same age. Cuticula not drawn. 
x 740. 

Section through the wing of an old pupa. The wing of this specimen 
is much folded and shows the entire and final disappearance of the 
middle membrane. The perpendicular strands again pass across the 
wing. Cuticula not drawn. X 740. 

Section of the wing of an imago shortly after its emergence. The old 
hypodermis is now represented by a thin layer of protoplasm con- 
taining a few shrunken nuclei. X 740. 

Section through the wing of an adult.. X 740. 
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BEHAVIOR OF ANOPHELES ALBIMANUS WIEDE. AND 
TARSIMACULATA GOELDI.* 

JAMES ZETEK, 

Entomologist, Republic of Panama.. 
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INTRODUCTION. 

This paper is largely a report of definitely observed and 
demonstrated flights of Anopheles albimanus Wiede. and its 
racial variety tarsimaculata Goeldi. Darling (1912) has shown 
that these two species are the most important ones in the 
transmission of malaria on the Canal Zone. Albimanus is by 
far the commonest Anophelene about settlements, but at times, 

and locally, the race tarsimaculata appears in large numbers. 
At the salt-marsh northwest of Gatun, breeding of these two 
forms was so vigorous (apparently demoralized) that unlimited 
variations in the middle white band on the palpus were noted, 
this band being often represented by only a few white scales. 
For all practical purposes, however, these two forms may be 
considered as a single species. 

PRACTICAL VALUE. 

The answer to the question, aside from a purely scientific 

importance, ‘‘ what is the value of the knowledge of the behavior 
of mosquitos?’’, is that through this knowledge we are better 

*This paper was presented by title at the 1913 meeting, accompanied by a 
blue-print which gave the essential data concerning the flight studies. While in 
the interior of Panama, the writer hoped te revise the manuscript, but the mule 
which carried the packs containing the paper met with an accident while fording a 
stream and the manuscript was badly spoiled. It had to be rewritten upon the 
writer's return, from the original notes preserved in his laboratory. Hence this 
extreme delay.—Z. 
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able to direct our crusades of extermination against these 
common enemies of mankind. To stop the spread of insect- 
born diseases is to save lives, dollars and to increase comfort. 

Environment and organism are so closely knitted together 
that a change in the former causes a change in the physiological 

state of the organism. And if the animal cannot endure this 
change in its abode, it must seek a new, more suitable home, or 

perish. Thus our knowledge of the behavior of mosquitos gives 
us clues toward the production of just such changes in the > 
environment of the mosquitos which they cannot withstand. 
Hence human hand may, by means of relatively simple meas- 
ures, reduce the population of disease-spreading species far 
below the critical point of danger, if not actually wipe them out. 

But to actually wipe out of existence in a given region all 
such malefactors would probably be prohibitive on account of 
its cost. Constant vigilance and effort are required to main- 
tain a humid, tropical area free from malaria or yellow-fever. 
The conversion of Colon and Panama cities from filth and 
disease-propagating centers into unusually healthy places, 
stands out boldly as a proof of what can be done. It means new 
birth to business opportunities and makes life worth something. 
The knowledge of the behavior of insects has, therefore, undis- 
puted practical value. 

METHODS OF STUDY. 

1. Field Study. This is by far the most productive means of getting at the correct 
interpretation of the dynamic relations of the mosquitos in their normal 
environment. 

A. By Direct Observation: 
i. From a boat, at all times of the day and night. 

ii. Observations on land, at the breeding place and townsite, with 
and without lights, in tents, with domestic animals, etc. 

iii. Collection and examination of adult mosquitos. 

B. By Experimental Data: 
i. Adult mosquitos were attracted into large mosquito-bar nets, 

at the breeding place, by West Indian negroes. The mos- 
quitos thus caught were sprayed with an aqueous anilin dye 
(Zetek 1913-a) and liberated at dusk at the same place where 
sprayed. The mosquitos caught at the townsite and else- 
where were tested for the presence of color. 

ii. By means of intercepting planes, the sides of which were coated 
with transparent tanglefoot. 

2. Laboratory Study. Due to the separaticn of the mosquito from its normal 
environment, but few laboratory experiments were attempted. These were 
simple and only to learn the responses to single factors, such as light 
intensity. 
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REGIONAL ORIENTATION. 

The Panama Canal Zone is a typical sample of the humid, 
torrid zone, characterized by an uniformly even climate, with 
very little seasonal change, with a wet and a dry season, a 
fairly heavy rainfall, high humidity, prevailing north and north- 
west winds, and a prolific and luxuriant biota. Of mosquitos 
alone it yielded about 130 species. For a good account of the 
Zone and the problems of mosquito control, see Jennings 1912, 

pp. 131-141. 

The town of Gatun is located seven miles from the Atlantic 
entrance, and is the site of three flights of locks which, in less 
than a mile, raises the level of water from sea-level to 85 feet in 

Gatun lake. To sustain this level of 85 feet in the lake, a num- 

ber of dams had to be built, the largest of them being the 
famous Gatun Dam, nearly 1.5 miles long and 105 feet high. 
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About 0.75 mile west of Gatun, this dam is cut through by a 
large spillway. Here was located a small camp (Spillway 
Camp), consisting of several labor barracks, a dispensary and 
a hotel. A mile north of this place, and nearly a mile north- 
west of Gatun, is a low, flat land, the highest portion of which 

is a small dome 20 feet high. The major portion of this region 
is below the 10 foot contour, most of it a salt-marsh. This 
region marks the early workings of the old French Canal Com- 
pany, and is bordered to the east by a deep channel known as 
the Old French Canal. The excavations of this pre-American 
attempt were dumped along the banks of this flat land. Thus 
perfect drainage was made impossible; however, the region 
never gave serious trouble to the sanitary inspector, until the 
latter part of 1912 and the beginning of 19138. At this period 
countless, in fact unbelievable, numbers of Anopheles albima- 
nus Wiede., its racial variety tarstmaculata Goeldi and Aedes 
teniorhynchus Wiede., invaded the towns of Gatun and New 
Gatun, and it was soon evident that they were breeding in this 
salt-marsh. It is this area that gave such good opportunities 
to demonstrate mosquito flight. 

East of this marsh is a low island, partly covered with a 
dense vegetation, and the rest of it composed of barren hydrau- 
lic fill. No serious breeding occurred here, however, shade 
from the hot sun was present for the mosquitos traversing the 
island. This was the main site for the LePrince experiment 
recorded in this paper. 

South of the island is a small neck of land, mostly above the 
ten foot contour, which 1s covered with luxuriant vegetation. 
This tangle of growth was cut down and burned in February, 

1913, and the measure greatly reduced the number of mos- 
quitos for the time being. 

From the breeding place to Gatun is a rise of about ninety 
feet, but east of the locks the land ranges in height from fifty 
to a hundred and fifty feet, with isolated knolls of 110 to 160 
feet. It is unusually well-drained and oiled, and it can be said 
that no Anopheles breeds within this treated area—a great 
credit to the sanitary inspector in charge, J. A. Corrigan. 

The population numbered at the time about 4,500, dis- 
tributed as follows: 800 white Americans, 1000 West Indian 

negroes, 200 East Indians, 1500 Spaniards and 1000 all others. 
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The homes of the Americans are well built, well screened with 

18-mesh copper screen, and are raised on concrete posts. 
Weekly inspections are made of screening and floors and defects, 
such as holes or cracks through which mosquitos can enter, are 
quickly repaired. A daily search for mosquitos is made in all 
barracks by expert negroes and thus many Anopheles are killed 
before they become dangerous. All doors have self-closing 
devices. 

The quarters of the negro, Spaniard and East Indian are 
likewise well screened and elevated from the ground. The 
difference between them and those of the Americans is that 
more people sleep in labor barracks, and due to the increased 
perspiration, as well as less body cleanliness, these barracks 
become veritable traps for mosquitos. Advantage was made 
of this fact and the “‘C. H. Bath’’ mosquito traps were attached 
to such buildings and through them large numbers of mos- 
quitos were caught. 

At New Gatun, a native village adjacent to Gatun proper, 
the conditions are much the reverse. The dominant figure 
here is the West Indian, and his home, devoid of screening, 

rivals in capacity our New York tenements. The population 
was about six thousand. The only effective anti-malarial 
measures are free medical aid, good ditches and the ceaseless 
dripping of larvacides. Orenstein (1912-b) reports three times 
as much malaria originating in New Gatun as in Gatun proper, 
and this increase is due to exposures to infection through lack 
of screening. 

In daily habits the people vary greatly. When the day’s 
work is ended, the American usually seeks his only place of 
amusement—the Y. M. C. A., or he remains in his room. In 

either case he is fairly well protected from Anophelenes. Sat- 
urday nights and Sundays, since the Canal Zone is ‘‘dry”’ 
territory, he procures his alcoholic preference in Colon or 
Panama cities, 1. e., unless he keeps it in stock in his trunk. 

The Spaniard delights to lounge outdoors, remaining so till 
late at night. Mosquitos find no difficulty in reaching them. 
The negro likewise prefers to roam about, and this unrest is 
probably but the natural reaction after a day of hard work. 
The practice, though, is dangerous. The negro cannot speak 
through a screen door; he must open it wide, and of course 
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must let mosquitos enter until he quits talking. The finding 
of a greater number of Anophelenes in negro camps is explained 
by this fact. At Mira Flores the writer found that a negro 
camp with two doors had almost twice as many mosquitos as 
did a similar camp with but one door, not-with-standing that 
the camp with two doors was farthest away from the breeding 
place. 

The time of activity of the men is largely during the day- 
time, though sometimes forces have worked at night time as 
well. Men begin to emerge from their barracks as the first 
rays of the sun greet the new day, and they remain active until 

the last ray has departed. Mosquito activity is most pro- 
nounced during day-break and dusk. This coincidence bears 
a direct relation to the malarial rate. 

THE ENVIRONMENT. 

A. ITS COMPOSITION. 

In nature the composition and dynamics of the environ- 
ment are inseparable, but for convenience in the presentation 
of the subject, this division is necessary. 

I. Physical Factors. 

A. The Wind. For much of the meteorlogical data the 
writer is indebted to Mr. Wilson and his staff of the Weather 
Bureau of the Isthmian Canal Commission. 

During the months of January, February and March, 1913, 
the prevailing winds at Gatun were from the north. A sum- 
mary of the wind movement for January and March is given 

in table ““A’”’. Of the 744 hourly periods in January, 495 
showed north winds, and 164 showed northwest winds—a per- 

centage of 66.5 and 22.2 respectively of the total. Many 
winds reported as ‘‘west’’ or “‘northeast’’ were such by the 
mere addition of a dot or two on the record made by the auto- 

matic wind gauge. There were more westerly winds than 
northeasterly. In the month of March, northeast winds were 
wholly absent. In other words, the winds are predominantly 
from the north and northwest. This general prevalence in 
direction holds true for the entire year in the Atlantic section. 
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A. MontTHLY WIND MOVEMENT, GATUN, C. Z. 

1. Direction, Hourly Periods. 

North Northwest West | North- East | Calms | Total 
1913 east 

No. | q No. oe Nose No. | q No. % \No. % | 
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2. Miles per Hourly Periods. 
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These first three months of the year are within the dry 
season. This period begins the latter part of December and 
extends well on into April, though some years it may appear 
sooner or be much delayed. It is not rainless as the name would 

imply, for at least every third day some rain falls. But as this 
dry season advances, the trade winds increase in velocity and 
become more confined to the north. In March, for instance, 

there are ten percent more north winds than there were in 
January; in mileage this was an increase of over eleven percent. 

During March, ’14, the writer had been in Boquete and 

David, Chiriqui Province, near Costa Rica. The north winds 
were so dominant here and of such high velocity that the trees 
on the plateau leading to Boquete are limbless on the wind- 
ward side, and their trunks are bent to leeward. Riding on 
horseback against this fierce wind, along the llanos of Santa 
Cruz and Dolega, was an experience which cannot be forgotten. 
Everywhere, everything told of its struggle to remain, even 
though so powerful a wind aimed at its destruction—present- 
ing a field of intense interest to the ecologist. 

A significant feature of these winds is their daily hourly 
range. The mean wind velocity of the months of January and 
March is plotted on.curve, chart ““B’’. Excepting for differ- 
ences in velocity, the two curves agree. The crest is at mid- 
day. The winds show a steady diminution in velocity from 
about midnight till about 7:00 a. m., and a like, but more 

decided decrease from about 2:00 p. m. till about 9:00 p. m. 
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The winds at mid-day are hot, strong and steady. Those at 
day-break and dusk are much milder, cooler and often inclined 

to be puffy. 

Two charts, ‘““C’’ and ‘‘D”’ are presented to show the char- 
acteristic of the winds at the hours when the mosquitos are 
most active. These charts give the mileage and direction of 
winds at Gatun for the hours of four to seven a. m., and five to 

eight p. m., during the months of Jan., Feb., and March, 1913. 

CHART C. WINDS, 4-5, 5-6 AND 6-7 A. M. 
a Cc 

i North- 
Mo. | © North Northwest West east | East | sila | Aw 

n mi YP ES @|| 0 
Al a b c 2 joy a ib ie Wvasbiec ab ¢|/Ole 

Days} 16 22) 21-10 (Bel MG PA Se SN PAL i cl 1237) 7.7 
Jan. {31} Milesi150 | 200 |184 |72 |26 \29 19 {5 |10 | 6) 3} 2)..|..|..|. 1284] 7.5 

Avr.|| 9 9 9 | 7.2) 4.5) 4. 7)4-5)/2-5)3:.3) 3) 3) 2). 2). .). 1. 9225) 7.3 

Days} 14 13 | 15 |10 /|10 OF Le Ne 12 1 180) 7.0 
Feb. |26| Miles/121 115 {120 |51 (58 |89 |2 |6 14 6 174) 6.7 

Avr.|| 9 OneStat le ole 6 {163| 6.3 

Days|| 23 DON BS | 6S! GP le8 Sahil hemterdta yer |e atest si(~ alpomo| el a 
MaraolieVinles|23cam | e2T08|2Opm|a/on|00. O20 leslie cleeeinciealbete de clecle leaalose 

DNS 255 |p Anta Pa 7 i SOE ah. aes Alicoe [eee allexclisrete sleet Ole 2 

CHART D. WINDS, 5-6, 6-7 AND 7-8 P. M. 
a b c 

§ | 
% North- 

Mo. | © North Northwest West east | East ||| @ | Ay. 
be "a|| © 
a a Boe a bo ¢'|’a BD tc |ab cla b e|O] o 

Days|| 20 19 18 19 WO | 3) 38 | 3) 1)..).2) None |'0|\390)| 12.6 
Jan. /31) Miles/290 |232 /2038 67 |79 fC 28-25 120410). ce “1336 | 10.9 

Avr. || 14.5} 12.2) 11.3) 9 | 9 Selle Suleer ed kO & “1310 | 10.0 

Days] 19 | 19 | 18 6/6 |7 | 1]11}1)Njene | None | 0/826/ 12.7 
Feb. |26) Miles|274 |238 /|198 43 |41 |44 |9)]4/]5 G “1/283 | 10.9 

Avr. || 14.4} 12.5) 10 lade 6 |91415 : “11247| 9.5 

Days) 20 19 18 9 }10 11 2 | 2 | 2 | Nionje | None |:0/496/ 16.0 
Mar. |31| Miles857 (305 {282 |117 |107 |114 |22 /15 |13 y ¢ “11427 | 13.8 

25 |6.5 zs . “1409 | 13.2 Avr. || 17.8) 16.6} 15.6) 13 | 10.7) 10.4)11 
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During the entire three months, of the 264 hourly periods 
in the morning, 196 were with north winds, 76 with northwest 
winds, and only 19 for all others. Of the same number of 
evening periods, 170 were with north winds, 72 with northwest 

and but 22 for all others. In mileage, the north winds were 
stronger than those of the northwest. 

B. Temperature. The’ Isthmus’ of Panama -les very 
near to the thermal equator. Its temperature is fairly even 
the whole year, ranging from about 95° F to 65° F, the general 
mean about 80° F. . The greatest daily range of the Gatun 

section is 10-15°, and this is about 50% of that of the Central 
and Pacific sections of the Zone. As the dry season approaches, 
the maximum and minimum (absolute) temperatures fall 
gradually, on the average.1.5° F within the three months.; A 
steady, though gradual, increase in the maximum and minimum 
temperature occurs as the dry season begins to merge into the 

wet season. In the shaded portions of the breeding area it 
often becomes cool enough at night to demand a blanket for 
cover, i. e., should one care to sleep there. During the day- 
time this same locality has a very moist heat, hard to endure. 

The great regulator of temperature is the aqueous vapor, 
(Abbot 1899) “‘as it is less permeable than dry air to the waves 
of energy from the sun and still less so to those that radiate 
from the earth. Its influence in this direction is very important 
on the Isthmus of Panama because there is only a narrow strip 

of land between two great oceans, and consequently the relative 
humidity is always very high. By combining high tempera- 
tures with this high humidity there results an excessive absolute 

amount of moisture in the atmosphere.”’ 

C. Rainfall. In humid sections of the torrid zone rainfall 
is such an important factor of the environment, that a table 
showing the annual rainfall for three years for the various 
stations of the Canal Zone is inserted. The average annual 
rainfall for Gatun for the past nine years has been 129.30 
inches, and since the rainfall for 1913 was but 112.81 inches, 

and that of the two years previous still less, it follows that 
there were years when the rainfall exceeded 130 inches. In 

1913 there were 248 rainy days at Gatun, leaving but 117 days - 
with no rain, i. e., less than four months of clear weather. 
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Rainfall of such character exerts great influence upon the 
environment and its biota. With heat and wind it regulates 
the environment. 

E. ANNUAL RAINFALL FOR THREE YEARS. 

é Station | Years of| Rainy 
Station 1911 1912 1913 | Average | Record | Days °13 

AMCONM Ye Saws n sce eal, ROL Le 71.78 65.98 70.90 16 180 
TEX Noloyie Aaah ater Ree 63.73 71.89 59.54 69.86 15 169 
Mira ghilones 2.) o5 a. 61.97 88.49 AOIZ 87.33 5 183 
Pedro Miguel.........] 64.12 (ay TAl 69.65 82.32 6 180 
Rio Grande), wae. 82.11 75.14 64.51 86.13 9 199 
Culebra. vee ites oe 74.84 78.99 69.09 88.78 23 195 
Comachos sae tee ec 77.98 73.79 91.46 a 190 
IMA PING a: Walsegtecnn reas 66.70 74.56 74.78 80.43 9 196 
Gamboa neta 70.67 89.07 86.28 92.65 31 207 
Nittany Wiinale. ne a4 oan hoz. 20 StS ie eg ar dT a 87.04 3 190 
Ailnanielaveris aac a 90.05 83.73 77.41 102.438 14 196 
IDI AVG one Seige jciemeeaa|n beter t0oes OF Gben a btalove |) lOa.22 5 197 
Braj OWlesee ar eare tReet Oks A 104.66 | 109.34 | 107.01 2 243 
tringdadsy. settee s 91.53 | 103.04 9727 |) L203 6 258 
Montetiiriog s. as... 11S E27 100.74 | 107.58 | 129.75 6 177 
Gatun aan se ane 99.28 | 111.838 | 112.81 129.30 9 248 
Brazos BLOOK. ss. me 116.08 124.66 138.89 138.64 7 260 
(Colona mcce es hea ILS 7. |) LS) IBA PAS) ais) 43 246 
Bortorsellowemanrs ae 148.94 | 147.61 Ales | SLGOR 1S 6 272 

The daily rainfall at Gatun from September, 1912 to Sep- 
‘tember, 1913 is given in table “‘F’’. The dry season months 
of January, February and March show but 38 rainy days out 
of the 90 of this period. But the rainfall has been less than the 
average for the station. Only on three days had there been 
rainfall in excess of one inch. The rains nearly always fall 
during the afternoon, but it is not unusual to have a mean, 
drizzling rain all day long, augmented by a changing wind. 
Thunder storms or violent rains are rare. 
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F. Datty RAINFALL, GATUN, 1912-1913. 

Automatic register; in inches. 

Date | Sep. || Oct: | Nov. | Dec. | Jan Feb. | Mar. | Apr. | 

| | 

1 "O24 2.07. 1802 neil 20"), Ss06Ui 02 tae 0s 
2 2.45 .38 | 1.58 .O1 -45 04 .09 .O1 
3 96|..28| .08| .42| .22| 0210 OL 
4 .18 .42 |} 1.56 .O1 .04 | 0 | 0 0 
5 43 aul .99 | 0 .44 10 | 0 06 
6 0 1402.) 2-187) 8: 0 0 ia Cs 0 
7 S11 3)42,.04 cow ee 0 0 | 0 0 
8 125 . 26 wok. |, .12 | 0 | 09:6 
9 0 .02 44 .30 | 0 0 Wee Uys 8) 

10 .03 .06 .96 SPA | 0 0 | 0 
11 .08 44) 1232 .08 | 0 .O1 | 0 | 
12 0 0 01 Fay] Lane 2) 0 geste AB Bm (aC 
13 BOUT RO 0 01 | 0 0 0 | 0 
1a est ke! 33 07 sie 02 .13 | 0 0 
15 01 07 04 1 4.79 | 6 .02 | 0 2.06 
16 Ol .56 0S" 2.52 21 .09 | 0 . 20 
17 0 0 14 | 8 AAD Se AaN e035) 100 
18 0 1.06 .95 A ORY Pee 1.07 | 0 .07 
19 0 1.3 .30 | 1.34 .04 OL -O1 | 0 
20 .07 | 1.60 .58 | 0 “Of 1-0 0 0 
21 1.49 43 a5} .06 | 0 0 ave 0 
22 0 .02 .06 SUC o 0 | .18 1 08 
23 .07 wa mle: .06 .09 | O .03 | 0 
24 .04 | 0 .67 .45 | 0 0 | O .86 
25 .08 | 0 pally .16 | 0 AREAS we L7g 64 
26 “OM nike .24 1 0 0 0 0 .58 
27 .o9 | 1.05 | 1:63 .03 123 .05 | .18 .08 
28 0 0 1.54 26) le TA ay Neve HOM .06 
29 0 oe ly LSS: MPR POMS Noell ae te 3 .05 .09 
30 .O1 2 | 4.65 SG S| SOMA ale Sh ee | 0 .58 
a ey eee ee Ue al Rete 1.10 Fi (ea ad | oat | ere ie 

Total 
1912) 7.84 | 14.52) 19.18} 9.82 | 4.63 | 2.92 101) 5338 

Total 
1913) 4.33) 16.92) 15.78) 2.25) -.91 |-2.38 55) 4.18 

Stat’n 
Avr 9.70} 16.62) 22.40) 13.38] 3.92 | 2.46 | 2.70) 4.20 
Excess 
ordefi.|—1 .86/—2. 10|—3 .22/3.56|+-.71 |+.46 |—1.69/+1.18 
Rainy 
days 21 25 29 24 5 11 12 15 

[Vol. VIII, 

ooo. 

Aug. 
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D. Humidity. This is the product of heat, wind and water. 
Humidity is always high on the Zone, though lowest during 
the dry season. The following table gives the Mean Relative 
Humidity for the three sections of the Zone, for a period of one 
year. Inthe region of Gatun the lowest point reached was 78%, 
from February to May, and the highest was 89%. Humidity 
is a powerful agent in the regulation of breeding periods, life 
duration, time of activity, etc. 

G. Mean RELATIVE Humipity (%) 1912-1913. 

Sep. | Oct.} Nov| Dec.| Jan.| Feb.} Mar| Apr.| May} June] July | Aug. 

Ancon (Pacific 
section)......| 91 | 93 | 92} 89} 87] 83] 78) 76 | 88] 89] 90 91 

Culebra (Central 
section)......:| 93 | 93 | 93 | 91) 891] 86] 82) 80] 91) 91] 91 94 

Colon (Atlantic 
section).......| 87 | 88] 89 | 84] 82] 78 | 78! 78] 87 | 88 | 87 89 

EE. Fogs and Cloudiness. Fogs at Gatun are not numerous 
and such as do occur are nearly all dissipated by 6:30 a. m., 
and all by 8:30 a.m. As the dry season advances, night fogs 
are fewer in number. Observations at Culebra, Canal Zone, 
where fogs are of almost daily occurrence, tend to show that 
they impede the flight of mosquitos. But at Gatun the fogs 
are all light, not common, and in no way seemed to interfere 
with the flight of mosquitos. 

The dry season is marked by a general absence of clouds, 
and such as do exist, appear usually in the afternoon. Data 
is lacking as to what bearing clouds may have upon the environ- 
ment or organism, but it appears they cannot exert a big 
influence or else it would have been noted. 
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F. Seasonal Changes. The general weather conditions 
for 1913 are expressed in the following chart: 

H. WEATHER CONDITIONS, CANAL ZONE, 1913. 

Rainfall deficient (except Brazos Brook, Colon and Porto Bello). 
Dry season rainfall: 

Pacific section=4% total. 
Central section=6% total. 
Atlantic section=10% total. 

March least rain. May most rain. 
Air*temperature and wind movement slightly above normal. 
Atmospheric pressure and cloudiness generally deficient. 

ey ial 
B Temperature ie | Precipitation Wind Movement 

od se | | 
rs ] es ~ aD) > a2) a - 

Gs) | le B : o Palicon=ees pa = S 
| 29s || O-5 rs} 0 i153 0 M|.4.2/O e} 
ect eter) Shell ps BS lS cISeelesleal S 

a —_ a= fe} | CT ae] aot (S) 

\eeeisi/e| 2 || 2 88) 8 | Se lssleselasigel 2) 8 AS ry -_ I | a ol! ~— ~— _ 

) ae Je a Wai Taak er ah ena co ayo) st tl = Wie) frie 
7 i \| | | 

Colon...| 29.866 |80.1) 91 | Jun. 22 | 71 | Feb. 4/| 85 || 131.22 | 129.38 246, 1 N | 36 | N | Nov.14 
=) So > © > o oo oo I oo — co o 

0.7 
Culebra, 29.846 |79.2) 95 | Apr.14 | 64 | Jan. 4 : i | 7.3 |NW| 40 |NE| Nov.19 
Ancon..| 29.834 |80.3] 96 | Apr.27 | 66 | Feb.22 || 87 || 65.98 | 70.90 | 180)} 7.2 |NW| 32] S | Jun. 11 

| 

At a given station, seasonal variation is not marked. But 
it is evident that at Ancon, where rainy days are one third less 
than at Colon, and rainfall less than one-half, that a different 

set of conditions are present there than at Colon. 

It is interesting to note that the rainfall for December ’12, 
was generally deficient throughout the Zone, but that at the 
Colon-Gatun section it was much heavier. Thus the swamp 
near Gatun which caused so much Anopheles breeding in the 
early part of 1913, was prepared for such wide-spread breeding 
by this increased rain. The influx of pure water meant that 
the salts in the swamp, which rapid evaporation was about to 
make stronger, were kept diluted and never became so strong 
as to inhibit mosquito breeding. It meant also that the density 
of the water was lowered. 

In January, 1913, temperature and relative humidity were 

above the average. February continued with deficient wind 
movement. March and April showed also a deficiency in 
relative humidity and atmospheric pressure. In May these 
conditions reached their normal. Cloudiness had been deficient 
throughout the dry season. 
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G. Composition of Water. By order of the Chief Sanitary 
Inspector, daily samples of water from the salt-marsh were 
sent to the Ancon Hospital laboratory for determination of 
salt content. After eliminating such samples as appeared 
untrustworthy, the following table was prepared. All samples 
were from water where larve were numerous. 

J. CHLORINE CONTENT OF SALT-MARSH WATER. 

Sea-water—22'000 parts of Cl per million. 2.5.06 24) sere eS. ee Se nO RO227G 
Pocw linen water—i19: 000 parts per millon. vache. si 6 0) concen 0.019% 

MAXIMUM. 

Pantse Ol Clie — Oo tobe secant —« YpnOu lone 
per Million | water water 

PNT IE Seat ae reat ae eer es 23,500 107.0 123.7 
PATTI lg 2s Pe AE OU A eee Na a Ns 21,000 95.0 110.0 
IVT Tee eee <M lowercase ae ie tess Ad ea 19,083 86.0 100.0 
May AS Hee cee ne ping n ar eke kw get ne 18,833 85.0 99.0 
LE Dagestan ea esa oe hs 18,500 | 84.9 97.4 

DANTE A oe e RS WNtees OA Wir, Sk 20,183 90.0 105.0 

MINIMUM. 

Heb sali tetrn «rare nara pgst tree haa 11,250 51.1 60.0 
TENS 1 oy3 IPA itera) a Po nner meek Ne eet RON 12,150 60.0 64.0 
CD ER OMIA Sees eae tie rer a eh sees 12,5C0 60.0 66.0 
LAF) aha aa cs abe chen EOE eo I 13,500 61.0 71.0 
ED MOM aA re ae eae ices kk, ohoe 14,000 63.6 73.0 

/ NSS Seen eae ee a 12,680 57.6 65.0 

GENERAL AVERAGE: 

Samples| Days Total Cl |Avr.per Million} % sea-water | % Limon water 

bo >) 38 27 | 617,480 15,817 72. 83.0 

It is seen that larve were breeding in water containing from 
55% to 107% of ocean salinity, i. e., even in water more saline 
than’ the ocean: The density of sea-water is about 2.5% 
greater than that of fresh water, and this added buoyancy 
probably is to the advantage of such larve as can thrive in salt 
waters. Had the salt content been greater, the buoyancy 
would be too great for the larve, besides, the fact that the 

irritation due to the chemical content would inhibit any exten- 
sive breeding. 
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Due to the absence of hills, rains could wash no silt into the 

breeding area, and what was present, settled to the bottom. 

Imperfect drainage prevented currents, though in time stagna- 
tion would follow and make unfit the environment. The latter 
part of January, 1913, a ditch was cut through the swamp, and 
shortly after a pipe-line dredge began to pump silt into the 
swamp. This violent disorder in the environment—current, 

silt and drainage—soon began to tell upon the numbers of 
mosquitos breeding in the swamp. 

Tl. -Burotic Factors. 

The microbiology of the waters of the marsh was not 
studied. Spzrogyra and Oscillaria were found within the 
digestive tract of larvae of A. tarsimaculata and Aedes taento- 
rhynchus, but these green alge can hardly be the only source 
of food since larvee of both species have been found in situations 

devoid entirely of algal growth. The decaying leaves and 
fallen twigs, excreta of animals and decaying animal matter 
favor the growth of micro-organisms, and these probably are 
eaten by the mosquito larve. 

Trees and shrubbery are important factors because they 
furnish the needed protection from intense light and heat, and 
lower the rate of evaporation. So important is this protection 
to the adult that one never sees these small flies active in the 
open during the daytime. However, hunger often changes 
existant physiological states, and so the presence of a man in 
an exposed place near which mosquitos are hidden, may often 
bring these toward him in great number; and the first act to be 
noted is an attempt to sink their proboscis into flesh. But if 
no human being is present, the mosquitos remain in seclusion. 
When so venturing forth to secure a blood meal, they show no 
negative reaction toward heat or light, and may even suffer 
body mutilations without evident consciousness of pain. 

No effort was made to survey the marsh for the animal life 
it contained, but birds were noted to be the most numerous 

next to insects, followed by snakes, lizards, iguanas, monkeys 

and armadillos, the last two rather uncommon. Cows occa- 

sionally strayed into the area and when examined on one occa- 
sion, were found to have their ears well lined with busy 
Anopheles and Aedes. 
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A species of night-jars (Fam. Caprimulgide) has been noted 
repeatedly at dusk, flying low over the old French Canal, and 
their actions were those of feeding. This lasted for about an 
hour, and coincided with the period of mosquito flight. These 
activities were also noted during dawn, again when mosquito 
flight was in progress. These night-jars often shifted their 
position along the Canal, and by row-boat observations it was 
found that they were where mosquitos were thickest. A shot 
gun brought down three of these birds and their gullets con- 
tained adults of Anophelenes. The stomachs contained in 
addition ants, hemiptera and a few coleoptera. That these 
birds were feeding upon the mosquitos is undoubted, but the 
effect of their ravages was not significant for there seemed to be 
an infinite source of supply for these mosquitos. Jennings 
(1908) records a similar case in the Bahamas, the species 

involved being Chordetles virginianus minor. 
The blood available to mosquitos at the marsh is only such 

as they can get out of cows, monkeys, birds, lizards, etc., and 

this is not enough. The fact that these mosquitos flew a mile 
or more each night to secure rich, human blood, places man 
among the most important of the biotic factors entering into 

the mosquito environment. Since the winds from the marsh 
have been almost wholly from the north or northwest, and not 
one hour from the southeast, it cannot be argued that the scent 
of man was born to these mosquitos by the wind and all they 
had to do was to follow the trail. These mosquitos flew as an 
air-man does, at a quarter to the wind, and they flew till they 
found food; it is not at all improbable that they would have 
flown five miles if Gatun were so distant. Their flight was in 
quest of food. Here is an example of an animal whose environ- 
ment is quite scattered. 

The question of whether a blood meal is required, or if the 
mosquitos can live on the juices of fruits, must be answered 
separately for. each species. Of the species treated in this 
paper, there is no doubt but that they prefer human blood if 
that is available, and will struggle against many odds in order 
to get it. Darling (1912) found he could keep adults of Aedes 
calopus Meigen alive 110 days in captivity by means of raisins 
and ripe bananas, and Anopheles albimanus alive 12.5 days. 
The author has noted on several occasions Aedes taeniorhyn- 
chus Wiede. feeding on ripe bananas, and once, while searching 
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for Thysanoptera, found a male of this species inside of a flower. 
But if the female mosquitos of these species do eat fruit juices 
under natural conditions, it appears only fair to believe some 
one of the able sanitary corp of the Isthmus would have made a 
few observations of the fact. The infrequency of such observa- 
tions is explainable on the presumption that human blood is 

preferred and so soon as a human being is anywhere near, his 
presence is quickly detected and sought long before he could 
have found out the whereabouts and doings of these pests. 
This at least is true of the half dozen common species on the 

Zone. 
Jennings (1912) in his survey of the upper Chagres River 

valley, did not encounter adults of A. albimanus Wiede. nor 
larvee, though habitats were seen which if present on the Zone 
would favor Anopheles breeding. He attributes this absence 
to the absence of habitations, a presumption fairly accurate. 
Buseck and Orenstein made a trip to the Upper Trinidad valley 
near Gatun, and but one albimanus was collected by them, 
though the sylvan Anopheles were abundant. (There is some 
doubt as to the authenticity of this single albimanus as it may 
be an accidental mix-up with mosquitos from the Zone.) The 
writer in his inspections of the Canal Zone, found albimanus 

to breed only near settlements. It therefore seems quite 
plausible to believe that the pathogenic species of Anopheles 
become more and more restricted to human settlements, an 

adaptation which no doubt will hold for all animals which play 
a role similar to that of albtmanus in the transmission of disease. 
This trend is probably due to repeated feedings upon human 
blood, and it may be that the development and establishment 
of the malarial parasite within the mosquito may have had a 
tendency toward such isolation. The restricted distribution 
of Aedes calopus tends to strengthen the idea that pathogenic 
species cling to inhabited regions. 

It also appears that a meal is necessary prior to oviposition. 
The studies of Darling (1912) indicate such to be the case. 

The author (1913-c) recorded a case of oviposition in Aedes 
calopus where prior meal was absent. The fact that the 
mosquitos concerned in the flight to Gatun returned daily to 
the marsh, would indicate that food and oviposition were 
closely linked together. It appears only natural that a mos- 

quito upon emergence from its, pupal prison, should seek, first 
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of all, food. While it is true it does not increase in size after 

emergence excepting as food or eggs swell the abdomen, it does 
seem that the reproductive organs need further growth, and for 
this food must be taken. But since the preservation of the 
species becomes a powerful factor at work within the animal, 
so starvation and captivity may cause a hurried development 
of ova. In his dissection of gravid typhoid flies, the writer 
found more ova in flies which had been fed after emergence 
from the puparium than in flies totally deprived of food. 

The drastic anti-malarial measures of man place him a 
powerful agent of destruction at work in the environment. 
Man as an agent hastens or retards natural processes. Thus 
by means of a ditch and a pipe-line dredge, he has driven the 
mosquito from its paradise and made its return thereto 
impossible. 

III. Historic Factors. 

The creation of the salt-marsh habitat can be traced to the 
work of the old French Canal Company, as already described. 
When Americans built the big Gatun dam and made the 
Spillway, they did more than impound the waters of the Chagres. 
They changed the drainage, tamed the river which often came 
down in flooding proportions, and by allowing it to peacefully 
flow past the new Spillway, did away with the annual floods. 
The floods eliminated, and the increased rainfall in December, 

1912, were the prime factors which prepared the marsh for 
extensive breeding. 

B. DYNAMICS OF THE ENVIRONMENT. 

I. The Habitat of the Immature Stages. 

Larve and pupe were found most frequently associated with 
green alge, which plants afford them ample shelter, support 
and fair protection from fish and larve of carnivorous insects. 
The respiratory tubes of the larve were often noted in close 
proximity to the bubbles of oxygen given off by the alge. 
Experimentally, young larve (2d moult) were sealed hermet- 
ically in a glass jar containing filtered water from the marsh 
and a small quantity of living alge; the larve developed into 
adults. Out of the ten larve originally placed in the jar, three 
adults ensued. The time duration was almost twice that under: 



240 Annals Entomological Society of America [Vol. VIII, 

normal conditions, but it is clear that growth was maintained 
because of the exchange of the voided products of respiration 
by both plant and animal. The balance was easily destroyed 
by having too many larve or too much alge. This sort of 

interrelation between organisms is very close in the forms 
studied, and therein are found the greatest number of points 
of contact with the environment than elsewhere. Any new 
factor, or one which is present but is exerting undue activity, 
stretches the relative balance which existed in the association, 

and the response caused thereby on the part of the members of 
the association will be in the direction of the establishment 
again of a new relative balance. It was quite evident from 
many observations made that in many ways the larval associa- 
tion was susceptible to quick destruction from such external 
causes as the presence of silt, wave action, etc. 

It was stated that as the dry season approached, the winds 
increased in velocity, the heat became more intense, and rainfall 
decreased. The resulting rapid evaporation concentrates the 
salts in the water of the marsh, changes thereby the density 
of the water, followed by a change in the microbiology of such 
a habitat. Such changes usually bring about less mosquito 
breeding, and on the Canal Zone for many years it has been 
observed that during the dry season Anopheles pseudopuncti- 
pennis Theob. is the dominant Anophelene—a non-transmitter 
of malaria. The dominant rainy season Anophelene is albima- 
nus. This change in the mosquito fauna is due to habitat 
changes brought about by the change in the climatic factors. 
During November and December, 1912, and January, 1913, 
there was an increase of 14.7 inches of rainfall over the same 
period the year previous. This increase of pure water at the 
swamp was sufficient to dilute the salty water to such a degree 
that subsequent evaporation did not increase the salt-content 
above a density inhibiting mosquito-breeding. This supposi- 
tion is strengthened by the fact that in previous years, condi- 
tions exactly alike excepting for this increased rainfall during 
the indicated months, this area caused no influx of mosquitos 
into Gatun. 

Reference was made to the fact that the larve from this 
swamp developed in water which equaled sea-water in chlorine 
content. The density of such water is 2.5 greater than that of 
fresh water—a difference sufficient to float chewing gum. Such 
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added buoyancy reduces the muscular effort needed to reach 
the surface, and probably reduces the mortality due to fatigue 
among the larve. 

At the laboratory, larve of A. tarsimaculata taken from 

fresh water were transferred into a pan containing saline water 

from the marsh. This produced intense stimulation and a 
large mortality resulted. Pupation was accelerated among 
mature larve. The adults that emerged were placed into a 
large cage containing a plate of fresh water and a plate of salt 
water, both from actual habitats. <A liberal blood meal was 

given. Eggs were found only in the plate with fresh water. 
Continuing the experiment, but using pupe collected at the 
salt marsh habitat, eggs were deposited in both salt and fresh 
water. There appears to be a natural selection as to water 
suitable for oviposition, and in nature such must be the case, 
for many bodies of water are encountered which appear excel- 
lent breeding areas, yet are found wholly devoid of larve. At 
the same time the entire surrounding territory may be literally 
alive with Anophelenes. When very young larve are thrust 
into saline water, attunement to the rapid change is quicker 
than when older larve are so treated. 

The general belief is that Anopheles will not breed in salt 
water. This is because the average observer fails to learn that 
the genus Anopheles contains a large number of species which 
can be grouped into several very distinct sections. The 
chances are if all Anophelenes bred in the same kind of waters, 

we would have a far fewer number of species. 
DeVogel (1907) found a species of Anopheles breeding in a 

pool containing 2.8% of NaCl; and after considerable study, he 
arrived at the conclusion that the eggs of species which can live 
very well in sea-water, develop in such water even when evap- 
orated to one-half its original bulk, but that the larve do not 
appear to transform to adults if the concentration exceeded 
33% of the original quantity. This in the main part is also 
true of A. tarsimaculata on the Canal Zone. Banks (1908) 

found Anopheles ludlowii Theob. breeding in both salt and fresh 
water, quite like tarstmaculata. Howard, Dyar and Knab 
(1913) criticize Banks’ work as inconclusive and believe his 
fresh-water ludlowti was none other than A. rosiz, and there is 

ample room for such doubt since determinations were made 
only from larvee—a difficult task. 



242 Annals Entomological Society of America [Vol. VIII, 

The excrementa of animals living in the swamp, the decay 
of leaves, branches, carcasses, etc., produce local changes which 
may prove destructive to larve. These larve nearly always 
manage to wriggle away from the influence of such pollution ° 
and these chemical changes hardly ever become general enough 
during the cycle period of the mosquito so as to exterminate 
all breeding. Even the admixtures of oils and larvacides are 
found to be difficult, for it is practically impossible to give 
thorough treatment in all places. The total pollution for the 

entire season can hardly make the environment unfit for 
mosquito larve. The heavy rains of the next rainy season will 
again readjust the environment; therefore such pollution can 
hardly become accumulative. 

II. The Habitat of the Adult. 

The hottest and windiest part of the day is about at noon- 
time, and is the period of least activity in the animal world. 
It is during dawn and dusk that mosquitos sally forth and show 
pronounced activity. During the daytime they are hidden 
in the bush, under buildings, etc. The factors that regulate 

this time-adaptation are light, heat and wind. Among the 
factors which disturb the tranquility of the mosquito world, 
man and his radical measures assume greatest importance. 
Ditches, oil, hydraulic fills and plenty of patience are the tools 
that slowly but surely get at the root of such serious breeding 
and convert it to unfitness for such purpose. 

DYNAMIC RELATIONS OF THE MOSQUITOS. 

A. REVIEW OF THE SALT-MARSH BREEDING AREA. 

The early part of January, 1913, the writer was sent to 
Gatun. The conditions found were really alarming, inasmuch 
as the species involved was a malaria-transmitter, and the 
unscreened, congested town of New Gatun invited a spread of 

malaria. This influx of mosquitos was unexpected and hence 
unprovided for with funds, but the energetic work of LePrince 
and Corrigan, aided by several sanitary inspectors, soon 
brought this danger within control. The following table is 

introduced to show the number of mosquitos actually caught 
during the three weekly periods ending February 15, 1913, and 
the number of reported cases of malaria for the same period. 
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K. ANOPHELES AND MALARIA, GATUN DISTRICT. 

Feb. 1 | Feb. 8 | Feb. 15 

PR AWEGA EC Mea Gr GUTS Wales nuiiee isc Goaieboe arcline serene: 1,039 604 387 
Trap and hand catch, both Gatun and New Gatun 12,067 11,897 12,838 

BIG treat renmree rae ea tae a at cy aha RP toy aRt del atone eben 13,106 12,501 13,225 

MalanianCases: Amenicam WialbeSss-sessci seis ee 5 + 8 
MiailantalGasessiGatunwaliltothiersas.a secs sae aes el 16 20 19 
Matlanciay Cases New: Garttnes ss encecrs a sis citoets chara 3l 33 39 

By trap catch is meant those mosquitos which were caught 
in the ‘‘C. H. Bath’’ mosquito traps attached to barracks, and 
hand catch refers to mosquitos caught by expert negroes 
within buildings, by means of a small killing vial. All counts 
were made daily. 

Though the white American is presumed to be more sus- 
ceptible to infection, his well-screened home, his rather regular 
habits, and the free use he makes of the dispensaries, protect 
him amply against ready infection. The cases reported are 
mostly of men working on night shifts. Negroes and Spaniards 
show more malaria, due largely to habitual loungings outdoors 
after dusk, thus exposing themselves to Anopheles bites. The 
New Gatun high percentage is due to lack of screening (Oren- 
stein, 1912-b). The New Gatun cases, as well as those of 

negroes in Gatun proper, are only such as presented themselves 
at the dispensary, and often malaria was a secondary diagnosis, 

for the patient complained of totally different symptoms. It 
is the general rule that the first attack of malaria gives the 
negro considerable fever, whereas subsequent attacks are much 
milder. Very often a negro may havea good quantity of 
parasites roaming about in his blood, yet be unconscious of 
the fact. Such cases do not find their way into the dispen- 
saries, and of course are among our worst enemies, for they 
allow the spread of the fever. Therefore it may be reasonably 
supposed that the malarial rate in New Gatun was at least 
fifty per cent. higher than reported. 

The narrowness of the strip of the Canal Zone, its congested 
labor centers, frequent trains and heavy traffic, added a big 
factor, that of the spreading of Anopheles from this place to 
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other stations. Adults of farsimaculata have been picked 
up in passenger and freight cars forty miles from Gatun, and 
later in the season larvae were found at Balboa and Ancon 
which upon maturity yielded tarsimaculata. There is no doubt 
whatever in the writer’s mind as to the origin of this new 
breeding area; the invaders in these swamps of Ancon and 
Balboa came from the Gatun influx. The writer examined at 
regular intervals the mosquito catch from Monte Lirio and 
Frijolles, seven and thirteen miles distant from Gatun, and at 

first the Anopheles were wholly albimanus and malefactor, 
but toward the end of February, tarsimaculata was not at all 
uncommon. 

To outline briefly the history of the breeding at Gatun, it 
was generally supposed by several inspectors that the trouble 
came from the floating islands and vegetation in Gatun lake. 
An inspection from a launch revealed nothing. Mr. J. A: 
Corrigan, the inspector in charge had a totally different idea, 

and after the others returned without results, he invited them 

to the actual source of trouble, the salt-marsh north-west of 
Gatun. How he came to that conclusion is probably explained 
on the basis that he knew not merely his district, but also the 
territory just outside of it. At any rate, once well within the 
thickets 1n this marsh, all agreed it was as near true to the 
most authentic descriptions of Hades as could be had. 

Nor was this tormenting scourge confined to the marsh. 
The early part of January, the clerks in the Administration 
building at Gatun began to place blotters on the seats of their 
wicker chairs; some claimed this measure only alleviated the 

discomforts. Colonel Phillips came to investigate, and left 
the place with an Anopheles clinging to his coat, and this. 
mosquito held on notwithstanding that a ten-mile wind flapped 
violently the coat. The writer noted on March 20th, a. m., 
a negro with a female tarsimaculata resting on his coat, and. 
traced it over two hundred yards. Ina previous paper (1913) 
the writer reported having carried A. albimanus into Corozal 
which had been clinging to his clothes for quite a distance. 
Anopheles cling more tenaciously to clothing than do Culex. 

At the hotel, particularly at night, mosquitos insisted in 
painfully assisting the men trying to eat. The location of the 
door, as well as the fact that it was practically continuously 
open during the hours when mosquito activity commenced, 
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was the real cause of so many of these pests being within. Once 
in, and finding the electric lights too intense, they remained 
under the tables. The Y. M. C. A., close to the hotel was 

relatively free from mosquitos, due to the fact that the door was 
not situated the same as the hotel door. 

It is impossible to estimate the number of mosquitos which 
paid daily visits to Gatun, and were any true statement made, 
it would appear fictitious. At the cement shed, close to the 
breeding place, cob-webs were so heavily loaded with mosquitos 
that they sagged and were torn in places, (Zetek 1913-b). 
The presence of so many mosquitos in these cob-webs is explain- 
able by the fact that mosquitos inside of the building always 
aim to get out at dawn, at least so has been found to be the 
case over and again, and there being many cob-webs about the 
windows, large numbers of mosquitos were caught in them. 
The spiders do not seem to care for mosquitos. To be stranded 
at the breeding place was a most painful trial, though unusually 
fruitful in results. 

Sweep-net catches showed mosquitos harboring in the low 
grass whenever the day was foggy or cloudy, but in clear, 

warm days, but few were found in such grass. Cracks in the 
soil were found to harbor Anopheles (also black flies). The 
shaking of bushes near the breeding place frightened away 
veritable clouds of Anopheles and Aedes. By placing a negro 
within a mosquito bar net having one side slightly raised and 
exposing same during dusk (at the breeding place), there were 
attracted into that net a trifle over three thousand Anopheles, 
actual count, which represents about a hundred mosquitos 
entering the net each minute. 

Ocular inspection at the right time of the day—at dusk 
and during dawn—sufficed to detect a noticeable flight of the 
mosquitos to Gatun from the salt-marsh. Marking the adults 
with anilin dyes was done only to clinch the facts, to prove 
beyond all doubt that the mosquitos seen in flight really were 
bound for Gatun. 

The remedial measures pursued to stop this immense 
breeding were the digging of two drainage ditches and the 
reclamation of the marsh by hydraulic fill. The trees and 
jungle at the peninsula fronting the breeding area were cut and 
burned over by February 4, 1913 and the smoke and the destruc- 
tion of a large area of shelter were effective in reducing for the 
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time being the numbers of mosquitos flying over this section. 
However, observations made tend to indicate that the path 
of flight was changed since the area was burned over, as if to 
avoid the barren waste. Mosquitos harboring in the brush 
were killed when this vegetation was burned, but these mos- 

quitos were only a very small fraction of the entire horde and 
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hence their destruction amounted to very little. Ditch “A” 
(see map) was finished toward the end of January, and the 
swift current of water through it made an ideal habitat for 
the sand flies which during February became very numerous. 
Ditch ‘‘B,’’ south-west of ‘‘A,’’ was completed early in Feb- 
ruary. On the 18th of February, a dredge began to pour silt 

into the marsh, at a point about 4,000 feet to the north of 
ditch ‘“A.’’ On February 27th, the outlet of this discharge 
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pipe was moved in the direction of ditch ‘‘B.”’ In places the 
pupae were so thick as to give the appearance of heavy moss. 
At regular periods large areas of very young larvae were 
encountered, indicating that breeding was far from stopped. 
On March 13th, about four gallons of top minnows were taken 
from the old French Canal. and transferred to the marsh, 

but these fish left no record of having in any way checked 
the numbers of larve. 

The chlorine-content of the water exceeded at times that of 
sea-water. When the fine silt began to mix with the water, 

the beginning of the end was plainly in view. Ditch ‘‘B”’ was 
deepened, while ““A’’ was closed. This allowed the fill to 
proceed toward “‘B.”’ By the end of June the paucity of 
larvee ‘was very noticeable and during July and the following 
months no breeding was encountered. 

B. LIFE HISTORY, 

1. The Immature Stages: The flight experiments and the 
daily examination of thousands of mosquitos, allowed but 
little time for a study of larve and pupe. The duration of the 
pre-adult stages of A. tarsimaculata were found to be as follows: 
egg-instar fifteen to twenty-four hours; larval stage from 
four to five days; pupal stage from two to three days; or, for 
the entire period, seven to nine days. Aedes taentorhynchus 
from the same locality matured about a day sooner. No 
distinguishing markings could be made out in the field with a 
10x lens which separate true albimanus from tarsimaculata. 
‘The pupe of the latter appeared to be darker in color, but from 
a series of pupz from other stations, this color difference 
proved to be valueless. To the sanitary inspector it is enough 
to group the species into several easily recognized divisions. 

Thus on the Canal Zone, the Anophelenes may be divided into 
(1) the albimanus group; (2) the malefactor group; and (3) the 
pseudopunctipennis group. 

Larve orient themselves readily to regions of shade. Sun- 
light, or any highly intense light, which may shine directly 
upon a mass of larve, causes great commotion among them, 

which excitement finally ends in shaded portions of the pool. 
A similar reaction ensues when a film of vegetable oil reaches 
larve. There is also a decided reaction to shadows that pass 
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over a body of larve, in this case the movement is downward 
and not transverse. They remain quietly on the bottom 
for several minutes. Pup are the more restless, and cannot 
remain below the surface as long as do the larvee. When the 
pipe line dredge poured silt into the marsh, larve were not 
found in the silt-laden waters, but always just in front of it. 

When silt became generally distributed, the reduction .of 

larvee was very pronounced. 

At the laboratory several tests were made to learn the 
reactions to such stimuli as gases passed over the surface of 
water containing larve. <A large basin was used; it contained 
pup and larve and water from the breeding place. Three 
glass jets of about 1 mm. diameter and 2 cm. apart, were placed 
2.5 em. above the surface of the water, at the middle of the basin, 

and in such a way that the streams of gases passing through 
these jets shall pass parallel to the surface of the water. The 

gases used were oxygen, carbon-dioxide, hydrogen sulphide 
and chlorine. Each test consisted of five minutes of constant 
stream of gas. Two hours elapsed between each test. There 
was no marked reaction toward oxygen. When CQ: was 
used, no reaction was noted during the first two minutes, 
but after that all larve slowly separated toward the two ends. 
This test was repeated several times, varying each time the 
light at both ends, but the reactions were alike. Similar 
separation occurred with H.S and Cl, being most marked 
and almost instantaneous with the latter. 

Similar experiments were made, excepting that the gases 
were allowed to diffuse in the water. The modifications in 

apparatus consisted in the addition of a small fan-shaped 
jet near each end through which fresh water flowed into the 
basin; opposite these two jets were small outlets for overflows. 

At the middle was a small fan-shaped jet through which the gasses 
passed. All gases were introduced for periods of five minutes, 
and a new lot of larve and water were used for each test. The 
flow of gas was regulated so as not to agitate the water. The 
number of larvee were never less than a hundred. 

When oxygen was introduced, the larve nearest the stream 
of gas became more active, but except for this, no other reaction 
was observed. With carbon-dioxide the larve separated for 
both ends, and at the end of 4.5 minutes they wriggled to the 
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bottom where they remained almost motionless. None came 
to the surface until thirty minutes after the stream was cut 
off. Chlorine and bromine gases had very decided effects; 
immediately the gas was introduced the larve began to wriggle 
violently, and after the first minute slowly lost all motion. 
Some remained at the surface, others at the bottom. Five 

minutes of either gas was sufficient to kill all larve at the 
end of one hour and ten minutes exposure in the water. 

Successful introduction of a gas into water breeding mos- 
quitos would kill all larve in short time and.would prove a 
valuable agent in the reduction of breeding. But from the fact 
that the average native is not over-careful as to the kind of 
water he drinks, extreme caution must be used in the gas 
used. Under certain conditions it would be quite effective to 
introduce suitable electrodes into saline waters breeding 
mosquitos and destroy these by the liberation of chlorine gas 
through electrolysis. 

2. The Adult Stage: Elsewhere it had been stated that the 
food of the female Anopheles transmitting malaria is probably 
restricted to human blood and that this exclusive diet was 
reached by a gradual adaptation and restriction to the human 
race, covering probably centuries of time, and probably at some 
period thereof has been accelerated by the introduction and 
establishment of the malarial parasite. That such mosquitos 
are restricting themselves to inhabited regions is clearly in 
evidence on the Canal Zone. Regions away from habitations 
have habitats which are identical in every respect to those on 
the Zone which breed albimanus, and yet they are sterile 
as to such species. Nor are there adults of such species in the 
bush nearby. In the malarial mosquitos this restricted adaptation 
is not as complete as that of the yellow-fever mosquito, Aedes 
calopus Meigen, but an unmistakable trend in the direction 
of greater restriction is plainly in evidence. Females pre- 
dominate by great percentage in all traps attached to buildings 
and in mosquitos caught inside of buildings. The proportion 
is as high as 250 : 1. Smears of the stomach contents of over 
a hundred males caught in Gatun barracks showed no case 
of a human blood meal. It is also quite probable that if males 
did suck human blood, some member of the sanitary corps would 
have noticed instances of it. It seems that the male Anopheles 
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does not suck human blood. Occasionally females are found 
with the antennz quite plumose, so much so as to resemble 
males at first sight. Therefore all supposed males seen sucking 
blood should be caught and examined carefully as to sex. 

Observations at Gatun suggest that a blood meal is necessary 
before normal oviposition can take place. Darling (1910 p.27), 
records a case of a virgin Aedes calopus with developed ova 
after it had but one meal. In another place he states that the 
eggs from virgins are sterile. In the laboratory, freshly emerged 
tarstmaculata did not copulate during the first two days when 
deprived of all food, but a few did so on the third day. Whena 
meal was given the first day, copulation was noted early the 
next day. Dissection of females three days old showed the 
ovaries most developed in those individuals which had had food. 
The daily flights to Gatun were in quest of food, and the morning 
return flight was most probably for the purpose of oviposition. 
That it was not for shelter 1s evident since abundant shelter 
is found under buildings in Gatun, and this shelter was made use 
of by large numbers of mosquitos. It appears from the few 
observations made that copulation takes place in the air, 
during the morning return flight. Occasional males were 
picked up in the flight to Gatun, but always near the breeding 
place and during the morning return flight. More males were 
noted at the return flight than in the evening one. ° 

Laboratory experiments indicate that after a good blood 

meal an Anopheles does not bite again until after the pellet of 
waste is evacuated. When no blood meal was available, 

Anopheles were seen to suck water. Usually after a meal on 
ripe banana, a drink of water was taken. 

Kept in a screen cage of about two cubic feet, and controlling 
light, heat and moisture as much as possible, with a few crushed 
raisins as food, adult tarstmaculata were kept alive twenty-six 
days. How long they may live outdoors cannot be said, 
however, it appears certain that they cannot be as long-lived 
as are some of the mosquitos of colder climate. The severity 
of heat and moisture lower the life duration period, and the 
depreciation brought about by this check is counterbalanced 
by increased reproduction and more rapid development of the 
pre-adult stages. 
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Reference was made to the habits of the night-jars*, which 
appeared when mosquitos were in flight and fed on them. The 
numbers thus eaten are not large. The main food of these 
birds consists of hemiptera and ants. Bats were noted only 
sparsely, while tree frogs, spiders and lizards were seen fre- 
quently catching Anopheles. By far the most destructive 
agent in the mosquito’s environment is man and his various 
measures. 

The ‘effect of oils rubbed on the skin, as a repellent to 
Anopheles, was tried out at the marsh, but the negroes who 

smeared themselves concluded the oils were more bothersome 
than the mosquitos. Pyrethrum was also burned. The method 
used was to place a negro into each of the four mosquito-bar 
nets and after about two hours of exposure, the nets were tied 
at the bottoms, placed into a closed room and the mosquitos 
killed with sulphur dioxide. The tent with burning pyrethrum 
was the furthest away so that the wind would not carry the 
fumes to the other tents. 

| Oil of Oil of 
| Sassafras Creosote | PYtethrum Check 

: a | ae. 

/Mionbaaginie cen aaeoeaber cee al 6 4 3 5 
‘aireriankeeollewegis 4 Se sbaace es 5) 508 163 298 321 
Meeniochynehtts.). 4. .4.0.. | 2 5 2 28 
Giulextsppy wire iscctersh cen | 19 13 | 12 69 

TUS, etme eae Nees SSOS 7 ik 5 he 185 315 423 

The oil of creosote was the most effective repellant, whereas 
oil of sassafras seemed to attract Anopheles. Reduction was 
most marked with the culex spp. The men in the nets reported 
many instances of Anophelenes biting through the film of oil. 
There is a fruitful field of investigation still open, which should 
yield a substance with which we may attract thousands of 
mosquitos, and by the arrangement of traps, destroy these. 
Experiments on the Zone yielded nothing worth while so far. 

* The weight on the stomachs of the four birds killed was: 3.55, 3.5, 4.05 and 
3.9 gms. They contained 49 large yellow ants, 30 pentatomids, 6 coleoptera and a 
mass of greatly disintegrated insect remains. In the esophagus were found five 
Anopheles, and in the mouth cavity of one bird were two more. 
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C. BEHAVIOR. 

1. Flight. 

a. By Direct Observation. 

I. The Le Prince Observations: Mr. J. A. Le Prince 
detailed sixteen sanitary inspectors to report at Gatun on 
March 28th, 1913, to observe the evening and morning flights. 
A graphic representation of the positions taken and the facts 
obtained are given in the following two charts and map. A 
line of observers was strung on the peninsula and the island, 

parallel to the old French Canal, intercepting the line of flight 
of the mosquitos for more than a mile. Four additional observers 
were stationed along the railroad at and beyond New Gatun. 

EVENING OBSERVATIONS 

Le Painece Exp. 

Clulex Flight) ended Pee 
Wa 

culete Flight Anopheles noted 

— > 

Anopheles 
noted 

vit vil ix v/ Vv Ve xX WW 1 

The instructions given were: 

To observe (1) when the first culex appeared; (2) when the 
first Anopheles appeared; (3) when the culex were thickest; (4) 
when the Anopheles were thickest; (5) when the culex flight 
ceased; and (6) when the Anopheles flight ceased. The men 
were at their posts by 5:30 p. m. on the 28th and by 5:30 
a. m. on the 29th, early enough not to miss anything. 

The charts show a fairly even flight along the line parallel 
to the breeding place. The evening flight began at a little 

MAx- 
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aiteq si Peeim., its maximum ab about 6:40 p.m:, and was 
completed by about 7:00 p. m. The morning flights began at 
about 5:55 a. m., the maximum return Anophelene flight at 
about 6:05 a. m., ending at 6:25 a.m. The Anophelene return 
flight ended sooner than did that of teniorhynchus. The 
morning flight is shorter in duration than the evening one, is 

marked with greater precision than the evening one and takes 
place higher above the ground than during the evening. 

MORNING OBSERVATIONS 

LePrince Exp. —— 

aaa bie 

amen 
Se 
gin 

at Getun CZ - Mar. 29 ‘19 

-o 

Distances not recorded: 
7 

2300° = xvi 3620 Ft- 
astern Field = 4 

4460 ° 
3080 * 

The important facts obtained during this extensive experi- 
ment were: 1, the finding of blood in mosquitos of the return 
flight; 2, finding of males in the return flight; and 3, the definite 
mechanical adjustment to light intensity. More such experi- 
ments as these of Mr. Le Prince are needed; they yield more 

useful data than a lot of learned speculations over a few ideas. 

II. Observations from Boats: While mosquitos were being 
trapped at the swamp, two inspectors in a small row boat 
moved up and down the old French Canal, and by lying on 
the bottom so as to have the sky for a background, one of the 
men would observe the mosquitos as they flew past. This 
method was the first used to learn that a flight actually was 
taking place. 
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b. Demonstration of Flight. 

I, The Staining and Recovery of Marked Mosquitos: In 
his previous paper (1913-a) the writer devoted considerable 
space to the need-of collecting large quantities of larve and pupz 
and how these should be treated to yield a maximum amount 
of adults. At that time this was the only way adult mosquitos 
could be had in sufficiently large numbers. At Gatun, as 
already stated, the conditions met with presented a great 
improvement over this tedious and often disappointing method. 

ML GATUN CZ 

OLD \ #4 “/ FRENCH ca NAL | BREED! KG THE LE PRINCE EXPERIMENT 

f AREA | 

iv 

e 

HYDRAULIC FILL a 

The Anophelenes and Aedes teniorhynchus were so prolific 
that several thousand could be trapped within an hour. The 
special advantages of this, aside from the saving of time and 
expense, were, (1), that the adults matured in their natural 

environment and not in breeding cages; (2) they were an 

integral part of the hordes which would begin that same night 
their hasty journey to Gatun; (3) they were caught the same 
late afternoon they were to be liberated and could be set free 
at the exact moment that the flight began. The only unnatural 
feature was the addition of the tiny speck of anilin dye, but this 
can hardly produce much inconvenience to the mosquito since 
the spray used was extremely fine. If the spray had been very 
coarse and prolonged, it is easy to see how the speck of dye 
would cause mechanical irritation. 
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Mosquito bar nets were stretched out at the breeding place, 
three sides of which were in close contact with the ground while 
the remaining side was raised about a foot or so from the 
ground. At about 5:00 p. m. a negro was placed inside of each 
net, with instructions to prevent as far as possible mosquitos 
biting him. Within an hour Mr. Negro shared his net with a 
thousand or more noisy mosquitos. More mosquitos entered 
nets when these were kept dark. | 

The noise made by these dens of voracious, unrestful 
culicids, their persistent, unceasing attacks, and the endurance 
of the willing and patient negroes, are things that can never 
be forgotten by those who had witnessed them. 

After having the nets full of mosquitos, the next step was 
to spray them. The usual vaseline nebulizer was used, and a 
1 : 100 solution of anilin dye in water sufficed to give enough 
color to the mosquito so as to be easily recognized if found 
later on. Spraying was facilitated by illumination from the 
outside. Two net-fulls of mosquitos were killed after sprayed 
and when tested showed a percentage of 98 positive. Within 
fifteen minutes after spraying the nets were inverted and the 
mosquitos allowed all the freedom they cared for. It was 
assumed that at, the end of this period a sufficient number 
would be in condition to take part in the flight to Gatun. 

At the same time similar nets were placed opposite the breed- 
ing place and elsewhere, with men, dog or hens as bait, and the 
mosquitos thus caught were examined for color. The results are 
given elsewhere. It is well to state here that due to the fan-like 
spreading of mosquitos from the breeding place, and the 
unusually well-screened and protected homes in Gatun, one 
cannot expect a large number of colored mosquitos in the 
houses. The proportion of colored mosquitos to non-stained 
ones is probably as high as one to three hundred. 

The following table gives the time, numbers, etc. of the 
marked mosquitos liberated. The direction, velocity and 
trend of the wind at the time of liberation is also indicated. 
Attention is called to the fact that the winds at such hours 
were generally of high velocity—a fact which should not be 
forgotten when one reads so many accounts that mosquitos 
do not fly when the winds exceed four miles per hour. Such 
speculative deductions are the natural results of looking upon 
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a mosquito from the standpoint of man’s level, rather than 
interpreting its behavior from a dipterous standpoint. 

L. LIBERATED AT SALT-MARSH, 1913. 

| | WIND 

Date | Number} Liberated Color l 
Dir. | Vel. | Trend 

Jan. 21 3,000 9:00 p. m. (Gr Whe N 14 decreasing 
i AD, 3,000 S00 *“ zs | N 11 a 
ty 23 3,000 9:00 “ ,: | N-E 4 4 
: 24 506 e00>2 7 N 11 
« OA 3,000 | 9:00 « ‘ N gaa “ 

25 3,000 9:00 * i N 7 | increasing 
eer 500 Ayame fh W | 5 | decreasing 
eee 4,000 8:00 “ EO W eI 3 
Coen J29 500 5:45. “ s N 19 | : 
patos!) 3,000 8:00 “ ‘i N 17 . 
eure.) 500 aye tay ee 2 wei 14 | ; 
bf 00) 2,000 8:00, 05 ape 10 : 
te yas 2,000 8:00) 37 * Neo 208 « 

Feb. 1 2,000 $:00255 * N 6) S 
3 2,000 8:00) == W 5 s 

s 4 2,000 (45 eS x N 1S) 7 
5 2,000 7:45 “ N 16 | F 

‘ 11 1,200 6:15))>% ‘ N 12 = 

Total liberated, 37,200. G. V.=Gentian violet; Eo=Eosine. 

The above table shows that the actual ideal was not fol- 

lowed, i. e., all liberations should have been done before 6:00 

p. m.:. Howéver, it will’be seen from the data ‘of recovered 
mosquitos, that the first colored ones found were on the 24th 
of January, and the first lot of colored mosquitos liberated 
was on the 2lst. But these did not participate in the flight to 
Gatun until the evening of the 22d. Therefore, they entered 
the buildings either that same evening or the next day. In 
future experimentations of this sort, marked mosquitos should 
be liberated just when the flight is to commence. 

All mosquitos caught in Gatun and New Gatun and 
occasional lots from Spillway Camp, New Frijolles, Monte 
Lirio and Camp Purdum, were tested for color, the method 
used being the same as in the author’s previous paper (1913-a). 
Collection of adults was accomplished in the following manner: 
(1) a daily search through all buildings, made by expert negroes 
equipped with a wide-mouth vial containing a cotton plug 
saturated with chloroform; (2) by means of the ‘‘C. H. Bath”’ 
mosquito trap attached to barracks; and (3) by placing mosquito 
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bar nets under buildings with negroes as bait. A table of 
recovered mosquitos is inserted here: 

M. Cororep Mosguitos RECOVERED AT GATUN, C. Z. 

Distance 
Date | Place Captured Species Color from 

Breeding 

Jan. 24 EVO Gel INO alls See seeeete ae Walbimanus?.: =. |) "Go Vix || 4,875’ 
ae Q.M. D. Storehouse....| 1 albtmanus....... : 1,500’ 
pre DA: Gentent sheds...) 5,2) a1 : x 2,000’ 
es DA Bock Ghamiberas ees TST aes ects: “ 3,000’ 
ie VLD : RNs a aces aera ts 1 tarsimaculata... . EO. | 3,000’ 
o reve y ee Ml paces, Yap re Ll MORE De eaten all SEL | 3,000’ 

Feb. 1 W. of Locks. ...........| 1 tarstmaculata.... 1D; (Os PATI Oe 
a 5 Wockichamber®4-00. 0) 1 ne ae & 3,000’ 
c 7 . eee Pr eK 1 “ | . 3,000’ 
é a UMN Ker OW eaey tye mers ey eee " ee SK) iI ge ment ed 
x 8 Campi Sonar ae il | te 4,125’ 
e 8 BidgNo 1006.2 4... 1 i 5,000’ 
“ 8 Otel Nome ras. teens 1 ¢ . 4,875/ 
oa alll CamprNosonaneeae = 2 & S 5 BAS 
pare EO telsINovdler 34s. 1 s yee © | 4,875’ 
arom kif a ee sre ata Ren 3 iFculex spon ernc: 4,875’ 
foe LL eiCommissanys,. 5.262) letarsimaculaia... |) (GeV. 4,375’ 
eles BidoeiNo,. DOs ce Wore se 2 “ Pal} eA Os | 4,400’ 
eee eae Col. Sibert’ Stig. eon che oe: 1 albimanus....... e 6,200’ 
OS eet US cai ia) eae a 4 tarsimaculata... . i | 6,200’ 
Pe ainG amppAchton-: 14 2 ra. : | DyLA5L 
eee al Administration Bldg... 1 ¢ Batt ss 4,375' 
earls bem live e nae Cy 4375’ 
Sen Sm ai GampeAct Ole selena oe 2 ‘ oe | Hy 5,125’ 

Total: albimanus 5; iarsimaculata 38; culex sp. 1; indet. 1. 
45 recovered—6 G. V. and 39 Eo. 

Attention is called to the finding of a violet colored mosquito 
on the 11th of February, fourteen days after this stain was last 
used. It is hoped an opportunity may present itself to some 
one to be able to stain no less than twenty thousand mosquitos 
one night, and two weeks or so later to stain a similar quantity, 

using a different stain each time. By careful recovery of 
mosquitos in the townsite and environs, one should get some 
idea as to the longevity of individuals. 

The number of recovered mosquitos is not phenomenally 
large, but it is conclusive proof that the mosquitos seen flying 
from the marsh toward Gatun, actually entered that town. 

About sixty specimens were found which showed a very faint 
tinge of color when the testing solution was applied, but these 
were not considered; only specimens which showed a decided 
color reaction have been incorporated in the table. When 
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nets which had been used for staining mosquitos were to be 
used under buildings, a careful search was made to eliminate 
any dead, colored mosquitos which might be entangled in the 
meshes of the net; and if by any chance a hard-dried mosquito 
was found among a fresh lot, it was always discarded. In 
this way it is believed all chance errors were eliminated. 

From Feb. 8 to 21, mosquito bar nets were placed at several 
sites, with negroes again as bait, assisted at times by dogs and 
hens. During these trials 173 colored mosquitos were recovered. 
Those near the marsh do not figure in the table of recovered 
mosquitos. The following table presents the data for twenty- 
four separate nets, during six days. The Anopheles take mostly 
to men, not merely because of larger surface area, but because 
these insects prefer human beings to dogs or hens. 

N. Mosguitos CAUGHT IN TENTs, 1913. 

Locality KMebs| Barty Agta ba Cm ehotal Recovered 

niydrawlie shill ee Sie) Elen! sel ial 1 6 19 | none 
Oe) 8 | Man | 7 | 342 | 85 | 53 | 487 | 25 T-red; 3 C-red. 

u & 8 “ 114 | 641 | 41 | 761 772 | 21 T-red; 2 C-red; 
1 T-blue 

Penimsiulaz eee Sil lems |2on eee On| aoe 1 C-red 
Sn MRR eae ee 1 || MDyoyee 5 || 4 9} 18 | none 
e Sons seecall th penser PW OVEs I TO |S als) ICO. |) 7 Waeetels 2 (Caraerele 

| 1 T-blue 
Hydraulic Fill.....} 10 | Hen | 1 | 108} 11} 10) 1380 3T-red;1C-red;1 T-blue 

f Cee LO eViane Oatooon meson mOUN Oso 27 T-red; 8 C-red; 
| 4 Te-red 

bs Sek eoralell a 9 | 578 | 12 | 20! 619 | 22 T-red; 4 C-red; 
| ; 1 Te-red 

Beninstulannee ees UD sh Blears Mio iL oe. 3 | none 
Se SRE AN LOS Doz eee ee 1 2'| 12 | 1 T-red; 1.C-red 
- sooba donee tir Wy IMG Nes ele ipl 3 3 57 2 T-red 

Cols sibertsss-n4.. 11 | Man} 1 7 | 46 8 | 62 1 A-red; 4 T-red 
labyoleanblbre Ta Ue S oh IPE Sy be Seal pees 15 | none 

£ Es eer ely s 1| 69 Bes il 76 | 4 T-red; 1 C-red 
b eee SunADOAM ae 6 | 478 | 64] 48 | 596 | 28 T-red; 3 C-red 

Administration....| 12 | “ | 148°) 202" So en) 1 Dred 
ColzSibertish. 5.2 12 x be uiloRD 4 2 8 none 

: ee Pere sot aea| acl bes S oe 3 5 5 13 s 
Administration....} 13 = S427 A aba aoe 3 T-red 
Hydraulic Fill.....| 14 e 8 | 258 | 27 | 201 | 493 Rain throughout, 
Des i“ tage fie as 4/278) 14) 168] 454 ||heavy at 7:00 p. m. 
Peninsular e225. 14 Ota tevalieol PIN Gab |W 0) Note abundance of 
Administration....| 14 |- “ |...| 22 1| 13 | 36  ||culex,mostly Mansonia 
Sok titillans. 

- Time: 8th-11th, incl. from 5:00 to 8:00 p. m.; 12th, 5:00-6:15 p. m.; 12th Admin. 
bldg. and Sibert’s, 6:00-8:00 p. m.; 15th, 5:00-7:00 p. m. A=albimanus; T=1arsi- 
maculata; TE=teniorhynchus; C= Culex spp. 
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About fifty per cent of the mosquitos in the nets having 
dogs or hens as bait, showed blood meals, but there is no way of 

telling whose blood it might be. In one net, a patient negro 
combatted no less than fifteen thousand sand-flies! Horseflies 
occasionally appeared in nets. 

II. Quimby’s Intercepting Planes: Mr. E. Frederic 
Quimby, a Division Sanitary Inspector, invented and had 
patented a contrivance by means of which he could detect 
the direction of flight of mosquitos. In principal his apparatus 
is much like that used in Massachusetts to trap young cater- 
pillars carried by the wind. Haskell (1913) described the appa- 
ratus and the claims given to it by the inventor. 

The scheme consists of a metal frame, holding four equal 
plates of glass, about a foot square each, at right angles to each 
other from a common vertical. The framework is mounted 
on a tripod which can be adjusted for height. The plates are 
smeared with a thin coating of transparent tanglefoot when 
in use. 

The data of his tests are abstracted from his reports to the 
Chief Sanitary Inspector, and are graphically represented in 
the following plate. In every instance the instrument was set 
up at places where flight of mosquitos was known to be occurring. 

Thus far there is very little data on hand to validate the far- 
reaching conclusions made by the inventor, however, in making 
this statement the writer does not wish to convey the idea that 
the apparatus is no good. The principal is right, and all it 
needs is sufficient experimentation to perfect it. If several 
instruments were set up and worked without man’s presence, 
the resulting catch would give valuable clues as to the direction 
of the breeding place from the town-site. Once the instrument 
is known to be fairly accurate, its use may become general in 
indicating those areas about a given town-site which require 
thorough sanitation, and the elimination from control of areas 
suspected as dangerous but which the experimental data shows 
relatively safe. 

Referring now to the diagrams, the dots represent mos- 
quitos actually caught on the sides nearest which these appear, 
and the arrows indicate the direction of the wind at the time. 
With a wind of 19 miles per hour at Mount Hope, “A,”’ one 
mosquito was found as indicated, and the conclusion was at 
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once reached that the breeding place was to the south-east of 
the instrument. But that same evening, the same place and 
but an hour later, the wind increased to 25 miles per hour, and 

as is shown in “‘B,”’ there were seven mosquitos caught on the 
north side of the east plane! If the conclusion based on the 
single specimen in ‘‘A’’ was correct, then the seven mosquitos 
under ‘‘B”’ indicate a breeding place to the north-east. The 
discrepancy is due to the fact that the inventor was close to 
his instrument, to the north-east of it, and mosquitos attracted 

QO- Quimby's Data. 

to him were blown against the glass sides due to the high 
velocity of the wind at that time. Mr. Quimby states in his. 
report that although mosquito activity was quite observable, 
it ceased entirely fifteen minutes after the wind increased to: 
twenty-five miles per hour. 

The remaining four charts refer to Gatun, and in this case 
the breeding place was definitely known to be to the west of 
the instrument. ‘‘C’”’ and ‘‘E”’ are evening tests, while ““D” 
and “‘F”’ are morning trials. In case ‘‘F”’ the wind was from 
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the south-west and therefore some irregularities occurred. In 
all cases the instrument was set about four feet from the ground. 
More mosquitos were caught during the evening flight. This is 
because the morning flight takes place higher in the air and 
the instrument was too low down to intercept it. 

Inasmuch as the glass planes are a barrier to the wind, 
it is worth while to consider the fact when deductions are 

being made. Our results, covering several years of records, 
show more mosquitos caught in traps on the leeward of buildings 
than to windward. Examining Quimby’s charts, a similar 
condition appears to exist. Cases “‘C”’ and “‘E”’ show more 
flies on the south side of the west plate. The mosquitos fléw at a 
quarter to the wind, i. e., in a south-easterly direction. There- 
fore more mosquitos should have been found on the west side 
of the south plate and the north side of the west plate. The 
actual catch shows more mosquitos on the lee side, and there- 
fore the breeding place should have been to the south-west and 
the mosquitos bound for the north-east, which of course was 
not so. 

A few tests were made using copper screen instead of glass, 
but the tanglefoot produced a coppery odor and verdigris, 
the results proving negative. A cloth screen, larger in area, 
would probably yield better results. One instrument is not 
enough; as they are inexpensive, several dozen should be placed 
about a suspected area, much on the order that mines are planted 
across the paths of ocean traffic. And not the least in importance 
human beings must keep away from these screens as long as the 
mosquitos are active. 

2. Mosquitos Harboring Under Buildings. 

Since the houses in Gatun are so well screened, and cracks 

in the floors and walls stopped up, mosquitos enter with much 
difficulty, the majority of them gaining entrance as doors 
are opened and closed. It was hardly thought possible that all 
the mosquitos that flew to Gatun one evening, returned the next 

morning. Therefore mosquito bar nets were spread under four 
buildings and a negro placed under each one, equipped with a 
chloroform-filled killing tube. His instructions were not to 
impede the entrance of mosquitos and to catch all that entered. 
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The data is summarized in the following table. (Alb—aldz- 
manus; Tar—tarsimaculata; Tae—tentorhynchus; Tit—Man- 

sonia titillans). 

P. Moseuiros CAUGHT UNDER BUILDINGS, GATUN. 

DAYTIME CATCH. 

Anopheline Non-Anophelinz 

eoeaaaeal Days | Periods Total 

Alb altar Tae Tit | Others 

MA f=, )> pe ee Ss: a i ! 

Athens lines 108* 37 | 11,604 | 3,496| 258 | 766 16.161 
PercentrobstOtallesses eater |e: Cake PANEL pe NEN Ga ey 
Average per period........... 0.3 LIES 83. Gay Zep 7.4 155.7 

Males taken. ee eA eMart to 1 | 265 No count kept 

*Four eee lost arouenn invasion of ants. 

Thus it is seen that at least 112 Anopheles lingered under 
each building. Assuming that there are only one hundred 
buildings in Gatun, then each day there harbored under these 
houses no less than ten thousand malarial mosquitos. And 
considering New Gatun, open and unscreened, one must use his 

imagination freely to arrive at some suitable conclusion. Had 
it not been for the thorough treatment given in the past to 
malaria sufferers, and had not a daily search been made in all 

buildings for mosquitos, then surely the malarial rate would 
have leapt upward, probably paralyzing for some time the work 

at this important section. 

All males caught were examined microscopically for the 
presence of blood in the digestive tract, but all tests proved 
negative. In nearly all females of Anopheles blood was found 
but since only a very few showed a very recent meal (upon the 
negro bait), it was reasonable to suppose that the males were 
taken the night previous. Chironomide appeared in great 

numbers at times, and from April 8th to 12th, out numbered 

by far the total mosquito catch. 

The hourly distribution of mosquitos caught during the night 

is given in the following two tables. The actual paucity of data 
permits of no accurate deductions. However, it is significant 
to note the conspicuous catch of 233 tarsimaculata under 
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Colonel Sibert’s home, from five to six a. m., the time of maxi- 

mum activity in mosquito world. The writer recalls that 
mosquitos were always most active during dusk and dawn, 
when he was making all-night observations in tents. 

Q. At Gatun Locks, FEBRUARY 18 AND 19. 

Hour Ending at i 

P. A. 
ss ides | a 

CANS NEN TOE Ah AAP SS ea Tsk ett das) ies ° 

LOU GNUST Awe re 5 ie lrg 6) 4 SH ae) Le ee 1 BA X33 
tarsimaculata........ 40 | 18 | 41 | 95 | 88 | 47 | 51 | 22 | 19) 14 | 12 | 34) 481 
teniorhynchus....... Bree Phe SAUL es bh esata eee | ete ean ae oe =o deta 2 2 
CULCRESD Penk eh rear rales Deacon | eee oa 1 OAM ores 5 
IGE’ SETH ES Sees Os ala heel ase BIE SOAS oc Ba P| 1 A 2 eG 

aQUbManus= ere 1 2 iE eee her | gee 1 1 6 
tarsimaculata........ SOM ea he eoin|e ed 8 |-12 6) 8 | 21} 14} 142 
teniorhynchus....... Fataill eats [Poe a ee Ef 1 1 
GULEXES DD oeeeee ne: DF Wiehe aed eee: 1 Lalla il 
Wh WHOM TOS on conse (Oye aw abel sci 1 1 Th) Bathe A Se 

R. Ar Cot. Srpert’s Home, FEBRUARY 15, 18 AND 19. 

eae Hour Ending At Se ie 

P.M. | A.M 

eres Oae ROU it ta 2 eS inal ol Gi tis 
| a 

GIOUMGNUS prtoal (teeta | 3 1 | 1 2 2 9 
tarsimaculata........ 1 2 2 Tape ts yi 2 Ih tose ats} 5 4 2 | 60 
tentorhynchus....... Bi 1 Ak ee NR a rs lives a ne ae i xi HE ab 
CGULERESD Pate eae lie 2a 4 aes A) elle 5 14 
WVIESIHVAWS cee Gee oO Mea LO mMase | ase ales 24 2608 D222 

albimanus........... plea Re OS acl rl 2 1/12/ 20 
tarsimaculata........ PAN Seemed = FAS aN ALE N76 1 1 3 17 233 | 292 
teniorhynchus....... ae Dells ast tl letnste) [ha tase a Samay oe iN ‘A Dealieaen 
GULERISP Patios ree ak eke 2S Dyes 1 Thee A riba | a aS) 
WME BUT OSS. SS ALN ese en | oe Oe el less eT tes eee sa a een Al lines if 

ClDUMANUS eee Sila l|oa par 1 AS 1 9 
tarsimaculata........ Thal Grek eke Hele Paait a| Daley Poor leoula2e| 4a 208 
teniorhynchus....... See Ror Pek eee ees Tha eees Sa ae el os 2 
CULELESD PrN: | Le ln Peeenl ee: Aislin ee 74 {Pal ae 2; 8 
MER Aan Swe aeh Ton ladder | oleae lie Del ae outh LA: 9| 8&7 
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The data for the mosquito catch under buildings during the 
daytime shows that 33.42% of the total catch is made from 
6:30. a. moto 8:00 'a.. mm. Several “tests were made tommonre 

whether the color of the ground had any effect on numbers. 
White and black ground were used, and the day’s catch of the 
two was taken as 100%. Of this white ground yielded 39.33% 
and black ground 60.67%. The question of color of barracks, 
color of interior, color under houses, location of doors, of 

windows, etc., have greater importance in the reduction of 

the numbers of mosquitos than is at first believable, and more 
definite studies along these lines are needed. 

3. Securing Food and Eating. 

To describe adequately the voracity of the female tarst- 
maculata or teniorhynchus is to attempt something bordering 
on the impossible. For indeed language falls short when one 

tries to narrate what he has witnessed. No matter the time 
of the day or night, just as soon as one left the boat and entered 
the jungle of the marsh, hundreds of hungry mosquitos flew 
forth to warmly welcome the intruder. And if the intruder 

had come just as dusk appeared, the welcome he received was 

simply tormenting. Despite all efforts to drive these mosquitos 
away, he would carry with him no few bites. Laboratory 
tests showed these two species ready to suck blood when but 
eighteen hours of age. 

There is preference shown to leather leggings and khaki 
cloth. Since these have a definite odor, probably odor as 
well as color are the attractive features. Never was there 
noted an indisposition to eat, and satiation bordered always on 
gluttony. The proboscis, aided by the palpi, probed assidu- 
ously khaki, leather, etc., very often succeeding through cloth. 

When the proboscis enters the flesh, very little pain is felt, 
i. e., not nearly so much as some Culex can produce. Fre- 
quently the beak is withdrawn and reinserted with increased 
vigor. Not infrequently females would so gorge themselves 
with blood that the hind feet could no longer sustain the weight. 
The normal position of the mosquito is with the body at forty- 
five degrees, but when feeding, this position of the mosquito on 
the person is not of such great importance. Mosquitos were 
seen hanging from the under side of the arm. When the 
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abdomen hangs vertically, the mosquito cannot gorge itself 
as much as when in other positions. By placing a paper prop 
under the abdomen, so as to sustain the weight of the body, 

the mosquito was able to gorge itself to its utter satisfaction. 

Leather leggings were rapidly lined with mosquitos. By 
covering one legging with light colored paper, very few mos- 
quitos alighted thereon. When black paper was used, more 
mosquitos were attracted. When the leggings were thrown 
away, mosquitos still alighted on them in hopes of finding 
flesh. After sprinting, so as to promote perspiration, and 
then covering the bare feet with white paper, mosquitos alighted 
in numbers on the paper, but when black paper was used, 
nearly triple the number of mosquitos appeared. The sox of 
negros when thrown into the bush were found to be covered 
with mosquitos. All this tends to show a similarity of odor 
between khaki, leather and flesh, and that darker colors are 

preferred to light ones. 

At the breeding place, and later confirmed at the laboratory, 
interesting feeding reflexes were observed. The Anopheles 
and Aedes were so voracious that their persistence in getting 
their proboscis into flesh was remarkable. Once inserted, the 
mosquito became almost insensible to pain or to intense light 
or heat. 

Hitting the mosquito with a pencil was not enough to cause 
it to fly away. Bright sunlight focused upon it with a mirror 
was effective only after the stomach was well gorged with blood, 
and quite likely the mosquito left for other reasons. When 
heat rays were applied to the abdomen by means of a lens, a 
mosquito quickly flew away. To continue and learn how far 
mutilation could proceed, the abdomens of eight mosquitos 
were quickly severed with fine dissecting scissors. In three 
cases the mosquitos kept on sucking blood despite the injury. 
The remaining five flew away, and of these four returned for 
another suck of blood. This sort of behavior savors of the 
fictitious, however, it proves how deeply implanted may be a 
stimulus such as hunger, and how slavishly it is obeyed. 

When allowed to feed unmolested, and holding the hand 
toward the sun, the writer was able to observe the passage of a 
liquid through the proboscis into the flesh, presumably salivary 
fluid, and following this, he could see the blood being sucked 
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up. Then came a strange performance. From the anal 
opening squirted out small droplets of clear liquid, shghtly 
alkaline, and which the writer believes may be a part of the 
salivary fluids which entered the wound. These droplets 
soon assume a light reddish tinge which gradually increases 
in depth until blood-red. By allowing these droplets to fall 
upon a cover glass and examining these microscopically, it was 
learned that they actually were human blood. Darling (1912, 

p-14), refers to a similar reflex. In 1902, Schuffner noted 

the same performance, and probably further investigation will 
show that the salivary fluid which enters the blood is not for 
the purpose of preventing coagulation, but rather to flush out 
and prepare the alimentary tract for the blood meal. Labora- 
tory experiments made by the writer indicate that after an 
Anopheles has gorged itself with blood, it does not feed ae 
until the pellet of waste had been expelled. 

The insect gorges itself with blood until often it increases 

the weight by two times. Darling (1912, p. 14), gives the 
weights of several albimanus, his data being: 

Bred in laboratory, 24 hours old, midgut empty..................... 0.0008 gms. 
Bred. in laboratory, moderate blood feeding...:............2..0..... 0.0016 gms. 
Caught in labor cars, some blood in midgut, half-developed ova...... 0.0019 gms. 
Caught in labor cars, much blood and early development of ova...... 0.0035 gms. 
Caught in laber barracks, blood in midgut, no development of ova... 0.0018 gms. 
Caught in labor barracks, blood in midgut, no development of ova... 0.0021 gms. 

4. Regarding the Behavior of Anopheles. 

(General) 

Behavior is adaptation to the environment. The focus of the 

environment and the behavior of the organism is the physio- 
logical state of the animal—a dynamic condition. External 
stimulh, if they are to cause change, must enter and alter the 
existant physiological state. If the stimulus does not produce 
movement, it may produce a new change in the physiological 
state. But a given stimulus which produced a certain change, 

may not produce the same ecleala always. For example, 
hunger may modify a response. 

High humidity, winds, salinity of water, etc., may alter 
the environment and by so doing, create a condition of stress. 
The result of all change is relative unstable equilibrium, and a 
tendency exists to relieve this stress and approach equilibrium. 
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This often means collision with unfavorable conditions, and the 

animal moves away, a negative response. If it copes repeatedly 
with such new conditions, it must become attuned to these 

conditions. If it cannot do so, it must give in to that form or 

association of forms that can become attuned. Successful 
attunement results in greater hardiness and ability to cope well 
with other new conditions. 

The gradual domestication of A. albimanus is the result of 
just such collision. The condition today is not the result of 
some sudden change, but represents gradual attunement. And 
probably the fact that the breeding at the swamp, which at 
first was largely albimanus s. s., later changing almost entirely 
to tarstmaculata, which presented conditions of extreme salinity 
and a difference in specific gravity, 1s another demonstration 
of just such collisions. There probably exists among the total 
of any species groups of individuals having one or more strains 
in them which permit them to endure conditions of greater 
stress. And so we may readily suppose that the transition 
from true albimanus to the racial variety tarsimaculata is the 
result of just such existant strains. 

(Specific) 

Regarding flight, two definite facts appear; (1), there is 

a marked flight during dusk and dawn, and (2), this movement 

stops with almost mechanical precision when there is too much 
or too little light. The evening flight was always low and 
deliberate. That of the morning was characterized by haste 
and took place higher in the air. The factor which determines 
the height at which the flight occurs is probably humidity. 
The duration of the flight depends upon the duration of the 
zone of light of that degree of intensity to which the mosquitos 
are accustomed to. 

Several laboratory experiments were made to determine the 
reactions of these mosquitos to light. A large number of A. 
tarsimaculata were confined in a large glass jar which was 

covered with several thicknesses of black paper. The top was 
covered with a board in which was drilled a one-half inch hole. 

Upon this cover was placed a lamp chimney with the top of 
it covered with gauze. 



268 Annals Entomological Society of America |Vol. VIII, 

(a) The apparatus was set up in front of a window. No 

mosquitos entered the upper chimney until the sun was low 
and dusk appeared. Then they appeared in large numbers 
and congregated about the gauze top. At dawn they also 
appeared on this gauze top, and they attempted to get away. 

(b) Repeated, excepting that the chimney was covered with 
light paper so as to produce within a semi-darkness not far 
from that of dusk. Apparatus set up in front of window in 
bright sunlight. Mosquitos entered the top chimney irre- 
spective of time of day. By removing the paper cover, they 
scrambled to get into the lower dark cage. 

(c) Modified by removing the gauze top of the chimney and 
by adding to this chimney another one. The top chimney 
and the bottom one were kept dark within. The middle 

chimney was kept in semi-darkness. Mosquitos entered middle 

chimney. The wrapping of this was then taken off, thus 
admitting bright light. The mosquitos flew into the upper 

dark chimney. 

These crude experiments and the field observations show 
that these mosquitos are attuned to that range of light intensity 
which occurs during dusk and dawn. When this optimum 
intensity is increased, the mosquitos become negatively 
phototropic. 

When hungry, mosquitos are positively chemotropic and 
this stimulus may alter the effects of intense light and lessen 
greatly those of heat. 

During flight the phototropic response is the dominant one. 
But observations seem to indicate a positive anemotropism, 
i. e€., an orientation with reference to the direction of the wind. 

The mosquitos seem to fly at a quarter to the wind. ‘The flight 
at Gatun was more than one mile and was made in one con- 

tinuous flight. The observations of Celli in Italy that Anopheles 
do not fly further than from two to three hundred and fifty 
meters, indicates a different set of conditions existing in Italy 
than in Panama. One of the very first things to do in malaria 
sanitation is to learn the species involved, which of these trans- 
mit malaria, and then scour the literature for all facts regarding 
the behavior of the disease-carriers. Then studies should be 
carried on to learn something definite about the flight factors, 
and these studies cannot be of value unless the entire environ- 
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ment is considered. Such information may indicate the 
particular places which require strict anti-malarial measures, 
and may eliminate from thorough treatment certain suspected 
areas, thus reducing greatly the cost of sanitation. 

SUMMARY. 

(1). The study of the behavior of mosquitos has important 
value to the sanitary inspector in that this study gives him 
important clues as to the measures to adopt, which areas to 
control, and where best to locate temporary or permanent 
camps. 

(2). The factors of wind, temperature and humidity are the 
most important in the adult mosquito environment. The 
winds at Gatun are relatively high, but they die down con- 
siderably as dusk appears. 

(3). The salinity of the water equalled that of the ocean, 

but did not inhibit breeding. Ordinarily, the water of the 
salt-marsh is greatly evaporated as the dry season advances, 

and its salt content so increased that mosquito larve cannot 
live therein. However, there was an increase of rains the latter 

part of 1912 which so diluted the water of that marsh that the 
subsequent evaporation did not increase the salt content 
beyond the critical point. 

(4). The life cycle of Anopheles tarsimaculata was found 
to be from seven to nine days. 

(5). Direct observations from boats and on land showed 
a distinct flight of hordes of tarsimaculata and teniorhynchus 
toward Gatun, beginning at dusk, and lasting about thirty to 
forty-five minutes. There was a return flight from Gatun 
to the breeding place beginning at early dawn and lasting 
until objects could be easily discerned, about thirty minutes 
duration. This return flight takes place higher in the air, and 
is characterized by haste. 

(6). The flight to Gatun was experimentally proved by 
liberating marked mosquitos at the swamp and later recovering 
them at Gatun. 

(7). Copulation probably takes place on the return flight. 
More males were found near the marsh during the return flight 
than during the evening flight. 



270 Annals Entomological Society of America [Vol. VIII, 

(8). Mosquitos were found to harbor during the daytime 
under buildings in Gatun, a low estimate placing the ftarsi- 
maculata population under buildings at ten thousand per day. 

(9). The tarsimaculata and teniorhynchus exhibited extreme 
voracity, and would continue to suck blood although placed 
in direct sunlight. While feeding, the abdomen of several 
adults was snipped off without causing apparent pain or total 
cessation of activities. 

(10). These mosquitos would alight on a coat ‘hanging on a 
tree, or in a cast-away pair of leggings. Odor probably is the 
main impulse, though preference to dark colors is shown. The 
mosquitos actually were trying to sink their proboscis into the 
leather and cloth. 

(11). Both species, when allowed to feed unmolested, 
ejected from their anal openings droplets of clear fluid which 
later became tinged with reddish, finally resulting in pure 
blood. ; 

(12). Behavior is defined as adaptation to the environment. 
Successful attunement to the environment infers repeated 
collisions with unfavorable conditions and successful coping 
with these conditions. The apparent domestication of albi- 
manus appears to be the result of such attunement brought 
about through combatting successfully new and _ adverse 

conditions. 

(13). During flight the phototropic response is dominant. 
At the breeding place this tropism is often over-ruled by that of 
hunger. When in flight, the mosquitos seem to adjust them- 
selves with respect to the wind so as to gain the greatest benefit 

therefrom. 3 
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SOME NEW CHALCIDOID HYMENOPTERA FROM 
NORTH AND SOUTH AMERICA. 

By A. A. GIRAULT, 

Bureau of Entomology, U. S. Dept. Agriculture. 

1. Pseudleptomastix new genus of the Ectromini. 

Female: In my table to the earth’s genera runs to Paraleptomastix 
Girault but the form is not robust, the head not lenticular, the face 
deeply inflexed, the scrobes joined above, the stigmal vein subequal to 
the marginal which is about two and one-half times longer than wide, 
yet distinctly somewhat shorter than the postmarginal. The costal cell 
is extremely narrow, practically obsolete for its greater length. Hind 
legs normal. Frons broad, sloping, the cheeks nearly as long as the 
eyes. The two teeth of the small mandibles acute but unequal in 
length. With the general habitus of Ooencyrtus. Hind tibial spur very 
minute. 

(1) Pseudleptomastix squammulatus new species. Female. Genotype. 
Length, 1.00 mm. 
Dark metallic green, the thorax purple, the abdomen black or 

nearly, the fore wing slightly dusky throughout, its venation dusky 
yellow. Antenne black but the club, apex of scape and of pedicel rather 
broadly, yellowish white. Mandibles reddish. Legs yellowish white 
except caudal coxze and femora to tip, a broad dusky band around 
middle femora near base and a spot above at apex. Head coarsely 
scaly, the thorax dorsad rather finely so, the triangular scutellum 
somewhat finer and denser than the scutum; abdomen across base 
densely scaly. Scutellum not reaching base of the abdomen, the 
axille a little separated. Abdomen about as long as the thorax, 
pointed. Pronotum arcuate, linear; scutum wider than long. Prox- 
imal joint of the hind tarsus much the longest. Pubescence on scutum 
white, not dense, short. Tegule large, white. Pedicel twice longer 
than wide at apex, longer than any of the funicle joints which are 
subequal, each nearly twice longer than wide, the club slightly wider 
than the funicle and about half its length, each of its joints a little 
shorter than one of the funicle joints. Oblique hairless line closed 
caudad, with many lines of cilia proximad of it. Fore wings normal, 
neither narrow nor especially broad, rounded at apex. 

Described from two females labelled ‘‘State Insectary, 
California, 675’’ Fresno, California, from mealy bugs on 

grape. 
Type: Catalogue No. 19835, U. S. N. M., one female 

on a tag and a slide with the appendages. 

272 
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2. Pheidoloxenus wheeleri new genus and species of the Encyrtini. 

Female: Head quadrate, apparently lenticular, the antenne inserted 
near the mouth, 10-jointed with one very short ring-joint, the club 
solid; scape strongly compressed, widening strongly distad, the pedicel 
normal, the funicle compressed, its joints not annular but much wider 
than long, widening distad; club two-thirds the length of the funicle; 
pedicel slightly longer than wide at apex. Middle tooth of mandible 
obtuse, much the largest, the other two subequal and small. Maxillary 
palpi 4—, the labial 3— jointed. Wings mere scales. Legs simple, the 
middle tibial spur stout, the hind tibial spur single. Propodeum non- 
carinate. Abdomen with a short petiole, stout, oval, the ovipositor 
inserted at about distal fourth. Pronotum large, wider than long, 
distinctly longer than the scutum or scutellum, the axille separated a 
short distance. 

Length, 1.85 mm. 

Yellow brown, the club black; the body washed with metallic 
purple except the scape, funicle, pedicel and four proximal joints of the 
tarsi. Fore wings purple. Body scaly and with numerous minute pin 
punctures. Funicle 1 less than a third of the width of 6 but nearly as 
long, less than half the length of the pedicel. Fore wings nearly twice 
longer than wide at apex. Distal joint of maxillary palpus nearly as 
long as the other three combined. 

From one female on a slide in the U. S. N. M., ‘‘ From nest 

of Pheidole. Pheidoloxenus wheelert Ashm.’’ 

Type: Catalogue No. 19336, U. S. N. M., the foregoing 
female on a slide. 

This genus was partly described by Ashmead as an Asaphine 
Pteromalid. According to J. C. Crawford, Wheeler has already 
figured the species. 

3. Eunotus americanus new species. 

Female: Length, very variable, average about 1.20 mm. 
Black, the head very dark green, the abdomen shining. Wings sub- 

hyaline, the venation pale yellow, the legs and antennz reddish yellow, 
the coxee subconcolorous, also the pedicel. Head densely finely scaly, 
nearly scaly punctate, the thorax a little more densely so. Scutellum a 
half longer than the scutum. Propodeum short, areolate or foveolate, 
the areas not large. Abdomen nonsegmented, glabrous. Postmarginal 
and stigmal veins subequal. Hind tibial spurs double, much unequal. 
Antenne as in the figure of acutus Kurjumov but the second articulation 
of the club is absent, the club thus but 2-jointed; insertion on the 
clypeus or nearly. Lateral ocelli not touching the eye margin. 

The male is the same but the antennal club is 3-jointed, the 
flagellum filiform and about as figured for acutus. Male mandibles 
bidentate, both teeth acute and equal. 
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Descr.bed from one male, two females on tags “‘ Portland, 
Maine, 8-2-04. E. M. Patch. Bred from Eriopeltis festucae.”’ 

Type: Catalogue No. 19337, U. S. N. M., a female on a 

tag, two female hind legs and an antenna, one male head on a 

slide. 

4. Blastothrix longipennis Howard. 

This species is very close to B. sericeus Dalman (Mayr.), 

but differs in having funicles 1—2 shorter, a little longer than 
wide and shorter than the pedicel while funicles 1—2 in the 
European species are each distinctly longer than wide and 
subequal to the pedicel. The scapes are greatly dilated, 
the mandibles bidentate as in Anagyrus, the marginal vein 
twice longer than wide, the stigmal and post marginal subequal, 
each a little longer than the marginal. The pubescence is 
normal, not scale-like. The genus runs very near to Para- 
tetralophidea Girault, which has the marginal vein longer than 
the stigmal or postmarginal. 

5. Homalotylus obscurus californicus new variety. 

Female: Length, 1.50 mm. 
Runs close to obscurus obscurus Howard but differs in that the head 

is all blue black except the antennal insertions and the mouth which are 
orange yellow; the entire body 1s blue black except the mesopleurum 
which is reddish marked slightly with metallic, wholly metallic distad 
and the middle tarsi which are white and the middle femora which are 
reddish yellow; also funicle 1 is only slightly longer than wide. Frons 
narrow; head lenticular; mandibles 3-dentate. Hind tibial spur dis- 
tinct. Club obliquely truncate from base to tip, its segmentation very 
indistinct. Scutum with pubescence as in Blastothrix. Axillee with a 
slight carina between them. Body very densely, finely scaly. Tegulze 
brown yellow at proximal half or nearly, the rest black. The cross 
stripe of the fore wing is complete, fainter caudad and intersected by a 
narrow, transverse hyaline streak near caudal margin. Head with 
numerous scattered punctures. Marginal vein punctiform, the post- 
marginal and stigmal veins rather long, the former somewhat shorter 
than the stigmal, about five times longer than the marginal. 

From four females labelled ‘Whittier, Calif., Jl. 12, 1912. 

Ex. Chetlomenes sexmaculatus. P.H. Timberlake, Coll. 14627 B.” 

Type: Catalogue No. 19338, one female on a tag and a 
slide with head, fore wing and a hind leg (plus paratype 
antenne). Three paratype females on tags. 
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6. Parataneostigma new genus Taneostigmini. 

Female: In Ashmead’s table runs to Eutrichosoma but the body is 
practically naked. Differs from all the genera of the tribe in that the 
obliqued (meso-caudal) parapsidal furrows distinctly are incomplete but 
run toward each other to about the middle of the scutum (running 
nearly transversely) yet widely separated from each other at their mesal 
tips. Antennal club obliquely truncate from near the base, solid, the 
antennz 9-jointed, inserted on the clypeus, the scrobes forming a long 
semi-circle; face inflexed. Genal suture subobsolete. Frons moder- 
ately narrow. Venation not quite reaching the costal margin, the 
marginal vein obsolete, the postmarginal distinct but very short, the 
stigmal long and slender. Axillze very broadly joined, a carina between 
them. 

(1). Parataneostigma nigriaxillz new species. 
Female: Length, 2.00 mm. 
Bright canary yellow, the wings hyaline with the exception of a 

fuscous blotch from the stigmal vein, the latter fuscous, the venation 
yellow. The following jet markings. Face of pronotum except margin- 
ally, a stripe across above center of occiput, the axillee, the propodeum, 
the abdomen except broadly at base, the caudal knees very narrowly, a 
cinctus just below them anda broad one farther distad, near apex of caudal 
tibia. Funicle and club dusky. Lateral margin of propodeum with a 
line of silvery pubescence. Body finely reticulated. Caudal half of 
pronotum blackish, the cephalic margin of this half with a regular 
cross-row of short, flattened, grayish sete which are appressed. 
Scutellum embrowned just before tip. Lateral ocelli barely separated 
from the eyes. Pedicel twice longer than wide at apex; funicle joints 
all somewhat wider than long, widening distad. 

Described from one femee labelled “‘Mitla, Mexico, L. O. 

Howard.’’ 

Type: Catalogue No. 19339, U.S. N. M., the specimen on a 
tag, the antennz and wings on a slide. 

7. Ceratoneura petiolata Ashmead. 

One female, San Rafael, Jicoltepec, Mexico. The antennz 
bear four ring-joints, the fourth very large yet wider than 
long, colored and clothed like the funicle; club  subsolid. 

No lateral carina on the propodeum. The oblique striae 
on the face are ventrad of the rather high antennal insertion. 
The three funicle joints are subequal, all somewhat longer 
than wide (a third longer or a little more); petiole distinct, 
not long. 
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8. Ceraptrocerus Westwood and Habrolepis Foerster. ; 

The head in the first genus is not oblong, but short, the face 
much inflexed, the frons subprominent. The ovipositor is more or 
less exserted. Habrolepis differs in having the flagellum 

usual, the funicle joints only a little wider than long, but the 
scape is as in Ceraptrocerus. There appears to be no special 

armature on the scutellum. The mandibles in H. getterstedtu 
are guadridentate, the two inner teeth weaker than the other 
two. Of this species, a female reared from Lepidosaphes ulmt, 
Manchester, Eng., A. D. Imms. 

9. Anagrus armatus Ashmead nigriceps new variety. 

Female: Like armatus nigriventris but the head is dusky black as 
in Anagrus giraulti Crawford (which is otherwise typical armatus nigri- 
ventris) but this new variety differs in antennal structure thus—funicle 3 
is distinctly shorter than 2 or 4 which are subequal, each very slightly 
longer than 5 or 6. In typical armatus and in giraulti, funicle 3 is 
slightly longer than 4 and slightly shorter than 2. 

This variety does not differ greatly from Anagrus flaveolus 
Waterhouse (specimens so labelled in the U. S. N. M.), except- 
ing’much in coloration, the fore wings broader and funicle 
2 is hardly longer than funicle 6. 

Described from two females on a slide, reared from eggs of 
Empoasca. rosé, Corvallis, Oregon, H. F. Wilson. 

Types: Catalogue’ No.7 19340) Us S. oN WE the above 

Specimens. 

10. Camptoptera Foerster with 10-jointed Antenne. 

The following species have a ring-like joint in the antenne: 
C. greg, C. pulla and C. saintpierri; this joint is between joints 
1 and 2 of the funicle.. The antenne are therefore 10-jointed. 
These ring-joints are distinct and the reason they have been 

overlooked heretofore is due partly to the use and custom, 
preconceived ideas and so on. Females only examined. 

11. Bothriothorax flaviscapus new species. 

Female: Length, 2.00 mm. 

In Howard’s table of species runs to peculiaris, but differs: 
in having the scape all reddish yellow. Of the usual dark 

metallic green color, the axilla separated by a short carina. 
Distal third of scutellum shining (yet finely scaly) together 
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with a narrow median line from this to the base of the scutellum. 

Scape above at tip shghtly, tips of caudal tibia, bases of caudal 
femora and most of middle femora nearly to tip, dark, sub- 
metallic. Rest of legs yellow brown except the front femur 

nearly to tip, which is dark, submetallic. Funicle 1. sub- 

quadrate, the rest wider and wider than long. Club 3 jointed, 
obliquely truncate from near base of joint 2. Venation pale 
yellow, the wings hyaline, the marginal and postmarginal 
veins punctiform, the stigmal long. Head lenticular. Man- 
dibles tridentate, yet like those of Anagyrus, except that the 
dorso-lateral apex of the truncate second tooth is subacute 
and projects beyond the rest; and a sinus is between the two 
teeth at base. Cheeks not so long as the eyes. Scape slightly 
foliaceous at tip. Funicle 6 distinctly wider than long, the 
pedicel longer than any funicle joint. Hind tibial spurs double, 
very unequal. Otherwise agrees with the description of 
peculiarts. 

The male is about as in the female, but the antenne are all 

yellow-brown, filiform, the club solid, the funicle joints hairy 
and much longer than the pedicel, which is barely longer than 
thick, each joint about half longer than thick and excised 
toward tip, alittle. Club a little longer than the scape. 

Described from two males, six females in the U. S. N. M., 

“From syrphid pupa. Ashmead.’’ U.S. A. 

Lypes: 7 Catalogue No. 19341, U.S. -N..M., a male and 
female on a tag; remaining specimens on three tags are para- 
types, same number. 

12. Taneostigmine Genera. 

Taneostigmodes differs notably from Taneostigma in that 
the stigmal vein is normal, 1. e., not straight and nearly per- 

pendicular. Hutrichosoma has a much shorter marginal vein 
and the parapsidal furrows do not meet at all distad, yet at 
the scutellum not so much separated as usual. Also the 
postmarginal vein is absent. The scape is slender, the antennz 
cylindrical, 13-jointed with one ring-joint, the club 3-jointed. 
The antenne in the other two genera bear two ring-joints 
and are 13-jointed. Yaneostigmodes occurs in Australia but 
other Australian species in the group represent a half dozen 
peculiar genera. 
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13. Habrocytus rose Ashmead. 

Several specimens of both sexes, Brooklyn, N. Y., February 
9, 1913, from rose, A. S. Berquist, Chtn. No. 970. The cross- 
furrow on the scutellum in this genus is really an obtuse 
cross-carina. 

14. Entedononecremnus new genus of the eulophid Hemiptarsenini. 

Female: With the form and sculpture of the Entedonine but there 
is distinctly no break in the submarginal vein, the abdomen is sessile and 
the stigmal vein of normal length. Head somewhat wider than long, 
the antennz inserted somewhat below the middle of the face, 8-jointed 
with two large ring-joints, the club 3-jointed, large, conic-ovate, with 
a distinct, long terminal spine, the club longer than the rest of the 
flagellum, the funicle joint quadrate, shorter than the pedicel, large. 
Genal suture present. Pronotum not visible. Scutum large, the obtuse 
parapsidal furrows only cephalad; scutellum simple, without regularly 
placed bristles. Axillee advanced half way cephalad of the scutellum. 
Propodeum short, somewhat longer laterad, with a median carina and 
an oblique (Jatero-caudad) lateral one. Scutellum projecting over the 
propodeum, the postscutellum absent. Abdomen flat from dorsad, 
nearly round, the ovipositor not extruded, segment 2 longest, occupying 
a little over a fourth of the surface. Marginal vein distinctly shorter 
than the submarginal, the postmarginal subobsolete, the stigmal long, a 
third or more the length of the marginal, its knob linear. Hind tibial 
spur short and stout. Mandibles small, bidentate. Male the same but 
the club more slender. 

(1) Entedononecremnus unicus new species. Genotype. 

Female: Length, 1.20 mm. Short, stout. 
Dark metallic blue green, the head and scutum purplish to coppery, 

the abdomen distad of segment 2 nearly black. Wings hyaline, the 
venation dusky yellow. Antennz except the blackened club, cephalic 
and middle femora and tibize (except proximo-dorsal third of tibiz and 
dorsal femora), reddish brown. Head and thorax punctate, the pro- 
podeum and segment 2 of abdomen subglabrous; rest of abdomen 
densely scaly. Lateral ocelli distant from the eyes. Hind tibiz at apex 
beneath reddish brown. Tarsi white, the large last joint black. Pedicel 
somewhat longer than wide at apex; funicle at apex with a short petiole. 
Club 3 forming half that region, 1 and 2 much wider than long. Scutum 
and scutellum with sparse pubescence which is moderately long. 

Described from one male, three females reared from 

Aleurochiton species, March, 1915, near Georgetown, Demerara, 

British Guiana, G. E. Bodkin. 
Types: Catalogue No. 19342, U. S.N. ML,1id¢, 3@s ona 

tag plus a slide with @ and @ head, female hind tibia and 
fore wing. 



NEW CHALCIDOID HYMENOPTERA. 

By A. A, GIRAULT, 

Bureau of Entomology, U. S. Dept. Agriculture, 

1. Mirzagrammosoma new genus of the Elachertini. 

Female: With the habitus of Zagrammosoma Ashmead but the 
scutellum without grooves, the vertex more elevated, elevated nearly 
for the length of the eyes which thus appear to be in the middle of the 
side of the head, the cheeks a little longer than the eyes. Antennz 
inserted about in the middle of the face, the scape compressed (about 
three times longer than wide at apex), also the funicle and club, as in 
the named genus but there are two short ring-joints. Mandibles 6— 
dentate. Submarginal vein distinctly broken in regularity, distinctly 
longer than the marginal, the postmarginal two-thirds its length. Club 
not very distinctly jointed. Hind tibial spur distinct, not large. 
Parapsidal furrows rather long, meeting the small axillaz which are 
nearly entirely cephalad of the scutellum. Pronotum conical, as long 
as the scutellum which 1s about two-thirds the length of the scutum. 
Propodeum a little shorter than the scutellum, with a delicate median 
carina and no others, the spiracle very minute. Abdomen sessile, as 
long as the thorax, conical. Cephalic coxe elongate. Elachertine in 
appearance. 

(1) Mirzagrammosoma lineaticeps new species. 

Female: Length, 2.05 mm., slender. 
Purplish black, the legs except the hind femora and tibia (except 

the latter at tips) and head pale yellow (middle and hind cox not seen) ; 
a narrow pale yellow line down two-thirds of the pronotum from cephalic 
margin, latero-dorsad and ventro-laterad (total of four lines). Meson 
of proventer caudad broadly golden yellow. A broad black line down 
middle of the face from vertex to clypeus and another across the vertex 
and down each side to the eyes and then from the ventral ends of the 
latter to the end of the head across the cheek. Mandibles pale yellow, 
reddish at tip. A pale golden line up the lateral margin of the axilla 
and along the scutum some little distance beyond (cephalad). Thorax 
finely scaly, the propodeum glabrous; abdomen delicately scaly. Fore 
wing with the following remarkable pattern, the venation black except 
the pale postmarginal vein: A long cone-shaped black marking orig- 
inating near base in an acute point, running clavately up the center of 
the blade and a little distad of the apex of the postmarginal vein obliquing 
up to the cephalic margin just before the apical turn, the obliqued 
portion narrowing cephalo-distad; a rather narrow apical black stripe 
(but absent from the cephalo-distal fourth of the apical margin); an 
oblique (cephalo-proximad), rather narrow stripe from the first long 
marking at a little before its elbow to the base of the stigmal vein and 
entirely involving that vein; and another similar stripe but much 
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shorter, from the first stripe to the base of the marginal vein, the latter 

pallid except at base. Wings long. Caudal wings dusky at tip, with 
about a dozen lines of discal cilia. First two tarsal joints long (middle 
and hind legs). Funicle 1 large, a third longer than wide, 2 subquadrate. 
Flagellum covered with coarse hairs and stout spicules. Pedicel oval. 

From two females collected at San Rafael, Jicoltepec, 

Mexico. 
Type: “Catalogue -No. 19376, UU. SueN. M-,a4. female onma 

tag and a slide with the head, a pair of wings and the middle and 
hind tibie. 

There are no bristles on the scutellum. Body naked. 
Submarginal vein with six long bristles. 

2. Genus Plagiomerus Crawford. 

This genus bears two erect or semi-erect, slender clusters of black 
hairs at the apex of the scutellum. Comys cyanea Ashmead belongs 
here (identified by P. H. Timberlake) and differs from the genotype in 
having funicles 3-4 white, the axilla rather more separated, the scutum 
apparently more hairy. Yet the two are much alike otherwise. In 
Plagiomerus diaspidis Crawford, the mandibles are quadridentate. 

3. Chalcaspis arizonensis new species. 

Female: Length, 1.50 mm. Short and broad. 

Very similar to the genotype, differing notably in that the legs are 
all metallic green except the tarsi and tips of the middle tibize which are 
reddish like the scape. Antennz reddish except the bulb of scape and 
the pedicel which are metallic dark green, the club, however, sometimes 
darker. 

The generic description of Chalcaspis is about correct. Head 
lenticular. Flagellum clavate and with a distinct ring-joint, the 
funicle joints all much wider than long, 6 largest; club enlarged and as 
long as the funicle, obliquely truncate from joint 2. Scape long and 
slender; pedicel somewhat longer than wide. Tegulze large. Scutum 
much wider than long. Axille separated by a rather long median suture. 
Marginal vein somewhat longer than wide but not against the costal 
margin (thus in a sense absent). Mandibles strongly bidentate. Hind 
wings short and broad. The body 1s finely scaly between the punctures. 
Head wider than the thorax. The fore wing in both species is rather 
deeply infuscated out to the marginal vein. Compared with type of 
genotype. 

Described from three females on tags in U. S. N. M. 

(labelled? “Santa. Rita: Mits:;.“Anz., 105 “60> Hubbardesade 

Schwarz’’). 
Type: Catalogue No. 19377, U.S. N. M., one of the above 

on a tag plus slide with wings and head. Other two females 
with the same number as paratypes. 
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4. Psylledontus secundus new species. 

Female: Length, 0.60 mm. 

Differs from the genotype in being smaller, the scutellum is scaly 
not very finely longitudinally striate, funicles 2 and 3 more transverse, 
also funicle 4; the fore wings are distinctly narrower and the middle 
tibize yellow except a band just below the knee, the caudal tibiz more 
broadly yellow at tip. The axilla are separated by a short carina in 
both species and the club is obliquely truncate from about half way up 
one side. Compared with types of the genotype. Face rather strongly 
inflexed. 

Described from four specimens reared at Perideniya, 
Ceylon (Rutherford) from gall-making psyllids (nymphs). 

iivpe::  Catalocne to, J49578,,.Wi.90: N. M.; a female on a 
tag and a slide bearing the head and fore wings. Three females 
on tags, same number as paratypes. 

5. Elasmus mexicanus new species. 

Female: Length, 2.60 mm. 
Dark metallic blue, the scape, membraneous apex of the postscu- 

tellum, tibiz, tarsi, knees and ends of the femora (all of cephalic femora 

except at base), yellow. Fore wings hyaline but with a large rounded 
substigmal spot cf fuscous. Hind tibiz with the dorsal black spines 
arranged to form a V just under the knee, then two large, long-ovate 
areas, then an oblique line across near tip. Head very finely scaly and 
with the usual scattered punctures; pronotum and scutum densely 
hairy, the scutellum naked (but two or four large bristles may be 
missing in this specimen), scaly. Propodeum plane, delicately scaly. 
Abdomen compressed distad, subglabrous, conic-ovate. Middle tibiz 
from dorsal or lateral aspect with a narrow marginal stripe of black 
(each margin) formed by dense black spines. Hind tibial spurs double. 
Hind coxze scaly, the femora longitudinally lined, the lines far apart. 
The long postmarginal vein with fuscous along it. Funicle 1 somewhat 
over twice longer than wide, 3 somewhat shorter, distinctly longer than 
the pedicel which is a half longer than wide at apex. Second ring-joint 
large, the first very short. Mandibles 7-dentate. 

Described from one female in the U. S. N. M., collected at 

San Rafael, Jicoltepec, Mexico. 

Type: Catalogue No. 19379, U.S. N. M., the specimen on 
a tag, fore wing and head on a slide. 

6. Elasmus marylandicus new species. 

Female: Length, 2.15 mm. 
Dark metallic green-black, the abdomen deep orange yellow, the 

postscutellum (except at apex) lemon yellow; distal tips of cephalic 
coxee and femora and all tibize, pale dusky yellow; rest of legs con- 
colorous; black spines on dorsal aspect of caudal tibiz arranged in three 
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parallel wavy lines. Tip of valves of the ovipositor, distal fourth of 
abdomen above, a broad ( nearly round) cross-stripe just cephalad of 
this and cephalad of this (at about the middle of the abdomen), a 
smaller, semi-circular spot, black. Also cephalad of the latter a mesal 
dot (at proximal third of the abdomen or less). Venation black, the 
wings hyaline. Proximal one-eighth of abdomen zneous black. Head 
with scattered punctures. Scutellum with two pairs of long sete, 
otherwise naked, scaly. Funicles 1-8 subequal, each about twice longer 
than wide, 1 a little more, about twice the length of the pedicel which is 
subequal to club 8. Mandibles 5- and 6-dentate; two ring-joints. 

Described from one female taken by sweeping grass, Chevy 
Chase Lake, Maryland, April 24, 1915. 

Type: Catalogue No. 19380, U. S. N. M., the female on a 
tag, the head on a slide. 

7. Merisus Walker. 

Differs from the pirenine genus A pirene Girault in bearing but one 
spur on the caudal tibiz and the solid antennal club lacks a distinct 
terminal nipple, yet is tapering at apex. (The nipple is present some- 
times. ) 

(1) Merisus flaviventris new species. Female. 

Length, 2.10 mm. Abdomen larger than the rest of the body, 
depressed. Differs from the genotype of Apirene only in that the 
abdomen is wholly lemon yellow except tip of ovipositor valves (net 
visible from dorsad) and the brown meson of the abdominal venter. 
Also the antennal club is white-yellow, the antennz brown, the scape 
darker. Base of cephalic femora black. Funicle 1 is shorter 1n relation 
to the pedicel, 2 is a little larger than 3, 6 subquadrate, subequal to 3-5. 
Mandibles 4-dentate. 

Described from one female taken by sweeping grass, Chevy 
Chase Lake, Maryland, April 24, 1915. 

Type: Catalogue No. 19381, U. S. N. M., a female on 
tag, the head and hind legs on a slide. 

(2) Merisus semilongifasciata new species. 
Female: Differs from the preceding species in having the flagellum 

black except the yellow-white club, the base of the abdomen rathcr 
narrowly black and the abdomen with a short, black, lateral marginal 
stripe (partly broken into three spots) running to about the middle and 
commencing a short distance away from the basal marginal stripe. 
Also the funicle joints are all a little longer. Clypeus longitudinally 
striate. 

From one female taken with the preceding. 
Type: Catalogue No. 19382, U. S. N. M., the female and 

slide as in the preceding. 
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8. Aphidencyrtus aspidioti new species. 

Female: Length, 1.45 mm. 

Differs most notably from all the species of the genus in having 
funicles 5-6 white. Dark metallic green, the wings hyaline; tarsi 
(except distal joint), cephalic and caudal knees, distal half of cephalic 
tibize, base and tips of caudal tibiz and all of middle tibiz excepting a 
rather broad cinctus a rather short distance below the knee, pure white. 
Funicles 1-4 subequal, distinctly wider than long, 5 and 6 each distinctly 
larger, 6 subquadrate. Club nearly as long as the funicle and some- 
what wider, the middle joint quadrate. Marginal vein 21% times longer 
than wide, nearly twice the length of the stigmal, the latter a little 
longer than the postmarginal. Third tooth of mandible truncate but 
its distal margin concave, the outer two teeth longer than the inner. 
Cheeks as long as the eyes. Axille barely touching. Thorax scaly. 
Venation dusky yellow. Hind wings with about twelve lines of discal 
cilia. Agrees in color with siphonophore Ashmead except funicles 5 
and 6; in the latter funicles 1-4 are subquadrate, the frons is a little 
broader. 

Described from three females reared from Aspidiotus 
perniciosus, Lansing, Michigan, February 9, 1914. Experiment 
1001. 

Type: Catalogue No. 19383, U. S. N. M., a female on a 
slide. 

A phidencyrtus aphidiphagus (Ashmead) and A. siphon- 
ophore (Ashmead) are the same (types compared). Encyrtus 
inquisitor Howard is a very closely allied species, but the band 
on the middle tibiz is much longer and the axille are separated. 
In A. aphidiphagus, the male antennez are 9-jointed, the club 
solid, the funicle joints clothed with soft hairs, the scape short, 

compressed; funicle joints cylindrical oval, each about a half 
the length of the club. There is a pair of the last species in 
the U.S. N. M., from Washington, D: C. and two males from 

the same place reared from Szphonophora liriodendri, August 
22, 1894. The type of stphonophore Ashmead bears Washing- 
ton, D. C. as the type locality. 

A phidencyrtus webstert (Howard) differs from siphonophorae 
in having the band on the middle tibie as broad as half the 
length of that joint (female). There are specimens in the 
U. S. N. M. from Columbus, Ohio and a male reared from 

Siphonophora avene. 
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9. Coccidencyrtus ensifer (Howard). 

Female: Length, 1.60 mm. 

Differs from A phidencyrtus aspidioti in having the marginal vein 
but slightly longer than wide, somewhat shorter than the stigmal and 
the postmarginal veins, the funicle and club are pale yellow and there 
is a small, square fuscous patch against the marginal vein; the funicle 
joints are all subquadrate, the club is more pointed and nearly equal in 
length to the funicle. The band on the middle tibia 1s somewhat 
longer. The axilla are slightly separated. The male has the club 
solid, the funicle and club with rather long, scraggly hairs, the funicle 
joints cylindrical oval, only somewhat longer than wide, but much 
shorter than the club. 

From several males and females reared from Aspidiotus 
juglans-regie, Muskegon, Michigan, July 7, 1914. Received 
from H. J. Franklin: 



EVIDENCE OF A PROTOPLASMIC NETWORK IN THE 
OENOCYTES OF THE SILKWORM. 

By Ropert K. VICKERY, Stanford University. 

In the study of cell morphology the need of discovering some 
structural framework within the protoplasm has long occupied 
the mind of the investigators of this field. This subject has 
received consideration in books published by the late Mr. H. M. 
Bernard and Dr. Emil Rohde. Independently they have come 
to the same conclusion, namely, that all tissues and their con- 
stituent cells are permeated by a structural network. There 
is considerable evidence of such a network. In the nucleus the 
tangle of linin filaments have long been observed. Intracellular 
filaments have been abundantly demonstrated by a host of 
workers. Bernard and Rohde have brought out the very sig- 
nificant fact that syncytial tissues are permeated by such net- 
works. The structural character of the cytoplasm has long 
been a field of controversy. Of the three different early theo- 
ries—the Fibrillo Reticular Theory, Butschli’s Foam Theory, 
and Altmann’s Granular Theory—none has received universal 
acceptance. The discovery of mitochondria by Benda, Meves, 
Duesberg and others in all types of cells, has led to considerable 
speculation as to whether these elements can be truly associated 
with the linin filaments and their chromatin granules. Also 
whether they too have any architectural significance. These 
questions have been largely answered by the work of Michaelis, 

Chambers and the Lewises by staining the mitochondria of live 
tissue with Janus Green, and also the cell dissection work of 
Chambers and Kite. Chambers in his summary, draws the 
conclusion that the mitochondrial threads have tensile and 
elastic properties; however, this conclusion is qualified by the 
statement that these networks are not stable elements but that 
they reconstruct themselves by chemical or mechanical forces 
in response to changed conditions. In this paper an attempt 
will be made to show that in one particular case this network 
has a definite honeycomb structure and that the mitochondria 
and the linin filaments are continuous. 

The silkworm cenocytes proved to be the most available 
material. These cells are large ductless glands found in the 
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body cavity of allimmature insects. The arrangement of these 
glands is in metamerical groups on both sides of the abdomen in 

conjunction with the spiracles. The cells are usually separate 
spherical individuals which lie enmeshed or suspended in a 
tangle of fine trachea with which, however, there is no closer 

connection than that of contact. 

The origin of these cells is ectodermal. They arise in the 
form of a chain by amitotic division from one cell ventro-caudad 
of each spiracle. From this chain they migrate to their final 
positions. Before the egg hatches the ultimate number of cells 
in each group is reached and no further division takes place. 
These glands persist often into the imaginal stage. The secret- 
ing of the cell is a periodic function that takes place even in the » 
embryo. While in the process of secreting the nucleus forms a 
honeycombed structure and from this long mitochondrial fil- 
aments extend to the periphery of the cell. The papers of 
Holland and Stendell contain good cenocyte reviews and nearly 
complete bibliographies. 

The study of the mitochondria from an architectural point 
of view has largely been confined to the investigation of the 
origin of the highly specialized nerve and muscle fibrils. The 
cenocytes afford an opportunity of studying these structures 
comparatively free from the specializing influences of mechan- 
ical stresses or pressures. The cells originate while the egg is 
still in a semiplastic state. Immediately on being formed they 
float away in the body fluid till they come to rest 1n the delicate 
meshes of the trachea. For this reason any elemental structure 
in the cells of the primitive ectoderm might persist through the 
intervening generations into the make-up of the cenocytes. 

With the exception of the eggs the cenocytes are the largest 
cells to be found in the insect body. This of course has the 
obvious advantage of making them easy to study. On the 
other hand when one considers that they are many times the 
size of the parent ectodermal cells, the question naturally arises 
as to whether a primitive intracellular network would meet this 
demand for expansion by the addition of more network or by 
the stretching of the original. From the observations of the 
cenocytes it would appear that the latter process is the one that 
occurs. The network is very open and it is this feature of size 
that makes it so very distinct. 
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The direct or amitotic division of these cells brings out cer- 
tain other interesting conditions. In the writer’s preparations 
the nuclear membrane appears to be totally absent. The very 
fine granular or colloidal structure of the cell, when brought out 
by high powers and the dark field illuminator show the nucleus 
and cytoplasm to have exactly the same physical make-up. 
The line between the two elements of the cell is shown only by 
staining. This would indicate that the nucleus and the cyto- 
plasm differ in their chemical make-up rather than in structure 
as is the case in cells dividing mitotically. 

The drawings accompanying this paper will show more 
clearly than any description the honeycomb structure of the 
nucleus. Reconstruction of the nucleus in clay makes it even 
more distinct. The process of formation can be traced in the 
sections. When the cell is not secreting the nucleus is spherical. 
It consists at this period of a mass of chromatin granules with 
which are interspersed about an equal number of drops of the 
secretion. The drops at this stage are little larger than the 
chromatin granules. The secreting process begins by the throw- 
ing out from the nucleus of several pseudopodia-like processes. 
These extend in a zigzag way in every direction. The chromatin 
and the secretion disperse along these lines till at length no 
large bodies of nuclear material remain. The nucleus has then 
the appearance of the aforementioned honeycomb. ‘The edges 
are distinct lines and the vertices coincide in alignment. Around 

the outer edges of the structure there extend continuations of 
the edges of the honeycomb. These continuations are usually 
fine straight or sharply angular lines of particles. They have 
a striking resemblance in character to the spireme structures of 
the mitotic nucleus only they invariably follow straight or 
angular lines. 

These long fine filaments respond to the test for mitochon- 

dria. They were first found in sectioned material stained with 
Mayer’s alcoholic carmine. This material had been killed and 
fixed with heat and hardened in alcohol. Some of the same 
material stained in Hansen’s Iron Haematoxylin gave clearer 

results. Benda’s modification of the liquid of Flemming as 
as given by Eklof gave good results with Hansen’s Iron Hama- 
toxylin and Benda’s Alizarin Crystal Violet. 
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The vital staining of the live cells with Janus Green did not 
prove to be a very satisfactory method. The cells showed the 
honeycombed nucleus very clearly but the color reaction for the 
mitochondrial granules was destroyed by the yellow tint of the 
cytoplasm. However, the mitochondria could be made out as 
masses of blue-green granules and filaments. The best strength 
for the Janus Green (Grubler) proved to be one part in one 
hundred thousand used in equal amounts with the body fluid. 

A feature of these mitochondrial filaments is that they are 
often grouped around a central vertex. The vertex is analogous 
to and usually in alignment with the vertices of the honeycomb. 
It was found possible to measure the angles around these points 

when both arms lay in the same optical plane. The angular 
measurements fell into two distinct groups: (1) Angles approach- 
ing sixty degrees as a maximum, and (2) a lesser group of angles 
with an average measure of one hundred and ten degrees. 
Between four and five hundred actual measurements were taken 
from about twenty-five slides, from as many different individual 
larve. 

Let us consider these data speculatively. From these two 
angles there can be constructed a hypothetical framework that 
is ideal from a structural point of view. The unit of such a 
structure is a tetrahedron. All the angles in one plane in an 
equilateral tetrahedron are of sixty degrees. The only other 
angle found in a structure of such units is of one hundred and 
eight degrees. Any attempt to conjure up a generalized or 
ideal structural basis of protoplasm is a piece of pure fancy. 
Yet the angles of the cenocytes fall in with such a plan and the 
honeycomb structure of the nucleus follows exactly the same 
lines. 

It must be born in mind that the existence of any archi- 
tectural basis of protoplasm is still a mooted question. This 
paper is purely speculative to the extent that it is based on 
the hypothesis that such a structure does exist. The object in 
taking this for granted is to show by the apparent figures in the 
cenocytes what would be the simplest character of such a 
structure. That these peculiar geometrical figures exist is plain 
to be seen. Whether they have a structural function is open to 
question. Their geometrical formation might be taken as 
indirect evidence of such a function. One of the remarkable 
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points is the continuous character of the linin filaments and the 
mitochondria. This point of the continuous character of the 
linin is one of the postulates of the protomitomic theory as 
expounded by Mr. Bernard. 

The work here recorded was done and the paper prepared in 
the Entomological Laboratory of Stanford University by me as 
holder of the Bernard Scholarship for 1914-1915 in Insect 
Histology. 
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EXPLANATION OF PLATE XXIII. 

Fig. 1. Oenocyte in which the process of secreting has just commenced. 
Fig. 2. Oenocyte in which the nuclear material is moving out along definite lines. 
Fig. 3. Section of an Oenocyte in which the honey-comb structure is appearing 

and in which only small masses of nuclear material remain. 
Figs. 4, 5 and 6. Oenocytes in which sections of the honey-combed nuclei are 

shown. Note the fine terminal filaments which are mitochondria. 
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ABNORMALITIES AND REGENERATION IN CICINDELA.* 

By Victor E. SHELFORD. 

I. INTRODUCTION. 

The occurrence of certain abnormalities of the elytra and 
labrum of Cicindela collected in the wild state and in adults 
reared in the laboratory and the almost entire absence of abnor- 
malities of the legs and antenne led me to bring together the 
main facts at my disposal and to perform a few experiments to 
determine if possible the cause of the abnormalities. It is the 
purpose of this paper to point out the possibility of the use of 
the material for studies of the physiology of melanin pigment 
distribution by operative experiments during development. 

Il. Types oF ABNORMALITIES. 

The abnormalities noted are confined chiefly to the elytra 
and the labrum. Figure 1 shows an abnormal labrum of a 

specimen of Cicindela tranquebarica of the green Nevada type 
with the small spots on the margin of the elytron as the only 
vestige of the usual markings of the species (Wickham ’06). 
This labrum has a slender smooth and shiny projection at one 
side but suggesting a tearing from the center toward the outside 
which resulted in the slender strip being left hanging down 
freely. Such abnormalities are not common. 

A second and relatively common type is shown (figures 4 
and 5) in which one elytron is longer than the other and the 
form and color pattern sometimes modified. No abnormal 
legs have been noted in collected specimens. 

III. THE PRODUCTION OF ABNORMALITIES IN EXPERIMENTS. 

To learn something of the abnormalities of the labrum and 
legs twenty-six late larve and six pup of Cicindela punctulata 
were operated on. The operations were performed with sterile 
scissors and the larve placed in vertical burrows in sterile soil 

kept moist with a hydrogen peroxide solution. The operations 
were confined to the labrum and right hind leg. 

* Contribution from the Zoological Laboratory of the University of Illinois. 
No. 46. 
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Four larve were cut in the center of the labrum; six pupze 
were operated upon inthe same manner. All the pup# were 
treated essentially alike being cut from the center of the pupal 
labrum toward the left side and slightly upward. The results 
are tabulated below: 

| ’ | 

Location Part Removed |No.Oper-| No. Sur- Results in Adult 
of cut or Attached ated on | viving 

In leg, Tarsal joints removed 4 2 One showed shorter 
tarsal joints. 

In leg, Tarsal joints attached t 3 No modification of 
adult. 

Mid tibia removed 9 4 No modification of 
adult. 

Mid tibia attached | 2 | 1 No modification of 
| adult. 

Tibia femur joint removed 3 2 No modification of 
adult. 

Larval labrum attached 4 4 No modification of 
in center adult. 

Pupal labrum attached 6 | 6 4 showed modification 
| | lrecoveredcompletely 

The result of removing the legs are all the same except for 
the one shown in figure 8 which is a little shorter, has a little 
shorter spur and less numerous and shorter hairs. The pupal 
legs evidently develop in the upper part of the larval leg and 
modification results only when the basal portion is injured. 
Megusar '03, obtained similar results with other beetles. This 
fact explains the rareness of leg abnormalities. 

The experiments on larval labrums gave no results. The 
pupz operated on only emerged as adults in three cases. 
One died before the cuticula hardened. This individu- 
al’s labrum had completely healed but a very dark area 
occupied the area near the cut. One that failed to emerge had 
healed the wound completely. The labrum of the other had 
almost degenerated. The two seen in figures 2 and 3 show some 
similarity to the one. collected in Nevada. The Nevada spec- 
imen suggests that the abnormality is due to a tear in the labrum 
probably at the time of the last larval moult. The larval 
cuticula often sticks to the anterior part of the pupa when the 
surrounding conditions are dry and the Nevada dry climate 
would favor such accidents. 
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Elytral abnormalities shown in two species collected in 
Kansas were duplicated in Cicindela limbalis reared from a larva. 
Here a reduced color pattern accompanies a short elytron as in 
the specimen of wild tranquebarica. While this is the only 
elytral modification of exactly this type noted in wild individ- 
uals a type with holes in the elytra is more common in experi- 
ments. For example, two holes completely healed occured in 
an elytron with an irregular and distorted pattern, Fig. 7. 
While several hundred larve of each of several species were 
reared to maturity this kind of abnormality occurred only three 
or four times. 

The peculiar elytral modifications are probably due to rough 
handling. It seems probable that the abnormal conditions 
result from pressure or slight injury during the pupal stage. The 
elytron being much crowded, the folds projecting outward are 

particularly liable to injury. The elytral openings in Fig. 7 are 
rounded and smoothly healed, the wing cavity being entirely 
closed and with cuticular covering on the edges. The compara- 
tively frequent occurrence of elytral modifications in reared 
specimens as compared with their rather rare occurrence in 
nature justifies the above assumption. The abnormalities are 
not unlike those of Drosophila described by Morgan as muta- 
tions. Since the tiger beetle abnormalities occur in animals 
reared from wild stock which show extremely few such varia- 
tions in thousands of specimens collected in the wild state an 
unusual burden of proof is necessary to establish such conditions 
as anything but abnormalities produced again and again by the 
necessary rough handling of cultures. If such proved true their 
apparent inheritance in Drosophila may only be a sensitiveness 
to handling. 

The abnormalities of patterns and the reproduction of black 
pigment in wounded labral surfaces indicate that such material 
in the hands of a skillful investigator might, with suitable 

operations, show something of the physiology of pattern pro- 

duction. If the distribution of pigment can be controlled by 
suitable operations as is indicated by the work, it will have 
important bearing on the studies of insect patterns. 

University of Dlinois, May 19, 1915. 



294 Annals Entomological Society of America [Vol. VIII, 

BIBLIOGRAPHY. 

Morgan, T. H. 1911. The origin of the nine wing mutations of Drosophila. 
Science, 33, pp. 496-99. 

Megusar, F. 1903. Die Regeneration der Coleopteren. Arch. Ent. Mech. der 
Org. Bd. 25, pp. 148-234. 

Shelford, V. E. 1908. Life histories and the larval habits of the tiger beetles 
(Cicindelidae) Linn. Soc. London. Jour. Zool. Vol. XXX, pp. 157-184. 

Wickham, H. F. 1906. Races of Cicindela tranquebarica Herbst. Entomological 
News, 1906, pp. 438-48. 

EXPLANATION OF PLATE XXIV. 

Fig. 1. Abnormal labrum of a blue Nevada form of C. tranquebarica. 
Figs. 2 and 3. Abnormalities in C. punctata produced by cutting into the 

labrum during the pupal stage. 
Fig. 4. Long and short-elytroned form of C. sexguttata from Topeka, Kansas. 
Fig. 5. Specimen of C. tranquebarica with short elytron bearing an abnormal 

pattern, from Dodge City, Kansas. 
Fig. 6. Reared specimen of C. pupurea limbalis a right elytron similar to that 

of tranquebarica (Fig. 5). Note reduced markings. This deformity 
is supposedly due to rough handling. 

Fig. 7. Elytron of C. limbalis with healed openings due to the death of certain 
parts of the folded pupal elytron. 

Fig. 8. Right short hind leg of a specimen of C. punctulata in which the tarsal 
joints were removed just before pupation. The hairs are not well 
developed. 

Fig. 9. Left normal hind leg of the same specimen of C. punctulata. 
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INTERESTING WESTERN ODONATA. 

By CLARENCE HAMILTON KENNEDY, 

Stanford University, California. 

In the following notes I wish to give a short account of the 
habits of some of the more interesting species of western 
Odonata. These are based on field observations made by the 
writer in Washington, Oregon, California and Nevada during 
the summers of 1913 and 1914. 

Apparently because of the actual scarcity of streams in 
the west, various species of Odonata in their attempts to 
utilize all available water have taken on unusual habits or have 
developed more ordinary habits in some special direction to such 
a degree that they have almost assumed the grotesque in their 
exaggeration. One of these which might be said to have 
exaggerated habits is Archilestes californica. This species, 
known heretofore from the type and a single other specimen, is 
abundant in the Yakima Valley, Wash., and throughout Central 

California. It is a giant Lestes,. differing from the numerous 
species of that cosmopolitan genus in greater size and minor 
venational characters. 

The species of Lestes oviposit endophytically and frequently 
a foot or even two feet above the surface of the water, usually 

placing the eggs in such tender tissues as the stems of sedges and 
Juncus, or occasionally in tender willow shoots. In oviposition 
Archilestes follows the habits of its Lestes relatives, but because 

of its greater size and strength it oviposits normally from five 

to eight feet above the water and in the bark of willow stems 
that are from a half an inch to an inch and a half in diameter. 
Because of the size of some of the bushes used, it can almost 
be said to be a dragon fly that lays its eggs in trees. Ovi- 
position is a tedious process. The male holds the female by 
attaching the claspers on the end of his abdomen to the posterior 
edge of her prothorax. Then with her abdomen bent in a 
loop she forces her ovipositor slowly thru the bark and deposits 
her eggs in clutches of six in the cambium, where they remain 

dormant until the following spring. The hatching has not been 
observed, altho it is probable that the larvae wriggle from the 

bark and fall into the water below. The circle of bark, under 
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which lies each clutch of eggs, dies after the eggs have hatched 
and this produces a scar, which from year to year increases 
laterally with the growth of the stem. Sometimes the scars 
of contiguous ovipositions run together and girdle a willow, 
so this dragonfly may be classed technically among those 
insects injurious to timber. 

The nymphs of this dragonfly, which are probably among 
the largest of the Zygopterus nymphs, are peculiar in being very 
free swimming. On the Yakima River I worked for an hour 
with a rake without catching a single specimen, tho I knew from 
their emergence that they must be abundant. Later in Cali- 
fornia I was astonished to discover that certain ‘‘schools of 
minnows”’ were the agile nymphs of Archilestes fleeing enmasse 
from the dragonfly collector. On closer observation they 
were found to spend most of their time resting quietly on 
submerged objects, but on the approach of danger they fled 
precipitously to deeper water. Swimming was accomplished 
by a vigorous undulatory motion, in which the large caudal 
gills seemed of great assistance. 

One of the peculiarities of the western Odonate fauna is 
the small number of Argias. This is a genus of 60 or more 
species the greater number of which are found in the American 
tropics. Eight or more occur in the eastern states, but only 

two are found west of the Rockies, excepting, of course, the 
various southern species limited to the Mexican border. Tho 
essentially a tropical genus, one of the two western species, 
Argia emma, is common as far north as central Washington, 

and the other Argia vivida, is found even as far north as Canada. 
The extraordinary northern distribution of Argza vivida, which 
occurs also as far south as southern Mexico, seems explained 
by its peculiar habits. All the species of Argia as far as is 
known, live in very fresh water, the majority of them being 
stream species. Such is Argia emma, which is found in the 
majority of the warm perennial streams of the west. But 
Argia vivida has a special preference for springs and the boggy 
streamlets flowing from them. This species is frequently 
collected on larger streams and ponds, but in such cases, when 
traced to its origin, is found to be emerging from some nearby 
spring. Now springs do not freeze, as their waters, originating 
deep in the ground, maintain a fairly uniform temperature 
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thruout the year, so that the springs in western Canada, in 
which Argia vivida has been taken are probably the warmest 
waters in that region, comparing not unfavorably in warmth 
with springs of California and even Mexico. Thus by inhabit- 
ing springs this little subtropical Argia easily maintains itself 
far beyond the usual limits of members of its genus. Its 
vertical distribution is equally as great as it occurs from sea 
level up to 6,000 feet, where it is found in springs on the shores 
of Lakes Tahoe and Donner. 

An interesting observation in this connection is that Argia 
emma, the warm stream species, occurs also at this altitude, 

being found in the Truckee River at the outlet of Lake Tahoe. 
This is explained by the fact that the Truckee River, tho a 
mountain torrent and at an elevation of 6,000 feet is really a 
warm stream, because its supply comes from Lake Tahoe, 
which never freezes over. The great depths of this lake are 
filled during the summer with a body of water of 39° or more 
in temperature. (Actual measurements in August show 40° 
or more except in extreme depths). Tho the surface chills 
during the cold season, the lake waters are constantly turned 
over by the winter winds, bringing the warmer waters to the 
surface, where they keep the Truckee River supplied thruout 
the cold months with water several degrees above freezing. 

Another Agrionine with unusual habits is Enallagma clausum. 
This is an inhabitant of the desert and seemingly enjoys its 
life in the alkaline ponds of this barren region. It is found 
in the intermountain country from the Columbia Valley to 
Nevada. Several species of this large genus are stagnant water 
species and some of these in the West live in ponds with a slight 

alkaline content, but clausum goes beyond them all and breeds 
in water strongly saline, for it is found breeding in large numbers 
in the shallow edges of Pyramid Lake, Nevada. This is one 
of those salt lakes in the midst of the Nevada desert which 
have been left by the gradual drying up of Lake Lehontin. 
While the alkalinity of Pyramid Lake water is but about one 
tenth of that of sea water, it is very near the maximum that 
can be endured by various brackish water species. Sea water 
has a density of 1.026. Osburn (Am. Nat. June, 1906), has 
shown that various species of odonate nymphs found commonly 
in brackish coast ponds can endure a density of not more than 
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1.003. Pyramid Lake water has a density of 1.00347 to 
1.00349. The broad sandy beach at the southern end of 
Pyramid Lake fairly swarms with the nervous imagoes of this 
species, and the females accompanied by the males oviposit in 
the masses of filamentous algae that float in the shallow edge of 
the water. 

Oddly enough Enallagma clausum shares its occupancy of 
Pyramid Lake with another dragon fly, a libelluline, Sympetrum 
corruptum, which just opposite to Enallagma clausum, instead of 
being a species restricted by special habits, is extremely adapt- 
able, in fact the dragonfly, which in the west, is found in a 

greater variety of environments than any other. Sympetrum 
corruptum occurs from the sea level to altitudes of 3,500 feet 
in Washington and 5,000 feet in California, and flourishes not 
only in all kinds of ponds, but in all streams except those very 
swift mountain torrents inhabited by Octogomphus and 
Cordulegaster. Thus it is interesting that the extreme environ- 
mental condition found in the salinity of Pyramid Lake has 
been mastered as it were thru opposite types of development; 
by extreme specialization in clausum for a life in alkaline water, 
and by an extreme generalization in Sympetrum corruptiun for 
a life in the greatest variety of waters. Both species flourish 
side by side and no other species was observed. 

Many interesting phases of odonate habits and distribution 
in the West are related in various ways to the very rugged 
topography of this region. In a half day one can go by train 
from sea level in the Sacramento Valley, with its Mexican 
fauna and sprinkling of tropical species, to an elevation of 6,000 
feet in the Sierras, where all odonate species are such as are 
found in Canada. These northern species are in various Ways 
adapted to endure the cold, which prevents the occupation of 
these high altitudes by multitudes of dragonflies that flourish 
in the sunshine of the warm valleys. <A special adaption, 
which permits one of these species to exist on this cold upper 
limit of odonate life was discovered while collecting about 
the McKinney Lakes, which lie on the divide west of Lake 
Tahoe, at an elevation of 7,000 feet. The species in question 
is the large blue Aeshna interrupta nevadensis. This is restricted 
to the summits of the Sierras having been found from an eleva- 
tion of 4,000 feet at Emigrant Gap to 7,000 feet on the McKin- 
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ney Lakes. Five other species of Aeshna are found in Cali- 
fornia. These are scattered from the sea level up to 5,000 feet 
altitude, but nevadensis is the only form which flourishes at 
the extreme upper limit of 7,000 feet. The adaption, which 
permits this one species to occupy territory so far beyond the 
range of the genus in general, is a change in the time of 
emergence. As far as is known the species of Aeshna emerge 
in the nighttime, an adaption to preserve them from the birds, 
but nevadensis emerges in the day time. At this high altitude 
there are few species of birds that inhabit the shores of the 
lakes, so night emergence is not necessary. Day emergence, 
however, is a necessity as the nightly temperature at this 
altitude is very near freezing, if not actually at times below. 
It is interesting to note here that night emergence in Aeshna 
is a highly specialized habit, as most Odonata emerge in the 
day time, and that nevadensis belongs to one of the more 

generalized or primitive groups of the genus. Perhaps it 
has merely retained the primitive manner of emergence. 

For two western species an interesting form of migration 

was observed. These are Cordulegaster dorsalis and Octo- 
gomphus specularis. The coast mountains of California and 
the western slope of the Sierras contain many perennial torrents, 
which do not rise high enough to contain snow water, yet occur 
in such steep gulches that they are a succession of rushing 
rapids and roaring cascades. These are inhabited by but three 
species of dragonflies, Cordulegaster, Octogomphus and an 
undescribed species of Aeshna. The nymphs of this Aeshna 
are agile, active creatures entirely able to stem the swift currents 

of these torrents, but the nymphs of Cordulegaster and 
Octogomphus are slow and clumsy. Moreover they do not 
live in the tree roots as do the Aeshna nymphs, but in the 
case of Cordulegaster, crawl over the bottom in the quieter 
parts of the pools, and, in the case of Octogomphus, burrow 
thru the organic trash in the deeper holes. Being, as it were, 
loose in the stream these two, during their three-year life, are 

washed farther and farther down stream by each succeeding 
freshet, so that when they come to emerge they. may find them- 

selves several miles below the point at which they hatched. 
This washing down is compensated by a migration upstream 
of the imagoes. On Stevens Creek, south of Stanford’ Uni- 
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versity, where these. were’ most fully observed, exuviae were 
found in abundance two miles below the lowest point on the 
creek at which any imagoes were seen, and imagoes were com- 
mon on the divide at the head of the creek, where few exuviae 

were found. These observations were checked in other parts 
of California. It is this migration upstream which keeps 
Cordulegaster and Octogomphus limited in their distribution 
to the head waters of these torrents and prevents their even 
occasional appearance in the lower level reaches of these same 
streams. 

Cordulegaster is one of those strange insects with unusual 
structure and equally unusual habits, and as it lives on the 
headwaters of the wildest mountain streams, but little has 

been known concerning it. The. ovipositor of the female 
is very long and heavy, trough-shaped affair and very blunt. 
After many conjectures as to how it was used, Dr. Ris finally 
succeeded in observing the female of a Swiss species in the 
act of ovipositing. This for a dragonfly was a very unusual 
operation. Most Zygoptera oviposit by inserting eggs in 
vegetable tissues with the aid of their needle-like ovipositors. 
Most Anisoptera oviposit by washing the eggs into the water 
from the tip of the abdomen. Cordulegaster does_ neither. 
The female observed flew hastily up the creek examining each 
sandy shallow, until she finally found one protected on three 
sides by stones in the water, and not over an inch deep... She 
hovered over this and dropping her long abdomen into a 
vertical position made a series of dips or backward. plunges, 
at each dip thrusting the tip of the abdomen with its heavy 
blunt ovipositor thru the shallow water into the sand beneath. 
After perhaps a half dozen thrusts she flew up the creek a 
short distance and finding another shallow to her liking repeated 
the process. The whole process rather closely resembled the 
manner of oviposition of some of the crane flies. 

In the canyon back of Mt. Lowe at Pasadena, Cal., I had 

an opportunity of observing the habits of the tropical Palto- 
themis lineatipes. This is a large red-bodied hbelluline. with 
habits of flight, which in part resemble those of a corduline 
and in part the high flying habits of a Tramea or Pantala. ‘The 
nymphs are as interesting as the adults and were very abundant 
in the clear mountain stream. This flows thru.a gorge whose 
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rocks are a coarse granite, which readily disintegrates into a 
very coarse sand, that is creamy white with numerous dark 
brown and black grains. The bed of the stream, where shallow, 
is composed of this coarse sand, giving it a peppered or even 
checkered appearance. In the deeper and swifter channels this 
sand is displaced by gravel and rocks. The nymphs of Palto- 
themis apparently go thru from two to three years of nymphal 
life before emerging. For the first two years the young nymphs 
crawl about over the coarse spotted sand of the shallows, but in 
the last year they live altogether in the deeper water. During 
the early stages while the young are living on the spotted grit 
bottom they have a very striking black and white checkered 
coloration, which lets them blend wonderfully well into their 
background of checkered sand; but in the later stages when they 
are on an ordinary bottom in the deeper channels they have the 
usual olive brown of most large odonate nymphs. 

CORRECTION. 

(Athysanus villicus Crumb=) Deltocephalus colonus Uhler 

Too late to recall the description, I learn that my Athysanus villicus 

is a synonym of Deltocephaius colonus Uhler. This species was described 

from the island of St. Vincent. 

S. E. Crump. 
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A REVISION OF THE NORTH AMERICAN PACHYGAS- 
TERINZ WITH UNSPINED SCUTELLUM (DIPTERA). 

By J. R. MALLocH, 

Urbana, II. 

It is not by any means unusual for taxonomic workers in 

entomology to discover, when classifying genera in families 
which consist of a large number of closely allied species that 
characters which they find of considerable value for their 
purpose, and which apparently are of real generic rank in these 
groups, are found not in a number of species, but 1n individual 
species in other portions of their series. Indeed, the systematist 
almost invariably finds that by a consistent application of 
the test of his separating characters throughout a family he 
has several large groups of species set apart from each other, 
collectively, by characters the use of which in classifying a 
certain residue of species—often more closely related biologically 
than are some of the individuals of the seemingly natural 
groups which his application of certain rules has defined— 
will result in a generic separation giving a single species to 
each genus. I have had this experience in almost every family 
of insects that I have studied, but have no remedy to suggest, 
since without a knowledge of the life history of the species 
we are often unable to decide upon the limits of genera except 
arbitrarily, or-—which amounts to the same thing—by a con- 
sideration of structural details of the adults. In every order, 
differences of opinion exist regarding the status of genera, 
and still more commonly in the case of species, and, apart from 
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those differences which arise between taxonomists because of 
their personal relations, 1t is often impossible to decide which 
is the correct attitude regarding certain disputed points. 

It has been my task lately to identify certain species of 
Stratiomyide contained in the collection of the Illinois State 
Laboratory of Natural History, and in doing this I have been 
confronted with a situation such as I have briefly outlined 
above. It is not my intention to deal with species other than 
those included in that group of the subfamily Pachygasterinze 
which has the scutellum without distinct thorns, although 

mention is made of certain analogous cases in other genera. 

In addition to the taxonomic details given herein, I have 
summarized such biological data as I have been able to obtain. 

The genus Pachygaster Meigen has been subdivide by 
Austen (Neopachygaster), Coquillett (Zabrachia), and Kertesz 

(Eupachygaster), or at least species considered by other authors 
as belonging to Pachygaster sens. lat., have been removed to 

- other genera by the authors just mentioned. Austen erected 
the genus Neopachygaster* to receive Pachygaster meromelaena 
Perris, considered by Verrallt as synonymous with P. orbitalis. 
Austen distinguished this genus from Pachygaster by the 
separated eyes in the male and the fact that the posterior 
orbits are not produced in the form of a prominent ridge in 
either sex. It is, to my mind, a weakly defined genus, and it 
has been rejected by Verrall in the work already referred to. 
Whether it is expedient to retain it 1s a point upon which there 
is ground for diversity of opinion. Coquillett erected the 
genus Zabrachiat for the reception of a species which he 
described under the name polita. This genus he distinguished 
from Pachygaster and its allies by the simple third vein. Though 
uncertain as to whether the species is or is not synonymous 
with Pachygaster minutissimus Zetterstedt, I am inclined to the 
opinion that they are identical; but in the absence of European 
examples of the latter I refrain from expressing a decided 
opinion. It is, however, pertinent to point out that Kertesz 

has placed minutissimus in Zabrachia in a recent paper on the 
genera, and that English writers have suggested that the species 

*Ent. Monthly Mag., Vol. 37, 1901, p. 245. 

tBull. 47 N. Y. State Mus., 1901, p. 585. 
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might be considered as generically distinct from both Pachygaster 
and Neopachygaster. Dr. Sharp’s suggestion to this effect is 
disposed of by Verrall in dealing with Neopachygaster, and in 
his notes under P. tarsalis he mentions a specimen of that 
species which has the fork of the third vein ‘“‘so indistinct as 
to be almost absent.’’ In this connection it seems reasonable 
to indicate that in several genera in this family the absence 
or presence of the fork of the third vein is not considered as of 
more than specific value. This is noticeably true in Nemotelus 
and Oxycera, where one finds that even in recent papers the 
presence or absence of the fork is not used even as a primary 
key character for the species. To be consistent, one who 
accepts this character as of generic value in Pachygasterinz 
would almost as certainly be required to accept it as such in 
the other subfamilies; or, conversely, since this character is 

considered as of specific value only in genera which contain 
a much larger number of species than does Pachygaster sens 
lat., it is inconsistent to accept it as of generic value in the 
latter. 

There is, however, a slight but fundamental difference 

between Zabrachia and such genera as Nemotelus and Oxycera, 
the two latter having the third vein differently formed. In 
this connection see notes on Zabrachia. 

The structure of the head of the male, in which the eyes are 
distinctly separated, is the only character of importance in 
the separation of Neopachygaster from Pachygaster, which 
latter has the eyes of the male contiguous, and it is practically 

impossible for any one but an expert to separate the females 
of the genera. 

The last subdivision of the old genus is that of Kertesz, 
referred to in a subsequent part of the present paper, by which 
the genus Eupachygaster was erected to receive Pachygaster 
tarsalis Zetterstedt. 

I have drawn up a key to the genera of North American 
Pachygasterine as limited in the heading to this paper, which 
should make the situation clear. 
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KEY TO PACHYGASTERINAE WITH UNARMED SCUTELLUM. 

Lo sTiird vein simple. Ay recc.ceh Goce eos ee ee ore ee ia ee ee 2 
Third veinfurca ter, 05 52h Rep Reece seer sis ic ce a Tn a eee 3 

2. hirds(complex)iantennalsoimiveloncatesn) ink emus or rierameee Berkshiria 
Third antennal joint short, disclike or slightly reniform......... Zabrachia 

3. Arista subplumose, slender; third antennal joint round; eyes of male contiguous 
Lophoteles 

Arista densely or slightly pubescent, or bare, rarely slightly thickened; third 
antennal joint elongate or disclike; eyes of male contiguous or distinctly 
SOPAU ATE Cha tases cose Sears EN Ge et eae Ree AEE TOTO So 4 

4. Scutellum directed upward, triangular, terminating in a short obtuse process.5 
Scutelum regularly rounded apically, or with a distinct transverse suture or 

depression before the apex which gives to the scutellum the appearance of 
lnenigates eh inzHisiou ovo acatshacahats) Lambada hay eam as Wee cerainoncb ecco bmnS ned obese 6 

5. Third antennal joint disclike, arista longer than entire antenna; eyes of male 
TATHOWWesePArALedie: a he Welw chin ae eee ee Eucynipimor pha 

Third antennal joint elongated, arista shorter than antenna; eyes of male 
COMUISTIOUIS cin. Meena cae RGR is eit oe eno eee nee Cyntpimor pha* 

6. Third antennal joint elongate; eyes of male contiguous above antenna, the 
facets slightly decreasing in size as they near lower margin but without 
any sharp line of division; scutellum with distinct marginal rim or ridge... 

Johnsonomyia 
‘Rhordvantennals joint Gischike s,s ce. cit 8. seo ae eee rene eine anne 7 

7. Eyes of male contiguous; antenne in both sexes inserted distinctly below 
middie vos. profile yy. <tr: 2 Met re aie ae ge Sete ect ee arn Pachygaster 

Eyes of male separated; antenne in both sexes inserted at or near middle of 
head “nar ronan we eens el gel FEN Ree RN Rr, ane ea Set ae ee 8 

8. Scutellum much swollen, and with a distinct rim, the margin with a number 
of small wartlike protuberances; frons with a distinct incised median line 
froOMman FeMOrmOcelilus tonmic ler psi een ae eet ena Eupachygaster 

Scutellum slightly swollen, with a slightly defined rounded margin which is 
not armed with protuberances; frons without median incised line from 
halen ve Coreeiblhers anor wav So Wan Sk oncnonseeocceucenwob soc Neo pachygaster 

Berkshiria Johnson. 

This genus was erected for the reception of a single species, 
albistylum Johnson.t 

The locality of the species is Austen’s Brook, Chester; 
Mass., collected May 28, 1912, by C. W. Johnson. 

The following is a copy of the original description. 

‘““BERKSHIRIA gen. nov.”’ 

“Third joint of the antennz oblong, about double the length of 
the first and second taken together; third joint with five annuli, the 
basal one broader than the others; arista terminal, style-like, about as 
long as the entire antenna; front with two longitudinal ridges; trans- 
verse suture deeply impressed; scutellum large, rounded, with a broad 
depressed margin; third longitudinal vein without the anterior branch; 
ends of the terminal joints of the tarsi with bristle-like hairs. Type 
B. albistylum sp. nov.” 

*See under Exucynipimor pha. 

Psyche, Vol. 22, 1914, p. 158. 
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—- “ Berkshiria albistylum sp. nov.” 
“Black; -front shining, the two ridges forming deep central and 

orbital grooves, ocelligerous tubercle prominent; face receding, the 
orbits white; antenna yellow, arista white with its basal fourth black. 
Thorax sparsely covered with a whitish pubescence; humeri angulate 
with a small yellow spot at each point, a raised collar extending between 
the humeri, and a blunt spine on each side before the base of the wing. 
Abdomen broad, about double the width of the thorax, the five segments 
shining, sparsely covered with whitish hairs. Halteres white, base of 
the knobs and stems brown. Legs black, knees, tips of the tibize and 
the tarsi yellow, the last two joints of the latter brownish. Wings 
hyaline, veins: yellowish, three veins ‘extending from the discal cell. 
Length, 4 mm.” | 

I have not seen the species. Except in the absence of the 
fork of the third vein it must very closely resemble Johnson- 
omyta aldricht, described in the present paper. 

Nothing is known of the early stages, and no indication 
of the sex of the type is given in the description. 

Zabrachia Coquillett. 

This genus was erected for the reception of a single species, 
polita Coquillett.* It is distinguished from all other North 
American genera of this group of the subfamily except Berkshiria 
by the absence of the fork of the third vein. From Berkshiria 
it is distinguished by the structure of the antennae, those of 
Zabrachia being short and the third joint disc-like, while in 
Berkshiria they are elongated, and the third joint noticeably 
longer than broad. 

Zabrachia polita Coquillett. 

Male—Glossy black. Antennz yellow, arista brown. Legs yellow, 
coxe and femora black, apices of latter yellow. Wings clear, veins 
grayish. Halteres black. 

Head in profile (Fig. 3) slightly higher than long, eyes covering the 
entire side, ocellar region slightly raised; eyes bare, contiguous above, 
leaving only the ocellar and supra-antennal triangles visible, upper 
eye-facets distinctly larger than lower, separated by a distinct trans- 
verse line slightly above base of antennze; antennze short, complex joint 
disclike; arista short, bare, and hairlike; proboscis of moderate size. 
Mesonotum finely and rather closely punctured, surface hairs very 
short, dark; scutellum with disc as that of mesonotum, a distinct 
depression near margin, giving it the appearance of having a marginal 
rim, the base appreciably swollen, the whole in profile with an upward 

*Bull. 47, N. Y. State Mus., 1901, p. 585. 
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direction. Abdomen more glossy than mesonotum and without distinct 
punctures, the surface hairs sparse and slightly longer than those of 
thorax. Legs slender. Third vein ending as far before apex of wing as 
its own length; distance from apex of stigma to apex of third vein 
slightly longer than the preceding section of costa; apex of discal cell 
very slightly proximad of apex of stigma (Fig. 6). 

Female.—Differs in color from the male only in having the halteres 
yellow. 

Structurally, the head differs from that of the male more than in 
other genera dealt with in this paper. The frons is broad, over one 
third the head-width, raised, with a central incised line which broadens 
above antenne, giving the frons the appearance of having a raised, 
rounded ridge on each side; postocular orbits prominent, visible from 
vertex to lower margin; cheeks distinct; eyes much smaller than in the 
male, facets of equal size throughout; profile as Figure 4. Thorax as in 
male, the scutellum with less noticeable rim. 

Length, 2.5-3 mm. 

Originally described from Saranac Inn, N. Y. Subsequently 
recorded by C. W. Johnson as having been reared from larvae 
found under the bark of pine logs at Auburndale, Mass., March 

26, 1905.* The imagines emerged between May 12 and June 20. 
Two specimens kindly submitted by Mr. Johnson bear the date 
of May 18, 1905. One of the specimens has the empty pupal 
skin attached to the pin, and is figured herewith (Figs. 9 and 10). 

Comparison of the pupa of this specimen with those figured 
by Verrall and here reproduced shows that while they are 
similar in general appearance, they may be separated by the 
disposition and length of the bristles. (See Figs. 11 and 12). 

I have a suspicion that this species may be synonymous 
with minutissima Zetterstedt, a European species which has 
been reared from larve found under bark of pine trees, but 
Verrall’s description} gives the eyes of the male as longer than 
deep, which is not the case with the specimens before me. 
I have no European examples for comparison, so leave the matter 
as it is for the present. It is pertinent to remark, however, that 

Verrall in his notes of the species indicates that the head of 
the only English male specimen he had seen is quite as deep as 
long—at variance with his description. Dr. D. Sharp has 
reared minutissimus from larve found under bark of Pinus 
sylvestris at Nethy Bridge, Scotland. The species is found 
in Scandinavia, France, Denmark, Austria and Germany, 

aa Vol. 18, 1906, p. 3. ‘ 
{British Flies, Sirdtampide’ Vol. 5, p. 67. 
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and is associated with Abies and Pinus. Perris reared it 

from larve found on Pinus maritimus in the burrows of Tomicus 

and Hylurgus, and gives a full description of the stages, with 
figures,* under the name Pachygaster pini Perris. 

Verrall’s contention that this genus is not a valid one 
because of the possibility of the fork of the third vein becoming 
obsolete in occasional specimens of other species which ought 
to have it present can not be entertained, as the course of the 
veins in Zabrachia precludes the possibility of its ever being 
furcate, and is quite a different case from that of the other 
genera cited. 

Lophoteles Loew.t 

The type species of this genus was described from specimens 
taken on the Polynesian island of Radak. Subsequently 
Williston described a species, pallidipennis, from Atoyac, 
Vera Cruz, Mexico, which he considered congeneric.{ I have 
some doubt as to the generic position of Williston’s species, 
which I have not seen. The description of the antenna is 
not clear enough to permit one’s forming an opinion as to its 
structure, but the fact that the arista is densely plumose is 
demonstrated both in the description and in the figure. A 
copy of Williston’s description is given below. Williston 
was not certain of the sex of his specimen. 

Lophoteles pallidipennis. 

““Female—Head black, covered with whitish dust, with the excep- 
tion of a slender median line and the lowermost portion, which are 
shining. At the vertex the eyes are separated by the ocelli, the front 
gradually widening anteriorly. Antenne black, the first two joints 
yellow; arista densely pubsecent, appearing almost like a solid mass, 
in length equal to about twice that of the first three joints together. 
Thorax deep black, moderately shining, the color mostly conccaled 
beneath silvery tomentum, which is arranged in slender stripes, leaving 
the black color apparent between them. Scutellum subtriangular, the 
middle portion of the margin produced into a thin edge, upon which a 
number of minute points are visible; the basal part uniformly and 
thickly silvery-tomentose, the apical portion opaque black. Abdomen 
black, for the most part concealed beneath a dense silvery tomentum. 
Legs light yellow; all the femora, except their tip, black. Wings 
hyaline, the veins yellow and not at all stout. Length 3% millim.” 

*Ann. Soc. Ent. France, 1870, p. 210. 
{Berl. Ent. Zeitschr., 1858, p. 110. 
tBiol. Centr. Amer., Diptera, Vol. I, 1901, p. 250. 
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Eucynipimorpha, n. gen. 

This genus is erected for the reception of the species described 
by Williston as Cyntpimorpha minuta. It differs from bilimeki 
in the form of the antenne. In Cynipimorpha* the antenne 
are elongate, the third joint exceeding in length that of the 
first and second combined; the second joint is produced, thumb- 
like, on the upper inner side, and the arista is slender, not 
longer than third joint, and bare. In minutia the antennz 
are short, and the third joint is transversely ellipsoidal, and 
the arista very slender and distinctly longer than the entire 
antenna. The eyes of the male of C. bilimeki are contiguous, 
while those of minuta are narrowly separated. Kertesz has 
pointed out the differences between the species and suggested 
that minuta is probably a new genus.7 

Type of genus, Cynipimorpha minuta.t 

Williston’s description of minuta is as follows: 

“‘Male—Eyes separated by the ocelli, gradually becoming wider 
below; ocelli situated upon a tubercle, otherwise the front is plane. 
First two joints of the antenne very short; third joint transversely 
ellipsoidal, finely roughened, with the very slender arista springing 
from the upper front part. Face silvery-white, not at all projecting in 
profile; the oral opening extends to the root of the antennze, which arise 
from near the middle of the head, as seen in profile. Thorax wholly 
black; mesonotum in the middle clothed with dense, short, silvery 
pubescence, somewhat variable in different reflections, the sides with a 
patch of sparse, coarser, silvery tomentum. Knob of the halteres white. 
Abdomen black, moderately shining, broader than the thorax and only 
a little longer than wide; near the tip with some sparse white pile. 
Legs light yellow; the femora, except the tip, nearly black. Wings 
hyaline, neuration as described for C. bilimeki, Brauer. Scutellum 
triangular, obtusely pointed, the basal portion with white pubescence. 
Length 21% millim.”’ 

Kertesz’s genus Lyprotemyia§ is closely allied to both 
Cyntpimorpha and Eucinypimorpha, differing from the former 
in having the antenne stout and the third joint disc-like, as 
well as in other respects. From Eucynipomorpha it is dis- 
tinguished by the elongated head, which is distinctly longer 
than high; the slender. thorax; very erect, almost vertical, 

*See Brauer, Die Zweifl. des Kaiserl., Mus. zu Wien, Vol. 44, 1882, p. 75. 
tAnn. Mus. Nat. Hung., Vol. 5, 1908, p. 344. 
TBiol. Cent. Amer., Diptera, Vol. 1, p. 252. 
§Ann. Nat. Mus. Hung., Vol. 6, 1909, p. 391. 
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thornlike scutellum; the basally constricted abdomen; and 
the very slender legs. The general habitus of the species 
formiceformis is entirely different from that of the two other 
genera under discussion. 

The known distribution of the three genera is as follows: 
Eucyntpimorpha minuta Williston, Chilpancingo in Guer- 

rero, Mexico. 

Cynipimor pha bilimeki Brauer, Cuernavca, Orizaba, Mexico. 
Lyprotemyia formiceformis Kertez, Meshagua, Urubam- 

bafluss, Peru. 

Nothing is known of the life history of any of the genera. 

Johnsonomyia, n. gen. 

Male—Eyes contiguous; ocelli on a raised knob; antenne elongate, 
flagelum distinctly longer than broad, arista apical, densely short- 
haired, insertion of antennz slightly above middle of head in profile; 
orbits indistinguishable in profile. Scutellum similar to that of 
Eupachygaster. Abdomen short and broad. Apex of stigma proximad 
of apex of discal cell; third vein forked; discal cell emitting three veins. 

Female—Eyes widely separated above; antennz rather larger than 
in male, and arista more conspicuously haired. 

Type of genus, Johnsonomyia aldrichi n. sp. 

Johnsonomyia aldrichi, n. sp. 

Male.—Black, shining. Antenne dark brown, basal two joints of 
flagellum yellow; arista white, blackish at base; frontal triangle black, 
with a small silvery pilose spot on each side below; a silvery line 
extending along eye margin from base of antenne to posterior orbits; 
face glossy black; proboscis brownish; hairs on vertex and lower 
portion of head black. Hairs on thorax black, those on disc appearing 
slightly brownish when viewed at certain angles. Hairs on abdomen 
white. Legs blackish-brown, knees, apices of tibiz, and basal four 
joints of tarsi yellow. Wings clear, veins yellow. Halteres black, knob 
grayish brown. 

Frontal triangle very small; eyes touching, facets becoming slightly 
smaller on lower half; antennal flagellum consisting of five joints, arista 
densely clothed with short hairs; sides of face and the cheeks diverging 
below; profile as in figure 15. Hairs on disc of mesonotum upright and 
-of moderate length, those on scutellum shorter and very closely placed; 
thoracic suture very distinct on disc, forming 2 rather conspicuous 
cavities which run diagonally backward to middle of mesonotum and 
do not join, being narrowly separated on the median line; outline of 
scutellum very much like that of Eupachygaster punctifer, differing in 
having the apical production slightly upcurved and the small marginal 
thorns (4) confined to the apex (Fig. 5). Segments of abdomen closely 
fused, the divisions hardly perceptible; surface with short decumbent 
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hairs, each of which is situated in a shallow puncture. Legs normal in 
form. Venation as in Figure 6 except that the third vein is more 
elongate and furcate. 

Length, 2.5 mm. 

Female.—Differs from the male in having the antenne and the iegs, 
especially the tarsi, paler, and the halteres yellow. 

Eyes separated by one-third the head-width; frons with three dis- 
tinct longitudinal grooves, the central one deep and broad, the lateral 
pair shallow; ocellar region humplike; antennz noticeably larger than 
in male; face and frons, in profile, receding at about the same angle 
from base of antenna; posterior orbits narrow; profile as in Figure 14. 
In other respects as the male. 

Length, 3.5 mm. 

Type locality, Lafayette, Ind., July 18, 1913 (J. M. Aldrich). 

Allotype locality, Victoria, Texas, April 9, 1914, Bishopp: 

No. 3266; submitted by Prof. J. M. Aldrich from material 
belonging to the U.S. Bureau of Entomology. 

I have named the genus in honor of Mr. C. W. Johnson, 
who has done much good work on Stratiomyiide, as well as on 
other families, and the species in honor of the collector, whose 
efforts resulted in my obtaining for examination the paratype 
material of Pachygaster from the Loew collection in Cambridge, 
Mass. 

Nothing is known of the early stages of this species. 

Pachygaster Mecigen.* 

The genus Pachygaster has as its type atra Meigen, and as at 
present limited includes one North American species, pulcher 
Loew. The eyes of the male are contiguous above for a con- 
siderable distance, the antenne are short, the third joint disc- 

like, the scutellum is without a distinct rim, unspined, and not 

noticeably swollen, and the third vein is furcate. The female 
bears a closer resemblance to that of Zabrachia than to Neo- 
pachygaster, but the furcate third vein readily separates it 
from the former, while the difference in the profile of the head 
separates it from the latter. The structure of the head of 
pulcher differs considerably from that of atva, as is shown by 
Verrall’s figure, but I consider the difference insufficient to 
warrant their generic separation. 

*Tllig. Mag., Vol. 2, 1803, p. 266. 
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Pachygaster pulcher Loew.* 

Male—Glossy black. Antenne yellow; face with a white pilose line 
on each side, eyes with three narrow lines across center. Disc of 
mesonotum with short dark upright hairs. Abdomen shining, a large 
portion of the disc opaque. Legs yellow, coxe, and femora except 
bases and apices blackened. Wings slightly infuscated, especially along 
the fore margin on basal half, veins brown. Halteres yellow, usually 
with a dark spot on outer under surface of knob. 

Eyes bare, facets of equal size throughout, closely contiguous for a 
considerable distance above; ocelli on a prominent raised portion; 
antennze small, arista bare, hairlike; insertion of antennz very dis- 
tinctly below middle of profile; postocular orbits only visible towards 
lower extremity of head; profile as in Figure 2. Mesonotum finely 
punctured; scutellum without distinct rim. Abdomen not broader 
than thorax, narrowed at base, segments more distinct than in other 
genera, hypopygium small, usually protruded. Legs slender. Third 
vein ending as far before wing-apex as second branch of media does 
behind it, the branches of media often fused at apex of discal cell; 
apex of discal cell distinctly proximad of apex of stigma. 

Female—Agrees in color with the male. 
Frons slightly less than one-third head-width, slightly narrowed 

anteriorly, incised central line weak; antennz as in male but rather 
larger; profile as in Figure 1. 

Length, 2-3 mm. 

The original description gives the District of Columbia as. 
the type locality. I have seen one male from the Museum of 
Comparative Zoology collection labeled ‘“‘O. Sacken coll.” 
which bears the locality label West Point. The species has 
been recorded from New Jersey and the White Mountains, 
NE.” I) ave’ seen a-specimen from Opelousas, La‘; April, 
1897, submitted by C. W. Johnson, and others from Lafayette, 
iid. jiaky oj. M.-Aldrich): and Urbana, and ‘Monticello, 
Iil., June 20 to July 4, 1914 (C. A. Hart and J. R. Malloch). 

Only one male of the type series of pulcher in the Museum of 
Comparative Zoology, besides the type specimen, belonged to 
this species, the others being Neopachygaster maculicornis and 
Eupachygaster sp., probably puncizfer. 

Nothing is known of the early stages of our North American 
species. The European congener, atra Meigen, has been reared 
from decayed Ulmus wood. There are records of the species 
having also been reared from Populus alba and Pinus sylvestris, 
but there is considerable doubt as to the correctness of these, 

as pointed out by Verrall.t 

*Berl. Ent. Zeitschr., 1863, p 
{British Flies, Vol. V, ENE oy lle 



316 Annals Entomological Society of America [Vol. VIII, 

The European species /eachit Curtis, about the generic 
position of which there is a doubt, has been recorded by Perris 
at different times as bred from Boletus in a hollow oak, from 

rotten wood from oak and from turnip stems.* 

Eupachygaster Kertesz. 

I have provisionally placed the following species in Eupachy- 
gaster, a genus erected by Kieffer for the reception of tarsalis 
Zetterstedt.t It is unfortunate that I am not in possession 
of both sexes, for this fact prevents me from arriving at a 
definite opinion regarding the generic status of the species. 
From tarsalis the present species differs in having the antenne 

inserted at middle of frons, but I consider this character 

insufficient alone to permit a generic separation. The specimen 
I refer to in the notes on the present species as being in the 
Museum of Comparative Zoology at Cambridge, Mass., has 
puzzled me. If it is a female it undoubtedly represents a 
distinct species; whereas if it is a male punctzfer it is a departure 
from the rule in having the third antennal joint larger than in 
the female; and because of the wide frons the species would 
also be removed from Eupachygaster. 

Eupachygaster punctifer, n. sp. 

Female——Glossy black. Frons glossy black, with a subopaque 
M-shaped mark on center, the surface of which is clothed with short 
silvery pile; lateral margins silvery from lower extremity of the 
M-shaped mark downward; face brownish, clothed with silvery pilosity; 
proboscis yellow; antennze yellow, inner surface from before apex of 
third joint to apex of sixth distinctly brownish; arista white, yellowish 
at base. Thorax glossy black, disc with numerous small punctiform 
groups of silvery scalelike hairs, those on median and submedian lines 
forming three irregular narrow stripes; scutellum without silvery hairs. 
Abdomen glossy black, the punctiform groups of silvery hairs present 
except on disc of first and second segments. Legs pale yellow; fore 
coxee black, mid and hind coxe and all femora except their bases and 
apices brown. Wings clear; veins and stigma yellow. Halteres brown, 
knob white except the extreme base. 

Frons, at vertex, about one-fourth the width of head, the sides 
diverging towards antenne, at its lower extremity one-third the head- 
width; ocellar region distinctly raised, profile as in Figure 13; antenne 
short, apical portion consisting of at least five joints; basal joint of 
arista short and broad, apical joint elongate, densely clothed with short 
hairs, so that it appears to be flattened and rather sword-shaped (Fig. 7). 

*Ann. Soc. Ent. France, 1870, p. 212, 1. e¢. 1876, p. 180 and p. 193. 
tler Cong. Intern. d’Entomol. Brux., 1910, p. 31. 1911. 
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Dorsum of mesonotum and scutellum distinctly punctured; between the 
groups of silvery hairs on mesonotum, and on the scutellum also, are 
numerous, less conspicuous, silvery hairs; shape of scutellum when 
viewed from the side as in Figure 8. Abdomen short and broad, disc of 
segments punctured as mesonotum. Legs rather stout, surfaces with 
very short hairs. Fork of third vein slightly sloping towards apex of 
wing, distance from apex of fork to apex of third less than one-third the 
distance from apex of stigma to apex of fork. 

Length, 3.5 mm. 

Type locality, Algonquin, Ill. (W. A. Nason). 

A specimen, without locality data, from the Loew collection 
and placed with the type Pachygaster pulcher, has the antennz 
considerably larger, the third joint very much deeper than 
long, the arista slender, with very short pubescence, the silvery 
pile arranged in irregular narrow stripes instead of punctiform 
groups; no noticeable silvery pile on abdomen. I am rather 
inclined to the opinion that this specimen is the female of a 
distinct species, but because of uncertainty as to the locality 
from which it was obtained and a disinclination to dissect 
a specimen which does not belong to me, I am forced to leave 
the matter in doubt, even as to sex. 

Dr. Kertesz has described the genus Vzttiger* from Peru. 

This genus closely resembles punctifer in the arrangement of the 
thoracic pilosity, antennal structure, and venation. The 

principal differences between the two genera lie in the position 
of the antenne, which in Vzttzger are inserted below the middle 
of the head, in profile, while in Eupachygaster they are at the 
middle; in the form of the scutellum; and in the form of the fore 

legs, which in Vzttiger are distinctly stronger than the other 
pairs and have the tarsi flattened, whereas in Poe eee, 
the legs are all of equal strength. 

Themiite history of the: present, species, is unknown, >. 
tarsalis has been reared from larve found on Pinus in Scotland, 

and on Populus in England. Lundbeck has recorded the 
same species from apple and oak, while Verrall indicates that 
Dr. Sharp reared it from Fagus. The pupal case is figured by 
Verrall,j Figure 11 in present paper being a reproduction 
of that by Verrall. 

*Ann. Nat. Mus. Hung., Vol. 7, 1909, p. 395. 

{British Flies, Vol. V, Stratiomyide, Fig. 100, p. 75. 
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Neopachygaster Austen. 

As indicated in the introductory remarks to this paper, 
Neopachygaster was erected for the reception of a single species, 
orbitalis Wahlberg (as meromelena Perris), a species which 
is very closely related to maculicornis Hine, considered con- 
generic with it by the present writer. It is not difficult to 
separate the genus from Pachygaster in the male sex, as the eyes 
in the latter are contiguous.above, but the females are very 

much alike, both having the eyes separated, and more obscure 
characters must be used to separate this sex. Austen has used the 
form of the posterior orbits as the character for the separation 
of the females, stating that in Pachygaster these are produced 
in the form of a ‘‘prominent ridge,’’ while in Neopachygaster 
they are not. It is apparent from the figures given by Verrall 
that what Austen referred to, unless he was using minutissimus 
for comparison, was the distinct production of the posterior 
orbits on their lower half, which is almost indistinguishable 
in Neopachygaster. A character which very probably holds 
good and is of considerable value also, though not mentioned 
by Austen, is the shape of the head, which in Pachygaster atra 
Meigen is elongate, the eye being longer than high, while in 
Neopachygaster orbitalis 1t is short, the eye being distinctly 
higher than long. Unfortunately, it is not possible to use 
this character here unless one is prepared to erect a new genus 
for pulcher Loew, as this species has the eyes of the male con- 
tiguous above and the head higher than long, i. e., intermediate 
between Pachygaster and Neopachygaster. For a discussion 

of this point see under Pachygaster. It is not clear whether 
in orbitalis the dark mark on the antenne is of the same nature 
as in maculicornis—glossy and possibly of a sensory nature— 
though Austen’s description leads me to infer that it is. If 
this supposition is correct the presence of this mark or organ 
on the antenne might be used as a character for the separation 
of the genera in both sexes. 

Neopachygaster maculicornis Hine.* 

Male—Glossy black. Head black, eyes in life with a purple tinge; 
antennze yellow, a conspicuous glossy dark brown spot on inner surface 
of third (complex) joint; depressions above antennz and the lateral 

*Ohio Naturalist, Vol. 2, 1902, p. 228 (Pachygaster). 
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margins of face with distinct silvery pile; proboscis yellowish apically, 
brown basally. Mesonotum with silvery hairs which are very dense, 
backwardly directed, and decumbent; pleure with a vertical stripe of 
silvery hairs on center; scutellum with less conspicuous hairs than 
mesonotum. Abdomen with short whitish hairs, which are much more 
sparse than those on thorax. Legs yellow, cox, except at apices, and 
femora, except at bases and apices, blackish brown. Wings clear, veins 
yellowish. Halteres yellow, knobs white. 

Frons about a fifth the width of the head, parallel-sided from 
posterior ocelli to a short distance above antennz, where it widens 
gradually; ocelli situated on a slight prominence; antennez small, third 
joint disclike, the glossy area on inner side very noticeable; arista 
slender, bare, apical; eyes bare. Thorax with distinct suture on each 
side at middle, the portions immediately posterior to suture distinctly 
swollen; process in front of wing-base distinct; scutellum directed 
slightly upward, blunt apically, and unarmed. Abdomen broader than 
long, segments poorly defined; hypopygium small, generally protruded. 
Legs slender, tarsi not thickened. Apex of discal cell slightly proximate 
of apex of stigma, distance from fork of third vein to apex of latter about 
equal to preceding section of costa. 

Female.—Differs from the male in having the frons slightly wider, 
the antennze appreciably larger, profile (as in Fig. 16), the thoracic 
dorsal pilosity shorter and brassy in color, except anteriorly on the 
sides, and in being slightly larger. 

Length, male, 2-2.5 mm.; female, 2.5-3.5 mm. 

Originally described by Hine from Onaga, Kansas, and 
doubtfully referred to Pachygaster. I have examined one of the 
paratypes. I have seen examples from Havana, IIl., taken on 
the Illinois River bottoms June 19, 1909; from Plainview, IIL., 

in apple orchard, May 3, 1915 (J. R. Malloch); from Lafayette, 
Ind., June 6 and July 24 and 26 (J. M. Aldrich); from Ithaca, 
N. Y., July 15, 1907 (A. D. MacGillivray) ; from Lincoln, Neb., 

marked “bred from Pulvinaria innumerabilis;’’ and five speci- 
mens from the series of Pachygaster pulcher in the Museum of 
Comparative Zoology at Cambridge, Mass., two females of 
which bear the label D. C., one labeled ‘‘ Loew coll.,’’ the other, 

“pulcher’’ and ‘‘O. Sacken,’’ and two males and one female 
without locality labels, one bearing the number 77, and all 

three with the label ‘‘ Loew coll.”’ 

As pointed out by Aldrich in his “Catalogue of North 
American Diptera’’ (p. 192), Loew had two species before him 
when he described Pachygaster pulcher—a fact which invalidates 
his description of the female. The description of the male 
was drawn from the specimen bearing the type label, and this 
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is accepted as Loew’s species. (An examination of Loew’s 
material disclosed the fact that he had 3 species—or at least 
there are now three—in his type series). 

The record on the Nebraska specimen, given above, is 

undoubtedly an error, the larve having fed in the bark of the 
tree on which the Pulvinaria were, and not on the insects. 

Neopachygaster orbitalis was reared from larve found in a 
decaying holly tree (/ex) at Lyndhurst, New Forest, England, 
by Dr. D. Sharp on several occasions. Wahlberg’s record 
“Hab. in ligno Populi caseo ad Gusum Ostrogothiz’’ has 
been supposed to indicate that he reared the species from poplar, 
but nothing definite is known on the point. Verrall suggests 
that the species may be found upon holly exclusively. 

EXPLANATION OF PLATE XXV. 

Fig. 1. Pachygaster pulcher, head in profile, female. 
Fig. 2. Pachygaster pulcher, head in profile, male. 
Fig. 3. Zabrachia polita, head in profile, male. 
Fig. 4. Zabrachia polita, head in profile, female. 
Fig. 5. Johnsonomyia aldrichi, scutellum in profile, male. 
Fig. 6. Zabrachia polita, wing. 
Fig. 7. Eupachygaster punctifer, antenna of female. 
Fig. 8. Eupahygaster punctifer, scutellum in profile, female. 
Fig. 9. Zabrachia polita, pupal exuvia, dorsal view. 
Fig. 10. Zabrachia polita pupal exuvia, ventral view. 
Fig. 11. Eupachygaster tarsalis, pupal exuvia, dorsal view. 
Fig. 12. Neopahcygaster orbitalis, pupa, dorsal view. 
Fig. 13. Eupachygaster punctifer, head in profile, female. 
Fig. 14. Johnsonomyia aldrichi, head in profile, female. 
Fig. 15. Johnsonomyia aldrichi, head in profile, male. 
Fig. 16. Neopachygaster maculicornis, head in profiel, female. 

Figs. 11 and 12 are copied from Verrall’s British Flies, the others are original. 
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ON THE PRESENCE AND ABSENCE OF COCOONS 
AMONG ANTS, THE NEST-SPINNING HABITS OF 
THE LARVZ AND THE SIGNIFICANCE OF THE 

BLACK COCOONS AMONG CERTAIN 
AUSTRALIAN SPECIES.* 

By WrLtt1AM Morton WHEELER. 

It has long been known that in three of the five subfamilies 
of ants, the Doryline, Myrmicine and Dolichoderine, the larve 
Spin no cocoons before pupation, and therefore remain nude, 
or uncovered in this instar. There is apparently no exception 

to this rule in these three subfamilies. The cocoon is present, 
so far as known, in all members of the subfamily Ponerinae, 
with the single exception of a small African ant, Dzscothyrea 

oculata, and is lacking among the Camponotine only in a few 
whole genera and a few sporadic species of other genera. 
The pupe of the genera Prenolepis and Cicophylla are 
naked, and in some species of Formica (e. g. the circumpolar 
F. fusca L. and its vars. subsericea Say, neorufibarbis Emery, 
etc. in North America) one often finds only naked or both 
naked and cocooned pupze in the same nest. This is also 
the case, though much more rarely, in certain species of Lasius. 
A few species of the large paleotropical genus Polyrhachis also 
lack the cocoon in the pupal stage, as I shall show in the sequel. 

These facts naturally suggest the inference that the cocoon, 
inherited from the ancient wasp-like ancestors of the ants, has 
been retained in the most primitive subfamily, the Ponerinae, 
from which, by common agreement, the four other subfamilies 
are descended, and that it has been lost in three and is tending 
to disappear in the fourth of these. Certain authors, indeed, 

seem to believe that the disappearance has been comparatively 
recent in the phylogenetic history of the Formicide. In this 
sense I interpret the following remarks of Janet (1896): ‘‘We 
are no doubt witnessing in the ants the disappearance of this 
protective envelope, which is rendered unnecessary by the 
incessant care devoted to the progeny. From the point of 
view of the evolution of instinct, it is interesting to note that 

*Contributions from the Entomological Laboratory of the Bussey Institution, 
Harvard University, No. 95. 
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the disappearance is not accomplished gradually, by successive 
attenuation or evanescence of the cocoon, but suddenly, so to 

speak, since larve that are similar and give rise to similar 
adults, make an absolutely perfect cocoon, which shows no 

signs of reduction, or make none at all. This may be cited as 
an example of the sudden changes that may supervene in the 
habits of an animal. It illustrates the conclusions embodied 
in a communication made by my brother, M. Armand Janet, 
to' the Leyden Congress. These conclusions, deduced from 
considerations of rational mechanics applied to the problem 
of the species regarded as a position of equilibrium, tend to 
show that the differences obtaining between a form and its 
derivatives are more probably produced by rather sudden 
saltations than by insensible and continuous variations.”’ 

In other words, Janet regards the disappearance of the 
cocoon in ants as due to what we now call ‘‘mutation,’’ and 
intimates that in certain species the process is still going on. 
I am willing to grant the partial truth of this contention, 

but I have recently found evidence. to prove that, far from 

being a recent loss, the disappearance of the cocoon, in certain 

genera of ants at least, had already taken place not less than 
two million years ago. Among the Dolichoderine of the 
Baltic amber, which is of Lower Oligocene Tertiary age, I find 
the pupe of certain species already lacking the cocoon, and 
this structure is likewise absent in a species belonging to the 
Camponotine genus Prenolepis (P. henschet Mayr) in the 
same formation (1914). Facts like these are calculated to 
impress us with the immense antiquity of many apparantly 
trivial structures and to convince us that we cannot dispense, 
even in these days of experimental biology, with a certain 
amount of ‘‘ phylogenetic speculation.”’ 

What has led to the disappearance of the cocoon in the 
Myrmicine, Doryline and Dolichoderine and in a few genera 
and sporadic species of other genera among the Camponotine? 
This question no doubt admits of several answers. Janet, as 
we have seen, believes that the cocoon became superfluous and 
disappeared because it was replaced by the fostering care 
and protection of the workers of the colony. But if this is the 
case, why do the most formidable of all ants, the Australian 

‘“‘bull-dogs’’ (Myrmecia), retain the cocoon and such feeble 
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species as many Dolichoderine (Leptomyrmex, Tapinoma, 
Bothriomyrmex, etc.) dispense with it? And why is it retained 

by the fierce Formica sanguinea and so often absent in F. fusca 
and its varieties, the gentle slaves of this ant? That the 
presence of the cocoon is primitive and its suppression a second- 
ary phenomenon must be granted, and it is evident.that the loss 
of the structure must be due primarily either to a loss of the 
spinning instincts on the part of the larve or to a change in the 
instinct of the adult worker ants in so far as these instincts 
are concerned with the treatment of the larve. The latter 
change might conceivably consist in a lapse of the habit of 
burying the mature larve in the earth or in covering them with 
particles of earth or refuse, since ant larve are known to be 
quite unable to spin their elliptical cocoons unless thus tempor- 
arily enveloped with foreign particles to which they can attach 
the thread from their sericteries. 

The frequent appearance of nude pupez in the typical 
Formica fusca and some of its varieties may be attributed to 
the fact that these forms are peculiar to high altitudes and 
latitudes, where the reproductive season of the colony is con- 
siderably abbreviated. The omission of the cocoon would 
seem, therefore, to be due to “‘tachygenesis,’’ or acceleration 

of ontogenetic development, since the spinning of this envelope 
not only requires a number of hours and an expenditure of 
energy and material, and therefore delays pupation, but the 
envelope itself is probably in some degree a nonconductor and 
would therefore tend to prolong development under circum- 
stances that demand a very rapid utilization of the sun’s heat 
by the pupa if it is to reach maturity at the proper time. The 
loss of the pupal covering in the Myrmicine, Dolichoderinz 
and Dorylinz in the remote past may have ‘been due to the 
same or similar causes. 

That the behavior of the workers of the ant-colony in some 
species does actually influence the spinning activities of the 
larve is indicated by the following facts. In the great majority 
of larve which use their spinning glands, these organs are called 
into activity only at the end of the larval stage and for the 
purpose of making the cocoon, but within recent years several 
observers have called attention to a series of tropical ants belong- 
ing to at least three very different genera of Camponotine, 
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namely, Gicophylla, Camponotus and Polyrhachis, which have the 
extraordinary habit of using their larvae for the purpose of 
spinning silken nests for the colony. This habit has been 
observed by Ridley (1890, 1894), Hammond (Green 1900), 
Green (1900, 1903), Doflein (1905, 1906) and Bugnion (1909) 

in the red tree-ant of India (Gicophylla smaragdina), by Saville- 
Kent (1891, 1897), Dodd (1902), O’Brien (1910) and myself 
in the green tree-ant of Northeastern Australia (CE. smaragdina 
var. virescens), and by Chun (1903) in C&. longinodis of the 
Kamerun. More recently Goeldi (Forel 1905) has observed 
this habit in a South American Camponotus (C. [Myrmobrachys| 
senex F. Smith) and Jacobson (Forel 1911, Wasmann 1905) and 
Karawaiew (1906) have observed the same behavior in several 
species of Polyrhachis. Green (1903) found that although the 
larval C2. smaragdina is employed as a shuttle in spinning the 
silken portions of the nest, it does not spin a cocoon for itself, 
but forms anaked pupa. Hesays: ‘‘ This seems to be explica- 
ble only on the theory that the silk that would normally be em- 
ployed in the construction of the cocoon is systematically con- 
verted to the purpose of nest building, and that the larve have 
consequently lost the habit of cocoon formation.”’ This was a 
natural view to take, especially as Green (1900) believed that 
only full grown larvee were used in spinning the nest. The 
conditions, however, are more complicated than they appeared 
to Green, since later observers have shown that Ccophylla 
uses only its very young larvee in nidification, and that cocoons 
are actually formed by the larve of many of the nest-spinning 
species of Polyrhachis. As I have lately had an opportunity 
to study the nest-spinning habits of G#. virescens in Australia 
and am able to record a few new facts concerning an Australian 
Polyrhachis and a Central American Camponotus not hitherto 
known to produce silken nests, I take this occasion to transcribe 
a few observations from my note-books. 

I find the earliest mention of the green tree ant in Capt. 
Cook’s narrative of his first voyage. He landed May 23, 1770, 

somewhere in the neighborhood of the present Townsville, on 

the coast of Northern Queensland, ‘‘ within the point of a bay, 

which led into a large lagoon, by the sides of which grows the 

true mangrove. There,’’ he says, ‘““were many nests OL sa 

singular kind of ant, as green as grass, in the branches of these 
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mangroves,’ etc. This passage came to my mind when I 
landed for an hour at Lucinda Point, north of Townsville, and 

found the nests of the green ants on the mangroves just as 
they had been observed by Capt. Cook. Later, while sojourning 
for a few weeks at Cairns on the Cape York Peninsula, I had 
an opportunity to become well acquainted with this ant. In 
the outskirts of this pretty town it may be found on all kinds of 
trees and bushes, building its nests in the leaves from a few 
feet above the ground to the inaccessible branches of the 
highest Melaleuca trees. The thorax and legs of the slender 
workers of C!. virescens are brownish straw yellow, the gaster 
bright green and the head tinged with the same color. Usually 
it prefers trees with rather thin, flexible, lanceolate leaves a 
few inches in length, which may be easily drawn together, 
but occasionally it makes its nests even on wattles with thick 
phyllodes. The nests are more or less elliptical and vary in 
size from a few inches to a foot or more in length and to eight 
inches in diameter. Smaller nests or tents, for the accomoda- 
tion of Homoptera, may consist of only a few leaves, but larger 
ones often take up nearly all the leaves on a small branch or on 
two neighboring branches. Some of the’ nests are very beauti- 
fully constructed, the leaves being drawn together and plaited 
in such a manner that the superficial layer forms a smooth, 
mosaic covering. The interior of the nest consists of the 
enclosed, more or less crowded or curled leaves. 

On several successive days I endeavored to observe the 
spinning habits of virescens by tearing small rents in the nests 
and waiting to see the ants repair them. Occasionally I saw 
some of the workers line up on the outside of the nest as de- 
scribed by previous observers, and draw the leaves on each 
side of the rent together, but I failed to see the spinning of 
the silken film across the gap. On October 16th, however, 
I came upon a remarkable nest in process of construction. 
It was 3 o'clock in the afternoon and the nest hung in the 
shade about 8 feet from the ground on a wattle branch, which 

I partially broke in order to bring the structure to a level with 
my eyes, where I could watch it without disturbing the ants. 
It was very large and somewhat flattened, about 14 inches 
long, 7 inches broad and 4 inches thick. The leaves (or rather 
phyllodes) had evidently just been brought together, as_the 
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whole outer surface was covered with hundreds of ants, all 

forming living sutures along the contiguous edges of the leaves. 
In most cases these sutures consisted of a single row of ants, 
side by side, with their mandibles grasping the edge of one 
leaf and the large claws of all their backwardly directed feet 
fixed into the edge of another adjacent leaf. Where the gap 
between the leaves of the outer layer was too wide to be spanned 
by single ants, there were parallel chains each consisting of 
two to seven ants, each ant holding the petiole of the ant in 
front in its mandibles and being grasped in the same place 
by the ant behind, exactly as described by Dodd for CE. virescens 
and figured by Bugnion for the true smaragdina of Ceylon.* 

The longer chains often ran diagonally across the shorter. 
The nest presented a startling appearance, with these hundreds 
of green ants immovably fixed on its outer surface and accentu- 
ating the more or less contiguous borders of the leaves. Then | 
I noticed that there was great activity on the branch leading 
to the nest. Files of workers were running along it to and 
from the nest and could be traced to two much smaller nests 
consisting of dead leaves on an adjacent tree about 30 feet 
away. The colony had evidently outgrown these nests and 
was in the act of building the more commodious domicile I had 
been observing. Closer inspection showed that about one in a 
dozen of the workers coming to the new nest was carrying in its 
mandibles a minute milk-white larva, and as the larve accumu- 
lated, I was able to observe all the stages in the spinning of the 
silken film. Many of the ants worked from the inside, but quite 
a number stationed themselves on the outside of the nest where 
I could see them very clearly under my pocket lens, while they 
moved their larve back and forth as living shuttles from the 
edge of one leaf to that of another, pausing only while the 
larve attached their extremely delicate threads to the surface 
of the leaf. A single ant would sometimes work in the same 
spot for 10 to 20 minutes, moving its larva so nearly through 
the same arc as to produce a stout silken band or cord from the 

*The question naturally suggests itself as to whether the greatly elongated 
petiole of Gtcophylla is not an adaptation to this peculiar use. I have recently 
(1914) called attention to the fact that the fossil species of Gicophylla (brevinodis 
Wheeler and brischkei Mayr of the Baltic amber and sicula Emery of the Sicilian 
amber) have a shorter petiole than the recent smaragdina. This indicates, per- 
haps, that the species of the Lower Oligocene and Miocene had not yet acquired or 
were merely in process of acquiring the habit of forming chain sutures. 
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individually invisible threads. In other cases the movements 
were more varied so that the threads crossed and recrossed 
one another till they gradually formed a delicate film or tissue. 
Only very young larve, about 2-3 mm. in length, were employed. 
The nest was watched till darkness came on. There was no 
movement on the part of the ants that were warping and holding 
the stiff leaves in place, and the weaving workers were still 

toiling when I was compelled to return to my hotel for the 
night. © 

At nine o’clock on the following morning, when I hastened 
to the nest, I found few ants on its outer surface and none holding 
the leaves in position, for during the night the ants had filled out 
all the narrow spaces with white silken tissue. This must have 
represented an enormous amount of labor on the part of the 

workers and a corresponding expenditure of material on the 
part of the larve. On gently opening a few of the sutures so 
that I could look into the nest, I found that the chains of 

‘workers were now stationed on the inside warping the leaves 
while the larve were being employed in spinning them together 
to form chambers. The spaces between the leaves were full of 

ants and brood as the whole colony had now moved into the 
new quarters. The day was growing warm and the leaves of 
the nest were beginning to wilt as the result of my breaking 
the branch on the previous day. 

At three o'clock I again visited the nest and was startled by 
the great change which it had undergone. The heat of the sun 
had dried the thick phyllodes of the wattle branch till they had 
curled and ruptured the silken tissues, so that the whole nest 

was disintegrated, so to speak, and had been entirely deserted 
by the ants. Under natural conditions the leaves of the nests 
also die and dry up after the ants have been living in them for 
some time, but so gradually as not to break the silken sutures. 

When one realizes the great expenditure of labor and 
valuable material in constructing one of these nests, one is not 
surprised to find that the ants are exceedingly aggressive in 

defending their property. When a nest is broken open or even 
roughly shaken the ants rush out and gather in great numbers 
at one or a few points on its outer surface where they assume a 
peculiar threatening attitude. Doflein has given a figure of 
this attitude in Gt. smaragdina, but his figure is not altogether 
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accurate, at least for the var. virescens. This ant rises on its 
middle and hind legs, so that they are nearly straight, the fore 
pair are thrust out into the air and often waved about as if to 
grasp the intruder and the mandibles are opened as widely as 
possible. A slight shock to the nest when the workers are thus 
congregated will precipitate the whole mass of them over one’s 
clothes and head. Then one may notice a peculiar method of 
behavior which is evidently merely a modification of the posture 
assumed by the ants when they are holding the leaves together 
during the construction of the nest. After digging the claws. 
of their backwardly directed legs into one’s skin, they seize the 
skin in front of them with their mandibles and begin to pull 
slowly and steadily. This produces a peculiar sensation as if 
the skin were tightly bound with cords. It is especially marked 
when a row of ants seizes the skin of one’s neck with the 
mandibles and fastens the claws into the edge of one’s collar. 

I was unable to study the founding of the colonies of 
virescens as the ants had not yet produced their annual genera- 
tion of sexual individuals at the time of my visit to Queensland, 

but Mr. F. P. Dodd informs me that the huge, recently fecun- 
dated queen, after cutting off her wings, takes up her abode in a 
curled leaf. In the course of a few days she lays,a batch of 
eggs and when they hatch she employs the young larve in 
spinning enough silk to bind the edges of the leaf together. A 
figure (Fig. 135) and a few brief notes published by Maxwell- 
Lefroy and Howlett in their work on Indian insect-life (1909) 
suggest that the queen of the typical smaragdina founds her 
colony in the same manner. 

The large genus Polyrhachis has been recently divided into 
several subgenera. I have found that the numerous Australian 
species of three of these, Campomyrma, Hagiomyrma and 

Chariomyrma, all nest in the ground under stones or pieces of 
wood, except Hagiomyrma semiaurata, which nests in great logs. 
The small, shining black species, with peculiarly arched thorax, 
now referred to the subgenus Cyrtomyrma, however, inhabit 
silken nests attached to the leaves of trees. This is true, at 

least, of the Australian C. levior Roger and its var. yorkana 
Forel, which are merely forms of the Indomalayan rastellata 
Latreille. I found the nests of /evior to be of small size and 
usually built on thick, broadly lanceolate leaves such as those 
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of the mangrove and a species of Wurmia. Sometimes two 
leaves have their edges spun together with a silken tissue, or a 
silken bladder with a short tubular entrance is constructed on the 
lower surface of a single leaf. The outer surface of the silk is 

thickly covered with minute vegetable particles. There are 
only 25 to 50 ants in a colony and the pupe are always naked. 
This is interesting, because all the other nest-spinning species of 
Polyrhachis, of which at least 20 are mentioned in the literature, 
are described as having the pup enclosed in cocoons just as 
they are in the species that nest in the ground or in logs. It is 
evident, therefore, that the larve of the subgenus Cyrtomyrma, 
like those of Gicophylla, though actively sericiparous in the 
construction of the nest, no longer spin a pupal envelope. 

All the species of Gtcophylla and Polyrhachis are confined to 
the Old World tropics. The third genus, Camponotus, is cos- 

mopolitan and comprises several hundred species, nearly all of 
which nest in the ground or in dead wood. Only a small num- 
ber of species and these, so far as known, peculiar to tropical 

America, build silken nests. Several years ago Goeldi (Forel 
1905) observed that the Brazilian C. senex employs its larvee in 
the construction of a somewhat globular silken nest on trees, 
and the var. fextor Forel of the same ant is known to make a 
similar nest in Central America. I am able to add a second 
species, a beautiful little, opaque, red ant, C. (IM yrmobrachys) 
formictformis Forel, to the list of forms with the same habit. Dec. 
28 and 30, 1911, my wife discovered two nests of this ant while 
we were walking in the neighborhood of Escuintla, Guatemala. 
One was between two broad liana leaves, which had been con- 

verted into an elliptical nest about four inches long and three 
inches broad by having their edges bound together with a broad 
film of white silk (Fig. 1). In this nest the silk was quite clean, 
like that of Gicophylla, 2. e., without admixture of any foreign 
material. The other nest, of about the same size, was of a dif- 

ferent appearance. It consisted of silk spun around the radiating 
petioles of a cluster of pinnate leaves on the branch of a legu- 
minous tree. No leaves were included in the walls of the nest 
so that very large quantities of silk had to be produced, and 
this silk was of a gray color and covered with numerous particles 
of extraneous vegetable matter. Each of the nests contained a 
flourishing colony of several hundred very active ants, which 
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left the nest with their larve and pupze when it was violently 
shaken. Although I did not see the larve in the act of being used 
as shuttles in the construction of the nest, there can be no 

doubt that they are thus employed. The pupe were all enclosed 
in white cocoons like those of other small species of Camponotus. 

FIGURE 1 

Fig. 1. Silken nests of Camponotus (Myrmobrachys) formiciformis from Guatemala, 
about one-half natural size. 

The workers, however, unlike those of nearly all the species of 
the genus, were monomorphic as in the various species of 
(Ecophylla and Polyrhachis. In C. senex the workers are also 
practically monomorphic, so that it would seem that the habit 
of employing the larve for spinning the nest tends to make them 
develop into adults of uniform stature and shape. It is not 

easy to understand why this should follow. 
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Still another inference may be drawn from the presence or 
absence of cocoons among the various nest-spinning ants. As 
we have seen, the cocoons are always present, so far as known, 

in Camponotus, even in the nest-spinning species; in Polyrhachis 
the cocoon is rarely absent and then only in the species of the 
subgenus Cyrtomyrma, whereas in Cicophylla it is always 
absent. Very few species of Camponotus spin nests; a number 
of species of Polyrhachis have acquired this habit, and all the 
species of CGicophylla exhibit it in its highest manifestation. 
This is shown also by the hypertrophic development of the 
sericteries of young Cicophylla larvee, as observed Chun (1903) 
and Karawaiew (1906). Apparently, therefore, in this genus 
the spinning habit has been shifted back en bloc to an early 
larval stage and is no longer manifested for cocooning in late 
larval life; whereas in Camponotus and Polyrhachis (excepting 
the species of Cyrtomyrma) more mature larve are used as 
shuttles and the cocoon-spinning instincts have not been 
suppressed.* The employment of the larvae as instruments 
for spinning a silken nest in at least three very different genera 
is only one of several cases of convergent development among 
ants. While studying the Australian species during the 
autumn and winter of 1914, I detected another case of an 

equally adaptive convergence in the coloration of the cocoon. 
In the great majority of ants the cocoons are white, cream, or 
pale buff-colored. In some Ponerinze (Odontomachus, Stig- 
matomma, etc.) they are brown, but the cocoons of the species 
to which I refer are dark brown or black. Such cocoons I 

have found in three very different genera of Ponerine, namely, 

Diacamma, Rhytidoponera sens. str. and Leptogenys (subgenera 
Lobopelta and Odontopelta), and as nothing has been published 
on the habits of the species in question, I here subjoin a few 
of my field notes. 

*Wasmann (1905), in his rendering of Jacobson’s observations on Polyrhachis 
(Myrma) dives F. Sm., states that one of the larve used as a shuttle measured 
5mm. It must, therefore, have been much more nearly full-grown than the larve 
employed by CGicophylla for the same purpose. In this connection reference may 
be made to Technomyrmex bicolor Emery subsp. textor Forel of Java, which, accord- 
ing to Jacobson (Forel, 1909) inhabits, on the bark of trees, little nests 2 cm. long 
by 1 cm. in diameter, consisting of silk mixed with vegetable detritus. These 
nests are described as resembling those of Polyrhachis psena in miniature. If, as 
Forel remarks, these nests are really the work of the Technomyrmex, we shall have 
to regard this as a fourth genus which has independently acquired the habit of 
employing its larve in nidification. This would be of considerable interest, 
because Technomyrmex is a Dolichoderine ant, whereas all the nest-spinning species. 
above mentioned are Componotine. 
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The only species of Diacamma known to occur in Australia 
is the bronzy black and beautifully sculptured D. australe 
(Fig. 2). The remainder and great majority of the species 
of the genus are Indomalayan. I found australe rather 
common in several localities in Queensland (Cairns, Kuranda, 

Koah, Townsville) nesting in the ground in open, sunny and 
more or less grassy places. The nests are craters four inches 
to a foot in diameter and two to six inches high, with a very 
large central opening, often 1 to 114 inches in diameter. This 
opening leads almost directly into a few large chambers situated 

FIGURE 2 FIGURE 3 

Fig. 2. Diacamma australe. Workers and cocoon x13. 

Fig. 3. Diacamma australe. Male x12. 

in the crater, and from them galleries descend into the ground, 
apparently to some depth. The outer surface of the crater 
is often covered with growing grass or other plants. The 
colony of ants numbers about 50-100 individuals. They. are 
rather timid and usually retreat into the nest at the slightest 
alarm. Their movements are exquisitely soft and graceful. 
Their sting is rather feeble, except when it comes in contact 

with the thin skin on one’s wrists or between the fingers. In 
the ‘‘Genera Insectorum’’ Emery enumerates 13 species of 
Diacamma and one of these, the Indian D. rugosum, is so well 

known that 22 varieties and subspecies of it have been described; 
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yet no one has ever seen a female Diacamma. In excavating 
the nests of australe, therefore, I scrutinized the ants very 
closely in the hope of finding the unknown female, but in vain. 
Though I searched dozens of nests, I saw nothing resembling 
a winged or dedlated queen or even a worker with conspicuously 
enlarged gaster. I found plenty of larve and pupz and in some 
of the nests during late October a number of males. These are 
bright, reddish yellow, with conspicuously long antenne, and 
quite unlike the bronzy black workers. (Fig. 3). As I failed 
to find any differentiated queen and as all the pupz were of the 

same size, I feel confident that in Diacamma the egg-laying 
function must be usurped by one or more fertile workers during 
the breeding season. 

What impressed me most, while I was excavating the nests 
of australe, was the very dark brown or black color and tough 
consistency of the cocoons. I then remembered that I had 
received very similar cocoons with specimens of D. scalpatrum 
from India and of D. cyaniventre from the Philippines. Further 
study of the nests of australe soon gave a clue to the meaning 
of this unusually deep pigmentation of the pupal envelope. 
On the outer surface of two of the craters, which happened to 
be in shade at the time, I found heaps of cocoons fully exposed 
to the light. At first I supposed that they were the cocoons of 
dead or hatched pup, but on approaching the nests the wary 
workers at once carried them into the nest. Then on examining 

nests exposed to the bright sunlight, I found the cocoons in 
the superficial chambers so near the large entrance that they 
could be distinctly seen through it from the outside. Thus 
while the ants are careful not to place their cocoons in the direct 
rays of the sun they nevertheless expose them to diffuse day- 
light. -The deeply pigmented cocoon evidently enables the 
pupa to utilize the heat rays while effectively protecting it 
from the light and ultra-violet rays. That ants are particu- 
larly sensitive to these latter rays has been proved by the 
experiments of Lubbock (1882), Forel (1886), Forel and Dufour 
(1902) and Miss Fielde (1904). 

It occurred to me that the australe larve might spin a white 
cocoon like other ants and subsequently smear or saturate it 
with the black meconium, or intestinal contents, which all ant 

larve void just before pupating. But an examination of the 
cocoons showed this supposition to be erroneous, for the silken 
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threads of the cocoon are themselves dark brown and the 

meconium is deposited in a compact meniscoidal mass within 
the anal end of the cocoon as in other Ponerine and in the 
Camponotine. This differs from the conditions in certain 
moths (Attacus atlas, Calosamia cynthia, Platysamia cecropia, 

Saturnia pyri, Eriogaster lanestris) which, according to Batensen, 

Schawraw, Peterson, Dewitz, Verson and others, are able to 
adapt the color of their cocoons to that of the objects to which 
they are attached. In these cases the silk is white or colorless, 

but is stained by a dark excretory pigment mechanically 

FIGURE 4 FIGURE 5 

Fig. 4. Rhytidoponera convexa. Workers and cocoon x13. 
z = wines y 9 b 

Fig. 5. Rhytidoponera sp. Worker and cocoon x1. 

applied to the threads as a result of the light stimulus acting 
directly on the spinning caterpillar. The larva of Diacamma, 
however, cannot thus be stimulated by the light to spin a dark- 
colored silk, because the cocoon is completed in the darkness, 
while the larva les buried in the earth. 

Negro or melanic cocoons, like those of Dzacamma, occur 
also in many if not all species of Rhytidoponera sens. str., (Figs. 
4 and 5), a genus largely confined to Australa and New Guinea. 
The nests of Rh. cristata Mayr, scabra Mayr and convexa Mayr, 
with the var. rufiventris Forel, are very similar to those of Dia- 
camma australe. They are craters with very large openings, built 
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in dry, open, sunny places and containing roomy chambers in 
which the black cocoons are often visible from outside the nest. 
I saw many nests of these ants in Queensland, especially in the 
environs of Brisbane, Townsville and Kuranda. In Kuranda 

I also found several species of Leptogenys of the subgenera 
Lobopelta and Odontopelta (contgera Mayr, ebenina Forel, 
diminuta Forel and its var. yarrabahna Forel and turneri Forel), 
which had very dark brown cocoons. These ants nest under 
stones and logs, but they seem to be very restless and one 
occasionally comes upon colonies moving to new nesting sites. 
At such times they carry their cocoons concealed underneath 
their bodies and between their legs and not held out in front as 
in other ants. It would seem that this concealment of the 
cocoons under the body is another devise for protecting them 

from the too direct rays of the sun. In this connection I may 
say that our single North American species of Lobopelta (L. 
elongata Buckley of the Gulf States) has brown cocoons, darker 
than those of our other ants, but paler than those of the 
Australian species. Other Australian Lobopeltas, such as L. 
mutans, which has small eyes and lives in rotten logs in the dark 
jungle, have pale brown cocoons. It is also worthy of note that 
winged females do not exist in Rhytidoponera sens. str. and 
Leptogenys.. In the latter genus the female is wingless and 
almost exactly like the worker, and the egg-laying function in 

Rhytidoponera 1s very probably usurped by fertile workers as in 
Diacamma. Whether or not this correlation between the 
presence of black cocoons and the absence of differentiated 
females is more than a mere coincidence can be decided only by 
further investigations. 

The fact I wish to emphasize is that the larvee of Diacamma, 
Rhytidoponera and Leptogenys, while temporarily buried in the 
soil by their worker nurses, are able to spin cocoons preadapted 

in color to furthering their own development as pupz by 

utilizing the heat of the sun and simultaneously excluding the 
deleterious light and ultra-violet rays. This utilization, more- 
over, is possible only through the co-operative agency of other 
individuals, z. e., the worker nurses of the colony. The natural 

selectionist will probably insist that the origin of this melanism 
in an inert and extraneous pupal envelope can be explained 
only on the assumption of a survival of chance variations in the 
color of the silk spun by the larvae. The possible contention of 
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the mutationist that a sudden and pronounced deepening of color 
of the cocoon would be necessary to insure the survival of the 
pupa will have little force, because even slight differences in 
color in the direction of greater opacity would be conceivably 
useful. But no variations would be significant unless the 
workers developed concomitantly the instinct to expose the 
cocoons to the heat and hght on the surface of the nest. The 

neovitalist might claim, therefore, that the whole phenomenon 

is merely another instance of the prospective potency of the 
colonial psychoid. The modest naturalist who does not 
habitually abide in this tenuous atmosphere of supreme specula- 
tion will be satisfied to regard the melanism of the cocoons as a 
detail of the larger subject of the coloration of ants in general. 
As almost nothing has been published on this subject I may be 
permitted to consider it briefly in these concluding paragraphs. 

Adult ants range in color from pale yellow (the primitive 
color of chitin) through various tones of red and brown to black 
and, through interference colors superadded to pigmentation, 
from bronze or zneous, through metallic green, blue and violet 

to metallic crimson. As here enumerated the shades evidently 
represent the order of the phylogenetic development of insect 
coloration generally, as indicated both by the ontogenetic 
sequence and the comparative study of the various.species and 
genera. It is not so generally known that both the pigment and 
interference colors may be shown to depend intimately on the 
amount of light to which the ants are subjected and therefore 
on their mode of life. 

The primitive, ancestral colors of .the Formicide were 

probably red, brown or black, precisely those still prevalent in 
the majority of species inhabiting temperate regions or the 
forested portions of the tropics, where the workers, while 

foraging on the surface of the earth or of the vegetation, are 
exposed to a moderate insolation. From this condition we can 
trace three divergent lines of development, each terminating in 

a peculiar type of coloration, as follows: 

1. A number of species have greatly exaggerated the neg- 
ative phototropism, which is characteristic of most ants, and have 
therefore taken to a nocturnal or hypogeeic mode of life. In all 
of these forms pigment has been lost, and the workers of the 
hypogeeic species, which never come to the surface of the ground, 
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have become pale yellow or pale red or brown. Their eyes 
have diminished greatly in size or have disappeared. The 
males and females of these hypogeic forms, however, retain 
their deep pigmentation and large eyes because they retain the 
instinct to mate in the sunlight. The principal groups of 
hypogeic ants which exhibit this retrogressive color-develop- 
ment, at least in the workers, are: Solenopsis, (most species), 
Machomyrma, Oligomyrmex, Carebara, Tranopelta, Aéromyrma, 

some species of Pheidole and Crematogaster, the whole tribe 
Dacetoniu, Brachymyrmex and the yellow species of Lasius, 7. e., 
those of the circumpolar subgenus Chthonolasius and of the 
North American subgenus Acanthomyops, many small Ponerine, 
Ainictus, Dorylus, some species of Eciton, Leptanilla, etc. 

2. A number of species exhibit a progressive development 
from red, brown or black to the interference colors. This 

tendency to what may be called ‘‘metallescence”’ is observable 
in ants living in very hot, dry, sunny places, and is most pro- 
nounced in Australia, where it occurs in the following genera: 
Chalcoponera (nearly all species), Rhytidoponera (convexa var. 
violacea Forel), Myrmecia (tarsata F. Sm.), Diacamma, Lobo- 

pelta. (some varieties of conigera Mayr), Iridomyrmex (many 
species, notably detectus F. Sm., discors Forel, bicknelli Forel, 

cyanea Wheeler, etc.), Leptomyrmex, Camponotus (some species 
of the subgenus Myrmocamelus), Calomyrmex (splendidus Mayr, 
purpureus Mayr and an undescribed species from the Cape York 
Peninsula), Melophorus (eneovirens Lowne and others), and 
Polyrhachis (hookert Lowne, schencki Forel and turneri Forel). 
Some of the most conspicuous and widely distributed Australian 
ants, such as Iridomyrmex detectus, which is beautifully metallic 
purple, and other smaller species of the same genus, may be 
seen running about in the sunlight at a temperature of 115° to 
120° F, when other ants are hiding in the soil, and in the deserts 

of Central Australia, where the temperature may rise even 
higher and the aridity is excessive, the tendency to metal- 
lescence is still greater. It is in this region that Calomyrmex 
splendidus and purpureus and their varieties occur and that 
I. detectus takes on the pronounced metallic green color of the 
var. viridieneus Viehmeyer. The prevalence of interference 
colors in Australian ants is in marked contrast with their 
rare and sporadic occurrence in other regions. They occur in 
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none of the ants of the temperate zones, with the exception of 

a species of Forelius (chalybeus Forel) in Argentina and a species 
of Pheidole (Ph. metallescens Emery) in the Gulf States. Nor 

does metallescence occur in the ants of the tropics outside of 
Australia, if we except a few species of Diacamma, Leptogenys 
and Polyrhachis in the Indomalayan region, a few species of 
Monomorium and Formica in Mexico and several species of the 
genus Macromischa which has its center of distribution in the 
Antilles. 

3. A third progressive line of development has led to 

certain large-eyed tropical ants, in which there is a contrast of 
black, yellow or red in bands, spots or larger areas involving 
certain segments or regions of the body. This diversification 
of color is often secured or enhanced by the development of 
areas of dense white or golden pubescence or pile, especially 
on the gaster. The tints are more vivid than in the ants of 
the first and most primitive category, and seem to indicate that 
their large-eyed possessors have some slight appreciation of 
color for its own sake, Hke the butterflies and many flower- 
frequenting flies and beetles. These ants live in open forests 
and are often very-quick in their movements. They comprise 
such genera as Pseudomyrma in the New World tropics, Opis- 
thopsis and Podomyrma in Australia and New Guinea and the 
“bull-dog’’ ants (Myrmecia) of Australia, Tasmania and New 
Caledonia. We may also include in this category many 
tropical species of Camponotus, Polyrhachis and Dolichoderus. 

Not only is the coloration of ants thus influenced or deter- 
mined by light, Keat and aridity, but a peculiar adaptation in 
the investment, or pilosity and pubescence is observed in many 
species which are subjected to the extremes of these conditions 
in desert regions. Thus the species of Deromyrma (cockerelli 
André and albosetosus Mayr), of Pogonomyrmex, Messor and 

Myrmecocystus, the dominant forms in the deserts of our 
Southwestern States, are covered with silvery white hairs or 

pubescence or with both, and in the Sahara similar conditions 
prevail in Cataglyphis (formerly Myrmecocystus) and Messor. 
Cataglyphis bombycina, the most extreme of these forms in 
the development of pubescence, when running over the desert 
sands in the bright sun-light is said to resemble a drop of 
quicksilver. Obviously the brilliant white hairs serve to 



1915] Cocoons Among Ants 341 

reflect the light and heat and thus protect the ants’ body from 
the effects of excessive insolation. Even within the confines 
of some of our common North American species that have 
developed local races or varieties, we observe a lack of pubes- 

cence in the forms inhabiting moist, shady localities and a 

great increase in the density of the delicate hairs constituting 
the pubescence in the xerothermal forms. One example, the 

common circumpolar Formica fusca, must suffice. The typical 
form of this ant and its vars. gelida Wheeler, neorufibarbis 
Emery and subenescens Emery are found only in rather damp, 
shady places in the far north or at high elevations, and have 
very short, feebly developed pubescence, while the much more 
pubescent vars. neoclara Emery, marcida Wheeler and argentea 
Wheeler are peculiar to the xerothermal slopes of the Rocky and 
sierra Nevada Mountains. In even dryer and warmer localities 
these forms are replaced: by the still more pubescent vars. of 
F. cinerea culminating in the subsp. pilicornis Emery, in which 
even the eyes are pubescent. Formica fusca var. subsericea, 
which is intermediate between such forms as the typical fusca 
and the vars. of cinerea, is the form everywhere common in the 
Atlantic and Middle States, in open woods and pastures where 
there is a moderate amount of moisture and sunlight. In 
Eurasia a very similar series of varieties occurs in similar 
correspondence with moist, moderate and extremely xerothermal 
conditions. (F. fusca s. str. and the forms picea, gagates, 
glebaria and F. cinerea with several varieties). Many other 
examples of this peculiar increase of pubescence and pilosity 
in ants, with an increase in the aridity and insolation 
of their habitat might be cited, but a more exhaustive treat- 

ment of the subject would consume much time, and, I fear, 
prove to be rather wearisome to my readers. 
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ON THE POISONS OF PLANT-LICE.* 

By J. Dewirz, 

Metz, Germany. 

Although applied entomology has made enormous progress 
during recent years both in its scope and importance, we cannot 
deny that it has hitherto moved only in certain restricted paths 
and is therefore in danger of becoming one-sided, for the subject 

is taken up at present almost exclusively with a study of life- 
histories, with parasites and the empirically ascertained methods 
of combatting injurious species.; Thus it has come about 
that up to the present time we know very little concerning 
the secretion of poisons by the sucking plant-parasites and the 
effects of these poisons on the plants. Most attention has been 
paid to this question by those who have investigated the origin 
of plant galls. Hence it may be of interest to record some 
investigations which I have made on the poisons of plant-lice. 

In addition to the bacterial poisons we may distinguish 
those of certain animals (snakes, scorpions, bees, etc.) which 

are characterized only by certain pecularities such as the lack 
of an incubation period. These animal poisons have been best 
studied in snakes. But there are also some researches on the 
poisons of arthropods (spiders, myriopods, insects). The 
attempt, however, has hardly been made to investigate care- 

fully the poisons produced by the plant parasites, especially 
by the plant lice. 

The toxins of bacteria and fungi and the animal poisons 
have the property of hamolyzing, or dissolving the red pigment 
(hemoglobin) of the blood corpuscles of mammals, and we 
therefore speak of the haemolysis of the toxins and of animal 
poisons. Under their influence a dilution of red blood corpuscles 
in physiological salt solution takes on a clear, transparent, 
red color like that of lac. The poison of a particular species, 
however, will haemolyze only the red blood-corpuscles of par- 
ticular species of mammals, namely, those which are susceptible 

to the poison in question; the red blood-corpuscles of other 

*Translation by W. M. Wheeler. 

tJ. Dewitz, Die Physiologie in der Schadlingsforschung. Trans. Second Ent. 
Congress 1912 pp. 234-244; The Bearing of Physiology on Economic Entomology. 
Bull. Ent. Research, Vol. 3, 1912, pp. 343-354. 
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mammals being only shghtly or not at all affected. Thus the 
red blood corpuscles of the rabbit and rat are very sensitive 
to the poison of the house-spider (‘‘Kreuzspinne,’’ Araneus 
diadematus Clerck) and undergo complete haemolysis, those 
of the mouse, man and goose are less sensitive and in the case 
of the guinea pig, horse, sheep and dog even great quantities 
of the poison do not produce hemolysis.* It is this peculiar 
property of the poisons, known as hemolysis, that I have begun 

to investigate in plant lice. My work has been carried on 
with an unidentified species of plant-louse living on Pelargonium, 
the hemolytic experiments being performed in the traditional 
manner.j Among the animals investigated the red blood 
corpuscles of the ox were found to be sensitive to the poisons 
of the plant-louse. 

The plant dice were triturated 1m ‘a (certain: quantitymer 
physiological salt solution (0.8 per cent) or in a mixture of 
glycerine and physiological salt-solution and placed for 24 
hours in the. ice-chest. Then, after filtration, the extract 
was used. On the other hand, I obtained a solution of defibri- 

nated ox blood, drawn off under aseptic conditions, of 5 per cent 
solution. This was centrifuged, the liquid being thrice replaced 
with physiological salt solution, which finally gave a 5 per cent 
dilution of red-blood corpuscles. This dilution was mixed in 
variable quantities with plant-louse extract in small tubes, 

such as are used for serum investigations. Then the tubes 
were warmed in the thermostat for two hours at 37°C. and 
placed over night in the ice-chest to obtain the sedimentation 
of such blood-corpuscles as were not dissolved. At the same 
time control experiments were carried on in such a manner 

that the control tubes were heated and placed in the ice-chest 
together with the tubes containing the extract. In these control 
experiments the plant louse extract was replaced by a cor- 
responding amount of the physiological salt-solution or of a 
mixture of physiological salt-solution and glycerine. 

It was found that the warm dilutions of the extract hamolyze 
the blood-corpuscles of the ox and that this ‘‘hemolysis’’ 

*Hans Sachs, Zur Kenntnis des Kreuzspinnengiftes. Beitr. Chem. Physiol. 
u. Pathol. (Hofmeister) Bd. 2, 1902, pp. 125-133. 

jUnfortunately, I am unable at the moment to give the scientific name of 
this plant-louse. 
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takes place even at ordinary temperatures with the undiluted 
extract, as shown in the following example: 

An extract was manufactured by triturating 0.5 gr. of 
plant-lice in 5 ccm. of a mixture of physiological salt-solution 
and glycerine in equal parts. In the dilutions of the extract 
used 1 cm. of physiological salt-solution contained the fol- 
lowing amounts of extract: 

1. 1lccm. phys. salt-solution contained 1/12.5 ccm. Extr. 
eve tle ioe . - 2 25 ccm. Extr. 
3. 1 “ “ “ “ 1/50 “ “ 

ah. 1 “ “ “ “ 1/100 “ “ 

5. 1 “ “ “ “ 1/200 “ “ 

1 ccm. of the diluted extract was mixed with 1 ccm. of the 
5 per cent blood dilution. Nos. 1, 2 and 3 gave complete 
hemolysis. In No. 4 a small portion of the blood-corpuscles 
remained undissolved and in No. 5 the hemolysis was incom- 
plete. In the control tubes no hemolysis occurred. 

From this experiment and from another performed with 
the same sample of extract, which gave the same results,. 
it is possible to make the following computations concerning 
the hemolytic effect of plant-louse poison on the red blood 
corpuscles of the ox. 

In 5 ccm. of extract there were 0.5 gr. of plant-louse matter 
oF Usinst= tomlucem: (of extract. In, 1/200) cem-“on extract there 
was therefore 0.0005 gr. of plant-louse matter. This 0.0005 
gr. brought about a partial solution of the red corpuscles in 
1 ccm. of a 5 per cent dilution of blood or the solution of the 
red-corpuscles of 0.05 ccm. of the undiluted blood of the ox. 
A complete solution of the red-blood corpuscles of 0.05 ccm. of 
the undiluted blood of the ox did not, however, take place 

till 1/50 ccm. of the extract or 0.002 gr. of plant-louse matter 

was used. In other words, 1 gr. of plant-louse matter will 
completely dissolve the red-blood corpuscles of 25 ccm. of 
undiluted blood or 40 gr. will dissolve a litre of blood. 

The hemolytic power of ‘‘aphidolysin,’’ as we may call the 
substance, is therefore weaker than the poison of the house- 

spider (‘‘arachnolysin’’),* since 0.000028 gr. of this substance 
completely dissolves the red blood corpuscles of 0.05 ccm. 
of the undiluted blood of the rabbit (i. e. 1.4 gr. dissolves 

*Hans Sachs Joc. cit. 
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2.5 litres or 0.56 gr. will dissolve 1 litre). But we may say 
that perhaps by further search mammalian blood corpuscles. 
may be found, which are more sensitive to the poison of the 
plant-louse I have used than the blood of the ox. 

Another point also deserves emphasis. Although a hemoly- 
tic poison is found in the organism of the plant-louse, we are 
unable at present to name the part of the body in which it 
occurs. This is also true of the haemolytic experiments which 
have been performed on the house-spider, since in this case 
also the whole spider was triturated. The case of the hemolytic 
experiments on the poison of honey bees, however, is different, 
since the sting together with the poison sac was extracted, 
and operations were therefore carried out on the poison organ 
alone.* 

*Conf. J. Morgenroth u. U. Carpi, Ueber ein Toxolecithid des Bienengiftes~ 
Berl. Klinisch. Wochenschrift. Jahrg. 43, 1906, pp. 1424-1425. 



A SYNOPSIS OF THE APHID TRIBE PTEROCOMMINI. 

By H. F. Wirson, 

Entomologist, Oregon Agricultural College. 

As in all other groups of the Hemipterous family A phidide 
the species grouped under the tribe name Pterocommini have 
been greatly mixed by different writers and as a result much 
confusion exists. In this paper the writer hopes to eliminate 

at least a part of this. 
All the known species commonly feed on willows and 

poplars; one species is recorded as also being found on maple. 
Three species (P. salicis, populea and flocculosum) are recorded 
from Europe and five from America (P. populea, smithie, 
flocculosum, bicolor and salicis). The writer has never found 
the last nor has he seen specimens collected in this country. 
In all ten species have been described as follows: 

1758 Pterocomma (A phis) salicts Linn. 
1843 Pterocomma (A phis) populea Kaltenback. 
1879 Pterocomma pilosa Buckton. 
1842 Pterocomma (Aphis) salictt Harris. 
1862 Pterocomma (Lachnus salicola) Uhler. New name for A phis salictt. 
1879 Pterocomma (Chaitophorus) smithie Monell. 
1887 Pterocomma (Melanoxanthus) flocculosus. Weed. 
1891 Pteracomma (Cladobius) beuhahensis cockerell. 
1909 Pterocomma (Cladobius rufulus Davidson. 
1910 Cladobius lanthane Pass (Koch) Henrich. 

Generic Synonomy. 

Aphidologists in general have divided the species of this 
tribe into two groups based as a rule upon the structure of the 
nectaries, although Buckton erected the genus Pterocomma 
for his species P. pilosa on what he thought was a peculiar 
wing structure. (Pergande* believes this apparent character 
due to a fold in the wing.) Those species having swollen 
nectaries have been placed in one genus and those having 
cylindrical nectaries were placed in another. Such a distinction 
was also made by the writer in 1909, but after having further 
studied the group I am of the opinion that such a division is 
illogical and if a division is necessary each species should form 
a different genus. It, therefore, seems more practical to 
confine all the species to a single genus. 

The genus name Cladobius found by Koch, 1857, was pre- 
viously used in Coleoptera, 1837. Passerini, 1860, suggested a 
new name, Aphioides, but the writer believes that this 1s a 

347 
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contraction or misprint of A phidioides which was also previously 
used in the Hemiptera and must, therefore, give way to Ptero- 
comma, provided by Buckton for his species pilosa, and which 
the writer believes is the same as A phis populea Kalt. Previous 
to the establishment of this genus Buckton used Melanoxanthus 
to cover Aphis salicis of Linnaeus and this name would be 
valid if it had not already been used in the Coleoptera. 
Schouteden 1906 uses Melanoxantherium in place of Melanox- 
anthus, but the writer is of the opinion that Melanoxanthus 
falls before Pterocomma. Kirkaldy provides the name 
Aristaphis in place of Cladobius and A phioides, apparently 
considering these names to be preoccupied. 

The synonomy of the genus would then read: 

Pterocomma Buckton. 
A phioides Passerini. 
Cladobius Koch. 
Melanoxanthus Buckton. 
Melanoxantherium Schout. 
Aristaphis Kirkaldy. 

Characters of the tribe and genus. 

Antenne with six segments and reaching to near the base 
of the abdomen. Wings normally with venation as in Aphis. 
Nectaries short, but clavate. Cauda short and broadly rounded 
at the tip as in Lachninit. Entire body, antenne and legs, 
covered with long hairs as in the Lachnini. As has already 
been pointed out by Oestlund, this group appears intermediate 
between the Chaitophorini and the Lachnini. Their habits 
and actions being in different ways similar to both. 

A Key TO THE SPECIES.* 

1. Nectaries with diameter of opening at tip not greater than the smallest part 
Of theme cranes. 27 5.05 tle he asada aes Re CR ae ne 3 

2. Nectaries with diameter of opening at tip greater than the smallest part of 
thewmec tary hs Ao See a rah ee akc a ey eae REN + 

3. Distal end of nectaries abruptly constricted to a small opening; flange wanting 
P. flocculosa 

Distal end of nectaries not abruptly constricted. Nectary swollen in the 
middle and tapering to a small opening at the tip. Light flange present... . 

P. salicis 
4. Nectaries short and stout, length not more than twice the greatest diameter 

P. smithiz 
Nectaries more than twice as long as the greatest diameter. 

5. Nectaries clavate and twice as long as the hind tarsi............ P. bicolor 
Nectaries appearing cylindrical or clavate and about equal in length to the 

Wana, BARST ATS yok a ua cotta Mocataal hobs con OO oko AL: ened Re ae P. populea 

*Prof. C. P. Gillette, of the Colorado Agricultural College, kindly assisted in 
the preparation of this key. 
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Figure 1, Nectary of P. salicis; Figure 2, Nectary of form found in U. S. 
(bicolor? salicis?) possibly new. Figure 3, Nectary of P. bicolor; Figure 4, Nectary 
of P. flocculosa; Figures 5 and 6, Nectaries of P. smithie; Figures 7 and 8, Nec- 
taries of P. populea; Figure 9, antenne of P. smitihe; Figure 10, antenne of P. 
populea; Figure 11, antenne of P. flocculosa; Figure 12, antenne of P. bicolor; 
Figure 18, P. salicis. 

Pterocomma salicis Linn. 

Synonomy: Aphis salicis, Linn. Reaum., Fabr., Schrank, De Geer, Kalt. 

Melanoxanthus salicis Linn (Buckton). 
Melanoxanthus salicis Linn (Weed). 
Melanoxanthus salicis Linn (Packard). 
Melanoxanthus salicits Linn (Osborn). 
Melanoxanthus salicis Linn (Cowen). 
Melanoxantherium salicis Linn (Schouteden). 
Melanoxantherium salicis Linn (Gillette). 
Melanoxantherium salicis Linn (Wilson). 

be OT © om © 

“wv 

Since this species does not seem to occur in America it is 
not possible to secure a description from live material. A 

detailed description of what appears to be this species is given 
by Kaltenback and Buckton, figures accompanying the latter. 
Buckton’s description is included here with additional notes 
made by myself from material on slides and in alcohol. 

A pterous viviparous female. 
. Inch Millimeters 

SIE AOL © Gayen sey islets a oeaew en Reece 0.150 x 0.80 3.81 x 2.02 
Length of Antennz...............0:080 2.02 
ene thwoncOnaleles wre 0.015 0.38 
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“Very large, long oval, abdomen pointed. Dull sooty- 
black or greyish black, with a faint greyish medial stripe. 
Prothorax with a blunt tooth-like process on each side. Two 
broad pale grey patches on each side of the first abdominal 
ring—smaller patches on each side of the succeeding rings, 
those at and below the insertions of the cornicles being the 
largest. Antenne orange red. The seventh joint small, hardly 
equal to the sixth. The cornicles bright orange, skittle-shaped, 
with dilated mouths; very short. Legs orange, with dark 
tibial joints and tarsi. The whole insect pilose. The under- 
side is of obscure greyish-green. Rostrum long, reaching to 
the third coxe. The young insects are black and prettily 
streaked with grey. Their rostra are longer than those of the 

adultes 

Winged viviparous female. 
Inch Millimeters 

‘EYXDANSe Of WINS Saasste oes cis sense 0.400 10.16 
Sizevon bodyis. sit des neesee ee eae 0.120 x 0.050 3.04 x 1.27 
Menethrohantennceies.. = essen 0.080 2.02 
Length of cornicles.. Wi . 0.020 0.50 

‘Very large, ee black, ee Antenne short, having 
all joints black except the third and fourth, which are orange. 
Abdomen with two or more grey dorsal patches. Cornicles 
bright orange. Legs as in the larve. Eyes dark brown. 
Wings ample.’’ ‘‘All veins are black and strongly marked.”’ 

The writer finds that the antenne reach to the middle of 
the abdomen and that the third segment is the longest. From 
14 to 20 round sensoria, irregularly placed on the inner side, 
occur on the third segment. The wings have dark veins as 
indicated, but hardly appear different from those of other 
species. The nectaries are the distinguishing characteristic 
as they are quite distinct in shape. See drawings. 

Pterocomma flocculosa (Weed) *. 
Synonomy: 
Melanoxantherium flocculosus (Weed) 8a, #4. 
Melanoxantherium flocculosum (Weed) Schouteden. 
Melanoxantherium flocculosum (Weed) Gillette. 

That this species commonly occurs in Europe is shown by 
the fact that the writer has received specimens both from 
Russia and France, and Schouteden has recorded it from Belgium. 
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This species has never been collected by myself and it 
apparently does not occur on the Pacific Coast. For this reason 
color notes are taken from the original descriptions and the 
additional notes were made from specimens collected in Colorado 
and Maryland and mounted on slides. 

“Oviparous Female-——Body 3-5 mm. long by 2 wide across 
middle of abdomen; antennz 2-3 mm. long. 

‘General color dull, yellowish-brown, with a longitudinal 
row of indistinct black spots on each side of dorso meson; 
cornicles bright orange red, antennae dusky, except basal 
portion of third joint, which is yellowish brown; legs dusky, 
with basal portion of femora, and sometimes more or less of 

tibia, dark yellowish-brown. Body, legs, and antenne pilose; 

Joint III of antenne long, but shorter than IV plus V, which are 
subequal; VI and VII each rather long, the latter the longer of 
the two. Cornicles long for this genus; swollen in the middle. 

“The Egg—tLength, 1-2 mm.; oblong oval, coated with 

a thin gray substance like that on the egg of M. salicis; deposited 
on the bark, about the buds and axils, especially where the 
surface is roughened. Later he also describes what he believes 
to be the wingless male.”’ 

Apterous viviparous female: As a rule among the species 
of this group the apterous forms are almost exactly alike 
except in size and one would expect this form to resemble very 
closely in color markings, the oviparous female. Observations 
made from a slide containing several apparently apterous 
forms show the third antennal segment with about 14 round 
sensoria lying in a more or less regular line along the inside 
edge. In the alate form there are from 17 to 25 on the third 
segment. Along each side of the body may be found, one to 
each segment, a row of the thick short tubercles. Nectaries 
long and swollen, but sides tapering gradually and not suddenly 
bulged as in P. salicis. Opening at tip small and apparently 
without a flange. Entire body and legs covered with long 
hair. 

Measurements and Length of Body.—3.6 mm.; width 1.5 mm. 
Length of antennal segments, III, 0.75 mm.; IV, 0.51 mm:; 

V, 0.5 mm.; VI, 0.22 mm.; spur 0.28 mm. Total length 2.65 mm. 

Length of nectaries, 0.4 mm. 
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Alate viviparous female: Body large, broadly ovate,antenne 
reaching the center of the abdomen. Antenne rather slender 
and with the third segment bearing from 17 to 25 round sensoria 
along the inner side. Wings normal, veins clear. Abdomen 
probably with dentate tubercles on sides, but not visable 
on specimens at hand. Nectaries of shape indicated in drawings. 

Measurements: Length of body, 3.28 mm.; width across 
abdomen, 1.5 mm. Length of antennal segments, III, 0.79 

mm.:1V,0.51 mm::;V, 0.62 mm.; VI, 0.26 mm.; spur, 0:43 mm: 

Length of nectaries, 0.4 mm. Length of wing, 4.64 mm. 

Pterocomma bicolor (Oestlund). 

Synonomy: 

Melanoxanthus bicolor (Oestlund). 
Melanoxanthus bicolor (Oest.) Weed. 
Melanoxanthus saiicis (Linn.) Weed. 
Melanoxanthus salicis (Linn) Packard. 
Melanoxanthus salicis (Linn) Osborn. 
Melanoxanthus salicis (Linn) Weed. 
Melanoxanthus salicis (Linn) Cowen. 
Melanoxantherium salicis (Linn) Gillette. 
UU ew eu 

In America there are two types of nectaries among the 
‘specimens designated as Melanoxantherium salicis Linn. One 
of these, as indicated in the accompanying drawings, the writer 
considers to be the one above indicated. For lack of proper 
evidence in rearing specimens the writer also considers the 

other type indicated as being a form of this species. However, 
later investigations may show the two to be from separate 
species. Certainly it is not Aphis salicis of Linn. for the writer 
has nineteen specimens of this group from France and Russia 
labeled Melanoxanthus salicis Linn. and the nectaries are 
quite distinct from any found on specimens collected in this 
country. It would seem then that the species Pterocomma 
salicis Linn. does not occur in America and the one or more 

species so determined are something else. 

Alate viviparous female: General color, brownish, tinged 
with yellow. Antenne with first two segments and the distal 
portions of 3 and 4, opaque, bases of third and fourth lighter 
with a yellowish tinge, fifth and sixth segments black. Head 
and thorax shining dark brown. Abdomen reddish brown 
with the dorsal lobes with dusky patches and a light brown 
median line on the dorsum. Legs yellow at the base of each 
part and dusky towards the ends, tarsi black. Nectaries 
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yellow with tips slightly dusky. Cauda black, entire body 
quite hairy and lightly covered with white powdery wax. 

Antenne with from 20 to 25 round sensoria along the inner 
edge. The prothorax bears a single pair of dentate tubercles 
placed one on each side. Similar tubercles are also found on 
each segment of the abdomen. Wings with normal venation, 
nectaries about twice the length of the tarsi and swollen towards 
the ends. Just back of the flanged tip they are strongly con- 
stricted. Cauda broadly angular. 

Measurements: Length of body 4.1 mm.; width 2.3 mm. 
Length of Antennal segments, III, 0.6 mm.; IV, 0.36.mm.; 

V, 0.85 mm.; sixth and spur, 0.6 mm. Length of nectaries, 

0.59 mm.; Cauda, 0.84 mm. Wing expanse, 9.89 mm. 

A pterous viviparous females: General color reddish brown, 
antenne colored as in the alate form. Head chocolate brown 
and thoracic lobes slightly lighter, but darker than the abdomen. 
Abdomen with a series of dark spots or splotches on the dorsum 
and separated in the middle by a lhght brown median line. 
Similar spots may be found on the sides of the abdominal 
segments. A row of dentate tubercles occurs along side of the 
body, each abdominal segment and the prothorax having one 
on a side. Antenne yellowish brown at the base and shading 
to black at the tip. Legs yellowish brown with the tips of the 
tibia and femora dusky. Tarsi black. Nectaries yellowish 
brown, slightly dusky at the tip. Cauda dusky brown and 
broadly angled. 

Measurements: Length of body 3-7; width across abdomen, 
Pomme, wensta “or seantennal.seements. LLM, 0:61. mm-; 

LVS 028 ormin.; Ve. 0:34 mn Vii 0.9 sm. ; spur,.0:28.. Total 

length, 1.88 mm. Length of nectaries, 0.428 mm. 

Pterocomma populea Kalt. 
Synonomy: 

Aphis populea Kaltenback. 
Cladobius populeus (Kalt) Koch. 
A phioides (Cladiobus) populeus Pass. 
Pterocomma pilosa Buckton. 
Cladobius populeus (Kalt.) Lichtenstein. 
Cladobius populeus (Kalt.) Mordwilke 1-2-3. 
Cladobius populeus (Kalt.) Del geurcio. 
Cladobius populeus (Kalt.) Pergande. 
Cladobius beulahensis Cockerell. 
Cladobius populeus Henrich. 
Cladobtus rufulus Davidson. 
Pterocomma pilosa (Buckton) Wilson. 
Melanoxantherium rufulus (Davidson) Essig. 
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Alate viviparous female: General color brown, but appearing 
grayish brown because of a covering of white waxy powder. 
Head brownish black, antenne dusky to dark with the bases 
of the first to fourth segments opaque yellow or white. They 
extend to the base of the abdomen. Eyes red and rather 
prominent. Thorax shining amber to brownish black; wings 
normal; legs opaque brown. Prothorax with a single dentate 
tubercle on each side. Abdomen amber colored, grayish 
green below and dark brown above. Usually with a series 
of transverse bars on the dorsum broken down the center by a 
transverse white line. Also a series of black spots, one to each 
segment along the side and witha short stout tubercle in the center 
of each spot. Nectaries light opaque brown, dusky at the tip. 
Cauda yellowish-brown at base, dusky at tip. Body stout, 
abdomen broadly ovate. Antenne reaching to base of abdo- 
men, third segment along the outer edge. Wings normal with 
the median vein twice forked. Nectaries about as long as 
the tarsi and rather slender but swollen towards the tip. They 
are constricted just back of the tip, which is broadly flanged. 
Cauda short and angular. Entire body thickly set with black 
hairs. 

Measurements: Length of body 3.7 mm.; length of antennal 
segments ITI, 0.65 mm:; IV, 0.4 mm.; V,.0.4 mm.: Vicand 

spur, 0.6 mm. Total length 2.15 mm. Length of nectaries, 
0.39 mm.; length of cauda, 0.4 mm. Wing expanse, 9. mm. 

A pterous viviparous female: General color reddish-brown, 
but appearing more or less gray on account of the white waxy 
powder which covers the entire body, body oval, tapering 
towards the ends. Entire body covered with hairs. Above, 
the abdomen has a narrow white median line along the dorsum 
and a series of narrow transverse white lines which separate 
the segments. Along each side of the abdomen may also be 
found a series of black spots, one to each segment and in the 
center of each a denate tubercle. Antenne with first two seg- 
ments dusky or black; third segment opaque with a tinge of light 
brown, remaining segments shading from dusky to black 
toward the tip. Third segment without sensoria, fifth with 

one large near the distal end and sixth with one large and a 
series of small sensbria at the base of the spur. Legs with 
coxe and base of femora light yellow, tibie and tarsi dark 
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brown to black. Nectaries shorter than in the alate form and 
individuals taken at certain times of year with apparently 
cylindrical nectaries. The normal shape, however, is slightly 

swollen as seen in the illustration. Cauda short and broadly 
angular. 

Measurements: Length of body, 3.3 mm.; width of abdo- 
men, 1. mm. Length of antennal segments, III, 0.53 mm.; 
iVeiao tim. V. Oso - mma Wils owith-spur, J0.53 mm: otal 

length, 1.92 mm. Length of nectaries, 0.34 mm. 
The oviparous females resemble the Apterous viviparous 

forms so closely, except that they are larger that a separate 
description is not necessary. The males resemble the alate 
viviparous forms closely, but are much smaller. These two 
forms are quite common on the twigs and leaves of poplar 
along the streams of the Pacific Coast during October and 
November. 

The eggs which are deposited about the base of the buds 
are green at first, later turning to a shining black. They are 
elongate oval in shape and measure about 1 mm. in length. 

Aphis salicis Harris. 
Aphis salicis Harris (Walsh). 
Melanoxanthus salicis (Harris) Oestlund. 
Melanoxanthus salicts (Harris) Weed. 
Cladobius salicis (Harris) Davidson. 
Cladobius salicis (Harris) Essig. 
Lachnus salicicola Uhler, Thomas, Packard, Osborne. 

The writer believes that on account of the short description 
given by Harris that this species is not valid and that the 
notes and records in most cases refer to Pterocomma smithie 

Monell. 

In the third edition of Harris’ ‘‘Insects of Mass.”’ Uhler 

proposes to use Lachnus salicicola for Aphis salictt and from 
that date a number of writers have used that name. 

Pterocomma smithiz Monnell. 
Synonomy: 
? Aphis salictt Harris. 
Chaithoporus smithie Monell. 
Chaitophorus smithie (Monell) Thomas. 
Melanoxanthus smithie (Monell) Weed. 
Melanoxantherium smitiie (Monell) Gillette. 
Melanoxantherium smithie (Monell) Davis. 

This is undoubtedly the same species as Aphis salicts 
Harris, but his description 1s too meager to determine the species 
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with any degree of certainty and notes and records made under 
this name and under that of Lachnus solicicola Uhler could not 
have been based upon definite knowledge of the species in 
question. On the other hand, smithie is a definitely determined 
and well known species, the validity of which is unquestionable. 

It is commonly found on willow and poplar in Canada, Mexico 
and the United States. It has also been recorded from Maple 
by Weed, and I have specimens in my collection from privet 
hedge, Santa Crux, Mexico, by F. C. Bishop. 

A pterous viviparous female: General color black and brown- 
ish-yellow, but all specimens have a bluish-black appearance 
because of the whitish powder found covering the body. 
Antenne dusky at base, third and lower half of fourth segments 
yellow; remaining proportions dusky to black. Legs with 
coxee femora and basal two-thirds of tibia brown, outer portion 
of tibiz and tarsi black. Nectaries yellow. Antennz shorter 
than in other species of the group and more nearly like those of 
the Lachnine. Apparently without sensoria on the third 
segment. Abdomen with a row of broad short tubercles 
along each side. Nectaries short, swollen in the middle and 
contracted at both ends. Opening widely flanged. Cauda 
short and broadly rounded. 

Measurements: Length of body, 2.8 mm.; width, 1-5 mm.; 
length of antennal segments, III, 0.5 mm.; IV, 0.28 mm; 

V, 0.26 mm.; VI, 0.14 mm.; spur, 0.18 mm. Total length, 1.5 mm. 

Length of nectaries, 0.26 mm. 

Alate viviparous female: General color black and brownish- 
yellow, but appearing bluish on account of the white waxy 
covering found over the entire body. Antennze with two 
basal segments dusky-black. Third segment yellowish at 
base and dusky toward tip, remaining segments dusky to black. 
Legs with coxe, femora and basal half of tibiae yellow; remaining 
portion or tibia and tarsi black. Wing venation normal, 
veins slightly darkened. Nectaries yellow, tinged with brown. 
Cauda black. Antenne extending slightly beyond the third 
pair of legs, and third segment bearing from 19 to 26 circular 
sensoria irregularly placed along the inner side. Thorax 
and abdomen with a row of thick short tubercles along each 
side. Nectaries short, swollen in the middle and strongly 
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constricted at both ends. Opening at tip large and widely 
flanged. Cauda short and broadly rounded. 

Measurements: Length of body, 3 mm.; width, 1.2 mm. 
Length of antennal segment, III, 0.44 mm.; IV, 0.26 mm.; 

W027 anm.; Vi, 0.14 mm:; spur, 0:14>mm..- Total length of 

antenne, 1.42 mm. Length of nectaries, 0.8 mm. Length 
of wing, 4.7 mm. 

Cladobius lanthanie (Pass) Koch (Henrich). 

Henrich lsts Aphis lantane Koch under the above name 
and refers it to Passerini. The writer has never seen this 
species, but from the description given by Koch and his figures 
I am of the opinion that 1t does not belong here. 

He also records a species under the name of Cladobius ? 
salicis (m) from trauerweide (Weeping Willow). 
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THE DISTRIBUTION AND ABUNDANCE OF THE OX 
WARBLES, HYPODERMA LINEATA AND H. BOVIS 

IN THE UNITED STATES. 

By F. C. BisHopp, 

Bureau of Entomology.} 

Considering the importance of the ox warbles as pests of 
cattle, it is odd that so little is known by entomologists regarding 
their distribution and relative abundance. It is well known 
that H. lineata is widely distributed in this country, but. the 
fact that there are areas where this species is GLEES or entirely 
absent has not been recognized. 

That the so-called European ox warble, H. bovis, is to be 

found over a considerable area in the northern portion of the 
United States has just been determined through investigations 
conducted by us during the past two years. In fact, this 
species has not been reported to occur in the United States 
except in a single instance. In this case, Prof. C. W. Johnson? 
reared this species from larve collected at Manchester, Ver- 
mont, in June, 1910. In the early work of Prof. C. V. Riley,’ 
in which a considerable number of larvee from various parts 
of the country were examined, not a single specimen of H. bovis 
was obtained. In 1905, Prof. Aldrich‘ states that H. bovis is not 
positively known from North America. In 1912, Dr. S. Hadwen® 
announced the common occurrences of H. bovis at Agassiz, B. C., 
and in 1914 Dr. C. Gordon Hewitt® reported that he had seen 
specimens of this species from Nova Scotia, Quebec, Ontario, 
Alberta, and Saskatchewan, thus indicating a distribution 

from the Atlantic to the Pacific in Canada. 

1Published by permission of the Chief of the Bureau of Entomology. 
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DISTRIBUTION AND ABUNDANCE OF FH ypoderma lineata. 

It appears that this species is to be found in every State in 
the Union, although, as has been indicated, there is consid- 

erable difference in its abundance in different sections. During 
our inquiry into the distribution of ox warbles during the last 
two years, we have obtained specimens from thirty-one of the 
States, but there is no reason to suppose that the species is not 
common in all of the others. A total of about 140 lots was 
obtained during this investigation as a result of personal 
collections and specimens sent in by numerous correspondents. 

In general, it appears that 7. lineata is more abundant in the 
Southern and Central Western States than elsewhere in the 
country. However, the presence of the two species combined 
in Vermont and New Hampshire probably gives a heavier 
infestation there than is to be found elsewhere in the country. 

We have found the species to occur commonly at all alti- 
tudes, from sea level to 9,000 feet. As is-indicated by its 

wide distribution, it is also to be found in the humid, semi-arid 

and arid regions. Our inquiry thus far does not indicate that 
annual rainfall has any material effect on the abundance of the 
species. It is possible, however, that by closer study we shall 
find that the rainfall during the spring and early summer has a 
material effect on the local and annual abundance of the species. 

The north-central part of the United States, including 
portions of the States of Minnesota, North and South Dakota, 

and Montana, seems to be freer from the pest than any other 
region. In fact, throughout considerable portions of this 
region ox warbles are entirely unknown. This is particularly 
true of those portions of North and South Dakota and western 
Minnesota included in the valley of the Red River of the North. 
An explanation for the absence of warbles from these areas is 
not apparent. It has been found that the species is absent 
from wooded regions as well as plains areas, and there is some 
difference in the rainfall within the non-infested region. In 
South Dakota it was observed that the warbles were to be 
found in the hilly region along the divides between rivers. 
Hence, it would appear that there is some relationship between 
the topography of the country and the occurrence of the species 
in that section. Prof. H. C. Severin states that he has observed 
this practical absence of warbles from eastern South Dakota, 
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and that a greater number occurs in the western part of the 
State. Dr. W. L. Boyd states that while warbles are rather 
common in southern Minnesota, he has never known an animal 

to become infested at the Experiment Station at St. Anthony 
Park. Dr. Boyd found 39% of two herds of dairy cattle, 
totaling 82 head, to be infested in the vicinity of Duluth. All 
of the specimens obtained from these herds proved to be 

H. lineata. 

Although this species is present in a large percentage of the 
live stock in the central part of the Mississippi Valley, there is 
some indication that it is decreasing in numbers in this region, 
probably owing to the more extensive cultivation of the land 
and better care being given to the live stock. The heaviest 
infestation of this species which we have observed occurred in 
southwestern Texas, although it does not follow that this region 

is in general more heavily infested than others. Probably 75% 
of the cattle in the United States are more or less infested. 
The average number of warbles per animal ranges from one up 
to about one hundred. Many animals even in rather heavily 
infested herds, are entirely free. 

The localities from which we have obtained specimens of 
this species are indicated on the accompanying map. Records 
made by other investigators are not included. These would 
add a large number of localities, including some of the States 
from which we have not obtained specimens. 

DISTRIBUTION AND ABUNDANCE OF [Hypoderma bovis. 

As is shown on the accompanying map, this warble is rather 
widely distributed through the northern part of this country.! 
The north-eastern States have by far the greastet infestation, 
Vermont being the center of this heavily infested region. 
Although a considerable number of specimens of H. lineata were 
obtained from Vermont and New Hampshire, undoubtedly 
H. bovis occurs in greater numbers. This is also true of New 
York, and probably of Pennsylvania. St. Louis, Mo., was the 

1 The counties from which we have obtained specimens of H. bovis are as fol- 
lows: Alabama, Lee; Illinois, Cook; Iowa, Scott; Maine, Oxford; Maryland, 
Garrett; Michigan, Ingham; Montana, Fergus; Missouri, St. Louis; New Hamp- 
shire, Grafton, Merrimac, Rockingham; New York, Oneida, Onondaga, Ontario; 
Pennsylvania, Erie, Washington; Vermont, Bennington, Franklin, Orange, Orleans, 
Rutland, Washington, Windham, Windsor; Washington, Jan Juan. 
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southernmost point from which we obtained specimens of the 
so-called European ox warble. However, but a single grub was 
collected in this locality, and on account of the fact that this is 

a concentration center of considerable importance it may be 
that the infestation was recently introduced on cattle shipped 
from elsewhere and will not persist. The specimen taken was 
found on a dairy cow in a herd on the edge of the city. A well 
established center of infestation occurs almost as far south as 

ir 
D 
a oar 

Fig. 1. Map showing the distribution of the ox warbles in the United States. 
The dots indicate where Hypoderma lineata has been collected in this investigation; 
the crosses indicate Hypoderma bovts. 

St. Louis, at a point in western Maryland. This locality is in 
the Allegheny Mountains, and the infestation appears to extend 
continuously northward through Pennsylvania into New York. 
The correspondent who collected these specimens states that he 
does not know that any cattle have been brought into that 
locality from the north for a great many years. It was thought 
that possibly H. bovis might be best adapted to the conditions 
in the northern part of the country, especially along the 
mountain ranges. While this theory seemed to be fairly true 
for the eastern part of the country, it was not borne out by 
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findings in the West. As has been stated, Dr. Hadwen reported 
this species to occur commonly in eastern British Columbia, and 
one would expect this infestation to extend southward along the 
Rockies in the United States. However, only two lots of this 
species were obtained from the West. One of these from 
Waldron, Washington, consisted of one larva of H. bovis and 

five of H. lineata. This place is situated on an island in Puget 
Sound not far from the Canadian line. The other point of 
infestation was located at Garneil, Montana. Our corre- 

spondent there sent in two lots of warbles; the first contained 

one specimen of H. bovis and one of H. lineata; the second, 
three specimens of H. bovis and one of H. lineata. No informa- 

tion was secured regarding the possible mode of introduction of 
this species into Montana, although it 1s wellknown that pure 
blooded stock, particularly of the dairy types is brought in 
from the East. In the North Central States, three points of 
infestation were discovered. A well established infestation was 
found to occur at Davenport, Iowa. A correspondent at that 
point sent in three fourth-stage larve of H. bovis on April 26, 
1915, and twenty larve in the same stage on May 6, 1915. No 
information was gained as to the possible origin of this infesta- 
tion. On May 7, Mr. E. W. Laake and the writer obtained 
twelve fourth-stage larve in the back of a cow in the stock 
yards at Chicago, Ill. Four of these proved to be H. bovis. 
The origin of the infested animal could not be learned. The 
single occurrence of this species in Michigan was established 
through the collection of six larve by Dr. Shafer at East 
Lansing, on April 7, 1914. Two collections of larve from 
cattle at Cadillac, Michigan, by Mr. James F. Zimmer, prove to 
be composed entirely of H. lineata. 

It would seem, therefore, that in the western two-thirds of 

the United States, H. bovis is to be found in rather restricted 

and well separated areas, although no doubt a thorough search 
would reveal a more general distribution than is now supposed 
to exist. In the Northeastern States this species predominates 
over H. lineata, both in distribution and abundance. 

The writer is of the opinion that the European ox warble 
must have some well marked climatic barriers which have 
prevented its general dissemination throughout the country, as 
cattle, many of which are no doubt infested, are shipped annu- — 
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ally to the Central and Southern States from New York and 
other States where this species commonly occurs. One expla- 
nation of this possible barrier will be found in the fact that 
H. bovis is generally later in emerging from the backs of cattle 
than H. lineata, The grubs emerging from the backs of cattle 
shipped to the Southern States would, on account of this later 
date of emergence, encounter excessively hot weather and this 
may account in part at least for the failure of the species to 
establish itself in the warmer portions of the country. It may 
be of interest to note that on April 23, 1914, Dr. W. E. Hinds 
sent in three specimens of this species from the experiment 
station at Auburn, Alabama. These were obtained from the 

back of a young bull which had recently been shipped from 
New York. 



ADAPTATIONS TO ARID CONDITIONS IN CERCOPID2 
AND MEMBRACID-. 

By E. D. Bar. 

The frog-hoppers are distinguished from other Homoptera 
by the fact that the larvae envelope themselves in a mass of 
froth, using this no doubt as a means of protection from their 
enemies. Only a few species occur in the arid regions, but 
these are distributed through all but one of the genera occurring 
in the United States. 

The representatives of one of these genera, the Clastoptera, 
appear to have the same froth making habits in the arid region 
that they have in the humid. The larve usually occur early 
in the season, however, before the air has become very dry 

or are restricted in distribution to the higher mountains or to: 
exceptionally humid situations in the lower valleys. The 
other representatives of this group in the more arid regions 
apparently do not attempt to maintain froth masses exposed 
to the air, as none have ever been found. 

In a former paper* the writer showed the unique method 
employed by Aphrophora permutata Uhl. a western relative 
of the pine inhabiting species of the Appalachain region. ‘This. 
species was found on the roots and crowns of a Composite and 
a Legume, where they were protected from the sun and dry air. 

Since that writing the larve of A. annulata Ball has been 
found around the crown of Artemisia ludoviciana in Utah and 
the larve of Philaronia abjecta Uhl. on the roots and crowns. 
of Lupine and Geranium in the mountains of Colorado. The 
larvee of the other species of Philaronia (P. bilineata) occurring. 
in the mountains of Colorado has never been found, although 
the adults are among the commonest of the family. 

During several seasons collecting in California another 
species of Aphrophora, A. angulata Ball has been taken quite 
commonly in certain restricted areas along the coast. This 
species is closely related to the common A. binotata, common 
on grass and low vegetation east of the Rocky Mountains and 
whose spittle masses are often so abundant in the meadows 
as to be a nuisance. The California species was collected on 

*Ohio Naturalist, I, p. 122, 1901. 
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willows and in low situations where grasses occur if at all in 
California, but no spittle masses were ever seen, although 
careful search was made. 

Last season while collecting another rare species of 
Homoptera occurring in grassy places, the writer accidentally 
broke a leaf off from the giant Umbellifera—Heracleum lanatum 
and discovered that the enlarged sheath was full of froth and 
that nearly a dozen A phrophora larvee were hidden in the mass. 

Fig. 1. An Amorpha stalk with membracids on roots and stalk below the 
ground line. 

An examination of other sheathes revealed other froth masses 
ranging from a single larve up to over twenty in one case. 
The larve were of various sizes from one-third to full grown 
when found and a few fresh males nearby completed the 
identification. 

The weed extends across the continent from coast to coast, 

but this species of Aphrophora has only been taken along the 
California coast from Los Angeles to San Francisco. 

Like the other frog-hoppers, it appears to be single brooded, 
the larve appearing in March and April and the adults trans- 
forming from late April through May and living until into 
July and August. 
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The Membracide are few in number in the arid regions, 

especially of the more strictly tree and shrub inhabiting genera 
contrasted with the weed and miscellaneous feeders like the 
Stictocephaline. This may partly be accounted for by the 
scarcity of trees in these regions, but probably the climatic 
factor is also of importance. The fact that certain forms 

Fig. 2. A stalk of Heracleum showing the leaf sheath. 
Fig. 3. Section of leaf sheath with larve of A phrophora and their froth. 

do not follow their respective trees into the arid region and 
more especially the peculiar change in habit of two eastern 
species mentioned below, indicate that the aridity is a limiting 
factor. 

The larve and adults of Vanduzea vestita Godg live together 
in colonies on the lead plant Amorpha canescens Pursh in the 
Mississippi Valley and are often seen congregated on the 
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most exposed part of the plant, and are always found on the 
upper parts of the plantsin that region. This plant also extends 
into the arid region, but in less numbers. 

While collecting a wingless ground inhabiting Capsid on a 
sunny mountain slope in Colorado, the writer found a colony 
of Vanduzea vestita feeding upon the stem and roots of an 
Amorpha beneath a stone. They were as usual attended by 
ants, so the excavation beneath the stone and around the stem 

of the plant may have been made for them by the ants or may 
have existed previously. At any rate, there they were in 
numbers, larve and adults, in the hollow beneath the rock 

and in a circle around the stem beneath the ground, a very 
few being above the ground line. 

Since that time a number of colonies have been found 
extending down into the ground for an inch or two and occa- 
sionally having lateral galleries. Frequently they would be 
found gathered around the stem for an inch above and below 
the ground line under clumps of Psoralia or Amorpha, where 
the branching clump served as a protection in itself. 

Campylenchia curvata Fabr and Publila modesta Uhl 
have both been found occupying similar situations under clumps 
and in excavations around stems of their food plants. All these 
observations were made in very dry hot situations, desert or 
dry mountain slopes for the most part. In damper situations, 
such as river bottoms, thickets, mountain valleys and especially 
in irrigated alfalfa fields curvata will be found on all parts of 
the plants. 



A NEW GENUS AND SPECIES OF ALEYRODIDZ FROM 
BRITISH GUIANA. 

A. L. QUAINTANCE and A. C. BAKER, 

Bureau of Entomology. 

We have recently received from Mr. G. E. Bodkin, Govern- 
ment Biologist of the Science and Agricultural Department, 
British Guiana, specimens of an interesting white fly, found 
by him March 2, 1915, on leaves of Erythrina glauca Wild., at 

the Rose Hall plantation, Berbice. 

The insect is most closely related to species of Dialeurodicus 
(subfam. Aleurodicine) and differs in the pupa case from 
these principally in the presence of reduced -compound wax 
pores, and in the character of the vasiform orifice. The 
genus appears to fall between Dialeurodicus and Aleurodicus. 

Genus Eudialeurodicus, n. gen. 

Forewing similar to that of Dialeurodicus with radius, radial sector 
and media retained. Vertex rounded; frons produced beyond the 
vertex; antenneze of seven segments. Paronychium a stout spine. 

' Pupa case flat, resembling Dialeurodicus, but with one or more pairs 
of reduced compound wax pores. Vasiform orifice small, the lingula 
included and broadly rounded. 

Type bodkini Quaintance and Baker. 

Eudialeurodicus bodkini n. sp. 

Egg—(Plate XXVI, Fig. 16), Elongate, yellowish in color, size 
0.4 x 0.11 mm. Shell without markings; stalk short, attached at one 
side of basal end. 

Pupa case—(Plate XXVI, Figs 1 and 6), On the leaf the insects 
are located principally along the midrib and larger veins. The case is 
more or less hid by the copious secretion of glassy, whitish wax, occurring 
in two concentric rings or bands. From the margin of case all around is 
produced a fringe of closely placed threads of wax which basally has 
the form of a solid more or less vertical ring, and which persists on the 
leaf after removal of case. Just within this ring is usually a circle of 
polygonal areas which may also be present over the entire area which 
had been covered by the ventral surface of the case. Another secretion 
originates from the submarginal area of the dorsum in the form of a 
band or ring of amorphous white wax. This is variable in extent and 
in some individuals becomes a plate covering the body, the periphery 
being irregular, while the more central area is concave. Leaves fre- 
quented by the adults show powdery white wax. 
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The pupa case proper is flat, yellow in color with a large dark brown 
area on the thorax and also on the abdominal region. These brown 
areas vary in extent and may become coalescent, covering practically 
the entire dorsal disc. Size of case about 1.66 mm., by 1.5 mm., ovate 
in outline, widest caudad centre. Body segments quite distinct on 
dorsal disc. Margin of case, (Plate X XVI, Fig. 7), is seen under high 
magnification to be practically entire, though appearing incised under 
lower power, due to the presence just within margin of a series of 
small, fusiform glands, and from which delicate sutures extend mesad. 
On caudal segment of case is a pair of reduced compound pores, (Plate 
XXVI, Fig. 2), each giving rise to a long slender spine homolagous 
apparently to the so-called ‘central process.” A single reduced 
pore is usually present on the third abdominal segment well to one 
side of the median line, either to the right or left, more usually on the 
right side, (Plate XXVI, Fig. 3). We have seen no instance in which 
both pores were present in the same individual. The variability in 
position of this pore and the rudimentary condition of the pores on the 
anal segment indicate the intermediate status of the species between 
Dialeurodicus in which no pores are present, and Aleurodicus in which 
genus these are mostly well developed. Numerous minute pores, 
appearing as clear white dots, are scattered over the body, some of 
which occur in groups, especially on the abdomen. 

Vasiform orifice, (Plate XX VI, Fig. 13), small, transversely elliptical 
in general outline, the cephalic margin being straight. The operculum 
about half fills the orifice, is transversely elongate, the sides rounded 
and caudal margin concave. The lingula is much shortened, broadly 
rounded about one-third as long as the orifice. On ventral surface 
of case the antenne and legs are distinct, each of the latter terminating 
in a hooked spine. (Plate X XVI, Figs. 5 and 17). 

Adult 9 .—Length from head to tip of abdomen about 2.5 mm. 
Forewing ‘about 2.5 mm., long by 1.63 mm., wide, rounded, marked 
with small groups of dots as shown in the figure, (Plate XXVI, Fig. 8); 
hind wing unmarked. Hind tibia about 0.9 mm., long, hind tarsi 
together 0.5 mm., in length, the basal joint being about twice the length 
of distal; claw usual, with spine like paronychium, (Plate XXVI, Fig.15). 
The general color of body is yellow with brown coloration on legs, body 
sutures, parts of antennal joints, etc.; the tip of mentum is dark brown 
or blackish. Vertex rounded and armed with a row of stout spines. 
Frons armed with tubercles (Fig. 14). Head not showing the cone 
shaped extension of the vertex present in species of Dialewrodicus. 
Compound eyes ‘dumb bell’? shaped, dark red or brown. Ocelli 
prominent. Antenne (Plate XXVI, Fig. 18) of seven segments; 
segment I, short, cup-shaped; II, over twice as long as I, fusiform, 
dusky in color. Segment III, about 0.35 mm., in length, not quite 
as long as the four distal joints together, slender, dusky on distal fourth 
armed with about fifteen sensoria. Segments IV and V subequal in 
length as are joints VI and VII. Segments III-VII imbricated. 



1915] New.Genus and Species of Aleyrodide 3/1 

Adult o&.—Essentially like female, though smaller; genital segment 
0.5 mm., long; claspers, (Plate X XVI, Fig. 12), sickle like, about as 
long as the genital segment. Penis about half as long as claspers. 
From the segment cephalad of the genital segment arises a pair of 
long curved processes, extending caudad well beyond the end of anal 
segment, structures which we have not previously observed in the 
family, (Plate X XVI, Fig: 10). 

Type, No. 19592, U. S. National Museum. 

Described from pupae on leaves, pupae, adults, and eggs 
in balsam mounts, prepared by Mr. G. E. Bodkin, to whom we 
have pleasure in dedicating the species. 

EXPLANATION OF PLATE XXVI. 

Fig. 1.—Pupa case; dorsal view. - 
2.—Compound wax pore. 
3.—Reduced compound wax pore. 
4.—Clustered simple pores. 
5.—Foot of pupa case. 
6.—Pupa case; ventral view. 
7.—Margin of pupa case. 
8.—Forewing of Adult. 
9.—Costal margin of forewing. 
10.—Caudal portion of abdomen of male, showing appendages. 
11.—Head of adult. 
12.—Claspers of male. 
13.—Vasiform orifice of pupa case. 
14.—Tubercles on frons of adult. 
15.—Foot of adult. 
16.— Egg. 
17.—Tip of Antenna of pupa case. 
18.—Distal segments of antenna of female. 
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QUANTITATIVE ENTOMOLOGY. 

C. W. WoopwortH. 

The best answer to the question, ‘‘ What is it that we con- 
sider worth while in Entomology,’’ is given by the record of our 
activities. There are innumerable descriptions of rare new 
species of insects. Peculiar habits or structures receive detailed 
consideration. Unusual inter-relationships between insects and 
their environment compel our attention .and interest. An 
insect that is noticed for the first time to attack our crops or 
our persons is investigated with great thoroughness. 

When we make textbooks we endeavor to assemble and 
arrange in an orderly fashion this wonderful wealth of detail. 
Throughout the exceptional, the unique and the unexpected 
are given the emphasis. . All of this is right and proper. It 
is in this way that all sciences have been developed, but this 
does not constitute the final goal nor leading method of science. 
Finally, the predominating question becomes not what, but 
how much? Finally, it is a question of values. Thus in 
physics we have ceased to give much prominence to the mere 
operation of physical laws, but must measure the results with 
such accuracy that this science has almost become a branch 
of mathematics. Likewise in chemistry the wonderful advances 
of the subject in later years both in theoretical and technical 
lines depend upon the study of reactions quantitatively. 

The present paper is intended as suggestions and a plea 
for the development of a quantitative entomology. Qualitative 
work must not cease nor be abated, but to it should be added 

the higher development of the subject which will finally come 
to be considered the essential portion of the science. 

A beginning has already been made in nearly every depart- 
ment of entomology towards this quantitative method of 
study, enough to give us some idea of the simpler lines of 
procedure and of the results likely to be secured. Quantitative 
entomology is not therefore a wholly new idea, but is a great 
territory, the boundaries only of which have been explored 
and in the depths of which we may expect to find the chief 
justification for our endeavors. 
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Entomology is now confronted with the same condition 
which older sciences experienced and like them must become an 
exact science if it is to realize its highest development. 

Along with the improvement in accuracy and detail there 
must come at the same time a simplification through the 
elimination of the non-significant details of each department 
of entomology and a clearer recognition of the distinctness 
of these departments. 

DIAGNOSTIC ENTOMOLOGY. 

In no place is this need more clearly shown than in what 
we know as Systematic Entomology, a very utilitarian depart- 
ment concerned in the assigning of names to insects and in 
providing ‘the means whereby these insects may be identified. 
Such an entomologist is a Diagnostician. His problems are 
numerous and difficult enough, requiring the specialization 
into very restricted groups, and is rendered more difficult 
by the fact that many have confused their work with two 
very different departments — classification and descriptive 
entomology. 

Keys have been rendered unnecessarily difficult by attempts 
to make them conform in arrangement to supposed phyletic 
sequences and pages of descriptive matter in defining a new 
species seldom results in making its correct identification 
more certain and certainly makes it much more laborious. 

Keys should be arranged in a manner to best facilitate 
identification, every other consideration should be subordinated 
to this end. This principle appears to be beyond controversy. 
How it shall be applied, that is, what form tables will finally 
take, is a matter that time will decide. 

Two plans of arrangement are presented for your considera- 
tion, one based on dominance and the other on historic sequence. x 

The latter appears to be best for the species of a genus where 
the commoner forms are liable to be first described and the 
former method for larger groups which, because of the changing 
views as to what they include, can be best studied according 
to their present rather than their historic content. Keys 
constructed along these lines have proven remarkably simple 
and workable. They are particularly good for teaching 

* The paper was illustrated at this point by the keys given in the author’s 
‘“Pamilies of Insects,’’ and ‘‘ Insects of California.’’ 
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purposes, since they emphasize the dominant groups and their 
most evident characteristics. Keys can be wisely restricted 
to single characters wherever possible and the use of ‘“‘usually”’ 
or ‘‘rarely’’ in connection with a character should be rigorously 
excluded. Key characters should be so selected that the 
differentiation is most certain and evident. All differentiating 
characters must be definite degrees of variation. 

The diagnosis of a species should be limited to differentiating 
characters. A great deal that finds its way into the description 
of a new species is descriptive and not diagnostic and is worse 
than useless for the purpose of identification. On the other 
hand, very few descriptions are exhaustive enough. Every 
character that rightfully belongs in the diagnosis of one species 
of .a genus should appear in the diagnosis of every other species 
of that genus and each genus will have its own set of differ- 
entiating characters. 

The contention is, first, that there exists in each genus a 

set of definite quantitatively measurable variants which con- 
stitute the diagnostic resources for that genus and that all of 
them should be included in each specific description, but that 

a distinction should be made between them for use in keys, 
only those most evident or tangible being employed and that 
the key should be arranged solely for convenience in 
identification. 

DESCRIPTIVE ENTOMOLOGY. 

What we know as the specific descriptions of insects even 
in their most elaborate form are too meagre to be looked upon 
as fairly representing what descriptive entomology should 
accomplish. 

For a few insects the accounts of the structure that have been 
published are perhaps sufficiently voluminous, but only the 
beginning has been made in the approach to the ideal which 
I wish to urge as the goal for future work. 

Descriptive Entomology is concerned with, Ist, a study of 
size and form; 2nd, surface differentiation; 3rd, color and 

pattern and 4th, internal structure. 

Size and Form should be so studied as to become expressible 
in terms of the dynamics of growth. We must discover and 
measure the intensity of the determining factors. A few 
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categories are already well known. We have, for instance, (a) 
cases where there appears to be a simple difference in the size 
of all parts simultaneously, (b) cases where in the ontogeny of 
an insect certain parts gain their growth at a different period 
than others and the conditions affecting general size may 

show most prominently in these organs and (c) cases where the 
tendency to abnormal growth seems limited to certain organs 
and the adjacent parts profit or suffer through this abnormality. 

This list of categories will have to be enlarged and sub- 
divided as investigations will show necessary until we can 
recognize the nature of the variation in the growth of organs 
or portions of the body that brings about all the differences: 
we observe in size and form. 

Surface differentiations result from variations in the secretion 
of cuticle by the individual epithelial cells and should be 
expressed in terms of these activities. Often a very definite 
relationship between the surface modifications and the form 
of the parts of the body may be recognized. The most evident 
categories are (a) where the cells over the whole sclerite or 

specialized organ produce a homogeneous cuticle, (b) where 
an equally definite relationship exists but with bordering or 
concentric specializations, (c) where the structural modification 

has relation to general body structure rather than to individual 
sclerites and (d) where the modification conforms to an internal 
structure, particularly muscle attachments. 

The qualities of the surface modifications we express by a 
large series of Latin adjectives describing the mass effect 
of these cuticular differentiations. These adjectives should be 
redefined in terms of their ultimate structure in the individual 
cells and subdivided as found necessary where the same super- 
ficial appearance is the result of essentially different 
modifications. 

The accurate quantitative statement of surface structure 
will become possible as soon as progress 1s made in the more 
logical study of the topographic and qualitative differentiation 
just suggested. 

Color and pattern, like surface structure must be studied 
as the resultant from the activities of individual cells, but 
is not wholly a question of pigment as has already been amply 
shown nor wholly of epithelial activity. Our classification 
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and nomenclature of colors require an entire reorganization. 
They should be primarily based on the nature of the color 
reflecting substance rather than on the physiological effect of 
the light rays that are most evident to the eye. This is neces- 
sary before we can make any progress in a quantitative state- 
ment of color values. The topographic differentiations or 
patterns are subject to the same classification that have been 
indicated for the surface modifications and doubtless are often 
responses to the same phylogenetic or ontogenetic causes. 

Internal structure may be divided into two chief divisions, 
the larger portion of the muscular and nervous systems whose 
‘specialization is definitely associated with details of the external 
structure and the remaining tissues associated with vegetative 
functions. 

The former should be considered in connection with the 
skeletal parts with which they are associated and their differ- 
ences in histological structure and in shape and size studied in 
relation to their functional requirements. When the study 
is carried far enough to. differentiate the various types of 
structure there will remain the ultimate distinctions to be made 
by quantitative determinations. 

The vegetative functions, digestion, respiration, circulation, 
excretion and reproduction, involve a series of structures 
having a more remote connection with the external environ- 
ment, but nevertheless, find their best basis of classification 

in the effect of the external world on their individual activities, 

and, of course, involves a full comprehension of the details of 
their physiology and has relatively little to do with the external 
topography except in its general aspects. 

All structures according to the conception here promulgated 
are classifiable into groups comparable with genera and species, 
the former distinguishable by differences of kind, the latter 
by differences of quantity. That descriptive entomology has 
before it the task of perfecting its nomenclature so as to be 
able to describe all differences of kind explicitly and accurately 

and then, by quantitative determinations can give exact descrip- 
tions of insect structure, a description which expresses the 
nature and character of the parts rather than their superficial 
appearance. 
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CLASSIFICATION. 

The classification of organic beings has to do with questions 
of phylogeny exclusively. No small amount of confusion 
has arisen from attempts to combine classifications and keys. 
for identification to the detriment of both. The groups recog- 
nized by both the Diagnostician and the Systematist should 
be the same, but the characters and arrangement need have 
nothing in common. The best diagnostic characters may have 
little or no phyletic significance and the phylogenetic sequence 
of groups may introduce confusion and difficulties in identi- 
fication. 

The problems of phylogeny are two, the derivation of 
groups and the coordination of groups. 

Derivation of groups to determine by a comparative study 
of the structure, substantiated wherever possible by the historic: 
sequence of the first appearance of the groups as shown by the 
geological record, the underlying principle being that the 
complex structure was derived by the specialization of simple 
structures. Two groups are supposed to have a common 
ancestor if they resemble each other in most of their characters. 
The characters by which they differ are supposed to be those 
historically responsible for the separation of the groups. Asa 
matter of fact groups are usually distinguishable by numerous 
characters, many of which are accidental or only incidentally 
coordinated with the historic basis of the segregation. The 
Systematist therefore, must search for the differentiating 
character, which may be internal or difficult of observation 
and very unsatisfactory for diagnosis, but the only one perhaps 
that gives a clue to the causes which brought about the separa- 
tion of the groups. Differentiating characters are perhaps 
always differences of kind, representing alternative possibilities 
in growth and either a new structure in the place of an older 
one, or progress in the development of a structure of which 
there may be two possible lines of growth. Some differentiations. 
involve no appreciable change in other parts of the body, 
while others are revolutionary. The former we conceive may 
frequently recur, giving us examples of parallel development. 
Many generic differences are clearly of this character. The 
more involved modifications give so many opportunities for 
variation that strict parallelism appears to be impossible. 
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Thus the production of wings is a specialization least liable 
to have occurred more than once in the history of insects, 
while the suppression of wings is an often recurrent phenomenon. 

Again characters which are of themselves of little moment 
may open the way to other reorganizations of structure of 
highest significance. This development of complex meta- 
morphosis may easily have occurred more than once. The male 
Coccide probably have such a mode of development following 
the most strict definition of the process and the hypermeta- 
morphosis of Meloids is a further extension of practically the 
same kind of specialization, but the development of this mode 
of growth opened the way to the origin of the four largest 
orders. 

To properly estimate the relative phylogenetic significance of 
characters all of these considerations must be comprehended 
in our classification. From this point of view no character 
is important in itself only in its relation to the whole organiza- 
tion of the members of the group. 

Coordination of groups consists of determining which are 
to be considered of equal rank. This is a subject upon which 
there has been, and still is, two very definite tendencies. Ento- 
mologists are in most complete accord for instance as to the 
orders into which perhaps 95% of the species of insects belong 
and “eévertheless, the current) text. boeks vary from. 7° to 37 © 
orders. The same tendency is seen among systematists in 
every group of plants and animals. 

Some naturalists may have the conception that every 
group sprang from a single mutant pair and from the time of 
their mutation the new group existed. The Lepidoptera 
are for instance derived by common consent, from the Trich- 
optera, because chiefly of the almost complete conformity of 
the venation of certain members of the two groups, but there 
are at least two very different types of wings in which this 
perfect conformity is seen which are most easily explained 
by the assumption of a tendency of development seen in a 
series of species in one order giving rise to a series of forms in 
the new group in the same manner as most conceive that 
geographic isolation may bring about two species with parallel 
varieties. The variations being parallel because residual. 
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If this principle is accepted, as most naturalists do, the 
necessity of making quantitative valuations to the amount of 
variation separating groups is necessary. The traditional 
primary classification of insects is represented by the common 
names and was adapted by Linnaeus for his orders. In these 
the quality of variation is represented by the differences between 
bees, flies, butterflies and beetles. The practical question to 
be settled is whether the difference between, say an ant lion 
and a sialid, is'of the same order of magnitude. It would seem 
that those who have gone to the extreme in increasing the 
number of orders have either ignored or rejected this principle. 
After wings were produced we must conceive that there was a 
single order, family, genus and species, that first there occurred 
a multiplication of species, some of which became more, and, 

finally, were generically different, and last of all the difference 
of the most remote forms represented different orders. The 
differences between the Orthoptera and Neuroptera most 
probably represents the progressive development of a whole 
family, rather than a great mutation of a single species and that 
historically there was a period where two families representing 
the two orders were families of the same order. A time is 
reached when the differences become great enough to be of 

ordinal value. 

We must strive toward the goal where we can assign a 
quantitative degree of differentiation as representing family 
rank and another for order rank, etc. to replace our present 
plan of making such groups on the basis of indefinite mental 
impressions. 

DISTRIBUTION. 

Most collectors of insects are very careful to have the 
locality and date with every specimen appreciating that the 
geographical and seasonal distribution of insects are questions 
of great importance. The data accumulated in this way is 
of very unequal value, because in some cases the absence of 
record indicates the absence of the species from a locality and 
in other cases may indicate the rarity of the insect. The 
biologic significance of an insect depends on its degree of 
abundance. The real importance of the subject will lie in 
accumulating data to show the part each species plays. 
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There are over 10,000 species of insects recorded in Cali- 
fornia. Of these not over 1000 are found in many collections. 
or known from any large numbers of localities. In none of the 
9000 is there sufficient data at hand or liable to be secured to: 
assist in solving any of the problems of geographical distri- 
bution. Nor do any of them play any important part in bio- 
logical problems, unless it be the problem connected with the 
maintenance of existence by rare species. 

If only in the neighborhood of 10% of the insects contributed 
much to our knowledge of distribution it is probable that 1% 
includes all those whose abundance causes them to play an 
important part in the ecological relationships or in economics. 

We must devise means of expressing the dominance of species 
perhaps in terms of their relative frequence of individuals or 
relative mass and for ecological purposes it might be better 
expressed in terms of food consumption as related to its dis- 
tribution in regions, in special habitats or in seasons. The 
idea is that we have only touched some of the exterior details on 
the surface of the subject and must develop means of studying 
the quantitative significance of distribution in order to arrive 
at the real meaning of the subject. 

But it will not be necessary to follow this idea through all 
the departments of entomology to the study of Physiology, 
Development or Life History, adaptations and the various other 
departments of ecological study. One will see at once that the 
same need of a definition of the elements of the subjects, their 

subdivision and classification until we can express differences. 

quantitatively with quite rigorous accuracy will open the way 
to a new and loftier conception of our subject and in con- 
clusion I wish to point out some of the changes this line of 
development is beginning to produce in economic entomology 
and particularly to the portion which might be called Horti- 
cultural Entomology. 

Economic Entomology has gone through remarkable changes 
of viewpoint. Half a century ago the subject would have been 
defined as the study of injurious insects. After the remarkable 
series of discoveries in the seventies and eighties of our whole 
series of efficient insecticides, the thought of entomologists so 
changed that the subject might have been defined as treating 
of the methods of killing injurious insects. Now the emphasis 
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is shifting to the truer conception that economic entomology 
is the science treating of the methods of making money by the 
control of insects. The older entomologist devoted a great 
deal of time to life histories, parasites and predaceous insects. 
After really effective insecticides were discovered these so-called 
natural remedies were chiefly relegated to those injurious 
species not satisfactorily handled by real remedies and finally 
we are beginning to appreciate that even the knowledge of an 
effective way to kill an insect pest is not enough to bring it 
within the domains of a truly economic entomology, it 1s only 
those things we can do at a profit with which economic entomol- 
ogists are, or should be, concerned. 

ECONOMIC INSECTS 

California Praclice Text Books 

This changing attitude does not yet find full expression in 
our books and, I am convinced,:in our teaching. We are 
giving too much emphasis to minor matters. On the accom- 
panying chart are given the relative economic importance 
of insects in California as based on the best means we have 
at hand of measuring this relationship, that of the money 
expended in control work. We spend about a million dollars 
a year in this work in California, divided approximately as 
shown in the chart. Some items may have only a temporary 
status in the rank shown, such as the Citricola scale and T hrips, 

but in the main features this chart will probably represent 
the situation for years to come. Our books on economic 
entomology give about 5% of their attention to the nine 
insects that constitute 95% of the control work. 
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This emphasizes in a striking manner the prominence we 
gave to the occasional and exceptional matters which will 
come to take more nearly their proper place when this tendency 
towards quantitative work has progressed further. 

I trust while those present may not be ready to adopt 
all or any of the suggestions of this paper that the underlying 
idea will meet with your approbation and that perhaps some 
may be stimulated to take what is here urged as the future 
progressive work along the lines in which the trend of the science 
must proceed. 5 



PROCEEDINGS OF THE ENTOMOLOGICAL SOCIETY OF 
AMERICA. 

California Summer Meeting. 

The first session of the Entomological Society of America 
convened at the University of California, Berkeley, California, 
in room 113, Agricultural Hall, on August 9, at 10:30 A. M. 
The meeting was called to order by the Temporary Secretary, 
who, after a few preliminary remarks, suggested, that because 
of the absence of the President and the two Vice Presidents, a 

Temporary Chairman should be first elected. Professor C. W. 
Woodworth of the University of California, was accordingly 
nominated by Professor W. M. Wheeler, seconded by Professor 

A. L. Melander, and duly elected. Following this the’ Tempo- 
rary Secretary read a number of invitations and communica- 
tions, after which, there being no further business, the meeting 

adjourned until 2:00 P. M. 

The second session was called to order by the Temporary 
Chairman and after the reading of a few announcements, 
proceeded with the regular program. 

A. L. Melander, State College of Washington—The Pro- 

nunciation of Insect Names. 

The discussion of Professor’s Melander’s paper was opened by 
Professor Woodworth and participated in by Dr. L. O. Howard, 
Mr. O. H. Swezey, Professor Melander, Mr. Killeen and 

Professor H. F. Wilson. 

A. L. Melander, State College of Washington—The Review 
of the American Species of Scatopside. Read by title. 

W. M. Wheeler, Harvard University—On the Presence and 

Absence of Cocoons Among Ants, the Nest Spinning Habits 
of the Larve and the Significance of the Black Cocoons of 
Certain Australian Species. 

A few remarks were made with regard to the paper by Dr. 
Wheeler, by Dr. L. O. Howard, who, on behalf of the Society, 
wished to compliment the author, by Mr. H. G. Champion, 

and by Dr. E. C. Van Dyke. 
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Professor A. J. Cook, State Horticultural Commissioner of 
California, extended an invitation to the members to visit the 

State Insectary, located at Sacramento and the Quarantine 
Station in San Francisco. The Society then adjourned, to 
meet on Tuesday at 10:00 A. M., at the same place. 

The third session was called to order by the Temporary 
Chairman and the regular program resumed. 

E. D. Ball, Utah Agricultural College—Some Special 
Adaptations to Arid Conditions Exhibited by Cercopide and 
Membracide. 

This paper was discussed by the Temporary Chairman, 
Processor: Hie -F.. Walson: Mir: Ea P. Van Duzee. Mr. He -G: 

Champion and Dr. E. C. Van Dyke. 

H. F. Wilson, Oregon Agricultural College—The Tribe 
Pterocomini, Family Aphidide. Read by title: with the 
addition of a few remarks. 

J. Dewitz, Metz, Germany—Ueber die Gifte Pflanzenlause. 

A translation of Dr. Dewitz’s paper was presented by 
Professor W. M. Wheeler of Harvard University, under the 
title: “‘On the Poisons of Plant-Lice.’’ The reading of this 
paper was followed by a general discussion of the paper and of 
plant-lice in general by Professor H. F. Wilson, Mr. Leroy 
Childs, Professor A. L. Melander, Mr. Swezey, Mr..E. H. 

Ehrhorn, and Mr. G. A. Coleman. 

M. A. Yothers, State College of Washington—The Physiolog- 
ical Effects of Endoparasitism upon the Host Insect. Read by 
title. 

M. A. Yothers, State College of Washington—Some New 
Insects of Importance in the Northwest. Read by title. 

The Society then adjourned to meet on Wednesday, August 
Ath, at 2:00 P. M., at the Leland Stanford Junior University. 

The fourth session, preceded by a cafeteria lunch, served 

on the Campus, was called to order by the Temporary Chair- 
man, at 2:00 P. M., at the Leland Stanford Junior University 
and the following paper was presented: 

Isabel McCracken, Leland Stanford Junior University— 

Notes on California Cynipide with Particular Reference to 
the Species Diplolepis ambrosa Full. 
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The paper was followed by a demonstration of material and 
breeding methods by Miss McCracken and discussed by the 
following: Professor Woodworth, Mr. Champion, Mr. Childs, 

Professor Lawrence Bruner, and Dr. E. C. Van Dyke. 

An early adjournment was made in order to allow the 
members to attend the meetings of other scientific societies in 
session. 

A large number of the members attended a banquet given 
on Wednesday evening at the Hotel Sutler, in San Francisco, 

by the Biological Society of America. 

The fifth session was called to order by the Temporary 
Chairman, at the University of California, in room 212, of 

Agricultural Hall, on Thursday, August 5th, at 10:00 A. M. and 

the following papers were presented: 

W. B. Herms, University of California—The Anopheline 

Mosquitoes of California, Distribution and Ecological Con- 
siderations. 

This paper was discussed by Mr. Ehrhorn, Dr. McCracken, 
Dr. L. O. Howard, Professor C. P. Gillette, and Professor 

Wie sa. Raley: 

James Zetek, Panama Canal Zone—The Reduction of 
Malaria by Reducing the Number of Malarial Mosquitoes 
within a House. Read by the Temporary Secretary. 

Discussed by Professor Herms, Professor Bruner, Dr. 
Howard, Mr. Ehrhorn, Professor Woodworth, Dr. F. E. 

Blaisdell and Mr. Swezey. 

F. C. Bishop, United States Bureau of Entomology—The 
Distribution and Abundance of the Ox Warbles (Hypoderma 
lineata and H. bovis) in the United States. Read by title. 

The Society then adjourned until 2:00 P. M. 

The sixth session was called to order by the Temporary 
Chairman and the following papers were presented: 

E.. P.. Van, Duzee; University of -California—Prority an 
Family Names and Related Matters. 

Discussed by Mr. H. L. Viereck and Dr. L: O. Howard. 

E. C. Van Dyke, University of California—The Distribution 

of Insects in Western North America. 

Discussed by Dr. L. O. Howard. 
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C. W. Woodworth, University of California—Quantitative 
Entomology. 

Discussed by Mr. F. A. Varrelman. 

Dr. L. O. Howard offered a resolution of thanks to the 
University of California and to Dr. E. C. Van Dyke for making 
arrangements for the meeting, which was seconded and carried, 
after which there being no further business, a permanent 
adjournment was taken. 

EDWIN C. VAN DYKE, 

Temporary Secretary. 
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CONSTITUTION. 

ARTICLE I. 
NAME. 

SECTION 1. This organization shall be known as THE 
ENTOMOLOGICAL SOCIETY OF AMERICA. 

ARTICLE II. 

OBJECT. 

SECTION 1. It shall be the purpose of this society to pro- 
mote the science of entomology in all its branches, to secure 
cooperation in all measures tending to that end, and to facilitate 
personal intercourse between entomologists. 

ARTICLE III. 

MEMBERSHIP. 

SECTION 1. Classes.—The membership of this society shall 
consist of three classes—members, fellows, and honorary fel- 

lows. 

SECTION 2. Eligibility.—AlIl persons interested in entomol- 
ogy shall be eligible to membership. 

SECTION 3. Fellows.—Members who have made important 
contributions to the science of entomology may be elected 
fellows or honorary fellows of the society. 

ARTICLE IV. 
OFFICERS. 

SECTION 1. The officers of this society shall be a President, 
two Vice-Presidents, a Secretary, and a Treasurer; but these 

two last offices may be held by the same person. 

SECTION 2. Executive Committee.—The business of the So- 
ciety not otherwise provided for shall be in the hands of an 
Executive Committee, consisting of the officers named in Sec- 
tion 1, and six additional members, five of whom shall be elected 
from the Fellows of the Society, and the sixth shall be ex officio 

the Managing Editor. There shall be a meeting of the Execu- 
tive Committee at each Annual Meeting. Four members 
shall constitute a quorum and in the case of the non-attendance 
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of this number at any Annual Meeting, the Society shall elect 
a sufficient number from among the Fellows in attendance to 
complete the quorum. 

SECTION 3. Councillors to the American Association.—The 
President and the preceding Past-President shall represent the 
Society upon the Council of the American Association for the 
Advancement of Science. In case of the death or resignation of 
either or both councillors, the vacancy shall be filled by the 
Executive Committee. 

ARTICLE V. 

ELECTIONS. 

SECTION 1. Election of Members.—Nominations for mem- 
bership may be made by any two members, and election shall 
be by the Executive Committee. 

SECTION 2. Election of Fellows.—All nominations for fellows 
shall be signed by three or more fellows and each nomination 
shall be accompanied by the following information concerning 
the nominee: Name, address, occupation, branches of ento- 

mology engaged in, positions held involving entomological 
experience, entomological work done, and list of more important 
publications. Election shall be by ballot by the Executive 
Committee, a majority vote of the committee being necessary 
for election. 

SECTION 3. Election of Officers.—All officers shall be elected 
by ballot at the annual meeting for the term of one year and 
shall be eligible for re-election. 

SECTION 4. Election of Honorary Fellows.—All nominations 
for Honorary Fellows shall be made in the manner prescribed 
for the nomination of Fellows, the nominations being presented 
to the Executive Committee, who shall mail the ballots to the 

Fellows. Election shall be by mail ballot of the Fellows of the 
Society, a two-thirds vote of all the Fellows being required 
for election. 

ARTICLE VI. 
MEETINGS. 

SECTION 1. An Annual Meeting shall be held in conjunction 
with the annual meeting of the American Association for the 
Advancement of Science, and at such time and place as the 
officers may elect. 
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ARTICLE VII. 

SECTION 1. Publication.—The official publication of the 
Society shall be known as the Annals of the Entomological 
Society of America. Each volume shall consist of four fascicles 
and the first fascicle of each volume shall contain the proceed- 
ings of the Annual Meeting. 

SECTION 2. Editorial Board.—The publication shall be under 
the charge of an Editorial Board consisting of ten members, 
one of whom shall be the Managing Editor. The Managing 
Editor and his associates shall be responsible for the selection 
of the material to be published. 

SECTION 3.’ Election of Editorial Board.—The members of 
the Editorial Board shall be elected by the Executive Commit- 
tee. Each member of this board, excepting the Managing 
Editor, shall serve for thee years or yntil his successor has been 
elected, three members retiring annually. 

SECTION 4. Report Managing Editor—The Managing 
Editor shall present a report at each Annual Meeting to the 
Executive Committee and the accounts of his office shall be 
reported upon by the Auditing Committee. 

ARTICLE VII 

AMENDMENTS. 

SECTION 1. This constitution may be altered or amended 
at any annual meeting by a two-thirds vote of the members 
present, a copy of each amendment proposed having been pre- 
sented at the previous annual meeting. 
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BY-LAWS. 

1. The annual dues for members and fellows shall be two 
dollars. This includes a subscription to the Annals of the 
Entomological Society of America. 

2. A majority of the members present at any annual 
meeting shall constitute a quorum for the transaction of business. 

3. Notice of all meetings of the society shall be sent to all 
members at least one month in advance. 

4, The Executive Committee shall provide a program for 
all meetings, including at the annual meeting a popular lecture 
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