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Sm: I have the honor to transmit herewith a manuscript entitled 
"The Behavior of the Honey Bee in Pollen Collecting," by Dr. Dana 
B. Casteel, of this bureau. The value of the honey bee in cross pol
linating the flowers of fruit trees makes it desirable that exact infor
mation be available concerning the a{:tions of the bee when gathering 
and manipulating the pollen. The results recorded in this manu
script are also of value as studies in the behavior of the bee and will 
prove interesting and valuable to the bee keeper. The work here 
recorded was done by Dr. Casteel during the summers of 1911 and 
1912 at the apiary of this bureau. 

I recommend that this manuscript be published as Bulletin No. 121 
o£ the Bureau of Entomology. 

Respectfully, L. 0. HowARD, 
Entomologist and Chief of Bureau. 

Hon. JAMES WILSON, 

Secreta'f"!J of Agriculture. 
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THE BEHAVIOR OF THE HONEY BEE IN POLLEN COLLECTING. 

INTRODUCTION. 

While working upon the problem of wax-scale manipulation dur
ing the summer of 1911 the writer became convinced that the so
called wax shears or pinchers of the worker honey bee have nothing 
whatever to do with the extraction of the wax scales from their 
pockets, but rather that they are organs used in loading the pollen 
from the pollen combs of the hind legs into the corbiculre or pollen 
baskets (Casteel, 1912). Further observations made at that time dis
closed the exact method by which the hind legs are instrumental in 
the pollen-loading process and also the way in which the middle legs 
aid the hind legs in patting down the pollen masses. During the 
summer of 1912 additional information " ·as secured, more particu
larly that relating to the manner in which pollen is collected upon 
the body and legs of the bee, how it is transferred to the hind legs, 
how it is moistened, and finally the method by "·hich it is stored in 
the hive for future use. In the present paper a complete account will 
be given of the history of the pollen from the time it leaves the flower 
until it rests within the cells of the hive. The points of more par-

. ticular interest in the description of pollen manipulation refer to 
( 1) the movements concerned in gathering the pollen from the 
flowers upon the body and legs, (2) the method by which the baskets 
of the hind legs receive the loads which they carry to the hive, and 
(3) the manner in which the bee moistens pollen and renders it suf
ficiently cohesive for packing and transportation. 

THE STRUCTURES CONCERNED IN THE MANIPULATION OF 
POLLEN. 

The hairs which cover the body and appendages of the bee are of 
the utmost importance in the process of pollen gathering. For the 
purposes of this account these hairs may be classified roughly as 
(1) branched hairs and (2) unbranched hairs, the latter including 
both long, slender hairs and stiff, spinelike structures. 

Of these two classes the branched hairs are the more numerous. 
They make up the hairy coat of the head, thorax, and abdomen, with 
the exception of short sensory spines, as those found upon the an
tenna> and perhaps elsewhere, and the stiff unbranched hairs ,vhich 
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8 BEHAVIOR OF HONEY BEE IN POLLEN COLLECTING. 

cover the surfaces of the cdmpounu eyes (Phillips, 1905). Branched 
hairs are also found upon the legs; more particularly upon the more 
proximal segments. A typical branched hair is composed of a long 
.slender main axis from which spring numerous short lateral barbs. 
Grains of pollen are caught and held in the angles between the axis 
and the barbs and between the barbs of contiguous hairs. The hairy 
covering of the body and legs thus serves as a collecting surface upon 
"·hich pollen grains are temporarily retained and from which they 
are later removed by the combing action of the brushes of the legs. 

Although, as above noted, some unbranched hairs are located upon 
the body of the b~e, they occur in greatest numbers upon the more 
distal segments ·of the appendages. They are quite diverse in form, 
some being extremely long and slender, such as those which curve 

Trochanter// 1 

FIG. 1.-Left foreleg of a worker bee. (Original.) 

over the pollen 
baskets, others 
being stout and 
stiff, as those 
which form the 
collecting brushes 
and the pecten 
spmes. 

The mouth
parts of the bee 
are also essential 
to the proper col
lection of pollen. 
T h e mandibles 
are used to serape 
over the anthers 
of flowers, and 

considerable pollen adheres to them and is later removed. The same 
is true of the maxillre and tongue. From the mouth comes the fluid 
by which the pollen grains are moistened. . 

The legs of the worker bee are especially adapted for pollen gath
ering. Each leg bears a collecting brush, composed of stiff, un
branched hairs set closely together. These brushes are located upon 
the first or most proximal tarsal segment of the legs, known techni
cally as the palmre of the forelegs and as the plantre of the middle 
and hind pair. The br.ush of the foreleg is elongated and of slight 
width (fig. 1), that of the middle leg broad and flat (fig. 2), while 
the brush upon the planta of the hind leg is the broadest of all, and 
is also the most highly specialized. In addition to these well-marked 
brushes, the distal ends of the tibire of the fore and middle legs bear 
many stiff hairs, which function as pollen collectors, and the distal 
tarsal joints of all legs bear similar structures. 
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The tibia and the planta of the hind leg of the worker bee are 
greatly flattened. (See figs. 3, 4.) The outer surface of the tibia is 
marked by an elongated depression, deepest at its distal end, and 
bounded laterally by elevated margins. From the lateral boundaries 
of this depression spring many long hairs, some of which arch over 
the concave outer surface of the tibia and thus form a kind of recep
tacle or basket to which the name corbicula or pollen-basket is given. 
The lower or distal end of the tibia articulates at its anterior edge with 
the planta. The remaining portion of this end of the tibia is flat
tened and slightly concave, its f 

surface sloping upward from 
the inner to the outer surface 
of the limb. Along the inner 
edge of this surface runs a row 
of short, stiff, backwardly di
rected spines, from 15 to 21 in 
number, "hich form the pec
ten or comb of the tibia. The 
lateral edge of this area forms 
the lower boundary of the 
corbicular depression and is 
marked by a row of very fine 
hairs which branch at their 
free ends. Immediately above 
these hairs, springing from the 
floor of the corbicula, are found 
7 or 8 minute spines, and above 
them one long hair which 
reaches out over the lower edge 
of the basket. 

The broad, flat planta (meta
tarsus or proximal tarsal seg
ment of the hind leg) is marked 
on its inner surface by several 
rows of stiff, distally directed FIG. 2.-Left middle leg of a worker bee. 

(Original.) 
spines which form the pollen 
combs. About 12 of these transverse rows may be distinguished, 
although some of them are not complete. The most distal row, which 
projects beyond the edge of the planta, is composed of very strong, 
stiff spines which function in the removal of the wax scales (Casteel, 
1912). The upper or proximal end of the planta is flattened and pro
jects in a posterior direction io form the auricle. The surface of the 
auricle is marked with short, blunt spines, pyramidal in form, and a 
fringe of fine hairs with branching ends extends along its lateral edge. 
This surface slopes upward and outward. 

61799°-Bull. 121-12--2 
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THE POLLEN SUPPLY. 

When bees coJlect pollen from flowers they may be engaged in this 
occupation alone or may combine it with nectar gathering. From 
some flowers the bees take only nectar, from others ·only pollen; a 

third class of flowers furnishes 
an available supply of both of 
these substances. But even 

.~ where both pollen and nectar 
f"'\"'""' are obtainable a bee may 

~ gather nectar and disregard 
1/ 

the pollen. This is well illus-
trated by the case of white 
clover. I£ bees are watched 
while ''"orking upon clover 
flowers, the observer will soon 
perceive some which bear pol
len masses upon their hind 

':V&-.'} legs, while others will continue 
,t._C -· to visit flower after flower, 

dipping into the blossoms and 
securing a plentiful supply of 
nectar, yet entirely neglecting 
the pollen. 

The supply of pollen which 
is available for the bees varies 
greatly among different flow
ers. Some furnish an abun
dant amount and present it to 
the bee in such a way that 
little difficulty is experienced 
in quickly securing an ample 
load, while others furnish but 
little. When flowers are small 
and when the bee approaches 
them from above, little, if any, 
pollen is scattered over the 
bee's body, all that it acquires 
being first collected upon the 
mouth and neighboring parts. 

FIG. 3.-0uter surface of the left bind leg of a Very different conditionS are 
worker bee. (Original.) 

met with when bees visit such 
plants as corn and ragweed. The flowers of these plants are pendent 
and possess an abundant supply of pollen, which falls in showers over 
the bodies of the bees as they era w 1 beneath the blossoms. The 
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supply of pollen which lodges upon the body of the bee will thus 
differ considerably . in amount, depending upon the type of flower 
from which the bee is collecting, and the same is true regarding the 
location upon the body of a bee of pollen grains which are available 
for storage in the baskets. · 
Moreover, the movements 
concerned in the collection 
of the pollen from the Yn

rious body parts of the 
bee upon which it lodgeg 
will differ somewhat in 
the two cases, since a 
widely scattered supply 
requires for its collection 
additional movements. 
somewhat similar in na
ture to those which the 
bee employs in cleaning 
the hairs which ~over its 
body. 

GENERAL STATEMENT 
OF THE POLLEN -COL
LECTING PROCESS. 

/ 

A very complete knowl- '·-~ · ' .. , 
edge of the pollen-gather
ing behavior ofi the worker 
honey bee may be obtained 
by a study of the actions 
of bees which are work
ing upon a plant which 
yields pollen in abun
dance. Sweet corn is an 
ideal plant for this pur
pose, and j t will be used 
as a basis for the descrip
tion which follows. 

In attempting to out
line the method by which Fra. 4.-Inner surface of the left hind leg of a 

worker bee. ( Origina I.) 
pollen is manipulated the 
writer wishes it to be understood that he is recounting that which 
he has seen and that the description is not necessarily complete, 
although he is of the opinion that it is very nearly so. The move
ments of the legs and of the mouthparts are so rapid and so many 
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members are in action at once thai it is impossible for the eye to 
follow nll at the same time. However, long-continued observation, 
assisted by the :-;tudy of instantaneous photographs, gives confidence 
that the statements recorded are accurate, although some movements 
may have escaped notice. 

To obtain pollen from corn the bee must find n tassel in the right 
stage of ripeness, with flowers open and stamens hanging from them. 
The bee alights upon a spike and crawls along it, clinging to the 
pt>ndent antlwrs. It crawls over the anthers, going from one flower 
to another along the spike, being all the while busily engaged in the 
task of obtaining pollen. This reaches its body in several ways. 

As the bee moves over the anthers it uses its mandibles and tongue, 
biting the anthers and licking them nnd securing a considerable 
amount of pollen upon these parts. This pollen becomes moist and 
sticky, since it is mingled with fluid from the mouth. A considerable 
amount of pollen is dislodged from the anthers as the bee moves over 
them. All of the legs receive a supply of this free pollen and much 
adheres to the hairs which cover the body, more particularly to those 
upon the ventral surface. This free pollen is dry. and powdery and 
is very different in appearance from the moist poll,en masses with 
which the bee returns to the hive. Before the return journey this 
pollen must be transferred to the baskets and securely packed in them. 

After the bee has traversed a few flowers along the spike and has 
become well supplied with free pollen it begins to collect it from its 
body, head, and forward appendages and to transfer it to the pos
terior pair of legs. This may be accomplished while the bee is 
resting upon the flower or while it. is hovering in the air before 
seeking additional pollen. It is probably more thoroughly and rap
idly accomplished while the bee is in the air, since all of the legs are 
then free to function in the gathering process. 

If the collecting bee is seized with forceps and examined after it 
has crawled oYer the stamens of a few fl.owers of the corn, its legs 
and the ventral surface of its body are found to be thickly powdered 
over ·with pollen. If the bee hovers in the air for a few moments 
and is then examined very little pollen is found upon the body or 
upon the legs, except the masses within the pollen baskets. While in 
the air it has accomplished the work of collecting some of the scat
tered grains and of storing them in the baskets, while others have 
been brushed from the body. 

In attempting to describe the movements by which this result is 
accomplished it will be best first to sketch briefly the roles of the 
three pairs of legs. They are as follows: 

(a) The first pair of legs remove scattered pollen from the head 
and the region of the neck, and the pollen that has been moistened 
by fluid substances from the mouth. 
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(b) The second pair of legs remove scattered pollen from the 
thorax, more particularly from the ventral region, and they re
ceived the pollen that has been collected by the first pair of legs. 

(c) The third pair of legs collect a little of the sea ttered pollen 
from the abdomen and they receive pollen that has been collected 
by the second pair. Nearly all of this pollen is collected by the 
pollen combs of the hind legs, and is transferred from the combs to 
the pollen baskets or corbiculre in a manner to be described later. 

It will thus be seen that the manipulation of pollen is a succes
sive process, and that most of the pollen at least passes backward 
from the point where it happens to touch the bee until it fina.Ily 
reaches the corbiculre or is accidentally dislodged and falls from the 
rapidly moving limbs. 

ACTION OF THE FORELEGS AND MOUTHPARTS. 

Although the pollen of some plants appears to be somewhat sticky~ 
it may be stated that as a general rule pollen can not be successfully 
manipulated and packed in the baskets without the addition of some 
fluid substance, preferably a fluicl which will cause the grains to 
cohere. This fluid, the nature of which will be considered later, 
comes from the mouth of the bee, and is added to the pollen which 
is collected by the mouthpa.rts and to that which is brought into con
tact with the protruding tongue and :maxilla'~ and, as will appear, 
this fluid also becomes more generally distributed npon the legs and 
upon the ventral surface of the collectmg bee. 

When a bee is collecting from the flowers of com the mandibles are 
actively engaged in seizing) biting, and scraping the anthers a:-: the 
bee crawls over the pendent stamens. Usually, but not always, the 
tongue is protruded and wipes over the stamens, collecting pollen 
and moistening the grains thus secured. Some of the pollen ma~' 
possibly be taken into the mouth. .All of the pollen which comes in 
contact with the mouthparts is thoroughly moi:-:tened. receiving more 
fluid than is necessary for rendering the grains cohesive. This 
exceedingly wet pollen is removed from the mouthparts by the fore
legs (fig. 5), and probably the middle legs also secure a little of it 
directly, since they sometimes bru:-:h oYer the lower surface d the 
face and the mouth. In mldition to removing the very moist pollen 
from the mouth the forelegs also l'xecute cleansing mowments over 
the !:iides of the head and neck and the anterior region of the thontx, 
thereby collecting upon their brushes a considerable amount of pollen 
which has fa Uen direetly upon tJw,.;L' regions, and this is added to the 
pollt>n moistened from the mouth~ thereby becoming moist by contact. 
The brushes of the forelegs also come in contact w·ith the anterior 
breast region, and the hair" which cover this area become moist \Yith 
the sticky exudation which the fon•legs han" acqnirl'1l in the process 
of wiping pollen from the tongue, lllaxilla'. and mnmlibles. 
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ACTION OF THE MIDDLE LEGS. 

The middle legs are used to collect the pollen gathered hy the 
forelegs and mouthparts, to remove free pollen from the thor~cic 
region, and to transport their load of pollen to the hind legs, pla:mg 
most of it upon the pollen combs of these legs, although a shght 
amount is directly added to the pollen masses in the corbiculre .. Most 
of the pollen of the middle legs is gathered upon the conspiCnons 
brushes of the first tarsal segments or plantre of these legs. 

In taking pollen from ~ foreleg the middle leg of the same side i? ex
tended in a forward direction and is either grasped by the flexed fore
lea or rubbed oyer the foreleg as it ic; bent downward and baclnvanl. 
I; the former movement the foreleg flexes sharply upon itself until 

FIG. 5.-A flying bee, showing the manner in which the forelegs and middle legs manipu
late pollen. The fo1·elegs are removing wet pollen from the mouthparts and face. The 
middle leg of the right s ide . is transferring the pollen upon its brush to the pollen 
combs of the left hind planta. A small amount of pollen has already been placed in 
the baskets. (Original.) 

the tarsal brush and coxa nearly meet. The collecting brush of the 
middle leg is now thrust in between the tarsus and coxa of the fore
leg and wipes off some of the pollen from the foreleg brush. ThEJ 
middle leg brush is then raised and combs down over the flexed fore
leg, thus removing additional pollen from the outer surface of this 
leg. The middle leg also at times reaches far forward, stroking down 
over the foreleg before it is entirely flexed and apparently combing 
over with its tarsal brush the face and mouthparts themse!Yes. 
'Vhen the middle leg reaches forward to execute any of the above 
movements the direction of the stroke is outward, forward, and then 
back toward the body. the action ending with the brush of the leg in 
contact with the long hairs of the breast and with those which spring 
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from the proximal segments of the forelegs (coxa, trochantJr, 
femur). As a result of the oft-repeated contact of the brushes of 
the middle and forelegs with the breast, the long, branched hairs 
which cover this region become quite moist and sticky, since the 
brushes of these two pair of legs are wet and the pollen which they 
bear possesses a superabundance of the moistening fluid. Any dry 
pollen which passes over this region and touches these hairs recei ,·es 
moisture by contact with them. This is particularly true of the free 
dry pollen which the middle pair of legs collect by combing over the 
sides of the thorax. 

The pollen upon the middle legs is transferred to the hind legs in 
at least two ways. By far the larger amount is deposited upon the 
pollen combs which lie on the inner surfaces of the plantre of the 

FI•J. 0.-.\ hN' upon the wing, showing tlw position of the middle legs when they touch 
and pat down the pollen masses. .\ very slig-ht amount of pollen reaches the corbicnl:r 
thrvugh this movement. (Original.) 

hind legs. To accomplish this a middle leg is placed between the 
plantw of the two hind legs, which are brought together so as to grasp 
the brush of the middle leg, pressing it closely between them, but 
allowing it to be drawn townnl the body between the pollen combs 
of the two hind legs. (See fig. ;). ) This net ion results in the trans
ference of the pollen from the middle-leg brush to the pollen combs 
of .the hind leg of the opposite side, since the combs of that leg scrape 
oYer the pollen-laden brush of the middle leg. This action may take 
pl:H'L' while the bee is on the wing or before it leaves the flower. 

The middle legs place a relatively small amount of pollen directly 
upon the pollen masses in the corbiculre. This is accomplished when 
the brushl•s of the middle legs aIl' used to pat down the pollen mass0s 
and to render them more compact. (See fig. G.) The legs are used 
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/ for this purpose quite often during the process of loading the baskets, 
and a small amount of pollen is incidentally added to the masses 
when the brushes come into contact "·ith them. A misinterpretation 
of this action has led some obseners into the erroneous belief that 
all or nearly all of the corbicular pollen is scraped from the middle
leg brushes by Lhe hairs which fringe the sides of the baskets. The 
middle legs do not scrape across the baskets, but merely pat down
ward upon the pollen which is there accumulating. 

It is also possible that, in transferring pollen from the middle leg 
of one side to the planta of the opposite hind leg, the middle-leg 
brush may touch and rub over the pecten of the hind leg and thus 
directly placep~~~J:' of its pollen behind the pecten spines. Such a 
result is, howv Yery doubtful. 

ACTION OF THE HIND LEGS. 

The middle legs contribute the major portion of the pollen which 
reaches the hind legs, and all of it in cases where all of the pollen 
first reaches the bee in the region of the mouth. However, when 
much pollen falls upon the body of the bee the hind legs collect a 
little of it directly, for it falls upon their brushes and is collected 
upon them when these legs execute cleansing movements. to remove 
it from the ventral surface and sides of the abdomen. ..All of the 
pollen which reaches the corbiculre, with the exception of the small 
amount placed there by the middle legs when they pat down the 
pollen masses, passes first to the pollen combs of the plantre. 

When in the act of loading pollen from the plantar brushes to the 
corbiculre the two hind legs hang beneath the abdomen with the tibio
femoral joints well d1awn up toward the body. (See fig. 7.) The 
two plantre lie close together with their inner surfaces nearly parallel 
to each other, but not quite, since they diverge slightly at their distal 
ends. The pollen combs of one leg are in contact with the pecten 
comb of the opposite leg. If pollen is to be transferred from the 
right planta to the left basket, the right planta is drawn upward in 
such a manner that the pollen combs of the right leg scrape over 
the pecten spines of the left. By this action some of the pollen is 
removed from the right plantar combs and is caught upon the outer 
surfaces of the pecten spines of the left leg. 

This pollen now lies against the pecten and upon the flattened 
distal end of the left tibia. At this moment the planta of the left 
leg is flexed sl~gh~ly, thus ele_vating the auricle and bringing the auri
cula: surface m~o co~tact With the pollen which the pecten has just 
received. By th1s actwn the pollen is squeezed between the end of the 
ti_bia and the surfa?e. of the auricle and is forced upward against the 
distal end of t~e tl~Ia and on _outward into contact with the pollen 
mass accumulatmg m the corb1eula. As this act, by which the left 
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basket receives a small contl·ibution of pollen, is being completed, the 
right leg is lo\Yered and the pecten of this leg is brought into contact 
with the pollen .combs of the left planta, over which they scrape as 
the left leg is raised, thus depositing pollen upon the lateral surfaces 
of the pecten spines of the right leg. (See fig. 7.) 

Right and left baskets thus receive alternately successive contribu
tions of pollen from the planta of the opposite leg. These loading 
movements are executed with great rapillity, the legs rising and fall
ing with a pump-like motion. ~\. very small amount of pollen is 
loaded at each stroke and many strokes are required to load the 
baskets completely. 

I£ one attempts to obtain, from the literature of apiculture and 
zoology, a knowledge of the method by which the pollen baskets 

FIG. 7.-.\. bee upon the wing, showing the manner in which the hind legs are held during 
the basket-loading process. Pollen is b<? ing scraped by the pect en sp!nes of the right 
leg from the pollen combs of the left hind planta. (Original.) 

themselves are loaded, he is immediately confused by the diversity of 
the .accounts available. The average textbook of zoology follows 
closely Cheshire's (1886) description in which he says that" the legs 
are crossed, and the metatarsus naturally scrapes its comb face on the 
upper edge of the opposite tibia in the direction from the base of the 
combs toward their tips. These upper hairs * * * are nearly 
straight, and pass between the comb teeth. The pollen, as removed, 
is caught by the bent-oYer hairs, and secured. Each scrape adds to 
the mass, until the face of the joint is more than coYerecl, and the 
hairs just embrace the pellet." Franz (HlOG) states that (translated) 
··the final loading of the baskets is accomplished by the crossing over 
of the hind-tarsal segments, which rub and press upon each other." 
Many other observer:-; aml textbook writers evidently believed that 

. the hind legs were crossed in the loading process. 
61799°-Bull. 121-12--3 
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On the other hand it is beliew(l by some that the middle legs are 
directlv instrumental' in fillina the ba"kets. This method is indicated 

• b 

in the following quotation from Fleischmann and Zander ( 1910) 
(translated) : 

The second pair of legs transfer the pollen to the hind l!'gR. where it is 
heaped up in the pollen masses. The tibia of each bind leg is depressed on its 
outer side, and upon the edges of this depression stand t"·o rows of stiff hairs 
which are bent oYer the grooYe. The brushes of the middle pair of legs rub 
OYer these lwirs, liberating the pollen, which drops into the baskets. 

A suggestion of the true method is g-iwn by Hommell (1906), 
though his statements are some,shat indefinite. After describing 
the method by "·hich pollen is collected, moistened, and passed to 
the middle legs he states that (translated) "the middle legs place 
their loads upon the pollen combs C?f the hind legs. There the stick~' 
pollen is kneaded and is pushed across the pincher (a t ra.verse la 
pince), is broken up into little masses and accumulates 'vithin the 
corbicula. In accomplishing this, the legs cross and it is the tarsus 
of the right leg -n~hich pushes the pollen across the pincher of the 
left, and reciprocally. The middle legs never function directly in 
loading the baskets, though from time to time their sensitive ex
tremities touch the accumulated mass, for the sake of giving assur
ance of its position and size." 

The recent valuable papers of Sladen (1911, 1912, a, b, c, d, and e), 
who "·as the fi-rst to present a true explanation of the function of 
the abdominal scent gland of the bee, gin accounts of the process 
by which the pollen baskets are charged, which are in close accord 
with the -nTiter's ideas on this subject. It is a pleasure to be able to 
confirm most of Sladen's obsenations and conclusions, and weight is 
added to the probable correctness of the two descriptions and in
terpretations of this process by the fact that the writer's studies and 
the conclusion based upon them were made prior to the appearance 
of Sladen's papers and quite independent of them. His description 
of the basket-loading process itself. is so similar to the writer's own 
that a complete quotation from him is unnecessary. ~"- few differences 
of opinion will, however, be noted while discussing some of the move~ 
ments which the process involves. ~\,s will later be noted our ideas 

' regarding the question of pollen moistening, colleoting~ and transfer-
ence are somewhat different. 

ADDITIONAL DETAILS OF THE BASKET-LOADING PROCESS. 

The point at which pollen enters the basket can best be determined 
by examining the corbiculm of a bee shortly after it has reached a 
flower and before much pollen has been collected. \Vithin each 
pollen basket of such a bee is found a small mass of poll(·n, which lies 
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along the lower or distal margin of the basket. (See fig 8, a.) It is 
in this position because it has been scraped from the planta of the 
opposite leg by the pecten comb and has been pushed upward past 
the entrance of the basket by the continued addition of more from 
below, propelled b_,. the successive stroke;,; of the auricle.. Closer 

FIG. 8.-Camera drawings of tile left hind legs of worker bees to show tile manner in 
w:1i ch pollen enters the basket. a, Shows a leg taken from a bee which is just begin
ning to collect. It had crnw!f-d cn·r a few flowers and had flown in the air about five 
seconds at the time of capture. The pollE-n mass lies at tile entrance of the basket, 
covering over th e fine hairs IYh it'h lie along this margin and tile seven or eight short 
stili spines which spring from the Ooor of tile corbiculu immediately above its lower 
edge. .\ s yet the poll.::n has not come in contact with the one long hair which rises 
froDJ the floor and arches over the entrance. The plauta is extended, thus 1o,1·ering 
tl"' auricle; b, represents a s lightly late r stage, showin.g the increase of pollen. The 
plantn Is flexed, raising ~ h e auricle. The hairs which ('Xtend out ward and upward from 
the lateral edg(' of th e auric le Jll'<'~S upon rile lower and outer surfn.:e of the small 
poll<>n n•nRs, retaining it and guiding it upward into tile basket; c, d, represent slightly 
later stages In tile successive processes by wllicll additional pollen enters the ba~ket. 

(Original.) 

exar11ination of the region between the pecten and the floor of the 
basket itself shows more pollen, which is on its way to join that 
aln'ady squeezed into the basket.. 

If I Ia' colll'('ting bee is watdH'd for a fe\Y moments the increase will 
readily bl· noted and the fnct will be Pstablished that the accumulat
wg· JIJ:Jss is gradually \Yorking upward or proximally from the lower 
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or distalcdoL' of the cor!Jicula and is slowly con.' ring the floor of this 
receptacle. e (See fig. 8, b, c, and d.) I1~ many i;1stonces the suc
(·essin:• contributions remain for n time t;1idy -epnnde, the whole 
mass being mnrkecl!Jy furrows trnnsnTsc to the long nxis of the tibia. 

Sladen (1!11:2~ b) notes the inten•sting: fact that in those mtlll'r 
exceptional cases " ·hen a bee gathers pollen from more than one 
species of fi<m·ers the resulting mass within the corbicula will show 
a stratification parallel to the di~; ta 1 encl. a condition which could 
result only from the method of loading here indicated . 

• \s the pollen within the basket in <Teascs in amount it bulges out
"·ard, and projects downward below the lower edge of the basket. 
It is held in position by the long hairs which fringe the lateral sides 
of the !Jasket, and its shape is largely determined by the form o£ 
these hairs and the direction in which they c:dt•ml. 'Vl1en the basket 
is fully loaded the mass of pollen extends laterally on both sides of 
the tibia, but projects much farther on the posterior side, for on this 
side the bounding row of hairs extends outward, while on the anterior 
edge the hairs are more curved, folding upward and over the basket. 
As the mas . .; increases in thickness by additions from below it is held 
in position by these long hairs y,·hich edge the basket. They are 
pushed ouhYard and many of them become partly embedded in the 
pollen as it is pushed up from below. "Then the pollen grains are 
small and the ,,-hole mass is well moistened the marks made by some 
of the hairs will Lc seen on the sides of the load. (See fig. 9, a.) 
These scratches are also transverse in direction and they show that 
the mass has been increased by additions of pollen pushed up from 
below. 

EYen a superficial examination of a hea Yily laden basket shows 
the fallacy of the supposition that the long lateral fringing hairs are 
used to comb out the pollen from the brushes of either the hind or 
middle legs by the crossing of these legs o,·er the lateral edges of the 
baskets. They are far from sufficiently stiff to serve this purpose, 
and their position " ·ith relation to the completed load shows con
clusively that they could not be used in the final stages of the loading 
process, for the pollen mass has completely coYered many of them 
and its outer surface extends far beyond their ends. They serve 
merely to hold the pollen in place and to allow the load to project 
beyond the margins of the tibia. 

The auricle plays a Yery essential part in the process of loading 
the basket. This structure comprises the whole of the flattened 
pro~imal sur:face of the planta, except the joint of articulation itself, 
and it extends outward in~ a posterior direction a little be'Vond the 
remaining plantar edge. The surface of the auricle is cov;red over 
IYith many blunt, short spines and its lateral margin is bounded by 
a rOIY of short rather pliable hairs, branched nt their ends. VVhen 
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the planta is flexed the auricle is raised and its surface approaches 
the distal end of the tibia, its inner edge slipping up along the pecten 
spines and its outer hairy edge projecting into the opening which 
leads to the pollen basket. (See fig. 8, b.) With each upward stroke 
of the auricle small masses of pollen which have been scraped from the 
plantar combs by the pecten are caught and compressed between the 
spiny surface of the auricle and the surface of the tibia above it. 
The pressure thus exerted forces the pasty pollen outward and up
ward, since it can not escape past the base of the pecten, and directs 
it into the entrance to the corbicula. The outward and upward slant 
of the auricular surface and the projecting hairs with which the outer 
edge of the auricle is supplied also aid in directing the pollen toward 
the basket. Sladen ( 1911) states that in this movement the weak 
wing of the auricle is forced backward, and thus allows the escape of 
pollen toward the basket entrance, but this appears both doubtful and 
unnecessary, since the angle of inclination of the auricular surface 
gives the pollen a natural outlet in the proper direction. 

If the corbicula already contains a considerable amount of pollen 
the contributions which are added to it at each stroke of the auricle 
come in contact with that already deposited and form a part of this 
mass, which increases in amount by continued additions from below. 
If, however, the corbicula is empty and the process of loading is just 
beginning, the first small bits of pollen which enter the basket must 
be retained upon the floor of the chamber until n sufficient amount 
has aceumulated to allow the long overcun-ing hairs to offer it effec
tive support. The sticky consistency of the pollen renders it likely 
to retain contact with the basket, and certain structure:-- near the 
entrance give additional support. Several small sharp spines, seven 
or eight in number, spring from the floor of the basket immediately 
within the entrance, and the entire lower edge of the corbicula is 
fringed with very small hairs which are branched at their ends. 
(See fig. 3.) One large hair also springs from the floor of the basket, 
somewhat back from the entrance, which may aid in holding the 
pollen, but it can not function in this manner until a considerable 
amount has been collected. 

As the pollen mass increases in size and hangs downward and back
ward over the pecten and auricle it shows upon its inner and lower 
surface a deep groove which runs outward from the entrance to the 
llasket. (See fig. 9, b.) This groove results from the continued im
pact of the outer end of the auricle upon the pollen mass. At each 
upward stroke of the auricle its outer point comes in contact " ·ith 
the stored pollen as soon as the ma8s begins to bulge backward from 
the basket . 

.Although the process is a rather delicat(> one, it is entirely pos
sible so to manipulate the hind legs of a recently killed bee that the 
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corbiculre of the two legs recei Ye loads of pollen in a manner similar 
to that aboYe described. To :~ ccompli sh this successfully the operator 
must keep the combs of the plantre well supplied with moistened 
pollen. If the foot of first one leg and then the other is gra"pPd 
with forceps and so guided that the pollen combs of one leg rasp over 
the pecten spines of the other, the pollen from the combs will be 
transferred to the corbiculre. To continue the loading process in u 

Fro. 9.-Inner surface of the right hind l~g of a 
worker bee which bears a complete load of 
pollen. a, Scratches in the pollen mass caused 
by the pressure of the long projecting hail·s 
of the basket upon the pollPn mass :ts it has 
l>een pushed up from below ; b, groove in the 
pollen mass made by the s trokes of the auricle 
as the mass projPcts OUtWard and backward 
from the basket. (Orig ina l. ) 

proper manner~ it is also nec
essary to flex the plantn of 
each leg just after the pollen 
combs of the opposite leg 
have deposited pollen behind 
the pecten. By this action 
the auricle is raised, com
pressing the pollen "·hich 
the pecten has secured, and 
forcing some upw·nrd into 
the corbicula. Bees' legs 
which have been loaded in 
this artificial manner show 
pollen masses in their cor
biculre \Yhich are entirelv 
similar in appearance to 
those formed by the labors 
of the living bee. More
over, by the above method 
of manipulation the pollen 
appears first at the bottom 
of the basket, along its lower 
margin, gradually extends 
upward along the floor of 
the chamber, comes in con
tact with the overhanging 
hairs, and is shaped by them 
in a natural manner. All 
attempts to load the baskets 
by other movements, such as 
crossing the hind legs and 

scraping the plantar combs over the lateral edges of the baskets, 
give results which are entirely different from those achieved by the 
li ,·ing bee. 

POLLEN M OISTENING. 

~Iany descriptions haYe been written by others of the method by 
\Yhich pollen is gathered and moistened. Some of these are indefi
nite~ some are incorrect, ,,-hile othet·s are, in part, at least, similar 
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to my own interpretation of this process. ..-\_ few citations will here 
be given: 

The bee first strokes the head and the proboscis \Yith the brushes of the 
forelegs and moistens these brushes with a little honey from the proboscis, so 
that with later strokes all of the pollen from the head is collected upon these 
brushes. Then the middle-leg brushes remove this honey-moistened pollen from 
the forelegs and they also collect pollen from the breast and the sides of the 
thorax.'- [Translation from Alefeld, 1861.] 

In his account of the basket-loading proc~ss Alefeld assigns to 
the middle-leg brushes the function of assembling all of the pollen, 
even that from the plantar combs, and of placing it on the corbiculm, 
this latter act being accomplished by combing oYer the hairy edge of 
each basket with the .middle-leg brush of the same side. 

It appears probable that the bee remo,·es the pollen from the bead, breast, 
and abdomen by means of the hairy brushes which are located upon the medial 
sides of the tarsal segments of all of the leg:-:, being most pronounced upon the 
hind legs. The pollen i~ tlms brought together and i:-: carried forward to the 
mouth, where it is moistened with saliva and a little honey.-[Translation from 
Franz, 1906.] 

Franz then says that this moistened pollen is passed backward and 
loaded. 

Since the pollen of many plants is sticky and moist it adheres to the surface 
of the basket. Dry pollen is moistened by saliYa, so that it also sticks.
lTrunslatiou fro111 Fleischmann and Zander, HllO.] 

Pollen is takE:n from flowers principally hy mean::; of the tongue, but at times, 
also, by the mandibles, by the forelegs, and middle legs. The brushes of the 
hind legs also load themsel yes, collecting from the hairs of the body. The pollen 
dust thus gathered is always transmitted to the mouth, where it is mixed with 
saliva.-[Translatiou from Hommel!, 1906.] 

Sla(len considers the question of how pollen is moistened by the 
honey bee, hnmblebee (bumblebee), and some other bees~ but does not 
appear to reach definite conclusions. In one of his paperii (1912, c) 

he states that the pollen of some plants may- be found in the mouth 
cavity and in the region of the mouth, but he reaches thP conclusion 
that this pollen is comparatively "dry,'' using the word in a "rela
tiYe sense." He asserts that "nowhere but on the corbicula and 
hind metatarsal brushes did I find the sticky pollen, except some
times on the tips of the long, branched hairs on the back (upper) 
edges of the tibi~<' and femora of the middle legs, and then only 
in hea\'ily Lulen bees, where it is reasonable to suppose it had 
eollectecl accidentally as the result of contact with the hind metatarsal 
brushes." 

These and other considerations lead Sladen to think that, in the 
case of the bumblebee at least, the pollen " may be moistened on the 
hind metatarsus with the tongue." He states that the tongue of 
the bumblebee is of snffieient length to reach the hind metatarsus 
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(planta) and that it might rub on' r the brushes of the metatarsi 
or be caught between them when they are approximated and thus 
moisten the two brushes simultaneously. Howen•r. he has never 
seen the tongue of the collecting honey bee brought ~ear to the hind 
legs, and it appears probable to him that it can not easily reach them. 
" Possibly the middle or front legs are used as agents for com·eying 
the honey" (in the case of the honey bee). "In the bumblebee the 
tongue is longer, and it could more easily moisten the hind legs in 
the way suggested." 

In an earlier paper Sladen (1912, a) giYes the following as his 
opinion of the "way in which pollen dust is moistened with nectar," 
although he states that this is one of the points " which still remains 
obscure": 

The only satisfactory manner in which, it seems to me, this can be done is 
for the tongue to lick the tarsi or metatarsi of the forelegs, which are co1·ered 
with stiff bristles, well suited for holding the nectar, the nectar being then 
transferred to the metatarsal brushes on the rriiddle legs, and from these. again, 
to the metatarsal brushes on the hind legs. The latter being thus rendered 
sticky, the pollen dust would cling to them. The different pairs of legs were 
certainly brought together occasionally, but not after every scrape of tlte 
hind metatarsi, and their movements were so quick that it was impossible 
to see what was done. Still, seYeral pollen-collecting bees that I killed had the 
tarsi and metatarsi of the forelegs and the metatarsal brushes of the middle 
and hind legs moistened ll'itb nectar, and I think it probable that the moisten
ing process, as outlined, is performed, as a rule, during the flight from flower 
to flower. 

Sladen (1912, r) also considers the possibility that the fluid which 
moistens the pollen might be secreted through the comb at the end 
of the tibi.a, through the tibio-tarsal joint, or from the surface of the 
auricle, but finds no evidence of glandular openings in these regions. 
A suggestion of a similar nature, apparently unknown to Sladen, 
was made by 'Volff (1873), who describes "sweat-glands" which, 
he claims, are located within the hind tibia and the planta, and 
which pour a secretion upon the surface of the corbicula and upon 
the upper end of the planta through many minute openings located 
at the bases of hairs, particularly those which arise from the lateral 
margins of the corbicula. 'Volff is convinced that the flnid thus 
secreted is the essential cohesive material by which the grains of 
pollen are bound together to form the solid mass which fills earh 
fully loaded basket. He noticed that the mouthparts are used to 
collect pollen, and that some of it is moistened with " honey " or 
"nectar," but he does not consider that the fluid thus supplied is 
sufficient to explain adequately the facility with which the collecting 
bee brings together the scattered grains of pollen .and packs them 
away securely in the baskets. 'Volff's description of the basket-load
ing process itself is strikingly similar to that advocated later by 
Cheshire. 
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The writer is not prepared to deny the possibility that the surface 
of the chitin of the hind legs of worker bees may be moistened by 
the secretion of glands which lie beneath it, but he is convinced that 
any fluid thus secreted bears little or no relation to the cohesion of 
the pollen grains within the baskets. Sections and dissected prepa
rations of the hind legs of worker bees show certain large cells which 
lie within the cavity of the leg and which may function as secreting 
gland cells; but similar structures occur in even greater numbers 
within the hind legs of the drone and they are found within the hind 
legs of the queen. 

As has been noted, the extreme moisture of the plantar combs and 
of the tibio-tarsal articulation of the hind leg is readily understood 
when one recalls the manner in which moist pollen is compresserl 
between the auricle and the tibial surface above it. 

From the account already given it is evident that, in the opinion 
of the writer, the mouth is the source from which the pollen-moisten
ing fluid is obtained. It is extremely difficult to determine with 
absolute accuracy the essential steps involved in the process of adding 
moisture to the pollen. In an endeavor to solve this problem the 
observer must of necessity consider a number of factors, among which 
may be noted (1) the location upon the body of the collecting bee 
of "moist" and of comparatively "dry" pollen, (2) the movements 
concerned in the pollen-gathering and pollen-transferring processes, 
(3) the relative moisture of those parts which handle pollen, (4) the 
chemical differences between the natural pollen of the flower and 
that of the corbiculre and of the cells of the hive, and (5) the observer 
must endeavor to distinguish between essential phenomena and those 
which are merely incidental or accidental. 

In the first place it should be noted that the relative dampness of 
pollen within the corbiculre depends very largely upon the character 
of the flower from which the pollen grains are gathered. 'Vhen 
little pollen is obtained it is much more thoroughly moistened, and 
this is particularly true in cases when the pollen is all, or nearly all, 
collected in the region of the mouth, the forelegs, and head. When 
a bee takes pollen from white or sweet clover practically all of it 
fir~-;t touches the bee in these regions. It immediately becomes moist, 
and in this condition is passed backward until it rests within the 
baskets. There is here no question of " dry " and " wet" pollen, 
or of collecting movements to secure dry pollen from other regions 
of the body, or of the ultimate method by which such free, dry pol
len becomes moist. 

The sticky fluid which causes pollen grains to cohere is f~und upon 
a II of the legs, in the region of their brushes, although the pollen 
<·ombs and auricles of the hind legs are likely to show it in greate~t 
abundance, since nearly all of the pollen within each basket has 
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passed over the auricle, has been pressed upward and squeezed he. 
t"·een the auricle and the end of the tibia and the pollen mass abore, 
and by this compression has lost some of its fluid, which runs down 
over the auricle anu onto the combs of the planta. It is not necessary 
to invoke any special method by which these areas receive their 
moisture. The compressing action of the auricle squeezing heavily 
moistened pollen upward into the basket is entirely sufficient to 
account for the abundance of sticky fluid found in the neighborhood 
of each hind tibio-tarsal joint. As has been noted, the brushes of 
the forelegs acquire moisture directly by stroking over the proboscis 
and by handling extremely moist pollen taken from the mouthparts. 
The middle-leg brushes become moist by contact with the foreleg and 
hind-leg brushes, probably also by touching the mouthparb them
sel.-es: and by passing moist pollen backward. The hairy surface of 
the breast is moistened by contact 'vith the fore and mid leg brushes 
and with the moist pollen which they bear. 

The problem of the method of pollen moistening is somewhat more 
complicated in the case of flowers which furnish an excessive supply. 
Under such conditions the entire ventral surface of the collecting bee 
becomes liberally sprinkled with pollen grains which either will be 
removed and dropped or will be combed from the bristles and branch
ing: hairs, kneaded into mas:-;es, transferred, and loaded. The ques
tion natnrally arises whether the move:{Ilents here are the same as 
when the plant yields but a small amount of pollen which is collected 
by the mouthparts and anterior legs. In the opinion of the writer 
the.v are essentially the same, except for the addition of cleansing 
movements, executed chiefly by the middle and hind legs for the col
lection of pollen which has fallen upon the thorax, upon the abdomen, 
and upon the legs themselves. Indeed it is questionable as to just 
how much of this plentiful supply of free pollen is really used in 
forming the corbicular masses. \Vithout doubt much of it falls from 
the bee and is lost, and in cases where it is extremely abundant and 
the grains are very small in size an appreciable amount still remains 
entangled among the body-hairs when the bee returns to the hive. 
Yet it is also evident that some of the dry pollen is mingled with the 
moistened material which the mouthparts and forelegs acquire and 
together n·ith this is transferred to the baskets. 

In all cases the pollen-gathering process starts with moist pollen 
from the mouth region. This pollen is passed backward, and in its 
passage it imparts additional moisture to those body regions which 
it touches, the brushes of the fore and middle legs, the plantre of the 
hind legs5 and the hairs of the breast n·hich are scraped over by the 
fore and middle leg brushes. This moist pollen, in its pass345e back
~ard, may also pick up and add to itself grains of dry pollen with 
which it accidentally comes in contact. Some of the free, dry pollen 
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which falls upon the moist brushes or upon the \let hairs of the 
thorax is also dampened. Some of the dry pollen which is cleaned 
from the body by the action of all of the legs meets with the wet 
brushes or with the little masses of wet pollen and itself becomes wet 
by contact. Pollen grains which reach the corbiculre either dry or 
but slightly moistened are soon rendered moist by contact with those 
3-lready deposited. Little pollen gets by the sticky surfaces of the 
combs of the plantre or past the auricles 1Yithout becoming thoroughly 
moist. 

Sladen (1912, c) very aptly compares the mixture of dry pollen 
with wet to the lmeading of wet dough with dry flour and suggests 
that the addition of dry pollen may~_ be of considerable admntage, 
since otherwise the brushes, particularly those of the hind legs, 
would become sticky, "just as the board and rolling pin get sticky 
in working up a ball of dough if one does not add flour." The addi
tion of a considerable amount of dry pollen gives exactly this result, 
for the corbiculoo then rapidly become loaded 1Yith pollen mixed 
with a minimum supply of moisture and the brushes remain much 
dryer than would otherwise be the case. However, if too much dry 
pollen is added the resulting loads which the bees carry back to the 
hives are likely to be irregular, for the projecting edges of the masses 
may crumble through lack of a sufficient amount of the cohesive 
material by which the grains are bound together. 

· On the other hand, it does not appear at all necessary to mix much 
dry pollen with the wet, nor do the brushes become sufficiently 
"sticky" from the presence of an abundance of the moistening fluid 
to endanger their normal functional activity. I haYe observed bees 
bringing in pollen masses which were fairly liquid with moisture, 
and the pollen combs also were covered with fluid, yet the baskets 
were fully and symmetrically loaded. 

Sladen's different interpretations of the pollen-moistening process 
are rather confusing, ancl it is difficult to distinguish between what 
he states as observed facts and what he puts forward as likely 
hypotheses. He agrees with me in his obserYation that all of the 
legs become moist in the region of tlwil' bru"lws and also in his sup
position that this moisture is tra nsferred to them from the mouth. 
In this moistening process my obset·Yat.ions shmY that the fluid con
cerned is passed backward by the contact of the middle-leg brushes 
with the wet foreleg brushes and that the middle-leg brushes in turn 
{'Oil ,·ev moisture to the plan too as they rub upon them. I am also 
!'om·i~ced t hat the wet pollen grains furnish additional moisture to 
th(• brushes as they pass backward, nnd this is particularly true in 
the case of the extremely moist surfaces of the auricles and the pollen' 
("ombs of the planta, since here moisture is pressed from the pollen 
upon th('Sl' an•as. The pollen upon the fore and middle leg brushes 
is not always "dry'' en.•n in ''a relative sense." 
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In describing pollen manipulation several "Titer~ state that dry 
pollen is picked up by the brushes of the legs and is carried forward 
to the mouth, there moistened (according to some, masticate?), and 
is then carried back,Yard by the middle legs for loading. Obviously 
such accounts do not apply to cases in which all of the pollen is col
lected. by mouthparts and forelegs. Do they apply in cases where 
much pollen falls on the body and limbs? Without doubt a certain 
amount of this free pollen is brought forward when the middle legs, 
bearing some of it, S\Yeep forward and downward over the forelegs, 
mouthparts, and breast. However, it does not appear to the writer 
that this dry pollen is carried to the mouth for the specific purpose of 
moistening it, or that it is essential to its moistening that it be 
brought in contact with the mouth. Some of it touches the moist 
hairs on the forelegs and breast and is moistened by contact. All 
that remains on the brushes of the middle legs secures moisture from 
these brushes or from wet pollen which the brushes collect from the 
mouthparts or forelegs. The supposed necessity of carrying forward 
pollen to the mouth for moistening is a delusion. Some is acci
dentally brought forward and into contact with the mouth and gets 
wet, but the process is not essential. 

If the pollen which bees transport to their hives has been moistened 
with some fluid substance which causes the grains to cohere, this 
addition should be indicated by differences in the results of an analy
sis of pollen from a plant as compared with that found in the cor· 
biculoo of a bee which has been working on this plant. For the sake 
of determining this difference and in an endeavor to ascertain, if 
possible, the approximate nature of the added fluid, analyses were 
made of three kinds of pollen, as follows: (1) Pollen collected by 
hand from the corn plant itself; (2) pollen taken from the corbiculre 
df bees which had secured their supply from corn; (3) pollen stored 
in the cells of the hive. In the first two cases pollen from the same 
species of plant (corn) was used. The material from the cells of the 
hive was composed largely of corn po1len, but contained an admixture 
of some other pollens. 

The writer is indebted to Dr. P. B. Dunbar, of the Bureau of 
Chemistry, for the following analyses: 

Pollen Corn pol- Stored 
direct len from pollen 
from corbicula. from 
corn. hive. 

53o47 66094 79066 
460 53 33006 20o34 
2087 11.07 17o90 
20 77 3o06 2o25 
5o 79 14029 20o2l 

Total solids ... . ... . 0 0 0 . 0 •..• 0 . . ...•.. . ... . • 0. 0 • _ .. 0 _ 0 __ . . __ . .. .. .. _ • . .. __ 
Moisture ..... 00 • •• •• • 00 0 .. . 0 00 ... oo, ... . . . 0. 0 0 0 . . 0 • . . _ ... . ......... 0. 

00
., 

Reducing sugar before inversion . . .. _ _ _ . _ . . . 0 0 0 .. 0 • . . .. .. . _ .. . . . . . 0 ..•.. 0 
Sucrose. 00 . .... . . ..... . .. . .. 00. 00 ... _ _ _. _ • • _ • • 0. 0 . . .. ...... . . . . 00 0 ... 00 

• • 

• Total reducing sugar after inversion . . . .. 0 . . • . .. 0 . . . _ . . .. • . 0 ....... . ... . . 

Eo37 1C.o54 22.41 
5018 4o57 2o~ 

Dry basis: 
Reducing sugar .... 0 • 00 .. .. ... _ 

Sucrose ...... 00 00 00 • • •• _ • •• 0 00 __ • ••• 

10o 55 21.11 .............. 
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These analyses show conclusively that a very large amount of 
sugar has been added to the pollen by the time it reaches the cor
biculre. Calculated on a dry basis just about twice as much sugar is 
present in the basket pollen as in that from the corn plant. Not only 
is this so, but the additional fact is disclosed that over three times as 
much reducing sugar is present in the corbicular pollen as sucrose. 
This latter result indicates that honey (largely a reducing sugar) 
rather than nectar (containing more sucrose) is the chief sugar in
gredient of the corbicular pollen. The additional amount of sugar 
(here again a reducing sugar) in the stored pollen of the hive is 
what might be expected, since it is supposed that the workers add 
honey and possibly other ingredients to the pollen within the 
storage cells. 

The total solid percentages, corn 53.47, corbicula 66.94, stored 
pollen 79.66, also ~how that the fluid substance which is added is one 
highly charged with solids, a condition which honey amply fulfills. 

In the descriptions which have been cited of the pollen-gathering 
process in which the mouth is supposed to supply the requisite fluid 
three substances are mentioned: Nectar, honey, and saliva. The 
analyses herein given indicate that reducing sugar is mingled with 
the pollen, and in the case of corn it is indicated that honey is used 
in greater abundance. Without doubt a certain amount of saliva 
also finds its way to the pollen, but the proportion of this substance 
has not been determined. This salivary fluid may have adhesive 
crualities, but this is scarcely necessary, since honey alone is amply 
sufficient for this purpose. 

It appears probable that the fluid which a bee adds to the pollen 
which it is collecting varies somewhat in amount, since the pollen of 
different plants differ~ considerably in moisture content and that of 
the same plant will differ in this respect at different times. Pollen 
collected in the early morning before the dew has left the plant is 
much more moist than that found upon the same plant later in the 
day, and the grains, if taken when moist, have a natural tendency to 
become aggregated and form small masses. Moreover, this may ex
plain the fact that bees make their pollen-collecting trips during the 
morning hours, rather than in th_e afternoon, although some may be 
seen upon the flowers throughout the whole day. 

STORING POLLEN IN THE HIVE. 

When the bee has fully loaded its baskets and before it returns to 
the hive it often spends a little time upon the plant from which it 
has been collecting, occupied with the task of cleaning scattered 
grains of pollen from its body and of patting down securely the loads 
which it has obtained. Upon its return to the hive it hurr;es within 
and seeks for a suitable place in which to deposit the pollen. Some 
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returning bees " ·alk lei~urely over the combs and loiter among their 
sister workers, while others appear to be greatly agitated, shaking 
their bodies and moving their \rings as though highly excited. 
Many pollen-bearing bees appear eager to receive food upon their 
return to the hive. and they will solicit it from other workers or 
take it from the honey-storage cells. The workers of the hive at 
times take a little of the fresh pollen from the baskets of the laden 
bee, nibbling it off with their mandibles or rasping off grains with 
their tongues. 

If the combs of a colony are examined, stored pollen will be found 
in nrious parts of the hive. In the brood frames the greatest amount 
is located above and at the sides of the brood and between this and 
the stored honey. Cells scattered through the brood from which 
yonng bees have lately emerged may also contain pollen. In the 
outer frames of the hiw. where brood is less likely to be found, 
nearly all of the cells may be packed with pollen, or honey-storage 
cells may be found interspersed with those filled with pollen. As a 
rule pollen is not stored in drone comb, although this occasionally 
happens. 

As the pollen-bearing bee crawls over the combs it appears to be 
searching for a suitable cell in which to leave its load. It sticks 
the head into cell after cell until finally one is located which meets 
its requirements, although it is an open question as to why any one of 
a group should be chosen rather than another. This selected cell 
may already contain some pollen or it may be empty. If partly filled, 
the pollen v1hich it contains is likely to be from the same species of 
plant as that iYhich the bee carries, although different kinds of pollen 
are often stored in the same cell. 

In preparation for the act of unloading the bee grasps one edge 
of the cell with its forelegs and arches its abdomen so that the pos· 
terior end of the abdomen rests upon the opposite side of the cell. The 
body is thus held firmly and is braced by these two supports with the 
head and anterior thoracic region projecting over one of the neigh
boring cells. The hind legs are thrust down into the cell and hang 
freely within it, the pollen masses being held on a level with the outer 
edge of the cell, or slightly above it. The middle leg of each side 
is raised and its planta is brought into contact with the upper 
(proximal) end of the tibia of the same side and with the pollen mass. 
The middle leg now presses downward upon the pollen mass, work
ing in between it and the corbicular surface, so that the mass is 
shoved outward and downward and falls into the cell. As the pollen 
masses drop, the middle legs are raised and their claws find support 
upon the edge of the cell. The hind legs now execute cleansing move
ments to remove small bits of pollen which still cliug to the corbicular1 
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surfaces and hairs. After this is accomplished the bee usually leaves 
the cell without paying further attention to the two pellets of pollen 
although some collecting bees will stick the head into the cell, possi
bly to assure themselves that the pollen is properly deposited. It has 
been stated by some (Cheshire, for example) that the spur upon the 
middle leg is used to help pry the pollen mass from the corbicula. 
This structure is in close proximity with the mass while the middle 
leg is pushing downward upon it, but its small size renders difficult 
an exact estimate of its value in this connection. It is certainly true 
that the entire planta of the middle leg is thrust beneath the upper 
end of the pollen mass, but the spur may be used as an entering 
wedge. 

Pollen masses which have been dropped by the collecting bee may 
remain for some time within the cell without further treatment, but 
usually another worker attends to the packing of the pollen shortly 
after it has been deposited. To accomplish this the worker enters the 
cell head first, seizes the pollen pellets with its mandibles, breaks 
them up somewhat or flattens them out, probably mingles additional 
fluid with the pollen, and tamps down the mass securely in the bot
tom of the cell. As is shown by the analyses of corbicular pollen and 
of stored pollen, certain substances are added to the pollen after the 
collecting bee leaves it in the cell. Sugar is certainly added, and it is 
generally supposed that secretions from some of the salivary glands 
are mixed with the pollen after deposition. It appears probable that 
the stored pollen or "beebread " is changed somewhat in chemical 
composition through the action of the fluids which haYe been added 
to it, eitlwr during the proc·L•ss of collection, at the time of packing, 
or later. 

SUMMARY. 

Pollen may be collected by the worker bee upon its mouthparts, 
1 
upon the brushes of its legs, and upon the hairy surface of its body . 

• When the bee collects from sma ll flowers, or when the supply is not 
. abundant, the mouthparts are chiefly instrumental in obtaining the 
pollen. 

The specialized leg brushes of the worker are used to assemble the 
pollen, collecting it from tlw body parts to which it first adheres and 
transporting it to the pollen bn;;kets or corbiculre of the hind legs. In 
this manipulation the forelegs gather polleE from the mouthparts and 
head; the middle legs, from the forelegs and from the thorax; the 
hind legs, from the middle legs and from the abdomen. 

The pollen baskets are not loaded by the crossing over of one hind 
leg upon the other or to any great extent by the crossing of the middle 
legs over the corbicul!r. The middle legs deposit their loads upon the 
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pollen combs of the hind planta>, and the plant~, in turn , transfer the 
pollen of one leg to the pecten comb of the other, the pecten of one 
leg scraping downward over the pollen comb of the oppositl' leg. 
(See fig. 7.) A.._little pollen is loaded directly from the middle legs 
into the baskets when these legs are used to pat down the pollen 
masses. (See fig. 6.) 

Aside from the foregoing exception, all of the pollen which reaches 
the baskets enters them from below, since it is first secured by the 
pecten combs, and is then pushed upward by the impact of the 
rising auricles, which sque~ze it against the distal ends of the tibiro 
and force it on into the baskets to meet that which has gone before. 

The long hairs which form the lateral boundaries of the baskets 
are not used to comb out pollen from the brushes of any of the legs. 
They serve to retain the accumulating masses within the baskets and 
to support the weight of the pollen, as it projects far beyond the 
surfaces of the tibire. 

Pollen grains are moistened and rendered cohesive by the addition 
to them of fluid substances which come from the mouth. Analyses 
show that honey forms a large part of this moistening fluid, although 
nectar and secretions from the salivary glands are probably present 
also. 

In the process of pollen manipulation this fluid substance becomes 
well distributed over the brushes of all of the legs. The forelegs 
acquire moisture by brushing over the mouthparts, and they transfer 
this to the hairs of the breast and to the middle-leg brushes when 
they come in contact with them. The middle-leg brushes transmit 
their moisture to the pollen combs of the hind legs when they rub 
upon them. All of these brushes also transport wet pollen which 
has come from the mouthparts and thereby acquire additional mois
ture. The auricles and the plan too of· the hind legs become particu
larly wet from this source, since fluid is squeezed from the wet pollen 
when it is compressed between the auricles and the distal ends of the 
tibire. Dry pollen which falls upon the body hairs becomes moist 
when brought into contact with the wet brushes or \vith wet pollen. 

During the process of manipulation pollen passes backward from 
its point of contact with the bee toward its resting place within the 
baskets. 

Pollen which the collecting bee carries to the hive is deposited by 
this bee within one of the cells of the comb. As a rule, this pollen is 
securely packed in the cell by some other worker, which flattens out 
the rounded masses and adds more fluid to them. 
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THE ARGENTINE ANT. 

INTRODUCTION. 

The Argentine ant (lridomyrmex humilis Mayr), which is made the 
subject of the present paper, is the first among the Formicidrn to attain 
the front rank among injurious insects in the United States. In its 
field the Argentine ant is not excelled in destructiveness by even the 
gipsy moth, the boll weevil, or the San Jose scale. Though this ant 
i:,; limited as yet to comparatively small areas, the observations and 
experience of the authors fully convince them that future years will 
see this insect steadily invading new territory and forcing its depre
dations upon the inhabitants of all southern California and most of 
the Gulf States. 

The present paper aims to present, in as <'oncise a manner as possi
ble, the principal results of five years of almost constant observa
tion and experiment by the senior author nt Baton Rouge, La., and in 
the orange-growing section of the same State, together with observa
tions made by the junior author at New Orleans in c.:>nnection with 
his investigations of sugar-cane insects. 

The junior author has prepared in their entirety the portions deal
ing with the" Area of ultimate infestation," and the" Relation of the 
ant to Coc<"idm and Aphididrn," and to him is also to be credited the 
important dis('overy that mating of the queens may O<'<'lll" within 
the formicary or nest of the colony. The remainder of the paper, 
except where otherwise noted, is compiled from the notes and records 
of the senior author. 

In the tedious work which accompanied the determination of the 
ant 's life history, from 1907 to 1910, much assistance was rendered 
by the young men associated with the senior author in the work of 
the Louisiana State Crop Pest Commission, particularly l\Iessrs. 
Harper Dean, A. H. Rosenfeld, G. A. Runner, I\1. S. Dougherty, 
G. D. Smith, and R. C. Treherne. 

The writers are under obligations to Dr. W. l\1. Wheeler, of the 
Bussey Institution, Harvard Universit~·, for permission to use his 
redescription of Iridomyrm ex humilis and for his kindness in reviewing 
the paragraphs upon ·" Systematie position" and "Resemblance to 
other ants." 

Our thanks are also due to :\Icssrs. R. S. 1foore and John :\!eyer, 
<·xtPnsin orange growers of Louisiana, for their liberal cooperation 
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10 THE ARGENTINE ANT. 

and assistance m experiments carried out in the infested orange 
districts. 

GENERAL CONSIDERATIONS. 

Twenty years ago the Argentine ant was first noticed in New Or
leans, La., by Mr. Edward Foster, reference to whose interesting 
account of the "Introduction of Iridomyrmex humilis Mayr into New 
Orleans" will be found on a subsequent page. The species had 
doubtless been introduced years before th~t time, but was gathering 
strength and establishing itself for a considerable period before its 
numbers became sufficient to attract attention. Mr. Foster men
tions it as occurring in 1891 in "fair numbers." Since then it has 
increased from a few scattered and apparently insignificant speci
mens to armies and hordes numbering myriads of individuals. It 
has spread from a few blocks on the water front of the Mississippi 
River over practically the entire city, and has sent out vast numbers 
of colonists for hundreds of miles along the railways and waterways 

. radiating from New Orleans. These pioneers have succeeded in 
founding scores of communities of more or less importance in the 
smaller cities and towns. Each of these communities is in turn 
furnishing its quota of migrants, and these are extending the affected 
territory in all directions from the original source of infestation. 
Thus, instead of the dispersion being from one source only, it is now 
taking place from hundreds of different points. From an unknown 
and little noticed insect this ant has developed into one of the fore
most household pests in the world, and its ravages affect, directly or 
indirectly, the majority of the crops grown in the South. Former 
indifference to its movements has given way to concern at its approach, 
which, in the orange belt at least, means heavy depreciation in the 
value of property. 

Continuous study for several years has served to enlighten us on 
most of the salient features in the life history and economy of the 
species. A considerable number of poisons and repellents have been 
tested and have given good results. Methods of isolating, ditching, 
and winter-trapping have been devised, and have proved their prac
tical value in large experiments under field conditions .. 

Just how much territory this ant will ultimately infest we can not 
foretell with accuracy from the data at present available. It is 
quite safe, however, to venture the opinion that the species will 
eventually spread over a considerable portion of the Southern States
certainly over all of the orange and sugar-cane belts, and perhaps over 
all of the cotton belt. In California it is likely to cover the territory 
corresponding in temperature to the belts mentioned for the South, 
which will include the belts occupied by oranges and other tender 
fruits. 
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HISTORY AND DISTRIBUTION. 

As stated on another page, this species was first described by Dr. 
Gustav Mayr from specimens collected near Buenos Aires, in Argen
tina. It is also included in the list of Argentine ants by Dr. Carlos 
Berg.1 Its occurrence in the Argentine Republic is therefore unques
tioned, and that Argentina is its native home is also borne out by the 
fact that it does not appear to be generally a pest of importance in that 
country. Dr. F. Lahille, of the Argentine department of agriculture, 
in a letter to the senior author, states that it "is uncommon in 
Buenos Aires and in Argentina generally, where it does not cause 
annoyance or trouble of value." Mr. Arthur H. Rosenfeld, formerly 
associated with the writers in entomological work in Louisiana and 
now located at Tucuman, Argentina, writes that he has been unable 
to find the species there. Rev. E. Wasmann, S. J., states that this 
ant "is a native of Brazil and Argentina," and Rev. Albert Biever, 
S. J., of Loyola College, New Orleans, whose careful studies of 
this species are mentioned on other pages, has corresponded with 
various priests in Brazil and Argentina, with the result that he finds 
that this species is a serious pest in parts of Brazil and evidently in 
Argentina also. For example, in a letter to Father Biever, Rev. J. 
Ferol, S. J., of the Colegio del Salvador, Buenos Aires, writes: 

The ants (Iridomyrmex humilis) of which your reverence makes mention are of no 
utility whatsoever, but on the contrary are voracious and destructive. Of means 
employed to destroy them the most effective, according to information given me, is 
the use of an instrument and ingredient of which inclosed herein I send a prospectus 
and instructions concerning its use and functions. 

Forel 2 mentions its occurrence in collections from the States of Sao 
Paulo and Rio Grande do Sui, in Brazil. Wheeler 3 also mentions 
its occurrence in that country. Dr. Lahille also states that the 
Argentine ant occurs in Uruguay and is "especially common in 
Mereedes and Montevideo," cities not far removed from Buenos Aires. 

According to Stoll 4 and Wheeler 5 the Argentine ant, after its 
accidental introduction into the island of Madeira, entirely extermi
nated another ant, Pheidole megacrphala Fab., which was itself an 
introduc<'d species that had exterminated the native ants before it. 

In 1907 ~I. N. l\Iartins 6 recorded the occurrencP of this ant in 
Lisbon and Oporto, Portugal, and gave a Yivid account of its ravages 
in those cities and their environs. 

1 Enumeruci6n sistematica y sinomlmica de los Formicidos .\rgentinos, Chilenos y Uruguayos. 1890. 
2 A meisen a us Sao Paulo (Brasilien), 1':1raguay, etc. \ ' erhandlungen der k. k. zool.-bot. Ges. in \\' ien, 

1908. 
s Entomological News, January, 1906, p . 24. 
• Zur KonntnL• dor geographischen Yerbreitung der .\meisen, Mitth. Schweiz. Ent. Ges., Yol. 10, pp. 

120-126, I S!lS. 
• Ants: 'rholr structure, development, and behayior, p. !54, 1910. 
• Uno rourml terrible envahisso.nt !'Europe (lridomgrmex humilia Mayr). Broteria Revista de Sciencias 

Naturaes, vol. 6, pt. 1, pp. 101-102, 1907. 
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In 1908 Prof. C. P. Loun::;bury recognized this ant in Cape Town, 
South ..:Vrica, where it had already become a household nuisan<·o and 
had displayed its usual role of attending mealy-bugs and other insects. 
The general belief in Cape Town, aceording to Prof. Lounsbury, was 
that the pest had been introduced through the medium of forage, 
large quantities of which were import ed from Argentina during the 
Boer '\Yar (1900-1902) and stored in Cape Town. 

In July, 1910, the late Edwyn C. Reed, of Concepcion, Chile, in a 
letter to the senior author, reported the occurrence of the species in 
that country in large numbers. 

In 1908 ants collected by :Jlr. J. Chester Bradley, of the University 
of California, were identified as I. humilis by Dr. ·w. ~1. \Yheeler. 
Immediately following this discovery Prof. C. W. '\Yoodworth, of the 
California Agricultural Experiment Station, visited the authors' 
laboratory at Baton Rouge, La., for the purpose of becoming familiar 
with the methods used in studying the insect and with the information 
which had been gathered concerning it up to that time. On his 
return to California he published a brief circular 1 concerning its 
occurrence in that State. 

From the foregoing it is readily seen that during the past few years 
this ant has thoroughly established itself, as a nuisance of the first 
order, on four continents, and, owing to the readiness with which it is 
disseminated through the ordinary channels of commerce, there 
seems little reason for supposing that it will not eventually invade 
all of the semitropical countries of the globe. 

INTRODUCTION INTO LOUISIANA. 

As with most imported species, the original time and place at which 
a foothold was obtained by the Argentine ant in Louisiana must be 
largely conjectural. However, we are able to conjecture with rather 
strong circumstantial evidence to guide us. Not only does the tes
timony of inhabitants indicate New Orleans to be the original starting 
point of this species in the South, but its enormous numbers and the 
extent to which it has exterminated other species of Formicidre con
firm the opinion that it has been in New Orleans longer than else
where. 

Mr. Edward Foster,2 of the editorial staff of the New Orleans 
Daily Picayune, has given us the earliest record of its occurrence in 
New Orleans. He noted it in 18!)1 in St. Charles Avenue, 9 
squares from the river and 12 from Canal Street. It was then 

1 The Argentine ant in California. Cal. Agr. Exp. Sta., Cir. 38, August. 1908. 
2 The introduction of Iridomyrmex humilis into New Orleans. Jown. Econ. Ent., vol. 1, No. 5. pp. 

289-293, October, 1908. 
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present in "fair numbers." At that date it was very scarce in 
Audubon Park and below Canal Street, but was present in considerable 
numbers between Magazine Street and the river. 

"Five or six years later" he found it in St. Peters Avenue, near 
St . . Charles, but it was not abundant. This- is about 40 squares 
north and west from the point on St. Charles Avenue first referred to 
by ~Ir, Foster. 

In a personal letter to the senior author, :Mr Foster writes as 
follows: 

I have known the species since 1891. At that time it was a rarity in Audubon Park, 
but was very common in the section immediately above Canal Street. Below Canal 
Street it was not at all plentifuL The boundary of the nuisance then was virtually 
from Magazine Street to the river. The coffee ships from Brazil, I understand, have 
always landed about where the wharves are now situated (on the river front, adjoining 
the area above mentioned), but from what we know of the spread of insect nuisances 
the first batch of immigrants must have come in years before I came across their 
descendants. 

Mr. E. S. G. Titus,t quoting Mr. E. Baker, former superintendent of 
Audubon Park, states that in 1896 "they extended over but a small 
area, reaching approximately from Southport docks to Carrollton 
Avenue and from the river bank to Poplar Street," and that "in 1899 
they were first noticed in Audubon Park." This area, from Southport 
to Carrollton Avenue, is located about 5 or 6 miles northwest of the 
area between Magazine Street and the river, noted by Foster to be 
well infested as early as 1891. ::\fr. Baker, therefore, had not been 
familiar with the original area of heavy infestation, but merely noted 
the species after it had invaded the part of the town where he resided. 
Mr. Titus's information that the species was first noted in Audubon 
Park in 1899 was of course secured from citizens, who failecl to note 
the ant until it had reached prodigious numbers in the same place 
that Foster had found it a "rarity" in 1891. The dissemination to 
Audubon Park was undoubtedly from the heaYily infested area 
between Magazine Street and the wharves already referred to. 

Tho distribution of the species in 1904, as given by ::\fr. Titus, 2 was 
as follows: 

Across tlw river in Algiers and adjoining small settlements; at West End, Spanish 
Fort, and Milneburg, summN resorts on Lake Ponchartrain; Bay St. Louis, Jl!i~~., a 
summer n·~ort between New Orleans and Mobile; along the Texas & Pacific Rail
road at Donaldsonville, Ch<•Jt<•yviliC', and Al<•xandria; along the Southern Pacific at 
Thibodeaux, ~chriPwr, llouma, Berwick, Morgan City, Franklin, New Iberia, and 
La Fay<'t.l<' , and at Opelousas. 

There is every reason for supposing that this ant \\·as introduced 
into New Orleans by means of the coffc\e ships which han~ for years 

I Bul. 52, llur. Ent., U. S. Dept. A gr., p. 79, 1905. 2 Ibid., p. 82. 
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passed back and fo'rth bchn~en that cit.'· n11d Brazilian ports. This 
Yicw is supported by the fact that large numbers of the ants were 
first noticed in the vicinity of the v .. ·harves wlwrc these ships unloaded 
their cargoes and also by the fact that these ships ha,·e been the only 
means of regular communication between New Orleans and the 
countries in which the ant is indigenous. That this and other species 
of ants are actually transporh~d on ocean-going vessels has been fre
quently observed. Thus in July, 1911, the senior author, while a 
passenger on one of the largest coastwise n~ssds bl'tween New Or
leans and ~ew York, found colonies of this same ant occupying pro
tected situations in the woodwork of the steamer. Dr. W. M. Wheeler 
also \\Tites us that while returning from Guatemala aboard a fruit 

FIG. I.-Map of Alabama, Mississippi, and Louisiana, showing counties .in the Southern States which are 
.infested b y the Argentine ant, according to the authors' records. (Original.) 

steamer in January, 1912, he found it infested with another common 
ant, Prenolepis longicornis Fab. 

PRESENT DISTRIBUTION IN THE SOUTHERN STATES. 

The area in the Southern States within which the Argentine ant 
is known to occur at present extends from Montgomery, Ala., to 
Lake Charles, La., a distance of about 380 miles east and west· and 

' from Delta, La., to the mouth of the Mississippi River, a distance of 
about 250 miles north and south. (See fig. 1.) This section is not 
uniformly infested, but contains a great number of infested areas of 
more or less importance, ranging in size from many square miles of 
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occupied territory, as illustrated by the infestation at New Orleans, 
to areas where the ants are so scarce that one not accustomed to their 
habits w~:mld fail to discover them. The latter condition prevails at 
present in Mobile, Ala. The only places remote from railroads 
where they have been discovered are upon the banks of the Missis
sippi River below infested localities. Their presence in such loca
tions is easily accounted for by supposing that they have been carried 
thither on driftwood, which, carrying numbers of ants from infested 
places farther up the stream, has become stranded on the river banks, 
thus establishing new foci. In all other cases the infested territory 
is on a railroad, and usually on a main line running out from K ew 
Orleans. For example, nearly every town along the Southern Pa
cific Railway between New Orleans and Lake Charles is infested, and 
the same statement applies to points on the Louisville & Nashville 
Railroad between New Orleans and l\Iobile. 

OCCURRENCE AND DISTRIBUTION IN CALIFORNIA. 

The first specimens of the Argentine ant observed in California 
were collected in 1907 by Mr. J. Chester Bradley, at that time an 
assistant in the entomological department of the University of Cal
ifornia. The identity of the specimens was not established until 
1908, when Dr. W. M. Wheeler found them to be Iridomyrmex humilis 
Mayr. 

As soon as the dangerous nature of the pest was known, Prof. C. W. 
Woodworth took steps to make a study of the species along the same 
lines as was being conducted in Louisiana at that time, and as a result 
of his preliminary work he issued a warning circular 1 to the public 
in August, 1908. In this circular he gave a brief outline of the 
habits of the ant and reported the following localities as infested: 
In the central portion of the State, Ea:,;t Oakland, Alameda, San 
Francisco, San Jose, Cupertino, and a point near Campbell; in the 
southern part of the State, Los Angeles, Azusa, and Upland. 

In 1910 Prof. Woodworth published another small bulletin 2 giving 
the results of his two years' study of the insect. In this paper the 
infested territory wns more clearly defined, and wns estimated as 
consisting of a totul area of 5,000 acres. About twice the area was 
reported infested in 1910 as in 1908, owing to the discovery of a few 
new colonies and the natural spread of the ones first discovered. 

Our information a:,; to the extent of the infest-od area in California 
(see fig. 2) has been obtained principally through the kind offices of 
Mr. Ralph Benton, of the California Agricultural Experiment Station, 
and Mr. P. E. Smith, of Santa Paula, Cal., ns well as from the publi-

1 The Argentine ant in California. Cal. Exp. Sta. Cir. 38, Berkeley, Cal., August, 1008. 
2 The control of the Argentine ant. Cal. Exp. Sta. Bul. 207, Berkeley, Cal., Octobar, 1910. 
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cations by Prof. C. \\'. \Yoodworth, already referred to. All of these 
persons agree that tho following California points are infested: Ala
meda, Azusa, Berkeley, Byron Hot Springs, Campbell, College Park, 
Cupertino, Fruitvale, Los Angeles, :Mt•lrosP, Oakland, Riverside, San 
Francisco, San Jose, Stockton, and Upland. 

FIG. 2.-Distribution of the Argentine ant in California. From data furnished by Messrs. Ralph Benton 
and P. E. Smith. (Original. ) 

AREA OF ULTIMATE INFESTATION. 

Up to the present we have no exact data to indicate the final limits 
of the area which may become infested by these ants. They appar
ently thrive as well at Delta, La., at an elevation of 87 feet, as they 
do near the mouth of the Mississippi River, 300 miles to the south 
and almost at sea level. They seem to be little or not at all affected 
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by the variation in the amount of precipitation annually as between 
different localities, for they seem to flourish as well at San Jose and 
Los Angeles, Cal., with average annual rainfalls of 14.8 and 15.6 
inches, respectively, as they do at New Orleans, La., where the aver
age annual rainfall is 57.6 inches. The range of temperature to 
which they have adapted themselves at different points does not 
vary so greatly, but is nevertheless considerable. They haYC suc
ceeded in establishing themselves at San Francisco, Cal., where the 
mean annual surface temperature is 56° F., or 13° cooler than the 
mean annual surface tt\mperature at New Orleans, La. 

If we assume that the Argentine ant is unable to per8ist in local
ities where the mean annual temperature is below 55°, we will find 
that the isotherm of this temperature extends almost up to Columbus, 
Ohio, and past St. Louis, Mo., and will include over one-third of the 
United States, or more than 1,000,000 square miles. It is very 
unlikely, however, that this neotropical species will be able to endure 
the cold winters in the northern parts of this area. It will probably 
be more nearly correct to assume that its advance will be checked 
when it reaches the mi.nimum isotherm of zero, or, in other words, 
where the thermometer drops to zero or below during the average 
winter. On constructing this isotherm WC' find that WP have thP 
following area within the United States liable in the course of time 
to infestation by the Argentine ant: 

Starting at the Atlantic coast line; one-half of North Carolina, 
one-half of South Carolina, one-half of Georgia, Florida, a portion of 
Alabama, one-third (If Mississippi, most of Lou-isiana, all of lower 
Texas, a eorner of New 1\Iexico, one-half of Arizona, a little of K e
vada, practically all of California, and a coastal strip throegh Oregon 
and Washington. This would extend the infestation into fourteen 
States, more or less, and is undoubtedly a YPry conservatiYe predic
tion, as already the ant is established at one point, Delta, La., which 
is above this line. 

In spite of these considerations we are still in the dark as to the 
altitudes at which this insert will thrin, and it may be found later 
that altitude will severely limit the distribution of this specie~, as it 
does that of many other insPcts. Table I gives the elevation and 
climatological data for a number of infested points in the "Cnited 
States, and from this table it will be noted that the elevation of 
points now infested varil'8 from sea level to 338 feet. 

The climatological data ginn in Table I are taken from Bulletin Q, 
Weather Bureau of the Fnited Staks Department of Agrieulture, 
1906, entitled "Climatology of the United States," by Alfred Judson 
Henry. 

75508°-Bull. 122-1:~-2 
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TABLE I.-Data concerning various to wns infested ll'ilh the Argrnlillc nnl. 

I 
:'\arne or town . 

---- --

ontgomcry, Ala . . . . . . ..... 
ohile, Ala ........ . . . ...... 

M 
M 
v 
M 
R 

i c~sl_mrg, ¥iss ....... . .... 
end1an , M1ss ...... .. ...... 

- attiesburg, Miss ... . ....... 
Biloxi , Miss .... ............. 
Alexandria, La ...... .... ... 
Baton Rouge, La ... _ ...... . 
Delta, La ..... _ ... . .. . .. . _ .. 
Lake Charles, La ..... ... ... 
New Iberia. La ........... . . 
New Orleans, La ... . . . ..... 
Sacramento , Cal. ........... 
San Francisco, Cal. .. . .. . . .. 
San Jose, Cal. ....... .... ... 
Los Angeles, Cal. . .... . ..... 

i 

~ 

Eleva-
tion. 

Feet . 
196 

11 
229 
338 
154 
24 
77 
62 
Ri 
22 
15 
8 

29 
28 
95 

287 

Mean Absolut.e Summer annual maximum maximum, temper- temper- mean . ature. ature. 

oF. oF. oF. 
66 107 90 
67 102 89 
65 101 90 
64 104 89 
67 103 92 
67 100 88 
f\6 109 92 
67 103 00 

(') (1) (1) 
67 103 91 
68 101 89 
69 102 88 
60 108 87 
56 100 65 
58 104 . ~ ... .. - . .. 
62 109 82 

' Records not available. 

-
Absolu te Winter 
minimum minimum, tempt>r- mean. ature. 

oF. oF. 
- 5 40 
- 1 45 
- 1 42 
- 6 38 
- 1 40 

1 43 
2 30 
2 42 

(') (') 
3 41 
6 45 
7 48 

19 40 
29 46 
18 ··- ·-------
28 45 

Mean 
annual 

precipita-
tion. 

lnchc-•. 
50.8 
fj2.1 
53.8 
53.4 
48.1 
61.3 
54.9 
54.6 

(') 
53.3 
53.7 
57.6 
19.9 
22.5 
14 8 
1-5. 6 

NoTE.-" Summer maximum, mean "=theaverageof the total maximums forJune, 
July , and August. "Winter minimum, mean "=the average of the total minimums 
for December, January, and February. 

COMMON NAME. 

The name '' Argentme ant" was first used by the senior authorfor 
this species in 1908, when the public was on the point of accepting 
the name "New Orleans ant." The permanent use of the latter 
name would manifestly have been unjust to the Crescent City, for 
that city was in no way responsible for the introduction of the pest. 
As stated on preceding pages, this ant was originally described from 
specimens collected in Argentina, South America, and up to the 
present time we have no reasons for not believing that this is one, at 
least; of the countries in which this ant is native. The naming of 
this ant after the country from which it was first described is by no 
means without precedent. Many other common insects, such as 
the San Jose scale, American coclcroach, Colorado potato beetle, 
Mexican cotton-boll weevil, etc., have received their popular names 
in the same manner. 

Various common names have been suggested from time to time, 
among them "crazy ant," "tropical ant," "pernicious ant," etc., 
but all have the disadvantage of being as applicable to other species 
as to Iridomyrmex humilis and none of them is distinctiYe. 

The term "Argentine ant " has been readily accepted, alike by 
entomologists and the press, is concise, and not likely to be confused 
with similar names; hence we believe it to be as good a name as can 
be adopted. 
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MEANS OF DISPERSION. 

NATURAL SPREAD. 

Under strictly natural conditions, the rate of dispersion of Argen
tine ants is very slow. Owing to their intensdy social habits they 
spread but slowly from a locality until the number present becomes 
excessive for the food supply or unless adverse conditions, such as 
flooding, occur which compel them to seek fresh locations. They 
will then spread in all directions, but will go little farther than is 
necessary to give them sufficient foraging area to insure the food 
required. Howevc>r, if a large food supply is discovered at a con
siderable distance from the colony, a heavy trail of workers will 
soon be formed between the food and the nest, composed of many 
thousands of tiny insects, each busy carrying a load of the coveted 
material back to the nest or going out for another load. Sometimes 
they will construct a new nest in the neighborhood of the food sup
ply, and to this thc>y will transport a number of pupre, larvre, and 
eggs from the parent nest. In the course of a day or so this new 
colony will be thoroughly established, with a full supply of queens, 
workers, and immature stages, and will then b<· capable of supporting 
itself and increasing in numbers without assistance from the parent 
nest. 

Under normal conditions it is likely that the rate of spread does 
not amount to more than a few hundred yards each year. When 
food is plentiful, a well-traveled road or a paved strc>et may rc>strict 
the spread for a considerable period, but when any much-desired 
food supply, such as the excretions of aphides or scale insects, is to be 
reached, nothing short of running water proves an effective barrier. 

FLIGHT. 

It is possible, but scarcely probable, that the queens may aid the 
natural dispersion by means of flight, but there are several reasons 
why this is doubtful. One of them is that the flight itself is a very 
uncertain event, as during the five years that these ants have been 
studied in Louisiana only one general flight has been observed. It 
has bN•n established that the young queens can mate in the nest 
without taking a marriage flight at all, and apparently this is what 
usually takes place. EYen should a fertilized winged queen fly or 
be transported by the wind to any considerable distanct- from the 
ant-infested territory, it is wr~· doubtful whether an~· c>ggs she might 
lav would 0nr hatch. The queen has neYer been observed assisting 
in. the slight<•st degree wit.h the rearing of the young in the nest, nor 
hav<' we suc<'<'<'<lPd in getting eggs to hatch when they were not 
car<•d for h\· the workers. ~\s the workers are neYPr winged , the 
qU<'<'II wotd~l IH'<·rssarily be alonr, and it would be very unlikely 
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that the queen would dPvelop the instinct of attending to and caring 
for the eggs, larvre, and pupre in succession for several months. 
Also, the queens are quite helpless and a[>pear to be C'ntirely incapa
ble of defending themselves against other insects. The writer ha~ 
observed a queen ant being captured and bound by a minute spider, 
considerablv smaller in size than her own head, wi.thout making 
the least attempt to struggle. It therefore seems improbable that a 
defenceless queen could maintain herself in a hostile country for 
several months without the assistance of workers. 

Furthermore, we have several times kept Argentine ant queens 
isolated in small nests, sometimes singly and sometimes in groups, 
but have never yet succeeded in hatching eggs in these nests, or in 
rearing larvre to the adult stage. 

The fact that ditches of running water have proven sufficient bar
riers to prevent the spread of the species in orange groves appears to 
disprove the theory that queens returning from the nuptial flight can, 
without the assistance of workers, establish new colonies. 

DISPERSION BY STREAMS. 

As previously mentioned, driftwood is probably the most important 
agency in the natural dispersion of the ArgeJ;J-tine ant. Along the 
Mississippi River, below the infested territory, we find a considerable 
number of larger or smaller colonies of the ants, and in places the 
batture 1 will be infested for miles, with practically no ants inside the 
levee. This can only be accounted for by ants floating down the 
river upon driftwood from infested localities. The river banks are 
covered with logs, more or less rotten, which have stranded during 
high water. In the infested territory these logs are found full of 
ants in all stages in enormous numbers. Du.ring high water some of 
these logs drift and lodge alternately, gradually working down the 
river, and distributing colonies in their wake. 

The writer has several times seen complete colonies of ants on a 
floating log, unable to escape. All that was required was a little 
further rise of the water to start them down the river, with their 
cargoes of ants. 

ARTIFICIAL DISSEMINATION. 

Unquestionably the main distributing agent of the Argentine ant 
is man himself, by means of railway trains, boats, and other vehicles 
which he controls and utilizes in the transportation of freight and 
commodities of all kinds. The ants must necessarily have been intro
duced to this country by means of ships, and railways have been the 

1 The "batture" is that land lying between the true bank of the river and the levee. The batture is 
.subject to overflow during high water, is ordinarily not cultivated, and is frequently overgrown with wil· 
lows. The batture is said to be "outside" the levee, while land protected by the levee from high water is 
said to be "inside" the levee. 
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principal means of dissemination since they succeeded in establishing 
themselves. This is evident, as all the centers of infestation so far 
discovered, with the exception of those down the Mississippi River, 
the presence of which has just been explained, are located upon 
railway lines; in the Southern States, upon main lines running out 
of New Orleans. 

The ants are easily transported in packing and freight of various 
kinds. Large numbers of potted plants are shipped out of New 
Orleans to. the surrounding country, and in many cases complete 
colonies of ants are sent with them in the soil surrounding the roots. 
Boxes and barrels of groceries, packing placed around fragile material 
to prevent breakage, and shipments of household goods may all 
contain queens and workers when shipped from infested points. The 
writer has observed a queen and many workers inside an empty 
passenger coach, which had been standing on the track for several 
hours during a rainstorm. 

The danger of promiscuous infestation is somewhat lessened by the 
fact that it is necessary for a queen ant to be transported with the workers 
in order that a new colony may be founded. In a large series of ex
periments conducted to determine this point we have never yet found 
any indication that the workers were able to produce eggs, or to 
reproduce their kind in any manner. Consequently large numbers 
of workers may be scattered broadcast over uninfested territory and, 
though they may live for a considerable time, they will ultimately 
die out if a queen is not present. It is probably due to this fact that 
these ants have not infested a great deal more territory than thry 
have during the past 10 years, as it is a certainty that thousands 
of workers are being continually shipped from infested territory into 
uninfestecl localities. At the same time the danger that fertile 
queens will be transported is considerable, for we have frequently 
f; ;uncl ddiJatecl queens foraging with the workers. The fertile queens 
will "take up" with any workers of the species, and it is only necessary 
for a queen and workers to be present i:ri a new locality in order to 
start a self-perpetuating infestation. 

Steamboats plying up and down rivers, carrying freight from 
infested points, are responsible for spreading great numbers of ants. 
For example, between New Orleans and Baton Rouge, La., there are 
over tt hundred steamboat landings. These are nearly all infested 
by the Argentine ant, and probably the insects were first introduced 
in the freight shipped direct to these points from New Orleans or 
Baton Rouge. Many of the river steamboats are so heavily infested 
by permanent colonies of this ant that the workers are almost as much 
of a nuisance in the cook's galley as they are in culinary establishments 
on shore. 
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ECONOMIC IMPORTANCE. 

Up to the present time the Argentine ant has attraetC'd most atten
tion as a household pest. Particularly during r<tiny weather, when 
honeydew is scarce, the ants invade houses in myriads and drive the 
housekeepers almost to distraction. Nearly everything which is 
edible for human beings is attractive to them, and ceaseless attention 
and strenuous effort are necessary to keep them out of pantry and 
kitchen. The use of poisons and repellents must be continuous; 
if there has been a little carelessness in this regard the· foodstuffs 
become filled with countless numbers of ants in a very short time. 

Among the foodstuffs most eagerly sought may be mentioned 
honey, sirups, sugar, candy, cakes, cookies, jams, marmalades, pre
serves, fruit juices, cream, olive oil, lard, egg (either raw or cooked), 
fish (either fresh or canned), and various raw meats, such as chicken, 
veal, mutton, pork, beef, etc. Corn meal is sometimes the object 
of attack and wheat flour to a slight extent. 

Aside from their invasions of food the ants are household nuisances 
generally. No corner or nook is safe from their explorations and the 
discovery of something edible is quickly heralded in the nest, whence 
come thousands of workers to carry away the plunder. In heavily 
infested sections it is often necessary to place bedposts upon panes of 
glass coated with vaseline or other repellent in order that the occu
pant may sleep in peace. To have ants running all over one's person 
is disagreeable enough, but what is more serious, they will not hesitate 
to attack any part of the body where skin or membranes are tender 
enough to be pierced by their mandibles. 

Authentic cases are on record where it has been necessary to take 
babes from their cradles and repeatedly immerse them in water to 
rid them of the ants which crawled by hundreds over their bodies 
and into their mouths and nostrils. We have even received reports 
of infants being killed by the ants, but such reports we have not 
verified. Such a thing is not, however, outside the realm of 
possibility. 

In groceries and stores they are kept out of sirups, sugar, molasses, 
and like products only with great difficulty. In restaurants and 
confectionery shops the closest vigilance is required to keep the ants 
out of the cakes, candies, ice cream, fruits, etc., as well as out of ice 
boxes, refrigerators/ show cases, and windows. Meat in butchers' 
shops is also a great attraction, and if left unprotected for even a 
short time thousands of ants will be swarming over it. 

In nurseries and among ornamental plants the ants foster and 
protect countless thousands of scale insects and plant lice, the excre
tions of which furnish the choicest delicacy with which the ants 

' The temperature of the ord inary refrigerator is not low enough to cleln th<> ants in their foraging. 
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regale themselves. This protective care results in rapid increase of 
these insects, with resultant damage to the plants infested. In 
florists' establishments the ants sometimes sever the petals of cut 
flowers in their search for nectar. 

Visits to flowers of various k.ipds seem a natural habit, and when 
the ants do not find the nectar readily available they quickly cut 
their way to it in all cases where the plant tissue is tender enough 
to permit of it. In their attacks upon orange blossoms they are 
particularly severe, as they sometimes eat their way .into the fruit 
buds even before the latter are fully open. The workers have also 
been noticed regularly visiting the extra-floral nectaries of cotton 
and other plants. 

To truck growers the ants are very troublesome, owing to the 
manner in which they remove certain garden seeds before they have 
sprouted. Lettuce seed is especially subject to this attack, and in 
infested districts the rows of lettuce seed are covered with corn meal, 
which is also attractive to the ants. By the time ihc ants have 
removed the meal the lettuce seeds will have sprouted. The ants 
also assiduously attend plant lice on a number of vegetables, making 
the latter unpleasant to handle. Cabbage heads are often found 
through which plant lice and ants are completely distributed, the 
cabbage leaves merely serving as di.visions between layers of the 
insects. 

In the sugar-cane -fields the ant again comes to the front, owing 
to its fondness for the excretions of the sugar-cane mealy-bug, 
Pseudococcus calceolarire. (See figs. 3, 4.) In order to protect 
these insects from storms and enemies, the ants build protective 
coverings and shelters over them and attend them constantly. (See 
fig. 5.) As the result of these attentions the mealy-bugs thrive in 
numbers and destructiveness to an extent which is impossible where 
the ants are not present. Luckily the territory infested by the 
mealy-bug is as yet very restricted, but this insect threatens to 
become a serious problem in the future, owing to the manner in 
which it destroys the eyes of "seed cane" after it is planted, prevent
ing sprouting and thus injuring the stand. The vacant rows in a 
field of cane, due to this injury, are shown in figure 3. The control of 
this mealy-bug therefore resolves itself into the problem of controlling 
the ant. 

In cornfields it can be easily noticed that aphides are several times 
as numerous, and are also more generally distributed, i.n districts 
infested by the Argentine ant than in the noninfested districts. The 
ants are also found in gn'at numbers attending plant lice upon cotton 
plants, and in a cotton field nt Baton Rouge, where these ants were 
very numerous, it was noticed that the cotton aphides remained 
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abundant throughout the entire summer and autumn. wherc•as 
during these portions of the year they arc normally almost absent. 

It is in the orange groves of southern Louisiana, however, that 
this ant has probably inflicted the most serious injury. This injury 
is discussed at length on a subsequent page. Suffice it to say that 
at present the Argentine ant is there regarded as the most serious 
insect problem, owing to the marked increase of scale insects which 
follows its introduction and spread. The value of land in that 
section depends to a considerable extent upon the presence or absence 
of the Argentine ant. The ant also does considerable damage to the 
fig crop by boring through the ripened fruit or entering the calyx end 
of the ripening fig and tunnel ing the -interior. It also assists -in the 

FIG. 3.-lnjury to the stand of sugar cane by the sugar-cane mealy-bug (PSPudococcus calceolarire) , which 
is attended by the Argentine ant. (Original.) 

increase of the destructive mealy-bug, Pseudococcus citri, which 
injures figs to a considerable extent. 

The ant is a veritable plague among honey bees, and beekeeping 
on any considerable scale is invariably abandoned after the ants 
become numerous. 

In the poultry yard this ant is a pest that must be reckoned with. 
The ants find the nests of sitting hens particularly .attractive, and if 
perchance an egg be broken the ants will come in such numbers that 
the fowl will abandon her nest. The blood and fluids from partially 
incubated embryos are particularly liked by the ants, and when the 
eggs are hatching the workers swarm over the young chicks in such 



ECONOMIC IMPORTAXCE. 25 

numbers as to cause their death. Repellents which can be adapted 
to such a case are rare, even pyrethrum powder being practically 
ineffective. The only substance we have found which would at all 
protect the sitting hens is zenoleum powder, liberally sprinkled 
in the nest and among the hen's feathers from time to time 
during the brooding period. The nests of many birds are 
frequented by the ants in the same way, ancl the number of 
young birds destroyed in this manner must be considerable. The 
ubiquitous English spar
I ow, however, seems to 
flourish, as ever, in spite 
of the ants. 

Another form of injury, 
though indirect, is due to 
the antagonism which ex
ists between the Argentine 
ant and other species of 
ants, and which terminates 
only with annihilation of 
the native species. As the 
result of this, beneficial 
species of ants (such as the 
"fire ant," Solenopsisgemi
nata, "·hich destroys n con
siderable number of boll 
weevils in their immature 
stages) are exterminated, 
and their place is taken by 
the infinitely more trou hie
some Argentine ant. 

It may presently be 
found that the Argentine 
ant is an important agent 
in the spread of disease. 
The workers congregate in FIG. 4.-Sugar-cane mealy-bugs on sugar cane. (Original.) 

great numb0rs around garbage pails, priYies, etc., and are fn'quently 
very hard to hl'p out of sick rooms, the odors seeming to attract them. 
They have been watch<'<i busily carrying away the sputum of a negro 
who was suffering from tuberculosis. There are many ways in 
which it is possible for these ants to assist in the distribution of 
various disease-producing organisms. 

Hardy the activities of this ant take on a beneficial aspect. Father 
Biever stat0s that they han~ in many cases completdy exterminated 
thf' bt'dbugs in the hovels and tenements occupied by poor p<>ople in 
thP cit_v o.f Nt'W Orlenns. The same authority sPnral years ago 
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calle<l n.ttention to the scarcity of the common ''chiggers" or so-cnllPd 
·' rt>d bugs " in parks and yar;ls heavily infest<'d by the nn.t, and this 
lattC'r observation has been verified by the junior author m thL' case 
of Audubon Park, New Orleans. At Baton Rouge, howevn, the 
senior author found the ''chiggers" very abundant in premises heav
ily infested by the ants. The manner in which these ants destroy 
the sorghum midge is described on following pages. 

SYSTEMATIC POSITION. 

According to the classification adopted by Dr. W. l\1. Whcdr't'/ 
the Argentine ant is placed in the subfamily Dolichoderinre, which 

FIG. 5.-:;:>Vering constructed by the Argentine ant to pro tect the mealy-bugs. (Original.) 

is one of the five main subdivisions of the family Formicidre. The 
Dolichoderinre are characterized by the cloacal orifice being slit
shaped and ventrally located instead of being circular and termi
nally located, as in the camponotine ants, by vestigial sting, by 
single-segmented abdominal pedicel, by a much shortened or bell
shapecl gizzard (proventriculus), by the pupre being always naked 
(not inclosed in cocoons), and usually by anal glands which produce 
a secretion having a very offensive odor. In the case of the Argen
tine ant, however, this odor is entirely lacking. 

1 ".\nts, thei r structure, development , and behavior," 1910. 
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The subfamily Dolichoderime contains six North American genera: 
Dolichoderus (Hypoclinea), Forelius, Tapinoma, Dorymyrmex, Lio
mctopum, and Iridomyrmex. Iridomyrmex is essentially tropical in 
its distribution and only two species are known to occur in the United 
States/ the native Iridomyrmex analis Ern. Andre, common in cotton 
fields of the South, and the introduced species, Iridomyrmex humilis 
~layr, or Argentine ant. 

DESCRIPTIO:\" OF THE SPECIES. 

Three forms only of the adults are found in the colonies of the 
Argentine ant, the females or queens, the workers, and the males. 
(See fig. 6.) Major and minor workers do not occur, and no workers 
seem to ·act in the capacity of soldiers or scouts more than others. 
As previously noted, the species was first described as Ilypoclinea 
humilis by Dr. G. :Mayr, in 18G8, from workers collected in 1866 near 
Buenos Aires in Argentina, the original description appearing in the 
Annuario della Societa dei Naturalisti di Modena, volume 3, page 
164. Following is Mayr's description of the species kindly fur
nished by Dr. W. 11. Wheeler, of the Bussey Institution, Harvard 
University, from the original edition: 

Operia: Long. 2.6 mm. Sordide ferruginea, micans, mandibularum parte apicali 
fiavescenti, abdomine nigrofusco, tarsis et nonnunquam tibiis tf'stacl'i~; microscopice 
adpresse pubescens; absque pilis abstantibus; subtilissime coriaceo-rugulosa, mandi
bulis nitidis sublaevigatis punctis nonnullis; clypeus margine antico late baud pro
funde emarginatus; thorax inter mesonotom et metanotum paulo et distincte con
strictus, pronoto fornicato, mesonoto longitrorsum redo, transversim convexo, meta
noto inermi longitrorsum fornicato, pronoto paulo altiori; petioli squama compressa 
rotundata. 

At t]w request of the senior author, Dr. ''neeler prepared the fol
lowing redescription of the worker, and descriptions of the qw•t>n 
and male, thus making a complete and comprehcnsin• description 
of the species: 

Iridomyrmex humilis Mayr. 

Worker: Length 2.2-2.6 mm. 
Head oval, broader behind than in front, with its posterior margin slightly concave 

in tiH· middle. Eyes flattened, in front of the middle of the lwad. Mandibles with 
two larger apical and several minute basal teeth. Clypeus short, convex in the mid
dlt', with broadly excised anterior margin . Frontal area and groove present but 
rather indistinct. Antenna! scapes extending about one-fourth their length beyond 
the posterior corners of the head. Joints 1-5 and the terminal joint of the funiculus 
distinctly longer than broad; remaining joints nearly as broad as long. Thorax slen
drr, narrower than the head; broadest through the pronotum which is conwx, rounded 
and nearly ~1s long as broad. Mesonotum nearly as long as the pronotum, sloping, 
laterally compressed, in profile evenly continuing the contour of the pronotum. ~[e-

• An undetermined spcdcs of lridomyrmex, apparently introduced, has been found by Dr. W. M. Wheeler 
In a grcenhou~<' at Boston, Mass. 
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soepinotal con~triction rather deep, extending obliquely downward and ba<;kward on 
ea('h side. Epinotum short, nearly twice as high as long, convex on the s1des, with 
a short convex base, and a longer, flatter and more sloping declivity. Petiole small, 
less than half as broad as the epinotum; its scale in profile, compressed, cuneate, 
inclined forward, with flattenrd anterior and posterior surfaces and rather acute apex; 
seen from behind its border is entire and evenly rounded or even slightly produced 
upward in the middle. Gaster small. Legs rathrr slender. 

FIG. G.-The Argentine ant, adult forms: a, Adult male; at, head of male; a!2, petiole of male; b, worker; 
bl, head of worker; b2, petiole of worker; c, fertile queen; cl, head of queen: c2, petiole of queen. All 
greatly enlarged. (Senior author's illustration.) 

Body minutely shagreened or coriaceous, subopaque and glossy; mandibles, clypeus 
and anterior border of the head more shining. Mandibles minutely and rather ob· 
scurely punctate. 

Hairs few, suberect, yellowish, confined to the mandibles, clypeus, tip and lower 
surface of the gaster. Pubescence short and uniform, grayish, so that the body has a 
slightly pruinose appearance. 



SYSTEMATIC POSITION. 29 

Brown; thorax, scapes and legs somewhat paler; mandibles yellowish; apices of 
the individual funicular joints blackish. 

Female (dealated): Length 4.5-5 mm. 
Head, without the mandibles, but little longer than broad, with rather angular pos

terior corners, straight, su bparallelsides and straight posterior border. Eyes large and 
rather convex. Mandibles and clypeus like that of the worker, scapes proportionally 
shorter and stouter. Thorax large, as broad as the head, elongate elliptical, nearly 
three times as long as broad. In profile the scutellum is very convex, projecting 
above the meso- and epinotum. Epinotum with very short base and long abrupt 
declivity. Petiolar node erect, more than half as broad as the epinotum. Gaster 
elliptical, somewhat shorter and a little broader than the thorax. Legs slender. 

Sculpture like that of the worker but more opaque; mandibles and clypeus also 
less shining. 

Scattered hairs more numerous than in the worker and also present in small numbers 
on the vertex, gula, mesonotum, prosternum, and fore coxae. There is also a row of 
short hairs along the posterior margin of each gastric segment. Pubescence dis
tinctly longer, more silky, and denser than in the worker. 

Dark brown; antennae, legs and posterior margins of the gastric segments reddish; 
mandibles, sutures of thorax and articulations of legs yellow. 

~Male: Length 2.8-3 mm. 
Head much flattened; including the flattened eyes, as broad as long. Vertex and 

ocelli prominent. Cheeks short. Mandibles small, overlapping, with a singlP, acu
minate apical tooth. Anterior clypeal border straight. Antennae slender; scape 
only between three and four times as long as broad; first funicular joint globose, 
broader than any of the other joints; second joint much longer than the :1cape; joints 
3-5 growing successively shorter; joints 6-12 considerably shorter and more slender. 
Thorax very robust, elliptical, broader than the head, which is over-arched by the 
protruding, rounded mesonotum. Scutellum even more prominent than in the female . 
Epinotum with subequal base and declivity, the former slightly com·ex, the latter 
feebly concave, forming an angle with each other. Petiole small, its node with rather 
blunt margin, slightly inclined forward. Gaster very small, elongate elliptical , with 
small rounded external genital valves. Legs slender. Wings with a four-sided discal 
cell and two well developed cubital cells. The costal margin is depressed or folded 
in just proximally to the stigma. 

Sculpture, pilosity and pubescence as in the worker; color more like that of the 
female, except that the antennae, legs, mandibles and internal genitalia are pale, 
sordid yellow. Wings smoky hyaline, with brown wins and stigma. 

I. humilis belongs to a small group of neotropical species c•mbracing also I . iniquw; 
Mayr, dispertitus Forel, keitcli Fore! and melleus ·wheeler. The workers oi l·citeli and 
melleus may bP at once distinguish<:>d by their color, the form<:>r haYing a yellowish 
brown bend and thorax and the remaining parts brownish yellow; the latter being 
pn lc yP!low with a blackish gaster and funiculus. In these and in I . iniquus and 
dispertitus the mesoepinotal constriction is much deeper than in humilis and the meso
and epinotum are of a different shape. The mesonotum in profile does not form a 
continuous, even line with the pronotum and the epinotum is very protuberant and 
almost conical. I. humilis represents a transition from the above group of species 
to that of I. analis Ern. Andre, which is Yery common in the Southern States. This 
species has a shorter, more robust thorax, more like that of Tapinoma, and much less 
constrict eel in the mesoepinotal region. 

The above <ksniption was drawn from a number of workers, males and females 
tak<·n from the same n<:>st in Baton Rouge, La ., by ~Ir. Wilmon Newell. The types 
de~cribed by Mayr were captured by Prof. P. de Strobel in the em·irons of Buenos 
t.ires. 
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RESEMBLANCE TO OTHER ANTS. 

There is little difficulty in distinguishing lridomyrmex humil:i8 
Mayr from its nearest American relative, Iridomyrme.r analis Ern. 
Andre. The latter species is quite common in cotton fields and other 
situations in the South, is much lighter in color than humilis, and 
possesses a very disagreeable odor which is entirely lacking in the 
case of humilis. The clearly marked trails of the Argentine worker,, 
when on their foraging expeditions or when moving from place to 
place, have no counterpart in the case of analis, the workers of which 
in large measure forage independently of each other. I. anali8 
constructs inverted cone-shaped mounds or craters on the surface 
above the underground nests, while what little dirt is excavated by 
humilis is scattered about the entrance to the nest in promiscuous 
fashion, the ants evidently desiring to rid themselves of the exca
vated pellets as expeditiously and conveniently as possible. The 
"wet-weather sheds" of the Argentine ant, constructed only during 
or just after prolonged rainy spells, bear no resemblance whatever 
to the craters of analis; but on the contrary are more or less flat, 
composed of fine particles of earth, unstable in structure and supported 
by grass or leaves. 

However, the superficial resemblance of I. humilis to several spe
cies of other genera is even closer than to I. analis and is sufficient 
to make positive identification of humilis well-nigh impossible ex
cept by one skilled in detecting the characters used by myrmecolo
gists for classification. Among the southern forms most likely to 
be mistaken for I. humilis, and vice versa, may be mentioned the 
"crazy ant" (Prenolepis longicornis Fab.) and Dorymyrmex pyra
micus Roger. The workers of both these species are of practically 
the same size and color as those of humilis and the workers of all three 
travel and forage in much the same way. Prenolepis is distinguished 
from I. humilis by its camponotine characters, particularly the shape 
of the gizzard, by the cloacal orifice being round rather than slit
shaped, and by the presence of stiff, erect hairs upon the body. Dory
myrmex is easily distinguished by the conical or pointed elevation 
upon the epinotum (last dorsal segment of the thorax), a structure 
that is entirely lacking in Iridomyrmex, the epinotum of which is 
evenly convex. 

The re~embla~ce of I. humilis to still other species is sufficient to 
be ~onfusmg at ttmes, bu~ o~e can, by a process of eliminating certain 
easily observed chara?t~nsttcs, determine with reasonable probability 
whether ~ col~ny of ~vmg ants belongs to this species or not. First 
to be notiC~d Is the stze of the ants under suspicion. The workers of 
the Argentme ant are from 2.2 to 2.6 mm. in length, the largest indi-
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vidual we have ever seen measuring :!..75 mm. If workers are more 
than 3 mm. or less than 2 mm. in length, it may be safely concluded 
that the ant under observation is of some other species. The Argen
tine queen, however, is from 4.5 to 5 mm. in length. The color of 

. the Argentine ants-all adult forms-is a very deep brown, almost 
approaching black, and the color is uniform over the entire body. 

·The possession of head and thorax of one color with abdomen of a 
different color immediately eliminates a specimen from this species. 
A colony containing workers of more than one size is also eliminated, 
since all Argentine workers are of one size or caste. The fact that the 
petiole or pedicel (connecting joint between the thorax and abdomen) 
of I. humilis consists of only one segment readily distinguishes it from 

. the species of Solenupsis and other myrmicine ants. The pupre of 
·our species is never inclosed in cocoons, but always naked, with legs, 
· e.n·s, segments, etc., plainly visible. Argentine workers, when 
crushed between the fingers, give no perceptible odor, and this readily 
distinguishes them from their closest relative, I. analis, as well as 
from their more remote relatives, the species of Tapinoma. The 
·Argentine worker does not possess a functional sting and does not 
even attempt to sting. This again separates the \n>rkers from those 
of a great many species, including Solenopsis, most of which sting 
viciously upon the slightest provocation. Upon being disturbed, 
particularly in the nest, some of the Argentine workers will attempt 
to bite, but by far the great majority devote their energies to escaping 
rapidly or to removing the larvre and pupre to a place of safety. 
What few do attempt to bite are not successful in piercing the skin 
of one's hands owing to their weak jaws. It is onl_'-' when reaching 
tender places, such as the skin between the bases of the fingers for 
example, that they are able to make their bites effective. 

If, therefore, ants suspected of being Iridomyrmex humilis meet the 
·following qualifications, and in addition exhibit the habits alreaqy 
described, there is a reasonable probabJity that they belong to this 
species, and examples should be submitted to a specialist for exam
ination: 

\Yorkers not oYer 3 mm. nor less than 2 mm . in length 
Workers uniformly colored; deep brown, nearly black. 
Workers of uniform size; no distinction as to caste. 
Workers traveling in well-definerl trails or lines to and from the nest . 
Workers emitting no offensivt odor when crushed. 
Workers unable to sting and unable to bite effectively. 
Pup<r> not inclosed in cocoons. 
Petiole or pedicel consisting of only one segment. 
Petiole prolonged dorsally into a wedge-shaped scale , inclined slightly forward. 
Epinotum devoid of a pointed or conical elention . 
Ocelli absent in workers, present in queens and males. 
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METHODS OF STUDY. 

When the study of this ant was undertaken, two requisites presented 
themselves-a type of artificial formicary in which continuous obser
vations could be made and individuals kept track of from the time of 
egg deposition until the adult stage was reached, and some method 
by which all individuals of a colony could be confined to their own 
formicary. 

Space need not be taken to describe the types of artificial formicaries 
which were not successful. 

The J arret cages proved successful only in the case of very large 
colonies, but in these the multiplicity of individuals made accurate 
observations impossible. It may be remarked that this type of cage 
is excellent for studying the community life as a whole and for making 
exper:ilnents with poisons or with parasitic fungi or bacteria. 

Cages totally inclosed were not successful, for the reason that the 
ants, when deprived of the privilege of leaving their nest, failed to act 
in a normal manner. 

The cage finally adopted was, with modifications, the one described 
by Sir John Lubbock on pages 2 and 3 of his classic work.1 Th~ 
consists essentially of two glass plates containing between them a 
layer of pulverized earth in which the ants may burrow at their 
pleasure. Considerable difficulty was experienced in getting the 
glass plates the proper distance apart; if too far apart the ants could 
make burrows which were not open to observation, and if too close 
together insufficient room was afforded the queen in which to stand 
and walk upright. As the queen is about twice as tall as the worker, 
it seemed for a time that a suitable cage could not be constructed. 
After repeated trials, however, it was found that if the space between 
the glass plates were made exactly 1.75 mm. the queen would have 
sufficient room and the workers could not construct invisible galleries. 

This type of cage and its supporting stand are well illustrated by 
figures 7 and 8. Figure 7 shows the several parts of the cage; 3 is the 
cage proper, consisting of two plates of glass held uniformly 1.75 
millimeters apart by strips of leather at all four edges, a door or open· 
ing being left at one corner. (See fig. 9.) Old negatives, the films 
removed with caustic soda, have been found the most desirable for 
making these cages, both because such glass is remarkably clear and 
free from imperfections and because it is of uniform thickness. The 
size of the cage may vary from 3t by 4t up to 8 by 10 inches or even 
larger. Leather ':as found more satisfactory for making the edges 
of the cage than either glass or wood. The strip of leather between 
the glass m~rgins is abou~ -t inch in width. It is extremely difficult 
to find a stnp of glass umformly 1.75 millimeters thick and l,t is also 

1 Avebury. Ants, bees, and wasps, 1881. 
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A SMALL COLONY OF ARGENTINE ANTS AS SEEN IN ONE OF THE ARTIFICIAL F ORMICARIES. 
(ORIGINAL. ) 
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difficult to attach one piece of glass to another firmly. Wooden 
strips present the disadvantage of quickly decaying and of warping, 
no matter what glue or cement is used to hold them in position. Since 
it is sometimes desirable to place moist earth in the cages, or to add 
moisture from time to time, a waterproof cement is most desirable 
for attaching the glass plates to the leather strip. The space between 
the glass plates is filled with finely pulverized earth after completion 
and drying of the cage, and in this the ants are permitted to burrow 
and construct galleries as they please. (See Pl. II.) 

The cage proper is supported on a platform (1) which in turn rests 
firmly upon a standard (2) having a base (4 ). The platform must 
have its upper surface perfectly level and it must remain so for an 

FIG. 7.-Artificial formicary or cage used in studying the Argentine ant: 1, Supporting platform; 2, stand· 
ard; 3, cage proper, made of glass and le>tther, containing earth; 4, base; 5, cover. (Senior author's 
illustration.) 

indefinite time, otherwise the ants will take up their abode between 
the cage and platform rather than in the cage itself. The platform is 
therefore made of two pieces of even, seasoned cypress * inch thick, 
screwed together with numerous screws and with the grain of the 
two pieces at right angles to each other. On this platform the cage 
rests without fastenings of any kind. The cover (.?) is constructed of 
two pieces of cypress in the same manner as the platform, but in 
addition has an iron handle attached to its upper surface and has a 
piece of felt glued to its under surface, so that, when it is placed upon 
the cage proper, all light is excluded except at the entrance. The 
cover is of the same outside dimensions as the cage itself. To insure 
the platform remaining level it is often necessary to make the base 

75508°-Bull. 122-13--3 
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of two pieces in the same manner as the platform, or to nail strips 
across it 'at right angles to the grain. Both platform and base are 
attached to the standard by long screws with heads countersunk. 
Food is furnished by placing it on a piece of cardboard at any point 
on the cover or platform. The base stands in running water, as 
explained below. This type of cage permits the ants to leave their 
nest within the cage and to forage over the platform, cover, and stand 
in natural fashion, but their escape from the stand is prevented by the 
very natural barrier of water, which they find when they approach the 
bottom of the standard. It is not possible for them to conceallarvre 
or eggs where the observer can not find them and they can not bring 

FIG. 8.-Artificial formicary with parts assembled ready for use. (Senior author's illustration.) 

in larvre or pupa> from outside sources to the annoyance and vexation 
of the student. 

While the ants are very fond of sweets, we have found that sweets 
alone will not suffice for food indefinitely. Animal food is also 
required, and we find that by supplying the colonies with a" balanced 
ration" of honey and fresh beef or veal they will work in a perfectly 
natural manner for many months without other food. 

The problem of confining the ants to the cage and its stand was not 
~o easily solved. W~ first tried Sir John Lubbock's method of plac· 
mg a moat of glycerme or water about the stand, but both liquids 
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dried too quickly and were effective for only a few hours. Recourse 
was had to the proverbial chalk line without success.· Bands or 
ditches of kerosene, crude oil, tar,- oils of sassafras and citronella, tree 
tanglefoot, zenoleum, naphthaline, coal-tar disinfectants, whale-oil 
soap, sharp-edged tin, and fur were all failures. Certain powerful 
odors, such as those of zenoleum, sassafras, and citronella, act as 
repellents temporarily, but after a few hours of evaporation are no 
longer effective. Ordinarily these ants will not cross bands of cotton 
tape which have been impregnated with a saturated solution of cor
rosive sublimate and dried, but when attempting to leave an area to 
which they ha,·e been confined by this means they are much more 
persistent in crossing it. 

Water with a film of whale-oil soap on it acted as a repellent for a 
few hours only, while a film of kerosene upon water merely afforded 

FIG. 9.-Entrance of artificial formicary shown in figures 7 and 8. (Senior author's illustration.) 

a convenient floor upon which the ants could travel. The difficulty 
in confining the workers with any liquid or mucilaginous substance 
lies in the fact that they are exceedingly light/ and sticky substances 
shortly harden on the surface, so that the workers are supported. 
The surface film of clear water is in fact almost strong enough to sup
port a worker not loaded. It is not unusual to see an ant alternately 
walking and swimming in crossing a narrow ditch of water which has 
been standing for a few hours. Minute dust particles collecting upon 
standing water shortly form a film upon which the workers pass with 
ease. Perfectly fresh water therefore served to confine the colonies 
to their cages, and at first our observations were made upon colonies 
in cages which were standing in dishes of water. This, however, 
necessitated frequent changing of the water, and observations were 
often brought to an abrupt finish by other duties which prevented 
the change of water in the vessels at the right time. 

1 The average weight of one worker is 0.0002077 gram. 
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In February, 1908, the senior auihnr constructed, on the grounds 
of the Louisiana Experiment Station at Baton Rouge, a small build. 
ing for the purpose of studying this ant more in detail. The building 
was 10 by 30 feet and equipped with benches having upon them gal. 
vanized iron trays 2t by 12 feet, 4 inches deep. In these trays the 
cages were placed and by means of suitable connections running 
water J inches in depth was kept passing through the trays dny and 
night. As the ants would not voluntarily enter running water thi, 
arrangement worked admirably. The interior arrangement of thi, 
building is shown in Plate III. The iron trays and ant cages are 
shown upon the right, with work tables, chemicals, etc., on the left.. 
The building was equipped with electric and extension lights for 
night exan1inations, and a combined thermograph and hygrogra}>h 
recorded the temperature and humidity of the room at all times. 
For convenience this building was referred to as the "formicarium. " 
Plenty of windows insured full ventilation at all seasons, and to avoid 
abnormally high temperature in summer a second or accessory roof 
was placed two feet above the main roof. This laboratory also 
proved a convenient insectary for the rearing of other insects. 

The Argentine ant possesses a marked proclivity for attacking all 
insects which one has under observation, and all rearing experimentB in 
cages, no matter what the insect, must. be protected from the ants. 
The trays of running water therefore served to keep the ants away 
from general cage experiments as well as to confine them to the cages 
in which tlwy themselves were being studied. 

ESTABLISHING COLONIES FOR STUDY. 

To establish a colony in one of the artificial formi~aries or cages is 
comparatively easy. It is only necessary to secure a fertile queen 
from some thriving outdoor colony and place her on the stand; firs t 
placed in water, together with any desired number of workers which 
have been captured by attracting them to a sweetened sponge or 
piece of fresh meat. Any lot of workers will accept any queen and 
vice versa. When queen and workers are thus placed upon the cage 
and its stand, they usually, after a few hours, take up their abode 
in the nest proper. At first we experienced some difficulty in pre· 
venting them from collecting beneath the stand, but it was presently 
found that if a little dirt were removed from another colony and placed 
in the entrance of the new formicary the ants would enter at once and 
adopt it as a suitable home. After the establishment of such colonies 
the queen usually eommences egg deposition in from 6 to 48 hours. 

By establishing colonies in this manner, witnout immature stages 
:present,_ it is ~asy to observe the daily rate of egg deposition, the 
mcubatwn penod of the eggs, and the duration of the larval and pupal 
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stages. In some of the records given below single individuals have 
been kept under observation from deposition of t)w egg, through larval 
and pupal stages, to the adult. In oth0r cast's tJw tinw from deposi
tion of the first egg until hatching of the first larva was assumed to be 
the period of incubation, date of hatching of first larva to formation 
of first pupa the duration of the larval p<'riod, etc. · 

While these cages were invaluable in studying th<' life history of the 
ants, the small amount of space available for them between the glass 
plates made the number of ants they would contain very limited. For 
the purpose of studying the general habits of large colonies of ants a 
modification of the Janet cage was used. As its name implies, this cage 
was invented by Mr. Charles Janet/ and is described by him as follows: 

The apparatus (an artificial horizontal nest of porous mineral substance) described 
in this treatise gives, in reference to the raising of ants, remarkable results. Ants die 
in a short time when placed where they can not receive sufficient moisture; but (and 
this is the delicate point) this moisture must be maintained within certain limits. 
The apparatus invented up to the present do not solve this difficulty. Furthermore, 
they do not lend themselves easily to observation, nor do they permit one to withdraw 
with ease specimens when needed . The artificial nest is formed of a block of plaster, 
or any other porous substance, which has hollowed out of it a certain number of small 
cells, placed one after the other and communicating. These cells are covered with an 
opaque slab designed to keep the cells dark between the periods of observation. A cup 
of water placed at the end of the block allows it to absorb moisture . The cell nearest 
this cup is the dampest, and the one farthest away the driest . I leave this last always 
light so that it resembles, for the breeding under observation, a space outside of the 
nest. If the water-cell has been kept too moist, the ants go into the cell farthest away, 
that is to say the driest . When, on the contrary, the apparatus becomes too dry the 
ants return to the walls of the cell containing the water, which is always damper than 
the other parts of the nest . They can thus choose for themselves the part of the nest 
presenting the degree of moisture which suits them best. 

The chief modification adopted was the use of a five-celled cage 
instead of one of four cells, as described by Janet. Also, the ants 
were not inclosed within the cage, but werC' allowed to 0nt0r or leave 
at will. To permit of this the Janet cages w<'r<' placed upon plat
forms, which stood in running wat0r. These platforms wen' consid
erably larger than the cages, and this gave the \mrkers quite an area 
to forage over, simulating natural conditions quite closely. The food 
was placed upon the platform, outside the nest, and the workers thus 
had to carry it in and feed th<' larvre in the same manner in which it 
was done outdoors. ThesP cages had sufficient capacity for many 
thousands of ants. They were usf'd for observing the behavior of 
large colonies and for the purpose of noting the dfects of poisons 
and various control measures. 

1 Studies on ants. Note 2. Apparatus for the raising and observation of ants and other small animals 
which require a moist atmosphere. Extract Ann. Ent. Soc. France, Mar. 10, 1893; vol. 62, pp. 467-482, 
figs. 11-12. (Translated by Miss A. O'Conor.) 
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LIFE H ISTORY" 

THE EGG. 

(Pl. 1\', A.) 

The egg is elliptical, pearly white, lustrous, without markings, and 
the membrane is extremely thin and delicate. The surface is some
what mucilaginous, so that when eggs come in contact they adhere 
to each other. This enables the workers to handle them en masse and 
also permits of their being deposited upon the walls or ceilings of the 
ants' habitations. 

The average size is 0.3 mm.long by 0.2 mm. wide. The largest egg 
encountered while measuring a series was 0.34 mm.long by 0.24 mm. 
wide, and the smallest 0.27 mm. by 0.187 mm. 

As time for hatching approaches the luster fades and the surface 
takes on a dull appearance. This is not sufficiently pronounced and 
uniform, however, to be taken as a safe gui.de to immediate hatching. 
When the embryo takes on the larval shape the membrane not infre
quently adapts itself in a way to the general contour of the inclosed 
embryo, thus making it very difficult to distinguish between the eggs 
and the newly-hatched larvre. 

In the large Janet style cages the workers seem to take elaborate care 
of the eggs in order to secure for them just the requisite amount of 
humidity. Frequently they will be shifted several times in the course 
of the day, first being stored in one corner, then moved to the center 
of the compartment, afterwards carried to another compartment, and 
perhaps finally stuck to the glass ceiling. Sometimes the eggs are 
separated from the larvre and pupre; at other times they will be stored 
together in apparently hopeless confusion. 

The care of the eggs by ti1e workers seems essential to complete 
embryonic development. Eggs deposited in test tubes by isolated 
queens have gone through a portion of the embryonic development, 
but we have not been successful in getting them to hatch. This may 
be due in part to the ease with which the delicate embryos are injured 
in handling and to the fact that when placed on glass the condensing 
moisture may retard or stop development. 

The queen appears to act merely as an egg-producing ma·chine, and 
once the egg has been deposited she pays no further attention to it. 
The act of oviposition has been observed several times and does not 
occupy more than a few seconds of time. An attendant ant appears 
to be anxiously watching for the appearance of the egg, and it is 
immediately picked up and rushed off to the nearest 11 egg pile,'' 
sometimes before it has time to touch the floor of the nest. 

Attempts to get fertilized queens, unattended by workers, to 
deposit eggs and rear the resulting larvre to maturity have been 
unsuccessful. Such queens stop laying a few days after their isola
tion and seemingly pay no attention to what few eggs they do deposit. 
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Eggs are deposited at all seasons of the year. The large majority 
of them are produced during the summer, but a few are laid in warm 
spells during the winter months. The rate of deposition has not been 
determined, but one queen under observation in a cage deposited 
at the rate of 30 eggs per day, now and then suspending oviposition 
for several days at a time. 

In outdoor colonies oviposition ceases when the daily mean tem
perature drops below 65° F., but is usually begun again when the 
mean temperature rises above this point, regardless of the time of the 
year. 

No indication has been found of workers dep'ositing eggs, even in 
colonies that were queenless for long periods; neither did queenless 
colonies ever rear queens from the eggs and larvre present in the nest 
at the time queenlessness occurred. 

PERIOD OF INCUBATION. 

The period of incubation varies with the season of the year, and 
in proportion as the temperature remains high or low. The shortest 
incubation period observed has been 12 days, the longest 55 days, 
and the average is about 28 days. The longer periods are doubtless 
accounted for by the entire suspension of embryonic development 
during cool weather, and it is not impossible that the viability of 
eggs may be entirely destroyed by a .temperature as low as 25° or 
30° F., but on this point more data are needed. · 

The period of incubation has been determined, ordinarily, by 
placing a queen and workers, but no immature stages, in an artificial 
formicary and then noting the time from deposition of the first egg 
to appearance of the first larva. This period was assumed to be the 
real period required for incubation. In other cases single groups of 
eggs have been kept under constant observation throughout the 
entire period of incubation. The following table shows the variation 
in development at different seasons, together with the aV"erage daily 
mean temperatures prevailing: 
TABLE H.-Duration of the egg stage of the Argentine ant at different seasons-worker. 

Reoonl No. From- To-

Average 
daily Average 
mean daily 

Day~. ~ tempera- mean 
ture humid-

during 
P'l"iud. 

Hy. 

oF. P er cent. 
45~ (') 
55 (') ·······-· · 

1. ............. ... . ...... .. ........ . ........ Oct. 1, 1907 Nov. 15, 1907 
3. . . .. .. .. . .. .. .. .. .. .. .. .. .. .. .. .. . .. . .. .. . Dec. 22, 1907 Feb. 14, 1908 

27 70.3 70.2 
2;l H 68.9 
22 81 82.9 

4 . .. .................... .... ................ :Mar.14, 1908 Apr. 9, 1908 
6 ...... ·.. .. .... ... .. ...... .. .... .. .. . . .. .. .. . May 1, 1908 May 23 , 1908 
7. . .. . . .. .. . . . . . . . . .. .. . .. .. .. .. . .. .. . .. .. . . July 20, 1908 Aug. 10, 1908 

1\J 81 81.5 
19 Rl. 1 74. 9 

8 ........................................... July 25 , 1908 Aug. 12,1908 
12. . . . .. . . . . .. .. .. .. .. .. . .. .. . . .. .. . .. . . .. .. . June 30, 1908 July 18, 1908 
H ........................................... July 24, 1909 Aug. 5,1909 12 82.5 ·~- 8 

I Average days, 27.8. . 
2 Cages kept in office; record of exact temperatures not available. The balance of the records were made 

in the "forrnlcarium" and the recording instruments kept m the same room wtth the cages; hence the 
temperature and humidity records are correct for the exact location of the eggs under observation. 
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THE LARVA. 

(Pl. IV, B, C.) 

The larva when first hatched is not distinguishable from the egg 
without the assistance of a magnifying glass. For a time after 
hatching the body is considerably curved, the cephalic end being 
almost in touch with the caudal end, but as development progresses 
the larva assumes more and more of a straight form. The curvature 
is not entirely lost, however. 

A recently hatched larva, measured with the compound microscope 
and eyepiece micrometer, was 0.49 mm. long by 0.32 wide. The fully 
grown larvre (workers) average 1.7 mm. long by 0.66 mm. wide. Tl{r 
largest one under our observation measured 1.87 mm. by 0.765 mm. 

With the exception of slight constrictions of the body, the larvre 
are incapable of motion, thus being entirely helpless and relying 
altogether upon the ministrations of the attendant workers. The 
latter, however, pertorm their duties faithfully, and care for their 
charges with the greatest solicitude. They feed and groom the 
young larvre continually and transport them from place to place 
whenever necessary. In case of danger their first instinct appears to 
be to remove the young to a place of safety, and they readily sacrifice 
their own lives in order to accomplish this. 

The larvre are fe1 often by the attending workers upon regurgitated 
and presumably predigested food. There is nothing in the appear
ance or actions of the workers which do the feeding to indicate that 
they are different from those which perform other duties, or that 
they are assigned to the particular and exclusive duty of being nurses. 
The feeding of the larvre has several times been observed under a 
magnifying glass, aml is a::; follows: The larva ordinarily lies up.on 
its side or back. The attending worker approaches from any con
venient direction, usually from one side or from the direction in which 
the head of the larva lies, and, spreading her mandibles, places them 
over the mouth parts of the lnnn, which are sliahtly extruded. The 

b • 

tongue of the worker is also in contact with the larval mouth. While 
the worker holds the body and mandibles stationary a drop of light
coloretl, almost transparent fluid appears upon her tongue. This 
fluid disappears within the mouth of the larva, but it can not be ascer
tained to what extent the larval mouth parts are moved during the 
operation, as they are obscured from view by the mandibles and heud 
of the attending worker. Slight constrictions of the larval abdomen 
during feeding are sometimes noticeable, at other times not. The 
time required for feeding a single larva varies from 3 to 30 seconds, 
depending doubtless on the hunger of the "baby." The workers 
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IMMATURE STAGES OF THE A RGENTIN E A NT. ( O RIGINAL.) 

A, eggs; B, htrvre a nd worke r pnp::e; C, larvre, more enlarged : D, pnpre of workers: at center 
male pupa. All enlarged. (Senio r a nthor's ill ustmtion .) ' 
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proffer food to, or at least inspect, r•nr·h larva, for the worker doing 
the feeding will place her mandibles to the mouth of one larva after 
another, feeding those which seem to require it. 

Both larvre and pupre are groomed or licked with the tongues of the 
workers; thus they are ever kept in a state of absolute cleanliness. 

The most pronounced increase in size of the larvre occurs during the 
first five days after hatching. As is the case with other ants, nothing 
is voided from the alimentary canal during the larval period, the 
undigested portions of the food being retained in the stomach, the 
latter having no open connection with the intestine. As the larva 
reaches its full growth this meconium, or mass of undigested material, 
becomes quite large and is distinctly visible as a dark object in the 
posterior portion of the body. At about this time communication is 
established between stomach and intestine and the meconium is 
Yoided. The larva then enters the prepupal or semipupal stage. 
While the insect in this stage is not very different in appearance from 
a full-grown larva, close examination shows a number of slight differ
ences. Aside from the absence of the meconium, the cephalic and 
thoracic regions become markedly smooth and shining, with segmen
tation very indistinct, while the segmentation in the abdominal 
region is, if anything, more pronounced than before. The line of 
demarkation between abdomen and thorax is now in evidence, but 
without any very noticeable constriction. The mouth parts are 
protruded more than in the larva. The difference in appearance 
between larval and prepupal stages is not great but is sufficient to 
enable one to predict, with reasonable accuracy, the approaching 
transformation to the pupal stage proper. 

In the later portion of the larval stage we have first been able to 
distinguish between the males and workers. The male larvre grow 
to a somewhat larger size than do the worker larvre, and it is thus 
possible to predict with some degree of certainty which of grown 
larvre will transform to males and which to workers. In all other 
respects, however, the.'' are apparently alike. The larval stage of the 
queen is unknown to us. 

DURATION OF THE LARVAL STAGE. 

The duration of the larval period has been determined by observa
tion in the artificial nests in the same manner as the incubation period 
already described. 

The following table shows the duration of the larval period at dif
ferent seasons. 
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TABLE IlL-Duration of larval stage of the Argcntill( ant at different seasom
worklff'. 

Record No. From- To-

t :::·:·:·:·:::::::::::: ::::::::::::::::::::::::: - ~~~~:-~: .~~~- -~~d:~:~~~-
10 .. .. . .......... ------ -- - · -· - -- ------------- Feb. 15,1908 Mar. 28,1908 
3-··----- ·- -· ·· --- · - ·- --------·---··--· - --- · - Feb. 29,1908 Mar. 26,1908 
9 ....... '·------------ ------------------------ Apr. 10,1908 Apr. 24,1908 
7 .... ---------- ·------- ---------- ------'----- Apr. 12,1908 Apr. 25,1908 
2 . . • . ______ .... __ _ . _______________________ ___ July 19,1908 Aug. I, 1908 
11. .. . .. _. _____________ ____ ________________ .. Aug. 13,1908 Aug. 27, 1908 
4 ..... ..... ______ . __________________ . ______ . _ Sept. 4, 1908 Sept. 14, 1908 

1 Average days, 31.4. 

THE PUPA. 

Average 
daily 
mean 

Days.t tempem
ture 

during 
period. 

Averag~ 
daily 
mean 

humid· 
ity. 

• F. Percem. 
61 52.2 ... ..... .. 
57 62.2 71.9 
57 62.2 71.9 
43 62 72 
27 67 73 
15 76.6 75.3 
14 76. 1 75.2 
14 80. 5 82 
15 81.7 71.7 
11 81.1 73.6 

When the pupal stage is reached by the young ant all doubt is 
removed as to the sex of the individual, for one can tell at a glance 
which pupre will transform into adult workers, which to males, and 
which to queens. The pupre of these three forms are easily distin
guishable and will be discussed in the order named. 

THE WORKER PUPA. 

(Pl. IV, B, D .) 

The worker pupa immediately after transformation from the larval 
stage is pure white, without markings, except that the compound eyes 
are prominent as jet-black spots upon the head. The pupa is 
slightly larger than the grown larva, the average length being about 
2 mm. The head is by far the most prominent portion. A pupa 
measuring 2.04 mm. in length was found to have a head 1.19 mm. in 
length (dorso-ventral diameter), while the thorax and abdomen 
measured 0.51 and 0.561 mm., respectively. 

As time for transformation to adult approaches the pupa changes to 
a creamy color, then through a light brown to a dark brown, the latter 
shade being almost as dark as the body color of mature workers. The 
time of these changes varies with the duration of the pupal stage, but 
the following record of changes in color of a pupa which occupied a 
full20 days from larva to adult (callow), is near the average: 

First to seventeenth day-Pupa pure white, except compound eyes. 
Eighteenth day-Turned to a light creamy yellow. 
Nineteenth day- Became a light brown. 
Twentieth day-The brown color deepened . 
Twenty-first day-Reached teneral stage. 
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In some colonies there is more or less of an indistinct sorting of the 
immature stages, pupre being placed in one portion of the nest and 
larvre in another. This tendency is not perceptible in many colonies 
·and is usually most noticeable in very large colonies. 

The duration of the pupal stage has been dt>termi.ned in the manner 
already described for the incubation and larval periods. The range 

. of pupal development is shown in the following table: 

TABLE !\'.-Duration of pupal stage of the Argentine ant, indi1lidual workers. 1908- 9 . 

Record No. From- To-

!. .. .... ....... .. .................... .. ...... J an . 21 , 1908 Feb . 14,1908 
2 ... .. .. . .. ............ .... .................. Mar. 14,1908 Mar. 27,1908 
5 .... .. .. .... ..... ................... .. ...... Mar. 26,1908 Apr. 11,1908 
6 .. .. .. .... .. .. . . .. .. .. ...... .. .. .. .......... Mar. 30,1908 Apr. 14,1908 
3 .......... .... .... .. ............ .. .... .. .... Apr. 5, 1908 Apr. 15,1908 
10 . ..... .. ................ .. . ...... ... .. . .... .... . do . ...... Apr. 18,1908 
7 ... . ...... . .................. . ......... ... ....... do .. ..... Apr. 20,1908 
~ .. .. ...... -... .. ............................. Apr. 8,1\108 Apr. 23,1908 
9 ........ ................. .. ............ . .... Apr. 25,1908 May 13,1908 
11 .. . . ........ . ............ .. .. .. ............ .. .. . do ... . .. . May 14, 1908 
4 .... .. .... .. .. ............ .. .......... .. .... Aug. 1,1908 Aug. 11,1908 
12 ... ....... .. .. .. .. .. .. .... ...... .. ......... Aug. 6,1908 Aug. 16,19118 
13 .... .. .. .. .... .. .. .. ....................... Aug. 10,1908 Ang. 20,1908 
14.. .. ... .. . .. . .. .. .. .. .. .. .. .. . .. .. .. .. . Ang. 28,1008 Sept. 7,1908 
19.. ..... ........ .. .............. .. ,\ pr. 5,1909 Apr. 2S, 1909 
21..... ............................. .. ....... June 13,1909 June 22,1909 
22.. . ... .... .. ................ .. .. .. .. June 24, 1909 July 6,1909 

1 A Yerage days, 15. 

THE MALE PUPA. 

(Pl. n ·, at center .) 

Days. I 

25 
14 
17 
16 
11 
14 
16 
16 
19 
20 
11 
11 
11 
11 
24 
10 
12~ 

Average 
d aily Average 
mean daily 

tempern- mean 
ture humid-

during ity. 
period. 

• F. Per cent. 
56. 5 68. 3 
67. 5 71.8 
73. 8 68. 9 
73. 8 70.2 
76 73 . 5 
76.3 74 
76. 7 74 
76.6 74 . 5 
71 63 . 5 
71.2 61.4 
82. 2 80 
83 74.8 
82. 8 70.7 
81.4 71 
70. 1 68.4 
82. 75 68. 75 
1<4. 08 76. 08 

The male pupa is fully 50 per cent larger than the worker pupa and 
has, by comparison, an enormous thorax. The male pupre vary in 
length from 2.78 to 3.23 mm., with an average length of 3.04 mm. 1 

As the average length of the thorax alone is 1.19 mm., it is at once 
seen what a relatively large part of the body it constitutes. The male 
pupa is shown in the center of Plate IV. 

When first transformed from the larval stage the male pupa is pure 
white, with exception of the compound eyes , which are faintly tinged 
with brown. Graduall.Y the color of the compound eyes deepens and 
the ocelli become visible as minute dark spots upon the head. The 
male pupa, like the worker pupa, passes through gradations of creamy 
yellow, light brown, and dark brown to almost black before transform
ing to the adult stage. The color reached by the male pupa just prior 
to transformation is much deeper than that attained by worker pupre. 
The males are assisted in their transforn:tation to the adult stage by 

1 From measurements of 10 specimens by Mr. Arthur H . Rosenfeld . 
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the workers, and the pupal skin, or at least a portion ~f it, is worked 
backward to the tip of the abdomen and there shed entrrely. Within 
a few hours after transformation the wings of tlw male become fully 
expanded. The following table shows tlw dmation of t1H' mal<' pupal 
stage at different sensons. 

TABLE Y - Duration of pupal stage of the Argentine ant, indi1·idual males, 1908. 

Record No. From- 1'o-

~::: :::-:-:-:::::::::::::::::::::::::::::::::::::::::::::: -~-~~- ~~- -~i~ .. ~-
i::: ::: :::: :::::: ::: ::: :::::::::::::::::::::::::::: ::: : -~-~~-17_ . ~d~ . :~. 
L:: :::: ::: :: :: ::::::::::::::::::::: :: :::::::::::::::: _ ~~~. ~~ . ~~; U 
5 ...................................................... Apr. 20 ... do . .. . 
6 ....... ... . ... . ... . ................. . ............... Sept . 24 Oct. 21 

' A verago days, 23!. 

19t 
20! 
20! 
24 
24 
24 
26 
24 
28 

Average 
daily 
mean 

tempera
ture 

during 
period. 

• F. 
73.6 
73.6 
7~.6 
72.3 
72.3 
72.2 
72.8 
il. 8 
70.5 

Average 
daily 
mesa 

humid-
ity. 

Peret11t. 
69.8 
6'.6 
"'-5 
67.3 
67.3 
66.7 
66.5 
65.8 
67.8 

The normnl time of appearance of the male pupre is in the spring, 
but the appearance of n relatively small number in autumn is not 
uncommon. , During April and ~Iay they are usually abundant, 
gradually disappearing in the latter part of May and early June. 
Only in one case have they been observed in midsummer, when three 
or four male pupre were found at Baton Rouge, July :24, 1909, in a 
huge nest which contained thousands of immature stages. 

THE QUEEN PUPA. 

The pupa " ·hich is to become a queen is readily distinguished from 
the male or worker pupa by its size, as it is considerably larger than 
the male nnd more than twice as large as the worker pupa. The 
whole body is more uniformly developed than in the case of the male 
pupa. The head and thorax are not nearly so large in proportion to 
the rest of the body, the abdomen is much larger, and the dividing 
line between head nnd thorax is much more distinct. Apart from its 
size the queen pupa is readily recognized by the presence of the promi· 
nent wing pads .. 

Queen pupre have been found only during April nnd May. The 
duration of this stage h as not been worked out, ns we have not been 
fortunate enough to secure larvre which would transform into queen 
pupre in our cages. _Considerable numbers of these pupre have, how· 
ever, b0en collected m the field by the junior author and have been 
reared to the :1dult stage in the artificial formicaries observations on 
them extending over a period of two weeks. The q~een pupal stage 
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seems to occupy relatively more time than is required for tho worker 
pupal stage, but the gradual change in color from pure white to 
brown is about the same. It seems probabln that the queen pupal 
stage extends over three or four 'veeks, depending upon the prevailing 
temperature. As many as 35 queen pupre were collected from one 
colony in Audubon Park, New Orleans, La., on ..:\.pril 20, 1910; hence 
there is every reason for believing that the virgin queens are reared in 
large numbers. 

Reasoning from what is known concerning the development of 
queens in the case of such insects ns the honey bee, one would expect 
to find tho queen ant developed from the same kind of an egg that 
produces the worker and that the queen would be developed as a result 
of special food given to the femalo larva. It is possible that the diet 
furnished to our colonies in confinement did not contain the requisite 
materials out of which the workers could elaborate a food suitable 
for rearing queens, and this may account for their failure ever to appear 
in t·he artificial formicaril's, no matter how populous thct.latter were. 

THE CALLOW OR TENERAL STAGE. 

During the last few hours of the pupal stage, in all forms, the legs, 
mouth parts, and antennre become more prominent and the pupa is 
assisted in its transformation by the workers, who attempt to 
straighten out the legs and antennre. We are convinced that there 
is a very thin transparent membrane or skin surrounding the pupa, 
which is shed at time of transformation, but its existence is difficult 
to establish satisfactorily. 

Immediately after transformation the young ant is colorless, almost 
transparent, but is otherwise identical in appearance with fully 
mature specimens. To this stage, following the custom of some 
authors, we npply the term 11 callow." The callow is at first very 
clumsy and walks with uncertain steps and staggering gait, reminding 
onP much of a worker bee just emerged from the brood comb. During 
this stage the workers seem still to fed a responsibility for the cal
low's welfare, for when the colony is disturbed the callows, like larvre 
and pupre, arc unceremoniously grabbed up by the workers and 
hustled to a place of safety. · 

The body of the callow deepens in color quite rapidly and in from 
48 to 72 hours after transformation from the pupa becomes indistin
guishable from that of other adults. 

TIME REQUIRED FOR COMPLETE DEVELOPMENT. 

By adding together the minimum periods required for the develop
ment of worker eggs, larvre, and pupre, as given in Tables II, III, 
and IV, we find that at least 33 days are required for development 
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from egg to adult, and in a similar manner addition of the maximum 
periods gives 141 days as the maximum time required. 

From the tables also it is seen that the average period of incuba
tion of the eggs is 28 days, for development of the iarvre 31 days, 
and for maturing and transformation of pupa to adult 15 days. 
By adding together these averages we arrive at 7 4 days as the average 
period of development. This, of course, can not be termed the time 
required for the development of a generation, since workers do not 
reproduce, and the term ''generation" can be used only in referring 
to the succession of queens. 

The time required for complete development of males is, of course, 
still unknown, for male larvre could not, in their earlier stages of 
growth, be distinguished from the worker larvre; while the larval 
form of the queen is still unknown. 

THE ADULTS. 

There are only three adult forms in the case of this ant, namely, 
the queen, male, and worker. Of the immature forms there are three, 
egg, larva, and pupa, of each the queen, male, and worker. There is 
hardly sufficient difference between the virgin queen and the dealated 
queen after fertilization to justify considering them as distinct 
forms. A complete colony may therefore consist of a queen and 
workers only, of queens and workers, or of a queen (or queens), 
males, and workers. With each of these combinations may be asso
ciated any one or more of the three immature stages, corresponding 
to each of the three adult forms, or nine immature stages in all. 
Plate II shows a colony consisting of 1 queen, about 100 workers, 
and about 20 eggs, with no larvre, pupre, or males present. For a 
technical description of these adult forms the reader is referred to 
other pages. The following descriptions are general in their nature: 

THE WORKER. 

The worker measures from 2.25 to 2.75 mm. in length and is well 
illustrated at b, figure 6. As with the queen, the abdomen extends 
to about the tarsi of the hind legs when the worker is active or engaged 
in feeding. The abdomen is capable of considerable distension, and 
when the worker is fully engorged with sirup or other liquid its 
chitinous plates are forced apart, rendering the connecting mem
branes distinctly visible. The writer has often noticed workers 
returning from their attendance upon plant lice with abdomens so 
distended that they looked like little drops of silvery liquid. Par
ticularly is this appearance presented when the returning workers 
are viewed with a strong light beyond them. 
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As would naturally be expected in the case of so small a creature, 
the weight of a single worker is very small. To determine it, 1,000 
workers, freshly captured and killed with cyanid fumes, were care
fully counted and weighed on an analytical balance. The thousand 
insects weighed 0.2077 gram, which gave the average weight of each 
worker as 0.0002077 gram, or two-tenths of a milligram. 

As already·stated, there is only one caste among the workers. In 
a large colony there seems to be something of a division of labor, 
certain ones engaging in foraging, others in nursing, and still others 
in excavating or sanitary work. However, any individual worker 
can assume the duties of any other, and does do so when exigencies 
demand. Worker callows, barely hardened into mature adults, go 
forth in search of food and the hardened veterans of many months' 
service seem to make as efficient nurses as even the youngest. 

LENGTH OF LIFE . 

The workers are particularly long lived. A colony of about 70 
workers was made queenless and broodless on July 8, 1908. By 
October 10 the number of workers had become reduced to about 40, 
and some of the original ones survived until -February 25, 1909, a 
period of 6t months. As this colony was queenless, the workers in 
it were not under normal conditions. With a queen present it is 
ordinarily impossible to ascertain the length of life of individual 
workers, owing to the constant maturing of young. However, in 
one case we had opportunity to observe the survival of workers with 
queen present and with immature stages absent. A colony started 
on October 10, 1908, proved to have an infertile, dealated queen 
and was kept under observation to see how long the workers would 
survive. The last of these died on July 22, 1909, having lived for 9 
months and 12 days after their capture. Their age at the time they 
were confined in the cage on October 10 was, of course, unknown; but 
it appears safe to conclude that under normal conditions the workers 
not infrequently live to an age of at least 10 or 12 months. 

Mr. G. D. Smith was successful in keeping a queen and several 
workers for more than two months, during which time they had no 
food other than that which may have been contained in the drinking 
water furnished them. During this period of prolonged fasting the 
quee:p_ even deposited eggs, some of which hatched into larvre. 

THE MALE . 

The appearance of the adult male is illustrated at a, figure 6. The 
males average about 2.8 to 3 mm. in length. The most noticeable 
feature about them is the manner in which the thorax is enormously 
developed. The abdomen is relatively small and the head short 
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nnd blunt. The shapl' of the head alone permits di:-;tinction lwl\rppn 
the male and Yirgin (winged) queen without the aid of a glass. 

The normal time of appearance of the males, of cour:-;p, follows the 
appearance of the male pupre; usually in the spring, but a few appear 
in the fall. They are plentiful in the colonies during the latter part 
of April and May, and numbers are still to be found in June. After 
the beginning of July, however, they vanish, and are ver)· seldom 
seen during the hot months of the summer. A few nrc oecasionally 
found during October, November, and December, and in one case 
a few males were found in a colony as late as Januni')'. 

The males are essentiall)· drones, and never exhibit nny iudications 
of industry or usefulness bl'yond their speeial function. 

THE QUEEN . 

Adult queens are found in two forms, the winged and the wingless 
or dealated. The former is the \rirgin queen and the lattl'r the fertile 
or egg-laying queen. 

THE VIRGIN QUEEN. 

When the queen reaches maturity she possesses long narrow wings 
which are rather opaque, gray in color, with the veins and stigma 
pale brown. In other respects she does not differ in appearance 
from the dealated queen, described on page 49. The wings are 
retained until after the queen has mated. Mating may take place 
during the nuptial flight in spring, but under some circumstances 
occurs within the nest without any flight being made. In the latter 
case the queen loses her wings shortly after fertilization and assumes 
her egg-laying duties in the home nest along with the older queens 
already there. 

The earliest date at which we were able to find virgin queens in the 
outdoor colonies was April 1. Normally the first spring appearance 
of males precedes the first appearance of virgin queens by about 
three weeks. 

Probably owing to the extreme shortness of the winged stnge. 
winged queens are very hard to find in the outdoor nests. Although 
they must exist in large numbers every spring, they have been col
lected only occasionally. Most of our observations have been made 
upon specimens reared from pupre in artificial nests. 

An enormous and general flight of males and virgin queens wns 
observed at Baton Rouge, La., in the spring of 1908, when large num
bers of both sexes were captured in butterfly nets. On the other 
hand, during the spring of 1910 and that of 1911 no general flight 
was observ~d at New Orleans, La., although close watch was kept for 
o~e. Co~Id~rable nu~be~s _of males were seen flying around the 
c1ty electnc hghts, and md1v1dual males were found flying aimlessly 
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in various localities, but no queens were found with them, and no 
flight took place that could compare with the one noted at Baton 
Rouge in 1908. 

At the same time a large number of queen pupre transformed into 
winged queens in a large Janet style nest in the laboratory at Audu
bon Park, New Orleans, La. About an equal number of males were 
also present in the same nest, which the junior author watched 

· closely for a flight. Nothing of the kind took place. On two occa
sions all ants were driven out of the nest-workers, males, and queens
to see if they could be induced to fly, but after wandering around for 
a time they all returned to the nest. The males could be seen actively 
pursuing the young queens inside of the nest, and although copulation 
was never actually observed, it must have taken place. In the course 
of time all the queens lost their wings and commenced to lay an 
enormous number of eggs. These eggs hatched, and finally developed 
into workers, proving that they were fertile. The males all died one 
by one, the last one disappearing when about two months old. It is 
therefore evident that the nuptial flight is not a necessity. 

Under natural conditions the tendeney' toward a general fli?ht may 
be partially controlled hy the comparative numbers of males and 
young queens in the nests and colonies. The weather conditions 
about flying time may also exercise a very important influence upon 
the flying impulse; cool, cloudy, and rainy weather tending to 
restrain the inclination to flight, and warm, clear weather encouraging 

-· it. The severity of infestation may also be an important factor, as 
· the ants would be more likely to fly in crowded communities than in 

-- localities where they are comparatively scarce. 
The males are much more given to flight than the virgin queens. 

In the formicarium at Baton Rouge males were often found flying 
during their season, and seemed to have no preference as to time of 

- flight. They were found flying on cloudy days as well as on clear 
- ones and as frequently at night as in the day. 

THE DEALATED , OR FERTILE, QUEEN. 

The dealated queen is illustrated at c, figure 6. The dealated 
1;, queen measures from 4.5 to 5 mm. in length, and queens measuring 
e:- 6 mm. in length are not uncommon. It should be remarked here that 

during egg-laying periods the abdomen is much larger and longer 
r than shown in the drawing. Normally the abdomen extends well beyond 

the tarsi of the hind legs. Unfortunately, a drawing can not show 
1 1~ the delicate silky pubescence of the queen's body, and in life she is a 
Jrl far more beautiful creature than one ,,·ould imagine from the drawing, 
li' correct though the latter is in anatomical detail. 
n11 75508°- Bull. 122-13--4 
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The credit for first discovering and recognizing the queens of this 
species seems to belong to ~lr. E. Baker, formerly su~erintendent of 
Audubon Park, New Orleans, and Prof. R. E. Bloum, formerly in 
charge of the Audubon Park Experiment Station. 

The rate at which the queen deposits eggs varies with the prevail
ing temperature, and egg deposition is suspended entirely at low tern. 
peratures. In the artificial formicaries, already described, the num. 
ber of eggs laid each day varied from 1 or 2 to as many as 50 or 60. 
Thirty per day is not far from the normal number in warm weather, 
when the food supply is abundant. It appears probable, however, 
that the queens deposit much more rapidly in large colonies, although 
from the nature of the case this can not be verified by direct observa
tion. Egg deposition becomes very slow, or ceases entirely, in the 
artificial formicaries when the daily mean temperature falls below 
68° F. 

Practically all queens under observation have shown a disposition 
to suspend egg deposition entirely for longer or shorter periods, even 
when the occurrence of such periods can not be accounted for by low 
temperatures. I 

Fertile queens confined in test tubes without accompanying 
workers will often deposit a few eggs upon the walls of the tubes, but 
we have been totally unable to get colonies established by confining 
queens in artificial formicaries without workers accompanying them. 
This failure has not been due to any need of workers to feed or care 
for the queen, since she can feed herself from a supply of honey or 
sugar as readily as can a worker. Ordinarily she attends to her own 
toilet, and it is doubtful whether she is in reality "attended" by the 
workers in the sense that queen bees are attended. 

Fertile queens do not confine themselves to the formicaries, either 
natural or artificial. Isolated dealated queens are not infrequently 
found wandering about buildings by themselves, and while the queens 
in artificial formicaries ordinarily stay within the nest proper, they 
have at times been seen outside of it. The finding of dealated queens 
wandering about, coupled with the fact that workers readily accept a 
queen from any source, seems to indicate that new colonies may 
sometimes be established in nature by workers associating with such 
wandering queens. 

The length of life of the queen has never been determined, but 
there is no doubt that it extends over several years. Observations 
have been carried on with the same queen for considerably over a year. 

The number of queens that may be found in a colony varies frorn 
one to several in the summer nests, and may reach into the hundreds 
in the large winter colonies. Queens never show the least hostility 
to each other or to the workers. 



T.l:i~ COLONY AS A WHOLE. 51 

In the laboratory at Baton Rouge it was our custom to put all sur
~plus queens into one colony, kept for the purpose, and leave them there 
:until wanted. As many as several dozen queens were sometimes in 
this colony at once, all living peaceably together, and with the num
ber of queens sometimes exceeding the number of workers. 

Queens will frequently leave the nests with the workers, and will be 
observed in the foraging trails. Ten queens were collected in 30 min
utes from a large trail of workers at New Orleans, La., during Jan
uary, 1911. These were quite remote from the nearest nest. Any 
colony will immediately accept a strange queen without hesitation, 
and it is probable that a constant interchange of queens takes place 
between different colonies. 

THE COLONY AS A WHOLE, 

In size the colonies may vary from a dozen to many thousands of 
!individuals and the number of queens present in a colony may vary 
from one to many hundreds. Although the Argentine ant is particu
larly aggressive and a hard fighter when coming in contact with most 
other species of ants, there is no apparent antagonism between sepa
rate colonies ofitsown kind. In fact, in heavily infested areas the work
ers and queens are so intermingled that the individuality of colonies 
.is entirely lost sight of and all colonies appgar to become part and 
parcel of one enormous community. In this respect the species may 
be said to have a more perfect social organization than even the honey 
bees, colonies of which are very distinct and the individuals of which 
usually repel with alacrity any visitor from another colony. 

SEASONAL HISTORY. 

In order to connect the scattered and individual life histories 
already given into one united whole it may be well to take a glance at 
the changes which occur in the ant colonies with the different seasons. 

WINTER COLONIES. 

The tendency of the Argentine ants to segregate into large winter 
colonies is very pronounced, and during the winter small colonies 
are very scarce, while nearly every protected situation will reveal 
the presence of enormous colonies. -The stages which are represented 
in the nest are queens, workers, eggs, larvre, and worker pupre. 
During cold weather very few changes occur. The egg and larval 
periods are very much lengthened compared to the summer rate of 
development. The workers themselves move very little, and a large 
colony will subsist upon a small supply of food for long periods. 
During warn1 days heavy trails of workers emerge from the nests 
and carry back anything available for food. Except for this the ants 
may be considered as almost in hibernation during the winter months. 



52 THE ARGENTINE ANT. 

"'"hen the temperature falls as low as 60° F. the ants become 
sluggish, and foraging is largely suspended. At from 50° to 5;i° F. 
there is practically no foraging, and when this temperature is reached 
within the nest all adult ants become inactive, moving only occasion
ally, and even then with apparent difficulty. Activity is not strictly 
limited by these temperatures, however. On one occasion we found 
workers foraging in a building the interior of which was at 43° F., 
but the colony itself was outside the building and at a higher tem
perature. Very few refrigerators are cold enough to keep out these 
invaders when the outside temperature is warm enough for them to 
forage normaily. On the very hottest days of summer they will 
enter refrigerators and even crawl into the ice chamber itself in order 
to reach some much-desired delicacy. 

The most ideal location for the large winter colonies is in piles of 
decomposing vegetable matter. This material gives off a large quan
tity of heat during the process of rotting and consequently furnishes 
the ants with automatically heated apartments. In the same manner 
ill which the ants seek optimum humidity conditions during the 
summer months, so they will regulate their location to preserve an 
even temperature in their nests in the winter. In cold weather they 
will carry the young stages toward the center of the piles, while in 
warmer weather they will be found near the surface. 

Of course all the ants are not able to find ideal locations for the 
winter months, and great numbers have to locate themselves as well 
as they can. In open fields great numbers will be found undr,r large 
ridges, or along ditch banks, particularly those which have a southern 
exposure. l\Iany will burrow into the ground at the bases of large 
trees, where their tunnels and galleries will sometimes attain a depth 
of 12 to 14 inches. 

Under Louisiana conditions the winter colonies are in evidence 
during the months of December, January, and February. The segre
gating tendency becomes marked during November, and the "divis
ional migration" normally occurs in February, but may not take 
place until March if the spring is cold and wet. 

SUMMER COLONIES, 

As soon as the weather gets warmer in the spring and food becomes 
abundant the large winter colonies break up into a great number of 
smaller colonies. These usually consist of one or more queens and a 
considerable number of workers, and they establish themselves in 
any good location where a supply of food is available. In places 
where food is exceptionally abundant these summer colonies will still 
remain very strong in numbers. Under large magnolia or oak trees, 
for example, colonies with 10 or 20 queens and many thousand 
workers are nearly always present. · 
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A short time after the ''divisional migration" has taken place in the 
early part of ~I arch, the large . amount of food brought in by the 
workers, acting in conjunction with the warmer temperature, appears 
to stimulate the queens to lay great numbers of eggs. Most of the 
young stages carried through the winter or which have slowly matured 
during winter have by this time transformed into workers, so that 
the colonies consist of many workers, with comparatively few imma
ture stages other than the eggs. Hatching takes place during the latter 
half of March, and the larvre resulting from these eggs, after develop
ing, transform into three classes of pupoo, viz, queen, male, and 
worker. Of these the male pupoo preponderate, with the workers a 
close second and queen pupoo a very poor third. The male pupoo 
appear in great numbers several days before the queen pupoo appear, 
which may possibly indicate a slightly longer larval period for the 
queens than for the males. 

The adult winged males appear during the latter part of April and 
in May, and are in evidence in the nests until the beginning of June, 
when they begin to disappear. The winged queens appear a few days 
later. For some reason the winged queens are extraordinarily diffi
cult to find in the nests, although their large size and long narrow 
wings should make them very conspicuous. However, only three 
winged queens have as yet been located in the nests under natural 
conditions in Louisiana. Fortunately the queen pupoo are not so 
difficult to discover, and a considerable number have been reared to 
the adult stage in Janet style nests in the laboratory, where most of 
our observations upon this stage have been made. 

The appearance of the winged queens and males may or may not 
be followed by a nuptial flight . In either case, after the queens have 
become fertile they lose their wings and immediately start laying 
great numbers of eggs. These eggs develop into workers, with the 
exception of a few eggs which are laid in the late autumn and develop 
into males. It thus follows that the most rapid and conspicuous 
increase in numbers occurs during July, August, and September, 
when the eggs laid by the army of young queens complete their life 
history and transform into adult workers. 

From then on to late in the fall the history of the colonies is very 
similar and devoid of incident. The numerical strength of the ants 
is constantly on the increase, and it is probable that the greatest 
natural dispersion occurs during the fall months, after the nests 
have been excessively crowded by the activity and increase of the 
summer. 

During the latter part of October and in November the nights 
• begin to get cool and we find the first inclination toward the form
ation of the winter colonies. The nests in exposed open situations 
are gradually deserted, and strong colonies accumulate in well-
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protected situations. This becomes more pronounced during the 
latter part of November, and in the beginning of December we find 
that the winter colonies with which we began are once more restored 
and that large united colonies are the rule, with small colonies the 
exception. 

COMPOUND COLONIES OR COMMUNITIES. 

Mention should not be omitted of the pronounced manner in which 
the social habit is extended beyond the limits of the individual nest 
or formicary. During the summer season of activity, and in heaYily 
infested areas, communication between adjacent colonies is com
monly observed. Not only the workers, but even fertile queens, 
travel from one colony to another. So closely are adjacent colonies 
associated in their activities that one can not do otherwise than con
sider a heavily infested area as one enormous "compound colony" or 
community. 

MIGRATIONS. 

Four distinct types of migration are exhibited by these ants, 
without including the long trips which they take in columns to and 
from the nests in search of food. 

GENERAL MIGRATION OR DISPERSION. 

By general migration is me;:tnt the slow but steady spread of the 
ants from infested points into adjacent uninfested territory. This is 
practically continuous, and while under natural conditions it may 
amount to only a few hundred feet per year it is greatly accelerated 
by artificial dissemination of the ants by man and his agencies. 

MIGRATION TO FOOD SUPPLY. 

When the supply of food becomes scarce in the immediate vicinity 
of a colony and a plentiful supply is discovered at a distance by the 
foraging workers, movement of the colony in. toto to the neighbor· 
hood of the latter is not infrequent. Trees or plants harboring large 
numbers of scale insects are invariably surrounded by many populous 
colonies and the housewife who grows careless, permitting the ants 
to get food in plenty within her domicile, is soon repaid by having 
the premises overrun with the pests. One can easily note this form 
of migration by keeping a constant supply of honey or sirup in one 
place for several days and providing a suitable nesting place-such 
as a decaying log- near it. The latter is shortly occupied by one or 
more colonies. 

CONCENTRATING MIGRATION. 

Concentrating migration takes place within the infested territory 
and consists of the coming together of a large number of smaller colo· 
nies to form a single large colony. This migration occurs under 
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various adverse conditions. During floods the ants will concentrate 
in great numbers upon elevated ground, or many colonies will carry 
their young stages up the same tree in order to get protection from 
the rising water. The most pronounced concentration, however, 
occurs at the approach of cold weather in the fall, when large numbers 
of colonies concentrate at one point to form the large winter colof!ies, 
often consisting of hundreds of queens and many thousands of work
ers. These colonie.;; are fully described elsewhere. 

DIVISIONAL MIGRATION. 

Divisional migration is the opposite of concentrating migration, 
and is always in evidence after a large number of ants have conce:~ 
trated at one place. It is most conspicuous in the spring, when the 
large winter colonies break up into a great number of smaller ones. 
These small colonies usually consist of one or more queens and a sup
ply of workers. They distribute themselves in all directions from the 
large colony, and locate in any place which affords suitable protec
tion and an available food supply. 

NESTS OR NATURAL FORMICARIES. 

Almost any place seems to be suitable for the location of nests of 
the Argentine ant, provided that light and water may be sufficiently 
excluded. Some of the situations in which they have been found 
are within hollow trees, beneath the rough bark of growing trees, 
in forks of trees, in rubbish and compost heaps, in decaying logs and 
timbers, beneath boxes and boards, under and in brick foundations, 
in stored household goods, beneath shingles on roofs, in rolls of wrap
ping paper, between walls of dwellings, in flowerpots, in piles of 
brick and stove wood, in garbage cans, in bags of sugar, in birds' 
nests, in discarded tin cans, in moss packing about the roots of nur
sery stock, and in straw packing containing glassware or china, in 
beehives with colonies of bees, under discarded tin roofing, around 
the roots of cotton, corn, sugar cane, and other growing crops, in 
railway cars, in various places on river steamboats and ocean-going 
vessels, in old clothes, under street-car tracks, under brick and con
crete pavements, in greenhouse benches, inside the husks of roasting 
ears, inside of cotton bolls, in hollow iron electric-light posts, in the 
cracks and crevices in telephone and telegraph poles, and in the cinder 
ballast of railroad tracks. 

Most of the situations named are used as permanent nesting places 
so long as weather conditions do not force the ants to find more 
suitable quarters. With the advent of unfavorable conditions the 
ants move their colonies with alacrity. 
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Many permanent nests are located in the tops of trees, in rotten 
branches, or in places where borers or termites have been working. 

In rot.ten logs the ants will nearly always utilize old borer or termite 
tunnels for their nests, but do not appear to do any boring for them
selves. 

The facility with which entire colonies move ia sometimes amazing. 
If a nest i::> disturbed the workers will frequently move all stages and 
establish another nest in a fresh location in the course of n very few 
minutes. 

UNDERGROUND NESTS. 

The ants seldom burrow to any great depth in the ground. The 
exceptions to this occur during hot, dry weather in the summer or 
during particularly cold spells in the winter. In the dry spells they 
evidently work downward in an endeavor to secure sufficient:hu
midity for the young, while in the wintertime they sometimesf go 
deep into the soil for the sake of protection from the cold. The 
deepest burrows which we have measured have been 14 inches·Ul 
depth, but they usually average from 4 to 10 inches under normal 
conditions. These deep burrows are usually located at the foot of 
tree trunks, or under the ridges in cane, cotton, or corn fields. 

Under more favorable circumstances, however, the underground 
galleries average from 1 to 4 inches in depth. In summer time the 
ants appear to do as little excavating as possible and seem to limit 
their efforts to excluding light and water. W4en the nests' are 
located above ground, under boxes, boards, stones, etc., very little 
soil is used, and this is ut.ilized in closing holes, etc., to keep out 
light and drafts. 

WET-WEATHER NESTS OR SHEDS. 

In wet situations or after heavy rains, when the ground has become 
soaked with water, the ants construct curious honeycombed structures 
around the bases of tree trunks. These are made of a great number 
of fil}e, loose particles of soil, usually supported by grass stems or 
loose leaves. They vary from one-half inch to as much as 5 inches 
in height, and sometimes cover an area of several square feet. They 
are built with great rapidity by the workers, and are extremely frail, 
falling in at the lightest touch. As a result of this weaknes§.: these 
nests disappear after a few days of dry weather, or are washed away 
by showers. They consist of a maze of covered galleries, in which 
large numbers of the larvre and pupre are placed. Their purpile 
appears to be to afford protection to the young stages until the 
ground gets dry enough for the underground galleries to be 
reoccupied, or they may be used to dry and "air" stages which 
have become wet, the loose construction permittina a liberal circula· 
tion of the air through the walls and ceilings. (Se~ Pl. V.) 
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( ORIGINA L.) 
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GEKERAL OBSERVATIONSo 

AYERSION TO LIGHT. 

The ants demonstrate in many ways their dislike of light, or at 
least their aversion to it. Their nests are always located in dark 
places, the ants are active all night, and their immature stages are never 
exposed to light except for brief periods in emergencies. If the 
opaque cover is removed from the top of an artificial ant nest for a 
considerable time, all the ants will come out and will refuse to return 
until the cover is replaced. Several experiments were made at 
Baton Rouge, La., in 1909, using different colored glasses for cage 
covers, but the ants were not satisfied unless the cover was absolutely 
opaque. While they will go anywhere into daylight in search of 
food, they \Yill cover over as thoroughly as possible, with their 
protective "sheds," the colonies of scale insects, mealy-bugs, and 
aphides which they habitually frequent. 

SENSE OF SMELL. 

The workers exhibit a very keen sense of smell by the manner 
in which they locate certain foods. Meat which is wrapped in heavy 
wrapping paper will attract thousands of the insects, and they will 
work their way through the various folds and crevices of the paper 
in a surprising manner until they reach the meat itself. The workers 
readily secure entrance into the ordinary Mason or glass fruit jar, 
if one omits placing beneath the cover the rubber ring or gasket. 
Ko matter how tightly the cover is screwed on, the workers follow 
the spiral threading bet,veen cover and glass until the interior is 
reached. 

Another illustration of the sense of smell is seen in the readiness 
with which trails are restored when broken or disturbed, If a line 
of ants be moving across a floor in a circuitous line, for example, 
and all ants be swept from the floor with a broom, the next on-coming 
workers will follow exactly the original course. This may be repeated 
indefinitely and the trail will always be established in the original 
location. If, however, some strong-smelling substance, like oil of 
citronella or kerosene, be placed upon the trail the ants become 
confused at once and by their aimless wandering about show plainly 
that they can not locate the original pathway. 

SIGHT. 

While the Argentine ants are extremely sensitive to light, it is 
doubtful if they possess the sense of sight. The action of light can 
generally be described as exerting a repelling influence upon them 
and they avoid it as much as they can. That they do not use eyesight 
in locating food substances has long been recognized. Their trails 
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will frequently encircle the spot which they ultimately hope to attain. 
They will never attempt to avoid a hand threatening from any 
direction as a spider will do, but will continue going ahead until 
their antennre touch the obstacle. The manner in which they 
religiously follow their trails and the confusion which results when 
these trails are destroyed proves that they do not trust to a sense of 
sight in traveling. This is illustrated again by the fact that they are 
active all night in the darkest situations. 

HEARING. <i 

The sense of hearing in these insects is not acute, even if indeed it 
be developed at all. The ants are not disturbed by ordinary noises, 
such as talking or working about the nests. If, however, one emits 
a loud shout within a few inches of the formicary, or fires a pistol 
near it, the ants are thrown into the confusion and excitement 
characteristic of them when disturbed. It seems not impossible 
that in such cases they have detected actual vibrations of the surface 
on which they are located, due to the action of the sound waves. 
Strangely enough, in situations where loud noises and vibrations are 
of constant occurrence, the ants become accustomed to them. Thus 
at Kew Iberia, La., we found ant colonies between and under the 
ties of a railroad track over which many trains passed daily. 

CANNIBALISM . 

Cannibalism in any form is extremely rare in the case of this 
species, and true cannibalism has not yet been observed. The only 
thing at all approaching it was observed in the case of a colony kept 
in our formicarium, the workers of which developed a habit of eating 
the eggs as fast as they were deposited by the queen. This colony 
was established in an artificial formicary on November '27; 1907, and 
from that time until the early part of July, 1908, larvre were reared 
more or less continuously and in the usual numbers. In July it was 
noticed that the number of immature stages became steadily smaller, 
and on July 28 a quick removal of the cover from the cage disclosed 
several workers in the act of eating eggs. Thinking that this might 
be due to lack of sufficient food of an animal nature fresh meat was 
at once furnished the colony and was thereafter kept continually 
accessible. In spite of this the egg-eating habit continued until 
November 5, 1908, all eggs being eaten within a few hours after their 
deposition by the queen. By this time the number of workers in the 
colony had been reduced to six, and by November 11 the queen and 
remain~ng workers were dead, the colony having apparently been 
extermmated through lack of any maturing workers to replace those 
dying from old age and accident. 
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SANITATION. 

All adult members of the colony keep themselves scrupulously 
clean, after the manner of most hymenopterous insects. Workers 
divest their bodies and legs of foreign matter by persistent rubbing 
of the body and antennre with their legs, while the tarsi are cleaned 
by pulling them between the mandibles. At times we have seen the 
workers assisting each other in these operations, particularly when 
some gmnmy or adhesive substance became attached to the head and 
mandibles. On one occasion the senior author observed one worker 
industriously cleaning the mandibles of a companion. During this 
operation, which lasted for several minutes, the worker receiving the 
kindly ministrations stood with her head well raised, mandibles 
extended, and feet firmly braced, while the teeth of her mandibles 
were thoroughl)· cleaned by those of her sister. 

The queen is occasionally cleaned and groomed by the workers, 
but for the most part she attends to her own toilet, being nearly as 
skillful and dextrous at the task as are the workers themselves. 
Larv::e and pup::e are groomed from time to time, this grooming being 
done with the tongues of the workers. 

Dead adults or larv::e are not tolerated within the colony and are 
removed immediately. Dead adults are also invariably removed 
from the vicinity of any food supply which the ants are visiting. 

Decaying animal matter is not tolerated in near proximity to the 
nests. If the ants are unable to remove it bodily they will carry 
particles of earth with which to bury it, much after the manner 
adopted by honey bees in covering with propolis any dead animal 
which they can not remove from their hives. The following example 
will serve to illustrate this habit: A small minnow, recently dead, 
was placed near the entrance of one of the artificial formicaries. It 
was immediately covered with workers, and in the course of a few 
hours all the soft portions had been torn apart and carried into the 
formicary, little remaining except the bones and skin. On the fol
lowing day another fresh minnow was given the same colony. While 
this was torn apart the same as the first one, it did not receive nearly 
as much attention. When a third minnow was given the colony the 
workers paid no attention to it, having evidently had fish" a plenty." 
As soon as it commenced to decay the workers brought particles of 
trash and dirt from their nest and piled these up around the minnow. 
This work they continued for three days, by the end of which time 
the remains of the minnow were completely buried. Decaying fruit 
left near the artificial nests was treated in the same manner. 

RATE OF TRAVEL . 

One of our associates, Mr. G. D. Smith, made some interesting 
experiments to determine how rapidly the workers travel both in 
going to food and in returning from it with their loads. Sirup was 
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placed on the comparatively smooth floor of an infested building, 
and when the ants were visiting it in large numbers a distance of 
6 inches was measured off on one of the principal "trails." The rate 
of travel of individuals over this 6 inches was then noted. Mr. Smith 
found that the average time required to travel the 6 inches when 
going to the food supply was 121 seconds, or at the rate of 29 inches 
per minute. When returning from the food, presumably with their 
stomachs filled with sirup, the average time required to travel the 
6 inches was :z1 seconds, or at the rate of 17 inches per minute. The 
rapidity with which the foraging ants can travel (29 inches a minute, 
or 145 feet per hour) explains their ability to keep thoroughly 
patroled all of the walls, furniture, and other contents of a building 
within their reach. It explains at the same time the reason for their 
so quickly locating food supplies left accessible to them. 

The rate of travel over horizontal polished surfaces is, however, 
much greater than that cited above. On a tiled floor or on the top 
of a glass showcase their speed is two or three times as great as that 
just given. In fact, it is almost impossible to capture the workers 
on a tiled floor, so rapidly do they move. This same degree of speed 
is not attained on vertical polished surfaces, such as window panes. 

STORAGE OF FOOD . 

Only to a very small extent do the workers of this species provision 
their nests for future emergencies. They are given to carrying let
tuce seed, and perhaps other seeds, into their colonies at times, but 
the bulk of these seed are used up in a short time, and in a few days all 
have disappeared . Apparently the desire to carry in a full supply of 
any desirable food is the cause for this storage, rather than any fixed 
instinct toward providing the colony with permanent stores. In like 
manner, when the ants have access to large amounts of granulated 
sugar, the granules are carried into the nest and deposited in various 
parts of the galleries, there being no place set aside, apparently, as a 
granary or storehouse. Like the seeds above mentioned, the supply 
of sugar is consumed within a few hours or a few da3rs after its 
acquisition. Particles of meat are deposited in the galleries in simi
lar manner, often to be neglected until they are too dry to be of much 
service. Evev. when dried, however, they seem to furnish a relish or 
variation in the diet, as workers may be seen, from time to time, 
rasping off small shreds with their mandibles and then masticating 
these with apparent enjoyment. 

Liqu.id food, such as. honey~e~, sirup, etc., is not deposited any
where m the nest, and if any hqmd food is kept in reserve at all it is 
merely that which is retained in the stomachs of the workers. Appar-



nr..LAHVl'l;:; W lT.ti UT.ti.ER ARTHROPODA. 61 

ently liquid food is consumed soon after being brought into the for
micary, as ('Yidenced by the following observation: 

Some fresh honey was placed upon the food table of an artificial 
formicary, and when the first worker was observed to leave the honey 
the top of the formicary was removed and her actions observed. 
Upon entering the colony she was met by three other workers, all 
of which placed their mandibles to hers. As she regurgitated the 
liquid they sipped it up. \Yhen one of these workers had received a 
sufficient quantity she retired and another took her place, as many 
as four or five workers sometimes feeding at once. The foraging 
worker in this manner supplied about 15 others with food, after 
which, her supply being apparently exhausted, she left the group of 
assembled feeders and went her way, leaving some of them hungry 
and still unsatisfied. 

RELATIONS WITH OTHER ARTHROPODA. 

FORMICID1E. 

It may be said in general that the Argentine ant will not tolerate 
the presence of other species of ants within its domains. There are 
a few exceptions to this rule. In 1908 Mr. G. A. Runner and the 
junior author found a small colony of Monomorium minimum Buck
ley living in the same tree stump with a colony of Argentine ants at 
Baton Rouge. The Monomoriumcolony possessed a number of young 
stages and appeared to be unmolested by the Argentine ants. The 
following season, however, the Argentine ants wen' in full possession 
of the stump, and no trace of Monomorium could be found . During 
the same summer another small colony of M. minimum was noticed 
living in a fig tree in territory heavily infested with the Argentine 
ant. This was also at Baton Rouge. This colony was observed for 
several weeks, but finally died out, though it could not be determined 
whether the Argentine ants were responsible for its annihilation. 

In another case a log was split open, disclosing vigorous colonies 
of both lridomyrmex humilis and M. minimum. Whether the ants 
were occupying the same chambers or whether the nests were in 
close but disconnected chambers could not be ascertained, but the 
Monomorium workers were seen to pick up and carry away the larvre 
of humilis with as much solicitude as they did their own. Just what 
relationship obtains between these two species we have not been 
able to determine, but certain it is that humilis tolerates this small 
species to a much greater extent than it does any other ant. At 
Baton Rouge Monomorium minimum still seems to maintain its 
normal abundance, and this certainly can not be said of any other 
species of ant. 
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An account of the methods used by the Argentine ants in over. 
coming other species of ants was published by the senior authort 
in the Journal of Economic Entomology. 

Prof. W . ..M. Wheeler, in Entomological News for January, 1906, 
gives an interesting account of the way in which this species obtained 
a foothold in Madeira and supplanted another introduced species, 
Pheidole megacephala Fabr. 

COCCID.lE AND APHIDID.lE. 

The liquid excretions of the various species of scale insects and 
aphides form one of the chief sources of food for the Argentine ant. 
The large variety of trees and plants in the South gives support to a 
great number of coccids and plant lice, and these insects in turn 
yield sustenance to myriads of ants. In return for this food supply 
the ants shelter and protect these insects, with the result that the 
latter increase beyond all customary proportions. As the result of 
this symbiotic manner of living we find that a comparatively small 
area of land frequently supports enormous numbers of ants, scale 
insects, and aphides, while the plants themselws become so severely 
infested that some of them are killed and many more seriously 
injured. 

All through the summer months, and also during warm days in 
winter, heavy streams of ants can be seen ascending and descending 
the trees and plants; the ascending ants empty, the deseending ones 
heavily laden with the liquid excretion which they have obtained 
from the various scale insects and plant lice. During the summer 
this activity is well-nigh endless, and the ant trails can be observed 
at all hours of t.he day and night. All scales and aphides are closely 
attended, but some species appear to attract more of the ants than 
do others. The large unarmored scales and the plant lice appear to 
be the chief favorites, the mealy-bugs, however, following them wry 
closelv in this regard. 

Aside from protecting the aphides and scale insects from ladybird 
beetles and constructing earthen shelters over them, the ants only 
rarely foster them directly. In one case only have insects of this 
character been actually found in the ants' nests. In January, 1909, 
Mr. G. D. Smith, in excaYating an underground colony at Baton 
Rouge, found a number of barnacle scales, Caoplastes cirripediformi8 
Comst., on tree roots which passed through the formicary. These 
scale insects were full grown and vigorous. At this season of the 
year no live scales of this species could be found above ground. It 
may be remarked in passing that this is one of the' species to which 
the ants are very attentive during the summer and autumn months. 

1 Notes on the Habits of the Argentine or "New Orleans" Ant, Jridomyrmex humilis Mayr. WilmOD 
Newell, Journ. Econ. Ent., vol. 1, no. 1, pp. 21-34, 1908. 
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Workers are often seen earrying plant lice and scale insects, and 
this fact, coupled with the observed phenomenal spread of scales in 
ant-infested territory, brings one inevitably to the conclusion that 
the workers carry and establish these pests upon new growth and 
upon new host plants. 

During March, 1910, a considerable number of adult female scale 
insects were found embedded in a band of "tree sticky" placed around 
a magnolia tree to repel the ants. Thi;; band was located 4 feet from 
the ground. The scale insects were a species of Odonaspis 1 which 
is found upon Bermuda grass close to the surface of the ground. 
There was apparently no other way for these insects to get up the 
tree except through the transporting agencies of the ants. 

On sugar cane the ants have frequently been seen carrying around 
small sugar-cane mealy-bugs. They do not appear to pick them up 
unless they are rudely disturbed or frightened, but the fact remains 
that they have been seen transporting them. Experiments made by 
the junior author showed that the ants would pay no attention to the 
larval mealy-bugs until after the latter had commenced to feed on the , 
canes and produce exudations. The following three paragraphs are 
quoted from our notes: 

Placed a piece of paper on which were about 2,000 "seed mealy-bugs" across a 
strong ant trail, and weighted it down flat, so that the ants could not get underneath 
it. At first the ants were bewildered at losing their trail, and ran over the paper in 
all directions. They absolutely refused to notice the young mealy-bugs, and after a 
while reestablished their trail across the paper, and commenced traveling the same 
as before. The mealy-bugs were swarming directly across the trail, b~t the ants paid 
no attention to them. 

This seems to indicate that the ants have no dealings with the mealy-bugs until 
they begin to secrete the juices from the cane stalks. These young mealy-bugs had 
never fed , being taken directly from the tube in which they were hatched. Thus 
they would probably not have excreted any liquid. At the same time the ants did 
not show any hostility toward them. 

The eggs are out of reach of the ants when they are enveloped in the egg ma~s, as 
the waxy covering appears to entangle the feet of the ants, being slightly sticky and 
adhesive. The egg stage and young larval stages are therefore removed from the 
sphere of the ants' influence. 

Even though the actual transportation of plant lice, aphides, and 
mealy-bugs by the ants may not assume much economic importance, 
there is, nevertheless, no doubt that the ants assist these insects 
greatly in other ways. They build shelters ov<.'r them, these consist
ing of fine particles of earth, protecting them from storms and hin
dering the attacks of parasites. These shelters have been noticed 
in many different localities. In Bulletin 52, Bureau of Entomology, 
Mr. E. S. G. Titus gives an illustration of a large shed built by the ants 
over the surface of a persimmon, protecting a number of Florida wax 
scales (Ceroplastes jloridensis Comst.). These sheds are also present 

1 Determined by Mr. E. R. Sasscer. 
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in areat numbers on sugar cane, Johnson grass, willows, and oaks, 
and, in fact, in all places where a number of coccids or plant lice are 
exposed to the weather. 

The stimulation resulting from the attentions of the ants while 
collecting the sweet liquids appears to have the effect of greatly 
encouraging the numerical increase of the aphidids and coccids. 
During the summer of 1910 the junior author reared several genera
tions of sugar-cane mealy-bugs on sugar cane planted in large pots. 
One-half of these pots were isolated from the Argentine ants, while 
to the others they were allowed free access. The mealy-bugs grew 
and multiplied in both lots of cane, but there was great difference 
between the thriftiness of the isol11.ted and nonisolated msects. In the 
pots to which the ants had access the mealy-bugs multiplied so freelr 
that finally they almost smothered out the sugar cane With the~ 
cottony egg masses. In the isolated pots, while the mealy-bugs 
increased in numbers, they were not nearly so numerous or healthy 
looking as in the ant-infested pots. At the end of two mont~ the 
number of mealy-bugs in the ant-infested pots probably exceetd 
the number of mealy-bugs in the isolated pots to the extent of at 
least five to one. 

That the same conditions exist in the cane fields is shown by the 
number of mealy-bugs which can be found in the fields infested.by 
the Argentine ant as compared to their scarcity in fields not infested 
by the ant. Only one field under the latter conditions has been dis
covered as yet, but it has been watched closely for two years. The 
mealy-bugs have never become sufficiently numerous to attract the 
attention of the working hands, and they can be "found only with 
considerable difficulty. On the other hand, in the fields where the 
mealy-bugs arid ants are associated the former have become so 
numerous that the white cottony egg masses can be easily observed 
from the road while driving through the fields. 

The same thing holds true with scale insects generally. In the 
orange groves invasion by the ants is followed by a rapid increase·~f 
scale insects, particularly the chaff scale (Parlatoria pergandii Comst.) 
and various species of Lecanium. So rapidly do these scales increase 
that, unless prompt measures are taken against the ants, the second 
year of infestation shows a severe curtailment of the crop, and the 
fourth or fifth year witnesses the death of many of the trees. The 
rapid decline of orange trees under conditions of heavy ant infestation 
is well illustrated by Plate \"I, which shows a tree after exposu~ 
attacks of the ants and chaff scales for three seasons. · 

The ants constantly attend the citrus white fly (Aleyrodes citri 
R. & H.), and a marked increase in this injurious pest always accoiD· 
panies ant infestation. 
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During a period of 18 months 48 species of scale insects have been 
collected in Audubon Park, New Orleans, all of which are attended 
by the Argentine ant. Many of these species, however, are visited 
sparingly, and are evidently regarded as sources of food when the 
more popular species fail to furnish a sufficient amount for the needs 
of the ants. A few species are particularly favored by the ants, and 
the trees and plants upon which they occur are always crowded with 
large numbers of the workers. 

Among these favored species may be mentioned the Magnolia scale 
(Neolecanium cornuparvum Thro), which is found upon the various 
magnolia trees. This scale is very large and unarmored, and the 
young scales appear in great numbers during February and March. 
As this is the period during which the ants have the greatest difficulty 
in securing sufficient food it naturally follows that they concentrate 
upon the magnolia trees in immense numbers, and the soil at the 
bases of the trees is turned into gigantic ant nests. During June and 
July this scale is brought under control by the larva of a small black 
ladybeetle, and the number of ants in the magnolia trees falls off 
greatly. By this time, however, an abundance of scale insects and 
plant lice of many different species can be found everywhere, and the 
ants do not have to place such dependence upon the magnolia scale. 

Another species which attracts great numbers of workers is the soft 
scale (Coccus hesperidum L.). This species has been collected upon 
a variety of plants in Audubon Park, among which may be mentioned 
the orange, banana, Camellia japonica, coral tree, cocoa tree, rubber 
trees, myrtle, and maidenhair ferns. This scale can be found in all 
stages at almost any time of the year, and is always heavily attended 
by ants. 

Other important scale insects from the Argentine ant's point of 
view are the sugar-cane mealy-bug (Pseudococcus calceolarire Mask.), 
the two barnacle scales ( Ceroplastes cirripediformis Comst. and 
C.jloridensis Comst.), and the black scale (Saissetia olere Bern.). The 
last three species are found upon a variety of plants. 

A complete list of the scale insects and aphides which this ant 
attends would comprise a check list of these species for the entire 
ant-infested territory. The following list, however, includes the 
more important' species upon various plants and crops which are the 
most eagerly sought after by the ants. Most of the determinations 
have been made at Washington, D. C., through the courtesy of 
Messrs. E. R. Sasscer, J. G. Sanders, and Theo. Pergande. So far as 
possible the species most attractive to the ants have been placed 
nearest the host plants, and they follow in order of preference within 
certain limits. 

75508°-Bull. L:2:2-13--5 
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LIST OF COCCID:E ,\N D APHIDID1E ATTEJ\ DED BY THE ARGE:\T ! NE A:-IT. 

Upon bamboos: Asterolecanium bambus:£ BdY., Odonaspis secreta Ckll. , OdonllJ[IU 
inusitaln Green. 

Fpon banana: Coccus hesperidum L., Chrysomphalus aonidum L. 
rpon cotton: Aphis gossypii Glov . 
Upon corn: Undetermined aphis (probably Aphis maidis Fitch). 
Upon figs: Pseudococcus citri Risso, Lecaniodiaspis sp., Aspidiotus came/lire ~ign. 
Upon hickory, elm, hackberry, and various shade trees: P seudococcus sp., CeroplllJtes 

cirripediformis Comst., Ceroplastes .floridensis Comst., Chionaspis longiloba ( 'oolrr. 

Chionaspis americana J ohnson. · 
Upon magnolias: Neolecanium cornuparvum Thro, Aspidiotus camelli:£ Sign. , Tourney. 

ella turgida C'kll. 
Upon mulberries: Chrysomphalus tenebricosus Comst. 
Upon oaks: K ermes galliformis Riley, Eulecanium caryre Fitch , Eulecanium q"tUr· 

cijex Fitch , various aphidids. 
Upon orange : Coccus hesperidum L. , Parlatoria pergandii Com~t .. Lepidosaphes beckii 

Kewm., Lepidosaphes gloverii Pack ., Chrysomphalus aonidum L., Aphis gossypii 
Glov.; also the white fly , . lle?Jrodes cilri R. & H . 

Upon palms and other ornamentals: Coccus hesperidum L., Eucalymnatus tessellatus 
Sign., Aspidiotus latani:£ Sign., Aspidiotus hederre Vall.. Chrysomphalus dictyospermi 
Morg. 

Upon peach, pear, and other fruits: Aspidiotus perniciosus Comst.. Aulacaspis penta· 
gona Targ., various aphidids. 

Upon persimmons : Ceroplastes cirri pediformis Comst., Eulecanium corni Bouche, Pul11i· 
naria vitis L . 

Upon strawberry: Aphisjorbesi \\"eed . 
Upon sugar cane: Pseudococcus calceolarirc 'Jlask ., Aphis gossypii Glov. 
Upon sweet gum: Cryptophyllaspis liquidambaris Kotinsky. 
Upon various shrubs: Coccus hesperidum L., Saissetia olere Bern .. l'ulrinaria cupa:t1.11 

C' kll .. Aspidiotus latanire Sign., ('hrysomphalus aonidum L. 
Upon willows: Eulecanium nigrojasciatum Perg., P seudococcus sp. (near citri), Chion· 

aspis salicis-nigra· \\"a.lsh , Aspidiotus perniciosus C'omst., Yarious uncletennined 
aphid ids. 

In considering the remarkable increase in scale insects and aphidids 
which invariably accompanies heavy infestation by this ant one can 
not ayoid taking into account the persistence with which the ants 
drive nway ladybird beetles which attempt to prey upon the insects 
fostered by the ants. So thoroughly are the Coccidre and Aphididre 
protected in this manner that it is· rare that a ladybird can be found 
nt all on the infested trees. The only exceptions to this rule thus 
far noted are a species of P entilia, a few specimens of which the 
senior author found in an infested orange grove below );" ew Orleans, 
and the coccinellid mentioned before as preying upon the magnolia 
scale. 

ANTAGONISM TOWARD OTHER IX SECTS . 

The Argentine ant is strongly antagonistic to nearly all forms of 
insect life, with the exception of the Coccidre and Aphididre. The 
amount of damage it is able to inflict upon other insects, however, is 
governed by the strength, fleetness, structure or habits of the 
- . - I . 
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insect attacked. Thus it is able to destroy house flies, buttrrflies, 
mosquitoes, etc., only when the latter are hurt or disabled, as 
under ordinary conditions they are much too swift for the ants to 
catch. In the same manner nearly all forms of beetles are strong 
enough to escape from the ants when caught, and their external 
covering is so hard that the ants can make no impression upon it; 
but an injured beetle of any kind is very quickly overcome by the 
numbers of the ants, and his body is finally cleaned out of the shell 
piecemeal. Newly emerged adult beetles of many species are often 
captured by the ants before their chitinous integument has hardened, 
and they are then an easy prey. 

Cutworms and hairless caterpillars found upon the surface of the 
ground are destroyed in great numbers; but the ants will not burrow 
into the ground after hidden cutworms, and most hairy caterpillars 
appear to be invulnerable to them. Web-spinning caterpillars are 
also safe from their attacks, and the spiny, mealy projections sur
rounding coccinellid or ladybeetle larvre appear to protect these 
latter very effectively. Insects and other small related animals which 
the ants can meet upon even terms are, however, almost always over
come; not so much on account of the individual valor of the Argen
tine ants as by reason of their overpowering numbers. 

Nests of the social wasps, Polistes sp., which were brought into our 
laboratory as food supplies for cultures of Pediculoides, were quickly 
found by foraging workers, and the latter soon killed and removed 
all of the wasp larvre and pupre that could be reached. .Many of the 
cells in the comb of Polistt•s were entirely or partially open so that 
the ants had ready ncct•ss to the insects inside. As the prey in this 
case was too large to be handled by individual ant s, ns many as two 
or three dozen would unite in removing a single wasp pupa or larva. 
Even the adult wasps, just emerging from the cells, were set upon by 
the ants before they had attained sufficient strength to escape by 
flight. More and more of the ants would get on these adult wasps 
until the latter were helpless and were dragged away, still alive, by 
scores of the worker ants. So anxious were the ants to get at these 
wasps that when the latter were placed on top of a fruit jar standing 
in a tray of watt•r the nnts swam the 3 inches of fresh water, climbed 
the gb;_, si<l<•s of the jar, and continued their attacks as before; nor 
could they be made to desist until oil of sassafras was placed upon 
the water. 

The nests of mud-dauber wasps, PelopCEus sp., were also brought 
into the laboratory for the same use ns the Polistes. The mud
dau iH'l' larvre wt•re of courst' illncct•ssible to the ants, but purnsitic 
flit•s' which emerged from thest' wt>re seized by the ants as fast as 

'luentified by Mr. C. H . Tyler Townsend as a species of Pachyophthalmus. 
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they emerged and were summarily disposed of in the same manner 
as were the Polistes. Invariably the flies were seized before enough 
time had elapsed for their wings to expand and dry, and only a very 
small percentage of them escaped the ants. 

Cockroaches are esteemed a great delicacy by these ants, and while 
the workers are not able to capture uninjured roaches, they attack 
in great numbers any roach so unlucky as to be injured. Dead cock
roaches are also eagerly visited by the ants and all soft parts removed. 
It seems almost retribution that or..e of the few natural enemies of the 
Argentine ant should itself be a larval cockroach ( Thyrsocera cincta 
Burm.), mention of which is made on a following page. 

THE ARGENTINE ANT AND THE BOLL WEEVIL. 

Prior to the advent of the boll weevil in the territory infested by the 
Argentine ant there was considerable speculation as to whether so 
combative an ant might not prove to be an insect of some value in 
protecting the cotton crop against weevil ravages. Any hopes of this 
kind which were entertained have not thus far been realized. In one 
rather unimportant respect the ants seem to annoy the boll weevils. 
At Baton RougetheLouisianaExperiment Station had afewsmall plats 
of cotton, aggregating less tha.n an acre, within the city limits and in a 
section where the Argentine ants were exceedingly abundant. The 
plats were bordered on one side by the Louisiana State University 
campus, with its large oak trees sheltering hundreds of ant colonies, 
and on the other side by the batture of the Mississippi River, which 
was likewise a seething mass of ant colonies. The ground in the cotton 
plats was therefore heavily infested by the ants, and when this field 
also became infested by the boll weevil the outcome was watched with 
considerable interest. During September, 1909, it was found that 
the ants, in their steady patrol of the plants while attending cotton 
lice, worried the adult boll weevils considerably. Whenever an ant 
encountered a boll weevil it would nip the legs of the latter, usually 
causing the weeVil to fly to another plant or drop to the ground. In 
no case were the ants found killing fully matured weevils, though in a 
few instances they did attack and kill unhardened weevils which had 
just issued from- infested squares. The great abundance of ants in 
these plats evidently resulted .in many of the weevils being driven off, 
for something of a top crop was produced in the fall of 1909. It iS 
worthy of note in this connection that the heavy ant infestation 
obtaining in these plats will not be duplicated in large cotton ~elds 
for many years to come, if, indeed, such will ever be the case. Condi
tions in large cotton areas are not such as to attract the Ar()'entine ant 
in numbers. It was also of interest to note that the pres~nce of the 
ants in these particular plats resulted in an abnormally heavy infesta· 



RELATION~ WITH OTHER ARTHROPODA. 69 

tion of the plants by the "cotton louse," .{phis gossypii Glov., 
throughout the entire growing season. 

w·ere the ja"-s of the Argentine ant powerful enough to pierce the 
cotton squares so that they could remove the boll-weevil larvre, and 
were they so inclined, they might be of substantial service in destroy
ing this pest. However, repeated experiments made by the s.enior 
author proved conclusively that the ants would not do this. The 
following experiment will serve as an illustration of those carried out: 

On July 10, 1908, three weevil-infested squares were placed on the 
food table of an Argentine-ant colony in the insectary at Baton Rouge. 
The workers crawled over them constantly for three hours, but made 
no attempt to bite into them and evidently did not suspect the pres
ence of food inside of them. Afterwards the weevil larvre were re
moved from the squares and placed, alive and uninjured, on the food 
table. The ants attacked them, hesitatingly at first and then with 
avidity, and in the course of a minute one large weevil larva was 
dragged an inch across the food table, vertically another inch, and 
into the vestibule of the nest. Another lot of weevil-infested squares 
was placed on a board inside the insectary where the ants had been 
securing other food for several days. The squares were left here for 
five hours, during which time the ants crawled over them constantly, 
but made no effort to open them. The ends of the squares were then 
broken off so that the ants could enter them if they chose. None 
entered. Presently some of the weevil larvre wriggled themselves 
completely out of the squares and they were then attacked by the ants 
and dragged away. 

These and similar experiments lead one to the conclusion that the 
Argentine ant will never be of material value as an enemy of the boll 
weevil. In fact, in this respect it can not hope to approach in effi
ciency the common native fire ant, Solenopsis geininata Fab. 

BENEFICIAL ASPECTS OF THE ANT'S ACTIVITIES. 

In some few cases the predatory habits of the ant take on a bene
ficial aspect. In the summer of 1908 Mr. R. C. Treherne was associ
ated with us in the investigation of the sorghum midge (Diplosis) 
Oontarinia sorghicola Coq. In the course of his work :Mr. Treherne 
placed heads of sorghum, milo maize, etc., in cages for the purpose of 
rearing the adult midges. In a very short time he found that the 
Argentine ants were invading the cages and were carrying away the 
adult midges almost as fast as they emerged. (See fig. 10, from draw
ing by Mr. Treherne.) To continue the observations it was necessary 
to isolate the cages over trays of water or oil. For the purpose of 
more closely observing the capture of the midges by the ants, about 
200 of the former were placed inside a large glass bell jar. The jar was 
raised a trifle at its lower edge by the insertion of a match. In the 



70 THE ARGENTINE ANT. 

course of three minutes two Argentine workers had found their wny 
into the jar ·and each had captured an adult midge. Other workers 
soon followed. In about 15 minutes fully three-fourths of the fli l's 
had been captured and at the end of 30 minutes all_ had been either 
captured and carried away or were in possession of workers. The 
first midges captured were quickly carried to the ants' nest, but pres
ently the workers seemed less appreciative of their prizes and spent 
much more time in playing with them, although in but few cases were 
the midges relinquished. Occasionally a midge would succeed in 
taking flight after a worker had taken hold of it; in such cases worker 
and midge tumbled to the floor, but without the midge being released. 
That the workers were unable to see the midges was made evident 

FIG. 10.- Argentine ant removing the pupa of a 
sorghum midge from between the glumes of a 
sorghum head. (Original. ) 

many times over in this experi
ment, for workers repeatedly passed 
within one-sixteenth of an inch of 
their prey without even changing 
the direction of travel. Only when 
the worker touched the midge with 
her antennre could she locate the 
latter. 

Later on it was found that the 
ants thoroughly patrolled the sor
ghum heads in the field and not only 
captured the midges as they were 
emerging from their pupal cases be
tween the glumes but also removed 
the pupre themselves. That this 
ant is by far the most important 
natural enemy of the sorghum midge 
in southern Louisiana there can be 
no doubt/ but its services in this 
regard do not begin to expiate its 
many other crimes. 

The Argentine ant is a persistent enemy of the white ants, or 
termites, and will capture and kill them at every opportunity. Espe· 
cially during the mating season of the termites every mnle and queen 
that falls to earth is quickly set upon by the ants . The latter cut 
off their wings, and frequently also legs and antenna;, and then bear 
them away, still alive, to their nests. Wherever colonies of termites 
are accidentally exposed the ants $Oon destroy them, carrying away 
all stages. Not infrequently one finds the Argentine ant colonies 
domiciled in the old termite galleries in logs and tin1 bers, the assump· 
tion being that the ants had first destroyed the termite colonies and 
then taken possession of their domiciles. When winged termites were 

1 Dean, Harper, Bul. 85, Part IV, rev., Bur. Ent., U.S. Dept. Agr., p. 57, 1911. 
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fu~nished to the ants in our artificial formicaries the wings 'n~re 
qmckly amputated, although the termite itself was not always carried 
into the formicary, possibly bf'cause, in such cases, the ants were 
already bountifully supplied with animal food. 

The Rev. ~\.lbert Biever, of New Orleans, whose observations on 
the Argentine ant are elsewhere mentioned, is authority for the 
statement that these ants have in many cases entirely' exterminated 
the bedbugs in the houses of many of the poorer people in New 
Orleans. 

Father 13ienr also states that in some sections of the citT the 
"red bug," or chigger, has entirely disappeared "-ith the adv~nt of 
the ants. The junior author's observations in Audubon Park, New 
Orleans, are of similar nature, the chiggers being entirely absent 
where once they 'n're a plague. At the same time the senior author 
.,till retains some very unpleasant memories of daily attacks by 
chiggers on premises in Baton Rouge which were heavily infested 
by the ants. We are thus unable, as yet, to state with certainty 
that the ants always destroy these annoying pests. 

The attitude of the Argentine ant toward other species of ants has 
already· been discussed and its action in destroying other ants takes 
on either a beneficial or injurious aspect according to "-lu,ther the 
annihilated ant is itself <ine of beneficial or injurious nature. 

SYMBIOTIC RELATIONS. 

The relationships which exist between the Argentine ant and those 
insects or other creatures which it tolerates in its nests or in the 
near vicinity can not be considered as symbiosis, yet mention of these 
may be permissible at this point. Despite the hostility which these 
ants exhibit toward most insects which are not directly of sen-icc 
to them, a few instances have been noted in which other insects and 
crustaceans were permitted to live in close proximity to their nests, 
or even within the nests themselves. 

Certain staphylinid beetles have frequently been found in decayed 
logs which were full of Argentine ants. Efforts have been made to 
keep some of these beetles in the artificial formicaries along with 
colonies of the ant under observation, but the results have been 
variable. In experiments of this kind made by the junior author 
the beetles were invariably set upon by the ants in the formicary 
and either killed or driven out. In similar experiments by the 
senior author no apparent attention was paid to the beetles, so far 
as could be observed, and they were tolerated in the formicary for a 
week or longer, after which they evidently left of their own accord. 

On August 17, 1909, a large ant nest was discovered in Baton 
Rouge under a large dry-goods box. .\.bout :20 specimens of " spittle 
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insects" (family Cercopidoo) were also present in the same nest, 
attached to straws of grass. These were apparently protected from 
the ants by the wet, sticky secretion which surrounded them. Thjg 
is the only instance, however, in which the presence of these insecU! 
has been recorded in the colonies. 

Sow bugs (Oniscidoo) apparently go among the Argentine ants with 
impunity. These little crustaceans are often found in the ant 
nest, especially if they are located under boards or boxes in moist 
places. There does not appear to be any relationship existing, and 
the ants are apparently indifferent to their presence. 

With the exception of two species of mites, which are true inquilines 
in the ant colonies, the Argentine ant does not pay much attention 
to the majority of mites and spiders. Mention is made on a later 
page of certain spiders which prey upon the ants to a limited extent. 
The cattle tick (Margaropus annulatus Say) flourishes with undi-' 
minished vigor in the ant-infested region, and the same may be said' 
of the "red mite" of the orange and the red spider of ornamental

1 

plants ( Tetranychus bimaculatus Harv.). j 
' 

JNQUILINES . I 
Only two true inquilines, both mites, have thus far been found in 

the colonies of the Argentine ant. These ·were first discovered at: 
Baton Rouge by the senior author in 1908, and were subsequently 
found in various localities and in nests of various kinds, usually in 
those located in masses of decaying vegetation or littero Soon after 
they were first found specimens were sent to Dr. L. 0. Howard, who 
submitted them to Mr. Nathan Banks, of the Bureau of Entomology.! 
Mr. Banks found them to be new, and his descriptions of them were: 
published in the Journal of Economic Entomology, volume 1, pages' 
263 and 264 (1908), together with notes on their habits, by the senior 
author. 

NATURAL CONTROL. 

As compared with most injurious insects which reach great abun· 
dance the Argentine ant is remarkably free from natural enemies, 
and very few of these have been noted during the course of our inves· 
tigations, while even these few are of little importance. K o true 
parasites of this ant have been observed

1 
and apparently the only 

enemies are predatory ones. 

NATURAL ENEMIES. 

INSECTS AND SPIDERS . 

In 1909 Mr. Harper Dean observed a small cockroach capturing 
Argentine ant workers in a room in Baton Rouge, La. This insect 
from time to time caught up and ate workers which were traveling 
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about the floor. The cockroach was captured and sent to the Bureau 
of Entomology, where it was identified bv l\Ir. A. N. Caudell as a 
nymph of Thyrsocera cincta Burm., a species occurring in the south
ern United States, Mexico, and Central America. A similar habit by 
individuals of this species was subsequently observed by the senior 
author on one or two occasions, but the number of ants destroved 
by this insect is certainly inappreciable. " 

A jumping spider of the family Attidre was seen to capture a few 
workers, and various species of the cobweb weavers (Theridiidre) had 
the habit of reposing beneath the stands supporting our artificial 
formicaries and there depleting the colonies under observation. In 
fact, so persistent were they that it was necessary to examine the 
stands daily and destroy these spiders. Among the most abundant of 
these was one which was identified by the late Prof. B. H. Guilbeau, of 
the Louisiana State University, as Theridium tepidariorum. Spiders 
of this family were not observed destroying ants in outdoor colonies, 
but it is possible that. they do so. 

BIRDS. 

On one occasion Mr. G. A. Runner observed an English sparrow 
industriousl.)r picking up the Argentine workers from a trail which 
crossed a wide roadway at Baton Rouge. This habit is not, how
ever, a common one with this bird. 

The flicker or yellowhammer, Colaptes auratus, has often been seen 
industriously digging up shallow ant nests in lawns and grass plats, 
evidently for the purpose of obtaining the pup<P and larvre, and 
should doubtless be credited with being the most important natural 
enemy which this ant has in the South. Our knowledge of the extent 
to which native birds subsist upon these ants is wry limit.ed as yet, 
and the subject is one well worth more complete inn•stigation than 
we have been able to give it. 

EXPERIMENTS WITH PEDICULOIDES. 

The idea of finding some parasite which would destroy the ants 
naturally suggested itself early in our investigations. Owing to the 
readiness with which the small parasitic mite, Pediculoides 'Ventricosus 
Newp., parasitizes the larvre of wasps and beetles whenever it can 
obtain access to them it was thought worth while to see if this para
site could be successfully used against the ant. For our experiments 
we first reared enormous colonies of these mites on living wasp larvre 
and thereafter placed these infested larvre in the formicaries. where 
they could be closely observed. The following experiment wiil iilus
trate the results obtained: 

For the experiment we selec.ted a large populous ant colony which 
was domiciled in a plaster of Paris Janet cage of seYeral chambers. 
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All immature stages of the ant were present in abundance. On Jfarrl1 

1-l: the roYer to one of the living chambers was raised and one of the 
mite-infested larYre was dropped in among the workers and lmTa• in 
the formicary. The workers set to work immediately to kill the 
hundreds of mites. The larval mites were picked up in the workers' 
mandibles, chewed a bit and then thrown aside. Adult mites wen• 
seized b_,. the legs and vigorously pulled until the_,. released their hold : 
on the wasp larvoo, after which the workers would crush them in their 
mandibles. However, the subsequent developments were entirelv 
unexpected. A worker was seen to mount the wasp larva, eager!~· 
destroying mites and becoming at the same time covered with a dozen 
or more of the mite la,rvoo. Within a minute the worker desisted 
from destruction of the mites about her and turned her attention to 
the ones on her body, trying to dislodge them b.v rubbing head and 
abdomen with her legs. Failing thus to get rid of them, she resorted 
to various gymnastic performances, such as jumping and rolling over. 
Soon afterwards her movements became slow and feeble and finally 
ceased entirely, it being evident that she had either been killed or 
paral~·zed b~· the bites of the larval mites. Observations were sus
pended until March 18, when it was found that the adults and lnrvre 
of Pediculoides were greatly reduced in numbers. No mites could be 
seen on an~· of the ant larvoo or pupoo, and all of the latter had been 
removed from the chamber where the mites were introduced. 

The workers in leaving the cage to forage were compelled to pass 
through the infested chamber, but in doing so they made the widest 
possible detour about the mite-infested material. This status of 
affairs continued for some time, the mites gradually decreasing in 
numbers until by April :?8 they had all disappeared. On this elate 
cultures of the mite were again introduced into the colony, but in 
much greater quantities than before. A spoonful of mite-infested 
wasp larvoo was placed in each chamber of the formicary. The ants 
did not this time attempt to kill the mites, but inside of two minutes 
after the introduction of the latter the colony had completely deserted 
the formicary, taking with it all eggs, larvoo, and pupoo. Not being 
able to find other suitable quarters on account of the water surround
ing the formicary, the ants on the following dn~· decided to return to 
the nest. The_,. attempted to remove the Pediculoides, but the mor
tality among the workers was heavy, many being carried out at the 
entrance. On the following day the number of dead workers was too 
great for removal, and many of them remained in the cage. The con
tinual warfare against the mites continued for several Jan, the ant 
colony becoming by May 6 severely depleted in worker~ as well as 
in larvoo, some of which were killed b_,. the mites. At the same time 
it was evident that the Pediculoides \\·ere being dt>st roved much more 
rapidly than they could increase. After May 6 the ·ant colony ap-
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peared to recover slowly. By July :22 the colony had completely 
resumed its normal condition and the mites had been exterminated. 

That the Pedieuloides could live and breed upon the ant larvre was 
established by plaeing the latter in a glass dish which was isolated 
from all workers and permitting them to become infested. On them 
the Pediculoides grew and increased as well, apparently, as on wasp 
and other larvre. Sueh enormous cultures of the mite as were intro
dueed into the ant colonies· in these experiments could not possibly 
occur in nature, and it seems a safe conclusion that this parasite can 
make no headway against the ant under normal conditions. 

EXPERIMENTS WITH FUNGOUS DISEASES. 

During 1909, at Baton Rouge, several experiments were made in 
the attempt to inoculate the ants and their larvre with the chinch-bug 
fungus, Sporotrichum globuliferum. Cultures were prepared from 
beef extract and corn meal, sterilized at a pressure of 18 pounds per 
square inch for 30 minutes at a temperature of 256° F., and these 
were then inoculated with the fungus from a dead beetle. After these 
cultures had been stored for about a week in a dark, damp place, 
they all showed a heavy white layer of fungous growth over the sur
face, and this layer was used in the experiments. 

Large quantities of this fungus were placed in Janet cages which 
contained strong and healthy colonies of ants with many immature 
stages. For a short time the workers would busy themselves carry
ing out the fungus and dropping it over the side of the cage support, 
but after a time they apparently became aceustomed to its presence. 
It grew and increased inside the apartments in which the ants and their 
young stages were domiciled until it formed a heavy white mass over 
nearly everything, but in not a single instance was an ant or a young 
stage observed which appeared to be in the least inconvenienced by it . 

As a number of dead ants were found covered with fungi the 
various organisms on them were isolated and cultures made. The 
principal fungi obtained were Aspergillus and Penicillium. Cul
tures of these were also introduced into the ant colonies, but without 
.effect. It was therefore concluded that they were purely sapro
phytic on the dead ants on which they were found. 

Attempts were also made to infect colonies with Bacillus larvre, 
the germ causing the disease among honey bees known as American 
rfoul brood. Owing to the fact that this bacillus attacks the larval 
·stages of the honey bee, and considering the similarity of ant and bee 
larvre, it was thought that this disease might attack the larval stages 
of the ant. The experiments were made in a locality where the ant 
,infestation was very heavy but where honey bees were not kept . 
. Hone_,. was thoroughly mixed with broken and mashed brood combs 
,containing bee larvre badly infected with foul brood, and this honey 
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was then fed in abundance to foraging workers. Subsequent exami
nation of the colonies receiving this infected material failed to show 
any indication of the disease. 

K o attempt was made to experiment with this disease under labora
tory conditions, on account of the danger of accidentally infecting 
honey bees in the nej.ghborhood. 

LOW TEMPERATURES. 

The winter temperatures experienced at Baton Rouge, La., seemed 
not to produce any appreciable mortality among the ants. During 
the winter of 1909-10 a colony at Bil,ton Rouge was kept out of doors 
all winter with no other protection than the plaster of Paris walls of 
the cage in which it was confined. This colony successfully with
stood a temperature of 22° F., the lowest temperature recorded 
during the winter. It is safe to assume that in their underground 
nests and in well-protected situations they can "·ithstand a much 
lower degree of cold than this. 

FLOODS. 

Heavy rains appear to be the only meteorological phenomena 
which produce any appreciable effect upon the Argentine ants, but 
even in this connection it is worthy of note that the most heavily 
infested sections at present are within regions of exceedingly heavy 
annual rainfall. 

After sudden severe rainstorms it was noticed that the ditches and 
drains at Baton Rouge and New Orleans contained thousands of the 
dead ants, evidently washed from trees and ground before they could 
reach a place of safety. The sudden rising of flood waters over low
lands would appear to destroy many colonies and the larvre in them, 
yet, strange to say, the batture along the Mississippi River, which is 
annually covered for several weeks with several feet of water, con
tinues to be an area of approximately maximum infestation. So 
facile are the ants in migrating to higher grounds or in ascending 
trees, taking with them all larvre and pupre, that it is likely that the 
mortality from this source is much less than would be expected. 
The mere destruction of foraging workers by rains does not effect any 
appreciable diminution in the rate of increase since if the colonies 

' ' themselves remain unharmed, the deposition of eggs and the rearing 
of more workers continues unabated. 

METHODS OF REPRESSION. 

It is as a household pest that the Argentine ant has forced itseli 
most into prominence, particularly in the infested cities and to'W'IIll, 
although it is doubtful if the financial loss due to its inroads in this 
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. respect even begins to compare with the losses suffered by the florists, 
:~- bee keepers, and orange growers. Early in the course of our studies 

we undertook experiments looking to the development of measures 
t: by which householders could obtain some relief from this pest. 
:, A successful campaign against the Argentine ant is by no means 

devoid of work, but the control measures thus far devised are no 
more cumbersome or expensive than those employed in the warfare 
against many other insects, and their intelligent employment is found 
well worth the while in reduced annoyance from this pest. 

, Studies of the ant's life history early developed the fact that per
_- manent relief can be obtained only by actual destruction of the ants 
::. themselves. The use of repellents only serves to permit the contin
~: ued increase of the pests and to postpone the time when more laborious 

-~ methods of warfare must be adopted. Not only is it necessary to 
' kill the ants outright, but it is also necessary to adopt means which 
-- will kill the queens. It is hardly necessary to call attention to the 
__,, difference between killing ants and the usual insects with which we 

have to contend. If one kills a female gipsy moth or boll weevil, for 
example, possible future progeny of that particular individual is made 
impossible. Such is not the case when one destroys a worker ant, 

· for the rate of increase and the development of future generations are 
- in no way interfered with. This is true for the reason that the workers 

-- take no part in reproduction, all eggs being deposited by the queens. 
_That the destruction of foraging workers does not materially affect 

the domestic economy of the colony or retard the rate of increase by 
:_ reducing the available food supply is shown by repeated observations 

_-_.._ upon the number of foragers required to keep the colony supplied with 
:food. In the artificial formicaries counts were made of the number 

of workers going out for food during periods varying from five hours 
; to several days, and in no case did the number of foraging workers 
Jlir: out at one time exceed more than 1 per cent of the number of indi
,:- viduals in the colony. From this we naturally conclude that less than 
j 1 per cent of the workers can keep the remainder, including the queeno 
·: and immature stages, supplied v,-ith food. These observations were 
G made in cases where the food supply was only a few inches from the 
. nest and was always in abundance. In times of food scnrcity, and 
. when -it is necessary for the workers to travel considerable distances in 
j~ order to reach a food supply, a larger percentage would have to engage 

1
.r: in foraging. Observations by the junior author upon a large number 

of field colonies leads him to the conclusion that even under the most 
adverse conditions not more than 10 per cent of the workers are 
required for foraging. Under normal outdoor conditions the 'food 

J supply is abundant and at such times it is very doubtful whether more 
1
'
1 
than 2 per cent of the workers are ever engaged in foraging at any one 

:ill time. The futility of destroying the foraging workers is therefore 
\11'-
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self-evident, for the number of workers leaYing a colony during any 
given period is little if any greater than the number reaching maturity 
within the colony during the same period. 

In spite of these facts repellents are wry desirable and their use is, 
under most conditions, absolutely imperative in the protection of 
foodstuffs, such as sugars, candies, cakes, molasses, honey, vegetable 
oils, fresh meats, etc. 

EXPERIMENTS WITH REPELLENTS. 

Our first experiments consisted in testing the various substancea 
which had been used in successfully repelling other species of ants. 

Experience with artificial formicaries and with the hives of honey 
bees very quickly showed that water would deter the workers for only 
a short time. In our first experiments with colonies kept under 
observation the nests were placed on platforms supported above trays 
of water. As soon as the water had stood for a few hours minute 
dust particles, settling from the air, formed a very thin, almost imper
ceptible scum on it, and this the workers traversed with ease. .-\. 
scum which, when viewed by reflected light, is barely perceptible to 
the eye will support the workers. When such standing water was 
removed and fresh substituted for it the ants would plunge into it as 
before, evidently expecting the scum to be there still. Instead of 
drowning, as might be expected, the workers merely swam, or crawled 
upon the bottom of the tray until they reached the edge or the wooden 
support of the nest, when they proceeded to crawl out. Workers 
thrown into water can readily cra'd up one's finger or up a stick if it 
is brought near them. The senior author has observed workers 
which had accidentally fallen into a glass decanter three-fourths full 
of water gain a foothold on the smooth glass sides and crawl out suc
cessfully, feet up and body down, on the wet glass. The workers will 
apparently not enter fresh water voluntarily, but evidence indicates 
that they will sometimes do so in the attempt to reach their nests or 
to reach some much-desired food supply. When running over a film 
of oil or dust upon the water the feet and legs do not get wet, but 
when the film breaks through, as sometimes happens, the worker 
swims with her legs and a portion of the body submerged. Running 
water, such as a stream in a ditch or trough, seems to be a successful 
repellent, but the practical uses of such a stream are very limited. 
The use of running water as barriers to prevent the spread of infesta
tion in orange groves is more fully described upon a subsequent page. 

Sir John Lubbock in his book, "~\.nts, Bees and \Yasps," describes 
bands of fur which kept the ants within his artificial formicaries. 
The kind of fur used h.v Sir John Lubbock is not specified, but the 
finest we were able to secure was that from an ordinary "cottontail" 
rabbit. With this the following experiment was made: 
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~ Two devices were prepared, each consisting of a small wooden box 
t nailed to the top of a rounded 2-inch stake about 2 feet in length. 

Around the support (stake) of one box a roll of the fur was tightly 
' placed, arranged so that the hairs projected downward and so that the 
: ants would have to crawl "against" them in going up the stake. 
'' Fur was not placed upon the other device. The latter was stuck in 

the ground and a supply of hone~- placed in the box. The ants 
visited the honey at once and as fast as they removed it the supply 
was renewed. This continued for several days, when this device was 

:'· removed and the one with the fur was put in its place, also with honey 
, in the box. The interruption of the "trail " confused the ants for a 

_. little, but within a minute's time they were going up the new device 
.,. and working their way persistently among the hairs of the fur. In 
'" a short time they were able to get through it, when they continued to 

the food supply at the top and removed it as before. The workers 
. were forced to make their way slowly through the fur , wrestling in 

.. turn with the hairs in their way, but at most the fur did no more than 
- delay them a little; it did not repel them i.n the least. 

Y arious experiments were made with certain proprietary and coal
·· · tar disinfectants for protecting food supplies from the ants. Wood
~- work rubbed or painted with these substances was not crossed by the 
-- workers during periods of from 2 to 48 hours after the applications, 
· but none of these substances was effective for more than two days. 
- Oil of citronella seemed more distasteful to the ants and they would 

not cross woodwork treated with it as long as the odor remained. 
· Evaporation of this oil is, however, quite rapid. 

The use of zenoleum powder was found quite effective. Sprinkled 
heavily on the floors of infested houses it killed many of the workers 

:- with which it came in contact and answered fairly well for breaking 
.Cll' up trails and causing the workers to seek food elsewhere. It was 
~' also found of some service in keeping ants out of the nests of sitting 
.r: hens. 

Pine tar was not effective. In an attempt to feed honey to bees in 
rr: the open air the feeder was supported on a stick around which were 
·: placed two separate bands of fresh pine tar. The feeder was placed 
~~out in the afternoon and by 6 o'clock the next morning the ants had 
i'' crossed both bands of tar and the honey was black with them. To 
~'' stop them, two fresh bands of tar were applied. Within 30 minutes 
P the ants which were trying to get out of the feeder had forced their 

r::': way into the tar in sufficient numbers to form a bridge and over this 
li~~the ants were soon passing freely to and fro, despite the strong odor 
rrof the tar itself. 
] full The following experiment proved the inefficiency of tobacco dust: 
ifloo, In the middle of a large iron pan with flat bottom was placed n dish 
''rol of honey. This dish was surrounded by a layer of tobacco dust from, 
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1 to :2 inches wide and thick enough to obscure entirely the bottom of 
tlw pan. This arrangement was made at 2 p.m., and by 5 p.m. the 
ants were crossing the tobacco dust and getting the honey with as 
much facility as they would have crossed an equal amount of soft dirt. 
The experiment was repeated, ~ely powdered sulphur being substi
tuted for the tobacco. The sulphur was not crossed so quickly as the 
tobacco dust, but within 24 hours the ants were crossing it freely. 
On one occasion the senior author planted a small lettuce bed, and 
thinking to protect the seeds until they germinated, he spread over 
the surface of the bed a layer of tobacco dust covered in turn by a 
layer of powdered sulphur. The ants got the seeds. 

Tree tanglefoot, when placed about the trunks of trees up which 
the ants were traveling, checked them for periods varying from a few 
hours to three or four days. However, a more dilute form of this 
material, used with much success in the gipsy moth work in Massa
chusetts by J\1r. D. M. Rogers, has recently been tested by the junior 
author with the result that in one case it kept the ants off the trees for 
as much as two ·weeks without being renewed. There is therefore a 
possibility that this special form of tanglefoot may have a use in the 
protection of trees. 

Kerosene acts as a repellent until the odor has largely disappeared, 
but a film of kerosene on water only affords a good floor for the ants 
to travel on. 

Various devices in the form of inverted troughs of tin or other 
smooth surfaces have been tried without success. 

Crude petroleum, of all the liquids tested, has proved to be the 
most effective repellent. vVhen placed in dishes supporting the legs 
of tables, benches, etc., it will continue to repel the ants even after a 
great amount of dust and trash has accumulated in it. Its use 
indoors, owing to its oily nature and disagreeable odor, is of course 
impracticable. Out of doors it is useful for giving temporary pro
tection to such food materials as sugars, molasses, honey, etc. 

CORROSIVE SUBLIMATE AND "ANT TAPES." 

The only repellent found to possess any merit (aside from sweetened 
arsenical solutions, described below) was dry corrosive sublimate. 
·wood work or cloth which has been treated with a saturated water 
solution of corrosive sublimate and allowed to dry will not be crossed 

. by the ants while any of the sublimate remains. This fact is utilized 
in a practical way by soaking ordinary cotton tape about 1 inch wide 
in the corrosive sublimate solution, wringing it out, and then drying 
it. When this "ant tape" is fastened around the legs of tables, edges 
of shelves, etc., the ants will not cross it for many months, provided 
only that it is not allowed to get wet. The explanation of this re
markable action of the sublimate may be found in the extremely 
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irritating effect which it ha::> on tender membranes and surfaces. 
The finely powdered sublimatt' and the minute crystals when inhaled 
cause a severe . irritation of the throat and nostrils, giving rise to 
sneezing and nasal discharges. The continued or careless handling of 
freshly made ant tape will often have the same effect. It seems not 
improbable that the sublimate particles may have something of an 
irritating effect upon the sensory organs of the ants. The ants are 
quick to detect and avoid corrosin' sublimate even when it is in solu
tion and mi.xed with other substnncl'S. All attempts to poison them 
with this substance haYe been ineffectual, for they can not be induced 
to partake of their most favorite foods when the latter contain the 
poison in as weak a proportion as 1 to 500. 

In some of the tests made by the senior author the corrosive subli
mate tape has been found to retain its efficiency for over 11 months in 
rooms where, except when the temperature was too low for insect 
activity, workers could be seen at all hours of the day and night. 

Our method of preparing the tape is first to heat corrosiw sublimate 
and water in a porcelain or granite-ware vessel until the maximum 
amount is dissolved. This solution is allowed to cool to ordinary 
temperatures, filtered, and ordinary cotton or binding tape is soaked 
in it for several hours. The tape is then removed and pinned upon a 
wall to dry, after which it ij ready for use. It is very important that 
no iron, tin, or steel come in contact with the solution, or with the 
tape itself after being prepared. The tape is effective for only a short 
time when used on metal surfaces. The extremely poisonous nature of 
corrosive sublinwte must be continually kept in mind, both in the 
preparation of the solutions and tape and in the use of the tape itself. 
·with this tape it is a comparatively easy matter so to isolate dining 
tables, kitchen cabinets, refrigerators, etc., as to protect all food 
supplies in the ordinary residence. The same method is constantly 
used by confectioners in infested sections for the protection of their 
candy cases and supplies. 

EXPERil\IEXTS WITH F'Ci\IIGANTS AND CONTACT INSECTICIDES. 

Following the announcement by .Mr. R. S. Woglum,l of the Bureau 
of Entomology, in September, 1908, that he had succeeded in 
destroying colonies of other ants with a solution of potassium 
cyanid, considerable interest was aroused in the question as to 
whether the same method could be used with success against the 
Argentine ant. The senior author conducted a number of experi
ments at Baton Rouge to determine this point, among which the 
following illustrates the results obtained: 

1 Los Angeles Times, Los Angeles, Cal. , Sept. 20, 1908. 

75508°-Bull. 122-13-6 
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A solution of potassium cyanid was made at the strength of 
1 ounce of 98 per cent cyanid to 1 gallon of water. The site selected 
for the experiment was the area surrounding a few small cotton 
plants which were heavily infested with the cotton louse, Apl1is 
gossypii Glov. Around the plants the earth was literally honey. 
combed by numerous small colonies of the Argentine ant, the workers 
of which were in constant attendance upon the aphides. The 
experiment was made at 11 a. m. on a bright day, with the tempera
ture at about 77° F., when the workers were busily visiting the lice 
and foraging elsewhere for food and when the activities of the colonies 
were at about a maximum. The solution was sprayed onto the 
trails of traveling ants and · the ground itself was sprayed until 
thoroughly wet with the solution. By the time the spraying was 
completed the odor of the cyanid was so strong as to affect the 
operator. In spite of this the solution did not immediately kill the 
workers with which it came in contact, but they appeared to suc
cumb within about five minutes after the spraying. Five hours 
after the spraying the odor of cyanid was still very strong and the 
number of dead workers on the surface of the ground fully equaled, 
or exceeded, the number of living ones in sight at the time of spraying. 
Many live workers were busily engaged in carrying away the dead. 
The gr9und was examined and thousandseof living ants in all stages
workers, pupre, larvre, and eggs-were found less than half an inch. 
below the surface. Two days later the area was again examined 
and the ant colonies were apparently as populous as ever. This 
and other experiments seemed to demonstrate the impracticability 
of using this solution for destruction of the colonies, particularly as 
the earth would have to be treated with a sufficient amount of the 
solution to saturate it thoroughly to a depth of several inches. This 
would probably destroy all vegetation, would be expensive, and 
would involve the risk of injury to or loss of life by the operator and 
others. For species constructing compact nests having single or 
few openings the solution is doubtless effective but, owing to the 
multitudinous openings and galleries of the Argentine ant nest, 
destruction could be accomplished only by the use of enormous 
quantities of the solution. 

The resistance of this species to hydrocyanic-acid gas was well 
illustrated in experiments made in attempting to fumigate the 
winter trap-boxes in orange groves. These trap-boxes are described 
more in detail on pages 95-96. They were about 2 feet wide, 2 feet 
high, and 3 feet long, made of rough lumber and filled with decaying 
cottonseed and hay. During the winter months these boxes con
tained enormous colonies. For fumigating them to destroy these 
colonies galvanized-iron covers were made (see Plate XII) which 
would fit over them easily. A 6-inch hole was made in the top of each 
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cover-box for the introduction of the chemicals used in fumigating. 
Just beneath this opening, which could be closed practically air-tight, 
was placed the usual earthenware crock for holding sulphuric acid 
and water. Experimental fumigation of these boxes was commenced 
with a charge of t ounce of 98 per cent potassium cyanid and the 
requisite amounts of water and sulphuric acid. This strength was 
found not to kill any ants in the box f'xcept those which were actually 
outside the packing at the time of fumigation. Gradually this 
charge was increased until as much as 4 ounces of cyanid were used 
at a time in the inclosed space of 22 cubic feet. Even at this strength, 
which corresponded to 18 ounces of cyanid per 100 cubic feet, ants 
more than 8 inches from the outside of the box were not afft'cted by a 
confinement of four hours. In later experiments an iron rod was 
used to make holes all through the contents of the box and the same 
charge used as before, 18 ounces of cyanid per 100 cubic feet. After 
the gas had been confined for five hours the boxes were examined 
and it was found that only those within a couple of inches of the 
perforations were killed. Larger charges could not be used, simply 
because the cover-box would not contain a generator of sufficient 
capacity. Even had a charge heavy enough for effective results 
been found its cost would have been prohibitive in practical field 
work. 

Experiments were accordingly undertaken with bisulphid of 
carbon for destruction of the ants in the boxes. Holes were made to 
the very bottom of the contents, bisulphid poured into these, and 
the metal cover placed over the box, its lower edges afterwards 
being mounded up with dirt. One-half pound of bisulphid, used in 
this manner and confined by the metal cover-box for five hours, 
destroyed all ants, and all stages, in the boxes. Mention is made 
of the use of this fumigant on page 96. 

Other experiments made with the bisulphid of carbon showed 
it to be the most available fumigant for the destruction of colonies 
in accessible situations. 

When colonies are so situated ·that they can be fumigated with 
bisulphid. nothing is more effective for their destruction, but the 
difficulty of applying this measure lies in the situation of colonies 
in all sorts of inaccessible places (see list of nesting places, p. 55) 
and to the fact that in heavily infested areas the galleries of one 
nest are practically continuous with those of others, affording many 
ants the opportunity of escaping from the fumes. 

Such substances as hot water, kerosene, crude oil, etc., will, of 
course, destroy the ants sprayed with them and often it is quite 
praeticable to use these substances for the destruction of colonies 
that are discovered by turning over boards, pieces of wood, piles 
of trash, etc. 
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Many preparations have been sold throughout the infested sections 
for the purpose of destroying the ants. In nearly all eases these 
have been merely fluids which would kill the ants when coming 
in contact with them and the directions havP stipulated that th<' ants 
should be sprayed with the solutions when on their foraging trails. 
In view of the foregoing statements relative to the small proportion 
of workers foraging at any one time it is not at all remarkable that 
such preparations have always yielded nothing but disappointment, 
even though enormous numbers of foraging workers were destroyed 
by their use. 

EXPERIMENTS WITH POISONS. 

The use of poisons is generally the first measure suggested for the 
destruction of an injurious insect, and experiments along this line 
were begun by the senior author early in the course of his investiga
tions. An appreciation of the salient features in the life history of 
the pest soon emphasized the futility of using a poison which would 
destroy the workers only. Any poison, to affect the rate of produc
tion or to exterminate the species, must be one which will destroy the 
fertile queens and the immature stages, all of which are located within 
the nest and are supplied with food by the workers. 

K o way could be devised by which poison could be administered to 
the queens and larvre except by having the workers carry it to them 
from sources of supply outside the nest itself. The problem therefore 
resolved itself into the search for some poison which would be fatal, 
but which at the same time would act so slowly within the workers' 
stomachs that they could transport it to the colony and there feed it 
to the inmates before perishing themselves. 

Some small measure of success attended our experiments in this 
line but, incidentally, another and much more valuable use for poison
ous mixtures was discovered. 

Arsenate of lead, containing but little arsenic in soluble form, 
naturally suggested itself as the most promising substance for the 
purpose. Accordingly it was tried in various experiments, of which 
the following will serve to illustrate the results obtained: 

A mixture was made of 1 part pulverized sugar, 1 part paste 
arsenate of lead, and 2 parts of honey. The ants carried this away 
rapidly and on August 11 exhausted the entire amount that had been 
put out. The supply was renewed, but on August 12 it remained 
untouched. An examination of the nest was then made and it was 
found to be entirely deserted ; the colony had moved away, taking 
with it all immature stages. That this action had been taken to get 
outside the sphere of danger from the poison there can be little doubt, 
for this colon~ had occupied the same spot for many weeks, despite 
the fact that 1t had been frequently dug open for examination and 
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had been entirely submerged at times during hard rains. No dead 
ants were found "in the empt~r nest; any such, if present, were taken 
away at or before the time of vacating the formicary. The ants will 
not tolerate dead within their living chambers, the cadavers always 
being removed expeditiously and often to a considerable distance. 
This makes it extremely difficult to tell, by examination of a colony 
in nature, how many of the individuals have been killed by any poison 
fed to the workers. The action of the colony in moving outside. the 
zone of danger was observed in many subsequent experiments in 
which poisoned food was used, and this gave us the clue to the use of 
sweetened arsenical mixtures as repellents for driving the colonies 
nwny from infested situations. The same phenomenon, improperly 
understood, has been responsible for the conclusion, arrived at by 
seyeral experimenters, that the use of such mixtures was actually 
exterminating the ants, their absence after use of the poison being 
ascribed to their death and not to their migration to a safer place. 

That the mixtures containing lead arsenate, such as those just 
described, do destroy the individuals within the nest and that their 
continued consumption by the ants would result in extermination if 
the colony did not move away from them, were established by experi
ments made with colonies kept in artificial formicaries where migra
tion from the poison was made impossible. In one such experiment 
a small amount of the mixture last described (1 part lead arsenate 
paste, 1 part pulverized sugar, and 2 parts honey) was kept constantly 
on the food table of a colony in the formicarium. On the same table, 
but a short distance from it, food not poisoned was also kept at all 
times. The workers from this colony therefore had their choice 
between poisoned and nonpoisonecl food. A few workers died each 
day, the larvre all succumbing a few clays after inauguration of the 
experiment. At the end of about 20 clays the colony seemed demor
alized and discouraged, the queen ceased to lay, and the workers did 
not work with their accustomed activity. At the end of 44 clays all 
individuals were dead, the queen having lived until near the end of 
the period. 

Many solutions and mixtures containing white arsenic (arsenic 
trioxid) were tested in various ways and the one which gave by far 
the best results was made by combining one-fourth gram of arsenic 
trioxid with 20 grams of granulated sugar in 100 cc. of water. 1 When 
placed in a small dish anywhere within the foraging range of a colony 
tlus preparation would be greedily taken for a few hours, after which 
the ants would not touch it as long as it remained in the same position. 
When the dish was moved a few feet away or placed in another part 

I To give warning of its dangerous nature it is well to add to this mbcture sufficient confectioner's color 
paste to dye it a brilliant red or green. Fruit juices, as of raspberry or similar fruits, may be added to 
accomplish the same end. 
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of the same room and "rediscovered'' by the workers they seemed not 
to recognize its dangerous nature and would take it as before. After 
a few experiences of this kind the colony would move away from the 
vicinity. Only in rare instances were these migrations actually wit
nessed, as they seemed usually to take place during the night. A 
solution containing more than one-fourth of 1 per cent of arsenic did 
not give as good results for, in such cases, many of the workers died 
while sipping up the poison or on their way to the colony. Thus the 
poisonous nature of the substance was more quickly detected by the 
ants and work on it was stopped proportionately sooner. In all cases 
the ants removed the dead and dying from along their trails and from 
the vicinity of the poisoned mixture. 

A number of experiments were made to- determine whether or not 
the ants could distinguish between poisoned and nonpoisoned foods, 
with the result that they evidently could not do so; this perhaps being 
the reason that they moved their colonies away from the vicinity. 
One of these experiments was as follows: 

On July 9 a fruit jar containing honey was placed on the floor of a 
small shed, where the ants had been very abundant for weeks. By 
the following day all honey had been removed by the workers and more 
was placed in the jar. Between the 9th and the 12th the jar was 
replenished several times, the ants during this time carrying away 
more than a half pint of honey. At noon on July 12 a small glass 
vessel containing a mixture composed of one-half of 1 per cent of 
arsenic and 20 per cent of sugar was placed about 3 inches from the 
honey jar. The ants commenced taking this solution at once, and 
in the course of five minutes the vessel was black with them. At 4 
p. m. on the same day they were still working with undiminished 
vigor on both the honey and the poisoned solution. At 8 a. m. on 
.July 13 there were only about one-fourth as many ants visiting the 
jars as on the previous day. They were still working on both the 
honey and the solution and many dead ants lay about. At noon of 
the same day very few were visiting the vessels, but many were 
engaged in carrying away the dead bodies of their erstwhile sisters. 
A few were still taking the arsenic solution, but it was evident that the 
ants did not know which of the food supplies was destroying them. 
At 2 p.m. on July 14 only two workers were in the vicinity of the ves· 
sels and neither of these was feeding. On July 15 all ants, both alive 
and dead, were gone, and not a single worker could be found in the 
building. Plenty of the nonpoisoned honey still remained in the jar. 
On July 16 and 17, also, no ants were to be found in the shed, even 
though heavy rainstorms in the meantime drove them indoors in 
many other buildings and decreased their available outdoor food sup· 
ply. This experiment and many others demonstrated not only the 
effect of the poison in driving the ants from the vicinity, but also that 
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food supplies could be protected merely by having the poison near 
them. In practical work it was found that the placing of two or three 
saucers containing a little of the arsenical solution about a room or 
under tables bearing honey, meats, etc., would effectually rid the 
vicinity of ants in from one to three days' time, and, what was more to 
the point, the ants would not return in numbers so long as the dishes 
of poison were kept there. 

CONTROL OF THE A~T IN RESIDENCES. 

No one measure will afford satisfactory relief from this pest , and the 
householder who would find permanent immunity from attack must 
plan a warfare based upon an intelligent appreciation of the facts 
above set forth. Of utmost and primary importance is cleanliness. 
By this is meant not merely absence of dirt in the usual sense, but 
that precautions must be taken not to leave particles of food where 
the ants can have access to them. Even crumbs of bread or cake 
left on a kitchen floor will attract the pests. Above all else fruits, 
sweets, oils, and meats must be kept where the ants can not reach 
them. The more abundant the food supply the more abundant will 
the ants become, and it has been repeatedly observed that there are 
many more colonies in residences occupied by shiftless owners than 
in those occupied by careful housekeepers . 

Foodstuffs can not be isolated from the ants except by the use 
of repellents such as have been described, particularly ant tape. 
This last should be placed around the legs of all tables, benches, 
etc., on which food supplies are kept, and the tables must not be 
allowed to touch the wall or other objects by means of which the 
ants can find access to them. 

The corrosive sublimate tape is, of course, poisonous, and when 
there are children in the house precautions must be taken that they 
do not get hold of it. At the same time we have never known of 
a case of poisoning resulting froin its use. It is wise, also, to wash 
the hands well with soap and warm water after handling the tape. 

To assist in repelling the ants the sweetened arsenical mixture, 
described on page 85, containing one-fourth of 1 per cent of arsenic, 
should be placed in small dishes or saucers in pantries and beneath 
tables, refrigerators, etc. 

Along with these repelling measures colonies of the ants should 
be destroyed at every opportunity. Hot water, kerosene, or crude 
oil can be used for destroying every colony that is accidentally 
exposed to view by the overturning of leaves, boxes, pieces of wood, 
etc. For this purpose we have found a small compressed-air sprayer, 
filled with kerosene or crude oil and kept in a handy place, very 
useful. Colonies nesting in the ground can be quickly destroyed 
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b~· thrusting a sharp stick into the nest and pouring in a sufficiPnt 
amount of carbon bisulphid or gasoline, afterwards closing the holr 
with damp earth. 

On most city premises the ants can be further reduced by making 
use of winter trap nests or trap boxes, such as are described on pages 
95--:96 under the caption "Experiments with winter trap box('s." 

Mention should not be omitkd at this point of the steps advocated 
by the Rev. Albert Bie-v-rr, of Loyola College, New Orleans, who, 
by his constant advocacy of warfare against this pest, did much 
to enlighten the people of New Orleans concerning it. Fntlwr 
Biever's plan was to place sponges moistened with sweetened wntt>r 
in locations visited by the ants, and when thrsr were covered \lith 
the pests to dip them into boiling water. The sponges wrre then 
recharged and the process r£peated as long as the ants would visit 
them. By this persistent destruction of the workers Father Biever 
expected so to deplete the colony that not enough workers would 
remain to care for the queens and larvre and the latter would perish 
from starvation. 

A most novel way of destroying these ants was described . by Mr. 
Edwyn C. Reed, of the :Museo de Concepcion, Concepcion, Chile, 
in a letter to the senior author. Mr. Reed says : 

The only sure cure would be to take Biblical measures and root up the city infested, 
stone by stone, and strew it with salt. As such a radical cure is not practical, we must 
be content with palliatives, and I find the following very effective: This ant is very 
fond of olive oil, and so, in sardine tins, saucers, etc., I put a little olive oil in its runs. 
The ants flock to the oil and in eating it get clogged up, so that for a spoonful of oil 
I get about that quantity of ants, dead and harmless. In practice this so weakens 
the nests that I get rid of them. Last November I moved into a house sadly infested 
by them and at once applied the oil. They came to it by thousands and stayed 
there. In a month's time I could appreciate the result, and by the end of our southern 
summer very few were to be seen. 

CONTROL OF THE AXT IX APIARIES. 

The keeping of bees is made well-nigh impossible m sections 
heavily infested by the Argentine ant. Single colonies of. the ants 
often contain more individuals than a colony of bees, and in addition 
the colonies of ants are by far the most numerous. The Argentine 
ants are not only exceedingly fond of honey but they attack the 
bee larvre in the cells with a ferocity that is amazing. Thousands 
upon thousands of the ants will enter the hive, carrying away honey 
and attacking the larvre. The bees themselves are unable to cope 
with such small enemies. The ants are too small for them to sting. 
and were they even to attempt picking up the ants in their mandibles 
and carrying them out of the hive they could make no appreciable 
headway against the thousands of intruders. The bees adopt what 
is perhaps the best method of defense under the circumstances, that 
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of trying literally to kick out the invaders. A worker bee will run 
in among the ants and, whirling about, will give repeated vigorous 
kicks with her hind legs, throwing the ants in every direction, even 
to a distance of 10 or 12 inches. The ants are not, however, killed 
by tllis rough treatment, and they shortly return to the attack. 
In a few hours after the attack has commenced the bees become 
thoroughly disorganized and give up further defense, sometimes 
swarming out as a last resort. At such times the normal hum of 
the hive gives place to an entirely different note, which the expe
rienced bee keeper at once recognizes as that of distress. 

The difficultit>s of t>xtracting and handling honey in the presence 
of these pests can be readily imagined. In order to extract we 
first scrubbed the floor of the building, using copious amounts of 
carbolic acid in the water. The foundations of the building and 
aspace about a foot wide all around the building were then sprayNl 
with crude oil. The extractor, as well as the uncapping can, was 
placed in a large iron tray containing seHral inches of water. When 
all these preparations were compkte, the supers were taken from 
the hin•s, and as fast as brought in were stacked on tables the legs 
of which "·ere ·wound with the corrosin sublimate ant tape. Extract
ing was done as Pxpeditiously as possible, but with all our pains 
the ants were all onr everything before >vt' could extract and bottle 
three or four hundre(l pounds of honey. Even our clothing was 
teeming with the workers and all human effort was helpless to keep 
them out of the hone~·. 

The number of apiaries destroyed by the ant in southern Louisiana 
has been considerable, and one of our first lines of experin1ental 
work was to devise some means of protecting the beehives from the 
foraging ants. Among the various schemes that were tried the 
following \n•re found most efficient: 

Placing the hive upon a stand having four legs and placing each 
of these legs in a tin cup containing crude petroleum served to deter 
the ants for a time, but rain water soon displaced the oil in the cups, 
and then with the first accumulation of dust on the water the ants 
found their way across it. This dt>vice also had the disadvantage 
of killing all bees which attemptNl to crrnd up the legs of the stand. 

Another device, somewhat more successful than the open cups, 
consisted of a stand the legs of which had at their tops inverted 
troughs of galvanized iron so arranged that rain watrr could not 
enter them, and so fixed that the ants would have to cross the troughs 
containing oil in order to reach the hive. Stands protected with 
this appliance successfully repelled all ants for about two months 
but, like the open cups of oil, resulted in the death of some bees. 

As our )H'eYious experiments had shown the repellent power of 
ant tape, already described, it occurred to us that this might be 
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used in the construction of an "ant-proof" hive stand. Accordingly 
a four-legged 'hive stand was made with top and sides extending 
some distance beyond the legs and downward, so as to prevent rain 
water from reaching the upper end of each leg. The top and sides 
were made thoroughly water-tight and the ant tape wound several 
times about the upper end of each leg. Below the tape, fitting 
snugly around the leg, was a piece of zinc about 6 inches square to 
prevent water from splashing upward from the ground during storms. 
One of these hive stands, turned on end to show the method of 
construction, is illustrated in figure 11, and the details of construc

tion are further shown 
in figures 12 and 13. 
These figures are from 
drawings by .Miss Ethel 
Hutson. The two front 
legs of the stand were 
made an inch shorter 
than the rear two to 
give proper drainage to 
the hive. In putting on 
the tape we wrapped 
about a yard of tape 
about each leg, placing 
corrosive sublimate be· 
tween the layers. Made 
in this · manner these 
stands by actual test 
repelled all ants for 11 
months without any 
attention being re
quired except to pre
vent grass and weeds 
from growmg up and 
touching the hive and 
upper part of the stand. 

FIG . 11 .-Ant-proof hive stand, upturned, showing method of con- With corrosive sub· 
struction . (Senior author's illustration .) 

limate between the 
layers of tape the latter is effective until it disintegrates or until it 
gets wet, and bees crawling up the legs pass the barrier of tape 
without injury or inconvenience. Our stands were made of tongue· 
and-groove lumber, which made them rather cumbersome, but there 
is no reason why such stands should not be made with top and sides 
of galvanized iron. This would make them light, durable, and 
cheap. 
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01 In spite of the fact that the hive stand was absolutely ant proof 
~we experienced much difficulty in preventing grass from growing up 
"under the hives and affording a passageway for the ants. To elimi
~at(• this difficulty we covered the entire apiary with about 5 inches 
::>f cinders and placed each hive stand upon a concrete block. (See 
'Plate YII. ) 

Rev. Albert Biever, S. J., devised a unique method of protecting his 
!bees from the ants. This method he describes as follows: 
1
· Blocks of wood are obtained, upon which the legs of the bee stand rest. Then the 
icover of a lard can or large tin box sufficiently Wide when placed in an inverted posi
tion on top of the blocks will overlap the block of wood on all sides. A paste con

'?isting of vaseline mixed with kerosene and red pepper is then spread thinly over 
,the inside of the can or cover, and the ants will never be able to reach the legs of the 
·3tand and gain access to the hives. Ari advantage of this method is that the paste 
cneed not be renewed more than once every year or two, and, being protected from the 
Jweather, it can not be washed off. 

· One can successfully keep a few colonies of bees in any portion of the 
·ant-infested area by 
:making use of the spe
·cial stands described 
:above, but eternal vig
-ilance is the price of 
success, for when the 
:ants do gain access 
:to the bees the latter 
:are likely to be dis
'organized within a 
.few hours and the 
swarms will abscond. 
Along with the use of 

FIG. 12.-Sectional view of ant-proof hive stand. showing method of 
making top and sides water-tight by" breaking" the loints. (Sen
ior author's illustration.) 

-the ant-proof stands one should also use every means for reducing 
the ant colonies in the vicinity of the apiary. 

The commercial apiarist can hardly continue keeping bees with 
profit after his apiary is invaded by this pest, the amount of labor in 
constructing hive stands and keeping down vegetation being almost 
prohibitive. In such cases the wisest course would be to remove the 
entire apiary to some locality where these ants do not occur. As 
already noted, the infestation is not infrequently confined to cities 
and towns, and small rural sections still free from this pest can usually 
be found within driving distance. 

CONTROL OF THE ANT IN ORANGE GROVES. 

The main orange-growing section of Louisiana lies along the. banks 
of the Mississippi River below New Orleans and extends for a distance 
of about 50 miles. This section has the reputation of producing 
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oranges of exceptionally high quality, and the industry has proYen a 
paying one for many Y('ars past. A considerable number of localities 
have during tlH' past 15 or 20 years become infested by the Argen~ine 
ant, due, no doubt, to drifting logs containing ant colonies tlinl 
lodged along tlw banks of the river. The warm winters, coupled with 
the presence of considerable moisture at all times, have made possible 
very rapid increase of the ants, and the first result of their uctivitiP> 
has been a greatly accelerated rate of increase by all scale insects, and 
particularly by the chaff scale (Parlatoria pergandii Comst.). J\ol 

only do the ants protC'ct this scalP from its natural enemies, but they 
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colonize the larvre up
on the young growth 
of the orange trees and 
upon trees not pre
viously infested. 

At times the ants 
eat into the orange 
buds, evidently in 
quest of nectar, and 
buds thus injured do 
not set fruit. This 
habit is not always 
exhibited by the ants, 
and it may be that it is 
more or less dependent 
upon the prevalence 
of sca1e insects on the 
trees. The secretions 
of aphides and scale 
insects are preferred 
to other food, and it 

FIG. 13.-Sectional view of ant-proof hive stand from above, show- seems not unlikely 
ing construction. (Senior author's illustration.) 

that when honeydew 
is abundant the buds are not molested by the ants. Whether 
or not the ants do any othC'r direct damage to the trees is still 
an unsettled question , but certain it is that the bearing qualitie~ 
of an orchard are seriously impaired by the second season of 
infestation, the crop is almost entirely lost by the third season, 
and the trees are dying rapidly by the fourth year of infesta· 
tion. (See Pl. VIII.) One orchard which well illustrates the rate 
of destruction consisted of a 20-acre tract of young grapefruit 
trees, visited by the authors in l\Iarch, 1910. The trees at this 
time were ' about 4 to 5 feet in height and appeared very vigorous and 
healthy. The ants were, however, rapidly infesting the field from 
adjoining orchards. During the summer of 1910 the ants increased 
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rapidly, as did the Lecaniums, which were constantly attended by 
the ants. The owner sprayed industriously with whale-oil soap, but 
without apparm~t effect. During 1911 many of the trees died, and 
at the present tune (~Inrch, 1912) the orchard is practically ruined 
and the owner has abandoned hope of saving enough trees to make the 
orchard profitable. The condition of dying trees is well illustrated 
by Plate VI, which shows a Louisiana S"·eet orange tree that has been 
exposed to ant infestation for three seasons. This tree stood Jll'nr the 
levee, outside the barrier ditches described below, and was exposed to 
the work of the ants. 

Another orange orchard which we have had under close observation 
has been infested for I years, and during this time no measures have 
been taken to control the ants. ln this orchard fully 60 per cent of 
the trees are dead and the remaining trees are heavily incrusted with 
both the chaff scale and the purple scale (Lepidosaphes beckii X ewm.). 
So abundant are the ants here that a bit of earth disturbed by one's 
foot at any point in the orchard will reveal a seething mass of ants. 
A recent crop from this orchard consisted of but 250 boxes of inferior 
quality. Other orchards, of approximately the same size but not yet 
infested by the ant, produced in the neighborhood of 3,000 boxes. 
At Soccola Canal there is a small tract of land on which four orange 
orchards have been planted in succession, all of whi('h have died before 
reaching bearing age. The entire neighborhood is heavily infested, 
and Mr. S. :JL O'Brien, of Nairn, La., states that to his knowledge the 
ants haYe been abundant at Soccola for at least 17 .years. The plat 
has now been entirely abandoned as an orange grove, the last of the 
dead orchards having been removed during 1911 and the land devoted 
to the growing of truck crops. 

~lETHOD OF DISSE)!INATION IN THE ORANGE SECTION. 

As already indicated, the most probable sources of original infesta
tions in the orange section were drifting logs in the river, these logs 
carrying living colonies of the Argentine ant. In times of flood these 
logs are thrown up on the batture (the space between the river bank 
and the levee) and remain there in large numbers. It is the history 
of practically all infestations in this section that the ants first appeared 
on the batture, then along the levee, and from the latter workl'(l their 
way back from the river. At all the infested points the levee is found 
to be teeming with the ants and the batture itself is a constant breed
ing place. A portion of the infested batture, covered with a thick 
growth of willows, is shown in Plate IX. Here the ant colonies are 
found under every particle of driftwood and trash, and during almost 
the entire year they are in attendance upon Coccid::e and Aphidid::e 
on the \villows. For a number of weeks each year this batture is 
covered with several feet of water from the river, but the infestation 
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seems not to be lessened ther0by. During flood time many of the ant 
colonies migrate to the levee adjoining, while still others ascend the 
trees out of the water's way. Curious nests or sheds, constructed 
by the ants from particles of earth and trash, are of common occur. 
renee in the tops of the willow trees. 

In some few places it is evident that the railroad has been the means 
of introduction, the infestation having started at points on the railroad 
where considerable merchandise from New Orleans was constantly 
being unloaded. 

EXPERIMENTS lN THE ORANGE GROVES . ~(1 
~ 

The writers' first experiments with the pest in orange groves were 
commenced in the spring of 1910. At that time only one grower in 
the Louisiana orange section was attempting anything like a system
atic campaign against the ants. This grower had adopted a novel 
and rather effective method of destroying them. The infested por
tion of his orchard immediately adjoined the levee and, as is usual 
with land along the river, was lower by several feet than the water in 
the river during flood stages. The water could therefore be siphoned 
over the levee to the orchard as rapidly as needed. (See Pl. X.) To 
prevent the spread of the ants to additional territory the infested 
block had been surrounded by a ditch, a section of which may also be 
seen in Plate X, in which water was kept at all times. During flood 
stages of the river the water was siphoned over for the ditches at small 
expense and through the ditch system drained away to the swamp in 
the rear of the plantation. At other times the water was kept in the 
"ant ditches" by use of a gasoline engine and pump installed on the 
levee, as shown in Plate X. It was, of course, necessary to take pre
cautions that the ants should not find accidental and artificial means 
of crossing the ditches. Permanent bridges for the passage of teams 
could not be left , so a swinging bridge which could be lifted when not 
in use was devised. The ditching system for preventing spread of the 
ants was shortly adopted by many other growers, some of whom used 
an ingenious divided bridge (Pl. XI) which could be crossed readily 
by teams, but which had a 2-inch crack through the m~dcUe that effec
tually prevented the passage of the ants. 

The grower referred to had put in practice the following method of 
destroying the ants: A small levee or ridge was made around the 
infested block of trees. Water was then admitted through the siphon 
from the river until the ground in the block was entirely covered. As 
the water slowly rose the colonies of ants moved up into the orange 
trees. Then the water was drawn off and the ants, descending, found 
the ground still too wet to live in, whereupon they migrated en masse 
to the surrounding small levee. The water was then turned on for 
the second time to keep the ants on this ridge, and here they were 
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destroyed by exposing the colonies with a shovel and scalding them 
with hot water or spraying them with kerosene. At the senior 
author's suggestion a number of small boxes filled with hay and trash 
were placed at various points in the orchard. When the water was 
admitted it was found that the colonies moved into these boxes in 
preference to going up the trees. They could thus be destroyed with 
one flooding instead of two, as formerly. 

It may be remarked in passing that the ditches, when pains have 
been taken to prevent the ants crossing them, have effectively limited 
the spread of the ants through the groves. This fact amply substan
tiates our observations, mentioned on pages 19-20, to the effect that 
colonies are never established by individual queens returning from a 
marriage flight. Were colonies established in this manner, the areas 
of infestation would not be sharply defined, nor would ditches retard 
the dispersion of the ants from heavily infested centers. 

EXPERIMENTS WITH WINTER TRAP BOXES. 

The success which had followed experiments at Baton Rouge in 
getting the ant colonies to concentrate during the winter in boxes 
of decaying vegetable matter induced us to try the same plan in 
an infested orange grove. Accordingly in November, 1910, a large 
number of boxes, each 2 by 2 by 3 feet, of rough lumber, were made 
and distributed throughout the infested block. Each was filled, 
during the latter part of October, with a mixture of cotton seed and 
dead grass. The top of each box was left exposed to the weather, 
so that rain would enter to moisten the contents and start decay. 
An examination of the boxes on November 16 showed that many 
colonies had entered them, but that many still remained in the 
ground. To afford the ants less natural protection the orchard was 
cultivated to remove the standing grass and weeds. In January, 
1911, the authors again visited this orchard and found all boxes 
filled almost to overflowing with enormous ant colonies. Each box 
contained workers by the hundreds of thousands and queens by the 
hundreds. A close examination in various parts of the orchard 
showed, however, that not all colonies had entered the boxes. Some 
few colonies had remained in their underground nests, particularly 
where grass or weeds had been overlooked in the November cultiva
tion and where, therefore, these colonies were afforded more protec
tion than in the plowed portions. Whether the already crowded 
condition of the boxes had prevented other colonies from entering 
them we could not ,determine. 

Experiments were now undertaken in destruction of the colonies 
in the boxes. Metal covers had already been constructed for con
fining gases in the trap boxes. (See Pl. XII.) Experiments were 
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first made in fumigating the boxes with hydrocyanic-acid gas (see 
pp. 82-83), but these were not successful. Carbon bisulphid was next 
tried, with perfect success. Delay in obtaining a sufficient ,;upply 
of bisulphid resulted in delayed treatment of many of the boxb, 
and doubtless some of the colonies escaped as the weather became 
warmer in the early part of February. Nevertheless, the number 
of queens and workers destroyed ranged into the millions. Thl' 
owner wished to deal the ants the hardest blow possible, ,;o <'arlr 
in the spring he flooded the orchard, drove the remaining ant col~
nies to the boxes, and fumigated these the second time. 

The results of this work were eminently satisfactory. The orchard 
was first infested by the ants in 1909. In 1910 they reached enor
mous numbers; chaff and purple scales increased until the trees were 
almost encrusted, and many of the trees showed signs of failing. 
The foliage began to turn yellow, and the crop of 1910 fell off 
severely, in spite of the flooding that was done by the owner in the 
spring of 1910. During the summer of 1911, following the use of 
the trap boxes, the orchard improved remarkably, and the crop wa~ 
up to the original production. It was found that when the boxe' 
were left in the orchard ant colonies took up their abode therein 
during the summer months; for this reason these boxes were fumi
gated with bisulphid from time to time. An examination of the 
orchard in January, 1912, showed that the infestation by the chaff 
scale had been greatly reduced by diminution of the ants, even 
though the owner had done no spraying for destruction of the scale 
insects. The ant infestation showed some increase in the autumn 
of 1911, but the orchard had returned to its normal healthy condi
tion, and it was evident that a continuation of these methods would 
insure good crops indefinitely. A view of this orchard, taken in 
January, 1912, is shown in Plate XIII. 

One important point came to light in these experiments, and that 
was the necessity of placing the trap boxes in position early in the 
autumn so that the vegetation in them would be decaying well at 
the approach of cool weather in l\ovember. With considerable 
decomposition going on nt the time the ants are seeking winter 
quarters, the warmth of the box becomes very attractive to them. 

The use of arsenicals and other poisons in the infested orange 
groves was found impossible, for the reason that the secretions of 
scale insects and aphides are preferred by the ants to all other foods. 
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LETTER OF TRANSMITTAL. 

u.s. DEPARTMENT OF AGRICULTURE, 
BUREAU OF ENTOMOLOGY, 

Washington, D . C., February 24-, 1913. 
Sm: I have the honor to transmit herewith the manuscript of a 

paper entitled "The Sugar-Beet Wireworm (Lirrwnius californicus 
Mannh.)," by John E. Graf, an entomological assistant of this 
bureau. 

This very active enemy to the sugar beet in the Pacific region has 
been the subject of study in the Bureau of Entomology since 1909. 
The present paper is somewhat preliminary in character, but so many 
facts have been learned that it is believed advisable to submit them 
for publication at the present time. While this wireworm has been 
known in America for many years, no good report of its injuries was 
available until very recently. The paper sets forth the manner of 
injury, the history of the species, the insects associated with it in 
the destruction of the beet roots in different stages of growth, the 
number of its food plants, its life history and habits, suggestions as 
to the methods for its control, and other useful data, and is well 
illustrated. 

I recommend the publication of this manuscript as Bulletin No. 
123 of this bureau and would urge that it be issued at an early date, 
as there is great demand for information on the part of the sugar
br<'t growers of the country, all of whom are more or less troubled 
by the ravages of wireworms. 

Respectfully, C. L. MARLATT, 
Entomologist and Acting Chief of Bureau. 

Hon. JAMES \VILSON, 
Secretary of Agriculture. 





PREFACE. 

The present bulletin is intended ns a preliminary report of the 
investigations which have been carried on with the sugar-beet wire
worm (Limonius californicus Mannh.) since 1909. The life-history 
work has not been completed; in fact it was not until the spring of 
1912 that it could be started on a scale which gave any promise of 
ultimate success. As tests of many of the control measures were 
finished during the latter part of 1912, and as it will be several years 
before a complete study can be finished, it has been decided to 
publish a report at this time giving all the observations and experi
ments which have been carried on thus far. 

During the coming years, in addition to the completion of the 
life-history studies, work will be carried on with other control 
measures. The relation of the birds of the sugar-beet fields to the 
wireworms will also be investigated, as will the bacterial and fungous 
diseases which have been observed to affect this species. 

The author wishes to acknowledge his indebtedness to Dr. F. H. 
Chittenden and Mr. H. M. Russell for assistance and suggestions 
throughout the work. Mr. Russell began the study of Limonius 
'XLlifornicus in 1900. The cooperative work of Mr. R. S. Vaile, of 
the Ventura County horticultural commission, and Prof. H. S. 
Fawcett, of the University of California, is also deserving of grateful 
wknowledgment. 

J. E. G. 
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THE SUGAR-BEET \VIRE WORl\ti. 
(Limonius calijornicus Mannh.) 

HISTORICAL. 

The sugar-beet wireworm (Limon{us californicus Mannh.) has been 
known in the coast lowlands of southern California for many years, 
having been more or less destructive to sugar beets during the time 
they have been grown here, and prior to that time was known as an 

h' alfalfa and corn pest. In many localities the alfalfa had to be 
__ plowed up and replanted every few years, as the ravages of tlus larva 

so tlunned it out that only a partial crop could be harvested unless 
replanting was resorted to at intervals. Owing to the fact that the 

::. ground in the alfalfa fields is nearly always damp to the surface, the 
wireworms seldom worked deep, and while they tunnelled through 

-. the crown of the plant, it was only a chance injury or a heavy infesta
tion that could make itself felt, so that its destructive powers in the 

._ alfalfa fields is proof enough of its abundance. 
The wireworm has also been noted as a corn pest for years, many 

__ growers reporting that on occasions it has been impossible to secure 
an average crop even with several plantings. Mr. Nelson Ward, of 
Compton, reports that on pulling up cornstalks he has discovered 
from 17 to 30 wireworms burrowing through the roots and into the 
crown of a single plant. 

LOSSES DUE T O THE SUGAR-B E E T WIREWORM. 

There is great variation in the estimates of losses ascribed to tllis 
insect, and very probably the correct estimate would run far above 
the others. The reason for this is that unless the injury is excep
tional it is likely to go entirely unnoticed. When the wireworms 
work scatteringly, their injury is apparent only to the observer who 
is looking especially for it, and at the right time. The writer bases 
this assertion on observations made during the early spring of 1912. 
At tills time the adults were being collected, and as several hundred 
acres of beet fields were carefully gone over several times, it was 
possible, by close observation, to get a good estimate of the progress 
of the injury and the total damage done. 

The sugar beets were quite small, having just been thinned, and 
were consequently at just the right age to receive the greatest injury. 
The roots were simple, not having swelled, and wherever a beet plant 
was attacked it was generally killed, as the roots were almost invari
ably severed by the feeding of the wireworms. All the plants which 
were noted wilting down were examined, and always with the same 

11 
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result, viz, the tender taproot was cut and blackened and a search 
generally revealed the offender, a wireworm, in the soil near by. A 
great amount of just such work was noted, but it differed from that 
of 1911 in that it was more scattered. 

In 1911 the wireworms seemed to be working in groups, and many 
spots of varying size were completely cleared of beets. In 1912, 
however, the fields were almost entirely free from this type of work. 
Places were observed where from three to six beet plants had been 
killed in one group, but by the time the beets are mature their foliage 
so covers the ground that all trace of the injury is lost to the casual 
observer. One incident will illustrate this point. A small beet field 
of 10 acres located near the laboratory was carefully watched that 
some idea might be gained of the progress and time of injury. Every 
day many of the plants were found dead, but seldom were more than 
three or four plants killed in a place. While this injtTy was con
siderable it was kept well scattered. At the time of the last examina
tion the beets, then nearly ripe, so covered the ground with their 
foliage that even where several adjoining plants had been killed it 
was difficult to find any signs of the injury. This shows that it is 
an easy matter to overlook the destructive power of this wireworm. 

The sugar-beet wireworm may be considered the worst insect 
enemy of the sugar beet in southern California at the present time. 
It has this distinction for two reasons: First, it is constant, appearing 
every year to a greater or less extent; and, second, its injury occurs 
in such a manner that replanting is generally impracticable, or at 
least of little value. While beets and alfalfa appear to be the favorite 
food plants, the sugar-beet wireworm is also very injurious to corn 
(fig. 3, p. 18) and beans (Pls. VI, VII). 

It would be a difficult matter to figure the loss due to the wire
worm, either in percentage of the crop, tons, or dollars, but an 
approximation will show its importance economically. Mr. R. S. 
Y aile, horticultural commissioner of Ventura County, in his annual 
report for 1912, places the loss to lima beans alone in his county at 
$10,000. For 1913 he estimates the loss at $25,000 or more. If 
the other counties where this wireworm is destructive are taken 
into consideration it will be seen that probably the lima-bean growers 
alone lose at least $50,000 a year h.\' this insect. Add to this the loss 
to sugar beets, which is probably even greater, and it is readily seen 
that this wireworm presents no small problem in southern California. 

INSECTS FOUND WITH THE SUGAR-BEET WIREWORM. 

Collections of wireworms in the beet fields of southern California 
show at a glance that they are made up of several species. These 
differ widely in appearance, hence there is little chance of their being 
mistaken for one another. Two of them, Limon ius californicus Mannh. 
and Drasterius livens Lee., are of the waxy color usually found in 
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wireworms. The latter is considerably the smaller of the two, and 
only an occasional individual has come under observation. The 
other wireworms are white, with a slight yellow tinge. Two of them 
belong to the genus Cardiophorus, one having been identified by Mr. 
E. A. Schwarz, of this bureau, as Oardiophorus ::eneus Horn. The 
other has not yet been reared, but as several adult specimens of 
C. crinitus Blanch. have been taken in the fields, it is probabl~ that 
it belongs to this species. The other wireworm foun<,l in the fields 
is a large, robust, whitish one, considerably larger than Li,;;,onius 
californicus. This has not been reared and remains undetermined. 

In the spring, when the adults are found in the beet fields, four 
other elaterids are found with them, though in lesser numbers. The 
most common one resembles in general characteristics Limonius 
californicus. It is of about the same size and outline, but differs 
from L. californicus in the color of its elytra, which are a decided buff 
instead of a deep brown. Dr. Chittenden has stated that this may 
prove to be a new variety of californicus, since, while it resembles that 
species quite closely, it seems to disagree ih several SJUall particulars. 
From the numbers of these which were found with L. californicus it 
is possible that they may be of economic importance. This species 
may be called the lesser sugar-beet wireworm to distinguish it. from 
L. californicus. 

The other elaterids which were found "occurred in very small num
bers, so that they may be disregarded from an economic standpoint. 
These have been determined as Drasterius livens, Oardiophorus ::eneus, 
and 0. crinitus( ~). These three are considerably smaller than L. cali
fornicus and there is therefore little chance of their being mistaken 
for the latter. 

Another beetle commonly noted in the fields is a carabid, Platynus 
sp., slightly larger than L. californicus, robust, black in color, with a 
slight metallic tinge. 

Two species of tenebrionids are also commonly found with Limor~r 
ius californicus. Both are short, very robust, and dull black in color. 
One is Blapstinus sp., the other a species of Coniontis. 

CLASSIFICATION, SYNONYMY, AND COMMON NAMES. 

Limonius californicus (Pl. I; Pl. II, jig. a) belongs to the common 
genus Limonius of the family Elateridre. It further belongs to the 
tribe Elaterini and group Athoi. 

It was described from America in 1843 by Mannerheim as Oardio
phorus californicus and has since been referred to the genus Limonius. 
Oardiophorus californicus is its only known synonym. 

The larvre of this entire family of insects are commonly known as 
wireworms. The adults, due to their habit of throwing themselves 
into the air when placed on their backs, have receiYed the names 
"skipjacks," 11 click-beetles," "spring-beetles," and "blacksmiths." 
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DESCRIPTIONS. 

THE ADULT. 

Following is the original description by Mannerheim 1 in Latin, 
followed by n, translation into English. 

136. Cardiophorus californicus: elongatus niger, punctatissi.mus, tenue pubescens, 
thorace convexo, subquadrato, elytris dorso depressis, leviter punctato-striatis, 
sterno profunde P.unctato, convexo , tarsis articulis omnibus et unguiculis si.mplicibus. 

Longit. 5!, 4!- lin. latit. lj, lt lin. 
Habitat in < 'alifomia, D. D. Blaschke et Tschernikh. 

[Translation.] 

Cardiophorus californicus: Elongate black, closely punctate, finely 
pubescent; thorax convex, subquadrate; dorsal surface of elytra de
pressed, feebly striate-punctate; thorax beneath deeply punctate, 
convex; all joints of the tarsi and claws simple. 

Length 10~-9!- mm., width 3!-31 mm. 
Habitat, California (Blaschke and Tschernikh). 

THE EGG. 

The egg of Limonius californicus (Pl. II, fig. c) is for the most part 
opaque white, though it shows small, irregular, semihyaline areas 
when placed on a white surface in dim light. The surface appears 
smooth under the low power of the n:P.croscope, but under the high 
power it appears to be slightly scaly. It reflects light weakly from 
the lighted side. That the shell is quite tough is proven by the fact 
that even when the eggs are rolled about in the soil they are seldom 
distorted. 

The egg is ellipto-cylindrical in shape. Both ends are broadly 
rounded and resemble each other. Measurements of 30 eggs gave 
an average length of 0.69 mm. and an average width of 0.5 mm. 
The length varied between 0.63 and 0.735 mm. and the width be
tween 0.473 and 0.53 mm. 

THE LARVA. 

The nearly mature larva of Limonius californicus (fig. 1; Pl. II, 
fig. b,· Pls. III, IV) is subcylindrical in shape and shiny, waxy yellow· 
ish-brown in color. The segments are very minutely and sparsely 
punctate. The head and venter are flattened dorsally and darker in 
color. There is a light dorsal stripe on the posterior end of each seg· 
ment with the exception of the venter. 

The head is depressed and considerably narrower in front. The 
mandibles ar~ strong, notched, deep brown in color, changing to 
black at the t1p . 

I Bul. Soc. Imp. Nat. Moscou, vol. 16, p . 238, 1843. 
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The first thoracic segment is broad and long, being about equal 
in length to the venter. The other thoracic segments are short, 
being about equal in length to the first two abdominal segments. The 
remaining abdominal segments are a little longer and quite similar. 
The legs are short and armed with heavy, short brown spines. 

The abdominal segments are slightly constricted where they join 
one another. There are from two to four hairs on the lateral side of 
each segment. The spiracles are brown, conspicuous, and are 
situated in a poorly defined, light lateral ' stripe. They are slightly 
nearer the anterior end of the segment. 

The venter is depressed dorsally, with raised edges. It is sparsely 
hairy around the edge. The caudal notch has a small tooth on each 
side pointing slightly 
upward and backward. 
The margin of the 
notch varies from deep 
brown to black. 

The average length of 
the mature larva is from 
18 to 21 mm. , and the 
width is from 2.5 to 
3mm. 

THE PUJ>A. 

When first formed the 
pupa is opaque white, 
but after a time the 
eyes show through as 
pale, dusky, Hue spots. 
About this time the tho
racic segments become 
a pale waxy yellow, but 
no other changes take 
place until shortly be
fore emergence. 

b c 
FIG. l.- Tbesugar-beet wireworm(Limoniu.Ycalifornicus): a, Head; 

b,anal segment from above; c, same, lateral view. Highly mag· 
nified. (Original.) 

The pupa (Pl. \ ." .) very much resembles the adult beetle in shape, 
Pxcept that the abdomen is slightly longer in the pupal stage. The 
head is bent forward slightly, and each anterior angle is armed with 
a long, heavy spine, which tapers regularly to a point. The mouth 
parts are conspicuous. The antennffi are laid along the margin of 
the head on the ventral side, and their tips are behind the tibiffi of 
the second pair of legs. On the underside of the head and near the 
prothorax are two short, heavy spines. There are also two short, 
stout spines on the dorsal side of the head .near the posterior angles. 

The case covering the springing apparatus is plainly visible 
between the anterior coxffi. The leg cases are folded similarly to 
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those of other Elaterida-. All of the posterior pair, excepting the 
tarsi, are covered by the wing cases, which are curved around and 
almost mPt>t on t be ventrnl side, at the distal end of the third abdomi
nal segment. 

The abdomen is contracted sharply at the seventh segment, so 
that the eighth segment j, only n. little more than half as wide as 
the anterior end of the seventh. 

The anal segment bears two long, heavy spines on it,; posterior 
angles. These spines are slightly divergent, are pitted, and the 
distal half of each is brown, changing to black at the tip. 

The pupre -vary greatly in size. Measurements taken from sev
eral individuals give an average length of 11.5 mm. and a width of 
3.6 mm. 

DISTRmUTION. 

This wireworm is found quite generally throughout the western 
half of California. It is abundant in the lower sugar-beet lands of 
southern California. The main districts affected by it are those of 
Ventura, Orange, and Los Angeles Counties. These three districts 
comprise probably the choicest sugar-beet land in southern Cali
fornia. The station for the study of this insect was located in 
Compton, in Los Angeles County, about 10 miles from the coast, 
and surrounded by about 12,00Q acres of sugar beets. 

Lirrwnius californicus bas been reported from the following 
places, all in California: Riverside, San Bernardino, Los Angeles, 
Lake, Monterey, and ElDorado Counties, by Prof. H. C. Fall; near 
Owens Lake, collected by Dr. A. Fen yes; Marin County, specimens 
in the collection of the University of California; Orange, Ventura, and 
San Diego Counties. (See fig. 2.) 

Prof. A. L. Melander, entomologist of the Washington Agricultural 
Experiment Station, Pullman, Wash., reports that in the collection 
there they have a single specimen which was collected in eastern 
Washington. 

It is thus seen that this species is fairly well scattered along the 
western half of California. It is probably not of economic impor
tance outside this State. 

FOOD PLANTS. 

The larvre of Limoniu8 californicus have been noted to feed on 
the following plants: 
Sugar beet. 
Wild beet (Beta sp .). 
Potato (Solanum tuberosum) . 
Lima bean (all varieties). 
Com (all varieties). 
Johnson grass (Sorghum halepense). 
Dock (Rumex hymenosepalus). 

Alialfa ( Jfedicago spp.) . 
Pigweed (Amaranthus retrojlexus). 
Chrysanthemum. 
Nettle (reported by H. M. Russell). 
Wild aster (reported by H. M. Russell). 
Mustard (Brassica niger). 
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It. is difficult to note n. preference of this wireworm for any par
ticular food plant , as sugar b(•ds, lima beans (Pl,.;. VI, YII), corn 
(fig. 3), potatoes, and alfalfa all ::>('('ffi to be fa,·on•d. After tlwse 

FIG. 2.-Map of California showing counties from which the sngar-beet wireworm has been reported. 
(Original.) 

in order come J olm,.;un grass and wild bt'ets. Tlw remauung food 
pbnt.s seem to be taken more from necl'ssity than choice, and it is 
only occasionally that lanrm arc discovered feeding on them. 

6140°- Bull. 123-14--2 
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seems to han• little effect on the hatching of the Pggs, as sonw which 
were kept partially submerged part of the time hatched in good 
3hape. 

As hatching time approached, large, irregular, hyaline an•as ap. 
peared in the eggs in various places. At first nothing could be seen 
of the embryo, but about a week before hatching its outlines could 
be made out v."ith difficulty. The embryo became little> plainer, 
even nt the time of hatching. 

LENGTH OF EGG STAGE. 

The length of the egg stage varied under laboratory conditions 
from :?:3 to 33 days, most of the eggs hatehing in from :.!.7 to 30 days, 
so that the length of tht~ egg stage may be roughly considered as a 
month. It seems probabk that the period might be shortened mate
rially under favorable conditions, out of doors, and <'ggs laid in the . 
warm damp soil might possibly hatch in from 15 to :?5 days. 

THE LARV.\.. 

EMERGENCE FROM THE EGG. 

The larvre (Pl. II, fig. b) emerge from the eggs by eating a small 
hole in the shell and crawling out. In all the cases noted the hole 
was very little larger than the body of the wireworm, so that it is a , 
matter of a few moments for the young v.ireworm to leave the shell 1 

entirely. In the case of several which were timed, between two and 
seven minutes elapsed from the appearance of their heads through 
the shell until they were entirely free. During the earlier part of the 
hatching season no eggshells could be found, and it was thought 
probable that the larva on emerging used the shell for food. Such 
did not prove to be the case, however, as later, when more eggs \rerc 
hatching, it was observed that the larva on hatching leaves the old 
shell almost at once. In a few cases the larvre crawled around the ! 

shells for a short time but did not attempt to cat them and always 
left them intact. Where the eggs are hatching in the soil, the young 
larva remains for a short time in the cavity occupied by the egg 
That the eggshells are quite tough was proven by the fact that 
the empty shells were able to retain their shapt' for some time. 

THE NEWLY HATCHED LARVA. 

When first hatched the larva (Pl. II, fig. b) is semiopaquc white. 
The extreme tips of the mandibles are the only parts which show 
any color, and these are light yellow. The general proportions of 
the newly hatched larva are Yery much like those of the older ones. 
They yary little in s1ze. Their average length is 2 m;n. and the 
v.ridth is 0.27 mm. 
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FIG. ·1.-SUGAR-BEET W IREWORMS IN PETR I D ISH , KILLED BY B ACTERIA IN 

CULTURES OF A GAR. ( O RIGINAL. ) 

FIG. 2 . - A R OOT CAGE U SED IN REARING Y OUNG W IREWORM S. ( ORIGINAL.) 
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"Then thes<~ larva.' an' <'X!Hl"<'d ton modl:'ntl<'ly suhdu<'d lio·ht th<'Y . ,.... . 
color quit<- rapidly and beconw noti<'<'ably ~p-llow all OY<'r tlwir 
bodies in a day's tinll~. \\lwn the ll<'\\·ly hatched larvre an' kept in 
darkness th<'~V color more slowly, and two or thr<'<' days elaps<' before 
their bodies become yellcn,·ish. Their skin is quite tender, but in 
spitC' of this they can survive rather rough handling. 

REARING (' .\HE/'\ USED. 

Several styles of cages W<'r<' used in nn end<'avor to find one in 
which th<' wirl:'worms could be successfully reared and at the same 
time watched. Only three tnws gave any promise of success, and 
these will be revi<'\\'Pd hriefl:·. 

The first type used was simply a petri dish with damp filter paper 
in it. Several sheets of filter paper were used so that when the 
larvre cra\\·led bet\\·ec'n the sheets it was almost the same as if tlwy 
were in damp soil. Slices of beets '''<'rc placed in the cage and 
renewed daily. These were of us<' not only as food forth<' wireworms, 
but they also assisted in keeping the atmosphere of the dish damp 
and cooL These dishes were then kept in insect boxes to insure per
fect darkness and to assiSt in keeping tlw temperature ('ven. T~is 

style of rearing cage was V<'l'Y successful for the first t\\·o we<>ks, and 
much was expected of it, but from that time on one bad point after 
another presented itself, and within a month the cage 1.ms given up 
as impracticaL The two worst points in connection with this cage 
are that the amount of moisture can not b<> regulated and, secondly, 
that there is no drainage and the cage tends to foul <'asily. The 
cages were cleaned evpry day and fresh filter paper added, but in 
spite of all these precautions a red bacterium (Pl. VIII, fig. 1) mad(' 
its appearance in several of the cages at about the same time, and as 
there seemed to be no way to check it this style of cage \\·ns given up. 

Another rearing cage (fig. 5) which was used was made of plaster 
of Paris, and was patterned after the Janet ants' nest, except that it 
was more simple. It is a plaster-of-Paris block with two depressions 
in it. Water is kept in one and the wireworms in the other. The 
water readily soaks through the block, and if the dish is covered 
with a tight-fitting piece of glass the depression containing the win'
worms is kept damp and cool. The cage is further .improved b:· 
painting the glass plate black to exclude light. Dr. Chittenden sug
gested a coating of paraffin for the outside of the dish to cut down 
the excessive evaporation. This scheme worked well where only 
part of the dish was coated. Whenever the entire outside of the cage 
was eon ted, however, the drainage was <'Ut off, the cage became foul, 
and the wireworms died. The great advantage of this cage, as 
point!'(} out by Messrs. Knab and Dimmoek, is that it can be sterilizNl 
simply hy h<'H ting. Most of the first trials of this eage W<'l'<' failur<'s, 
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but it soon gnn• promise of being n simpk and safe receptack in 
which to rear wireworms. 

The other st.d(' of cage was the common root ('age (Pl. VIII, fig. 2), 
so often used for the study of underground insects. The cages used 1 

in these experiments had the glass walls very close together (Oiw
eighth to one-fourth inch) so that there would not be much soil in ,, 
which the larvre could hide. The root cages were not so succ<'ssful 
as it was hoped they would be, for the larv& were usually able to 

conceal themselves and 
it seemed almost im
possible to wet the 
cages properly. Used 
in conjunction with the _;,1 

other cages, however, 
they gave fair succrss. 

The majority of thr 
young wireworms werr 
kept in large flower
pots, so that in cnse of 
accidents to the rearing 
cages not all the larvn• 

FIG. 5.-Janet an ts'-nest plaster-of-Paris cage, used in rearing 
sugar-beet wireworms. A, compartment for larnP; B , com- would be lost. These 
partmen t for water. (Original. ) pots had an added ad-

vantage in that they provided soil conditions quite similar to those 
out of doors. The flowerpots were <'mphed and examined from time 
to time so that the larvre could be watched. 

HABITS OF THE YOUNG WIREWORMS. 

The young wireworms are quite active, moving over smooth sur
faces or burying themselves in the loose soil with ease. Some placed 
in a root cage buried themselves almost at once, but were tempora
rily checked by a layer of compact earth about an inch below the 
surface. On the following day several had entered the compact 
layer and the next day one was noted at a depth of 4 inches. 

Vi.Tben very young they are unable to survive in dry earth even for ~. 
a relatively short time. Some which were placed in a petri dish 
with dry soil were dead at the end of five hours, a few dying after the 
first hour nnd a half. 

These larvre shun the light and when exposed to it hide under any 
object which they can find. ·when placed in the petri-dish cages 
they soon crawl between the layers of filter paper at the bottom. 
Experiments were made to test their ability to locate food, by placing 
a slice of sugar beet in the cagPs and noting the time it took them to 
collect under it.. The beet slice was not larger than a dollar and was 
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placed in the center of a large petri dish. \Vithin 10 minult's all the 
wireworms were under it. This experiment was n'JWa kd by using a 
piece of damp cardboard the size of the b('el slin' and again timing 
the wireworms. In this test all the larvre finally gathered under the 
cardboard to escape the light, but n longer time was required before 
this took place. These tests were repeated several times as checks 
and nlwn~~s gave the same results, so it is evident that the larvre are 
able, to a small ('Xtent, to locate food. 

The larvre begin feeding noticen bl~~, though lightly, very soon 
after hatching. A fresh slice of sugar beet was placed in the cage 
every day, and when each slic6 was removed the minute black feeding 
marks could be noticed. The depressions made by the feeding could 
be made out only with a hand lens, but the black stain, so character
istic of wireworm injury, had spread out and was quite conspicuous. 

The wireworms grow quite rapidly during the first two or three 
weeks, and it might be ndded that this is the only time in their long 
larval life when their growth is apparent. They approximately 
double in size in this time and then remain about the same size until 
they molt. At the time of their first molt they take a sudden jump 
in size and froll.l. this time on their growth is very slow. 

An attempt was made to trace the molts with these wireworms, 
but unfortunately it had to be abandoned. The death rate in the 
exposed cages was so high that it soon became apparent that none 
could be brought entirely through in this manner. Added to the 
difficulty was the fact that since their time of molting was so irregular 
only a few could be kept in a single cage. After about a thousand 
larvre had died in these cages it was concluded that it was impossible 
to carry the observations to completion with the forms of rearing 
apparatus at hand. The ca:st skins of the larvre could not be found, 
owing to their small size and transparency, and the only molts thnt 
could be traced were in the case of certain larvre which increased in 
size quite noticeably overnight. The increase in the width of the 
head was foun9. to be the best test. 

From time to time the soil in the flowerpots containing the bulk of 
the wireworms was carefully examined to see whether anything could 
be learned concerning the feeding habits of the larvre under natural 
conditions. In every case the larvre were found scattered rather 
generally through the soil, and as many of them were found around 
the edges of the pot as directly around the beet root. Since the root 
hairs were scattered pretty generally through the soil it seemed prob
able that the larvre fed on them. This was further indicated by the 
fact that no feeding marks could be found on the main beet root. 
At any rate it is safe to say that, from the standpoint of injury due 
to their feeding, the wireworms during the first year of their lnrYnl 
life may be disregarded. Larvre were generally found from 1 to 3 
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inches below the surful'l', but as tlll' soil in the r<'aring ('agt'S was 
kept damp to the surface they would evidently be found deeper undrr 
field conditions. 

Examination from time to time during the summer n'Yealed no 
startling changes. Growth was Vl'I'.Y slow, but the wireworms br
came more netivl', and their skins a deeper )~l'llow und notil'rnbly 
harder. 

APPROXIMATE LE:\GTH OF LARVAL STAGE. 

As the first larv:::e of this species were hatched from the eggs in the 
spring of 191:? there are no data conce:r:ning the complete life history 
or even of the way the larv:::e pass their first winter. At the date of 
this writing (Oct. 15, 1912), however, it seems quite evident that this 
year's wireworms will turn out next spring to be the" small ones" 
which are always noted coming up to feed during February and 
~larch. 

At the time the beetles were being collected, in March, 1912, there 
was no vegetation of any kind in some of the fields, and the wire
worms, coming out from hibernation, were attracted to the old beet 
roots which are found in greater or less numbers in all of the fields . 
~early all larv:::e collected at this time, to the number of oYer 3,000, 
were readily separable into two sizes. This has been reported before 
by other investigators. 1 The smaller ones appeared to be about 
one-third grown, and vrry probably were the ones whi.ch had hatched 
the precedi.ng spring, and were consequently about a year old. The 
larger ones showed more variati.on in size, occurring from three
fourths grown to practically mature. These lnrnt> were probably 
1 and :2 Yl'nrs older than those of the smaller size. That there is 
a difference in age i.n the wireworms of this lattC'r group is proved h_r 
the fact that of 100 isolated during March only 17 pupated in the 
period from July to September, and the remainder, some of which 
at the time of writing (December, 1912), had recently molted, had 
gone deep into the soil in the cages and seemed prepared to spend the 
winter. X ow, from the fact that none of these large larvre could 
have come from eggs the preceding spring it seems wry prob~ble 
that this species "~i ll uphold tlw contentions of most of the .American 
writers on this subject and spend three years in the lan~al state. To 
be exact, it would be a trifle 0\~er three years, as Prof. F. ?II. \Yebster 2 

has pointed out, "the larv:::e hatching in the spring and pupating in 
the late summer." Larv:::e have also brC'n carried in the laboratory 
from .Tune, 1910, to April, 191:2, without pupating, so it seems evident 
that the lnrYal stage could not be less than three years. 

1 Eleventh Report on the Noxiou~, Beneficial and other Insects of New York. By .\ sa Fitct M. D .. 1866. 
2 Underground Insect Destroyers of the \\"heat Plant. By F. M. Webster. Bul. 46, Ohio A gr. Exp. ~ta., 

1892. 
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W ORK OF SUGAR-BEET WI REWORMS. Y OUNG S UGAR-BEETS, SHOW ING INJURY BY 
WIR EWORMS T O T APROOTS; BLACKE NED FEE DING M ARKS VISIBLE ON E ND OF ROOTS. 
(ORIGINAL .) 
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W ORK OF THE SUGAR-BEET WIREWORM. NEARLY MATURE BEETS KILLED 
BY WIREWORMS; BLACKENED FEEDING MARKS N OTICEABLE ON TAPROOTS. 
( ORIGINAL. ) 
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RAVAGES OF THE SUGAR-BEET WI REWORM. BEET FIELD, SHOWING CLEARED SPACES RESULTING FROM THE W ORK O F 
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RAVAGES OF THE SUGAR-BEET W iREWORM. BEET FI ELD , SHOWING VERY L ARGE CLEARED SPACE R ESULTIN G FROM THE W ORK OF 
W IREWORMS. ( ORIGI NAL.) 
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HABITS OF TilE OLDEH WIHE\\'Oit\I S. 

While these wireworms W<'l'l' being c·ollected in thf' fields then' was 
a good opportunity to observe their fp eding habits nnd their actions 
after rmerging from hibernation. As the soil \nts \\·d to the surf:t c<' 
by the intermittent rains, it \\'<IS 0asy for the wireworms to l'< 'ach llH' 
old beets which were scattered around on top of the grou nd . As 
thr larne had just 
emerged from hiber
nation they fed f'X
t<'nsiHl_,,, with the 
result that \\'heneYer 
;;eYer a 1 wirr worms 
attacked a beet root 
it \rt1S soon honey
combed with their 
channels. }.Ian)' of 
the \rireworms noted 
were buried far more 
than their own length 
111 the half-rotted 
hl'e!S. 

These 1 a r Y <l' are 
carmvorous on occa
sions (see ftg. 6), even 
under field conditions; 
especially is this so 
during the early 

Frc. 6.-.\ sugar-beet wireworm dc\·ouring one o f its own kind; to illus
trate cannibalistic habit . (Original.) 

period when they are feeding most bus ily, and \\·hen at tit<.' same time 
they tend to be crowded. Under average field conditions, howeYer, 
cannibalism is unimportant from an economic standpoint, as th<.'sn 
larvre are vegetable fe0ders by choice. 

LOCATIO:\ OF FOOD BY THE \YIREWORJ\IS. 

Whether or not the wireworms, under field cond itions, can locatf' 
food at a distancr, and, .if so, at what d.is tancf', is more or less problem
atical. When wireworms were injuring beets in the fields i t ''""s 
found by careful digging that all which were near the beets \\·ere 
actually feeding on them. \Yireworms noticed in ftelds containing 
young beets were almost alwars found in the beet rows, in spitl' of 
the fact that the ground there is compact and unfayorable for them. 
These facts seem to carry out the idea gained from the experiments 
with the young larYre, that they can locatP food at a short distancl', 
though this is not proven conclusively . 
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ACTIVITY OF TilE WIREWOT{:\f~. 

During thl' spring, when the suil is kept wet by tlu' rains and loose 
by cultiYation, it is probable that tht' wireworms an' abll' to travel 
from one beet plant to another. l Tnder laboratory conditions they 
have been notl'<l to travel Sl'YNal inches daily, in the root cages, and 
the soil then is Yery apt to be compacted by wetting. This point 
was tested by placing seYeral wireworms in a root cagP without food 
in order to compel them to move. The soil, which was guite damp 
at first, was allowed to become pretty thoroughly dry, and then the 
cage was watered. The water followed the channels of the wire
worms, and in this way the wireworms could be easily traced by the 
wet streaks through the soil. These cages were 18 by 24 inches, yet 
in the week or 10 days the soil was drying out the wireworms had 
been able to channel all through the soil. Late in the summer, when 
the soil is more dry and compact, they move about much more 
slowly and are less anxious to feed, but as they do all their damage 
in the spring their actions at the latter time are of the utmost impor
tance'. From all the observations on their activity it seems not only 
possible but eYen probable that one \virt'worm can destroy se,~eral 
young l>C'd plants in a season. The sugar-beet plants are from 6 to 
8 inches apart in the rows. 

WIREWORM IN.TURY TO BEETS. 

During tlw latter part of February and in March and April the 
raYages of the wireworms in the beet fields are Yery noticeable, 
especially so when the insects are present in numbers. In a year 
such as 1912, when their work was well scattered, injury can be 
noted, but it is possible to overlook it. 

\\l1en the young beet plants are attacked they wilt, and upon 
examination the root is found to be either badly scarred or entirely 
severed. (Pl. IX.) This injury generally takes place between 1 and 
4 inches below the surface. Th£'re are two general types of injury; 
in one the taproot is cut off clean, and the beet wilts and dies (see 
Pl. X) ; in the other the wireworm, after eating into the root, turns 
and descends, eating off a side of the root as it goes down (see 
Pl. IX). This, of course, scars the root badly, and if the beet is 
quite young and tender it is apt to die. If, however, the beet is 
quite strong and the root is swollen a little, so that the injury does 
not cut off the sap supply, it will recover, though always remaining 
distorted and undersized. (See Pl. XL) 

In years when the wireworms appear in numbers they are llkely 
to be concentrated in certain spots. When this occurs they kill 
off all the beet plants in these areas, causing the characteristic 
"bald spots." (Pls. XII- XY.) ·when once they have collected in 
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this manner and haYP elean'd off the hept:-; it is a lmost impossible 
to raise berts there during that year, PHil if replanting is resorted 
to several time:-;, as the wireworms kill them as soon as they germinate. 

The injury caused b)' the wirt'Worms i:-; ('ltamctt>ri:-;ti(' and should 
never be mistaken. In the first place, if the injUJy is recent, an 
examination will reveal tlw wireworm near by in the soil. If no 
wireworm is present an examination of the wound will readily show 
whether or not it is wireworm injury. The wound itself is stained 
black, as if rubbed with ink. Sometimes the black stain has pene
trated for a shoi·t distance into the sound beet tissue, but where it 
has not, it is considerably darker than the dry tissue surrounding an 
ordinary old wound. 

E_ffect of overflowing on the wireworm .-From the fact that wire
worm injury is often noticed in fields which have been overflowed 
in the latter part of the winter, it has naturally been supposed that 
overflowing of the land is favorable to wireworms. This has not 
been proven , to be entire!)~ true. A careful watch was kept on the 
fields which are subject to overflow, and from these observations 
it seems that overflowing the land is of account only as it affects 
the character of tht> soil and is therefore srcon< lar.Y. In overflowed 
lantl which tends to be sandy tlw wireworms are likely to be <lest ruc
tive year after year. On the other hand, flooded land which is a 
heavy silt and rich in humus is seldom so badly injured as is sane l:· 
unflooded land. One thing has been noticed, however, and that 
is that flooding the land does not seem to injure the insect in the 
least and therefore gives little promise as a control measure. Some 
of the beet fields which have suffered the most during the last few 
years are those which almost every year are quite thoroughly flooded 
for two or three days. 

TIME THE WIREWORMS CAX LIVE WITHOUT FQOD. 

Whether or not these larvoo are able to find food in the soil is hard 
to determine, but judging from the length of time they are able to 
live without food it seems possible that they do receive some suste
nance from the soil, probably in the form of decaying vegetation. 
This is further borne out by the fact that where larvoo are kept for 
a time in a cage without food all the lumps of leaf mold disappear 
and the soil in the cage becomes homogeneous. 

Several observers have reported that these larvoo can survive long 
periods without food, and one example which " ·as noted in the 
laboratory will furnish added proof. During June, 1910, .:\lr. H. ~I. 
Russell commenced a starvation experiment by placing several 
wireworms in a root cage, with ordinary soil, without food. In 
July, 1911, seven larvoo were still alive and healthy. This cage \nts 
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waten•d rPgularly, t'XC'Ppt on two 'occasion:-; , during tiH' late :-;ummer 
of 1911 nnd was then allowell to be('ome quite dry A:-; the larvre 
were killed by the drying soil they were removed so that they would 
not furnish food for the survivors . On September 12, 1911, the 
cage was again examined and only one larva was found alive. Two 
dead ones were found near the surface in the dry earth, and they 
had probably been killed by the drying out of the soil. This cage 
was then watered regularly and examined at intervals. The larva 
was still alive and active on April 15, 1912. During the latter 
part of April the cage, which was kept in the outdoor insectary, was 
blown over by the wind and broken. Before it was noticed the 
soil had dried out to such an extent that the larva was dead. An 

I YeAR /YEAR 
3MO. 3MO. 3MO. 3MQ .3MO. 3MO. 3MO. 3MO. 

I ----------- ---- ----- ~J-

2 ----- ----- 1---------------
3 ------- ----,.;.... ____ ----- ----
--~--- ---- ---- ---- ----
s ------ ---- ---- --------
6 ------ ---- ---------- -----
7 ----- --------- ----- ----- ----- ---- ---

FrG. 7.-Diagram showing length of life of sugar-boot wireworm without food. (Original.) 

examination of the channels through the cage showed that the wire
worm had been quite active up to the time of its death. ·while 
these larvre might have secured a little food during the earlier part 
of the experiment they could not have clone so later, as they were 
t:hecked up and removed when they died. In this experiment 
seven wireworms lived over a year without food, and one almost two 
years, rrs shown ill the following diagram (fig. 7). 

These wireworms did not grow normally, for when the last one 
died after being in the cage two years it was less than half size. This 
larva should have pupated that fall, as it ·wns at least a year old when 
the experiment began, and therefore should have been ·mature. 
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RELATIO:\ BETWEEN I:\.J l ' RY I:'\ TilE BEET FIELDS .\ :\' l> TH 1•: SIZE AND 

ABl ":\D,\ :\CE OF WIRE\\'OR:\1~ . 

As is the case with pradicH.ll_v (Wnry <1<-st ructi V<~ inst'et, the greatest 
harm is done by the maturing lnrYa>. h is tht•J·pfor<' only a matter 
of "·atching the progress of injur_\· in the beet J·iclds to t ell whether 
or not there are many mature wireworms, an<l ,,·hetlter, therefore, 
there will be an abundance of beetles t.he following year. In every 
year during which obsen·ations have been made thus far it has been 
a simple matter to foretell tllis point. In 1911 injury tu the beet:-; 
\\'as quite heavy and general. From this it was reasonable to sup
pose that there were many mature wireworms in the soil and that 
the next year woult.l spe an n bun dance of beet lt>s . Such prove< I to 
he exactly the case and beet lP,.; were quite common in the fields; 
~o much so, in fact, that it was no extraordinary feat to collect over 
25,000 of them for the rearing work In 191:.! , in the vicinity of 
Compton, the wireworm injury, while quite general, was light, and 
using the same reasoning it wa,.; probable that there woul<l be few 
beetles in the spring of 1913. This has been partially proven by the 
fad that very few ot the larva' taken in the fields during 191:2 pupated 
the same tall. The 300 wirewonns collected in the summer of 1911 
produced almost as many pupa~ in the fall of that year as the 12,000 
wireworms collected in the summer of 1912 prot.luced during the 
succeeding fall. 

MOLTING OF THE \\TRE\\'OIU!S. 

The wireworms molt in their channels, allll wriggling from their 
old skin (Pl. III) they lie ,;till for some time until their new skin has 
hardened. If the channel is larger in cross section at the place 
where the wireworms molt, it is so little larger as to be almost unno
ticed. When ready to molt the larvre lie still for some time, in cer
tain cases for several days, before the skin splits and they are able 
to free themselns. In a major;ty of the cast skin,.; noted the skin 
had split down the . dorsum of the thorax. vVhere tills occurs the 
process of molting is simple and seldom takes more than two or 
three hours. The ca,.;t skin is also in one piece. Now and then the 
skin splits irregularly, and in these cases the molting process requires 
more time, sometimes several days. In one case noted the wireworm 
,;heel the skin from its head n full week after it had molted on its 
thorax and abdomen. In such e<hes the skin is quite npt to be torn 
into several pieces and is almost u,.;eless for study. 

Directly after molting the wireworm, with the exception of it~ 
mandibles, is a rather shlny opaque white. The mandibles are yel
lcl\\i:-;h, shading to brown at the tips. The ,,·ire\\·orms color quite well 
in from one to three clays, but they oft<·n rl'main quiescent for weeks 
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<tfter molting. This is espe<'ially apt to be the case in the fall, when 
the~- an' sluggish. 

Most of the larvm observe<l during 191:2 molted twic<' A f<'w 
\Yere seen to molt once, although it is possible that a molt might haYe 
been overlooked in a few instances. In the case of a few oth('rs it 
\nls thought that a third molt was seen, but this is doubtful. From 
this it is impossible to giw eYen the approximate number of molts 
with an~- degree of accuracy, but present indications are that they 
molt at least fiye or six times. 

'l'm.; PuP.\. 

l'l'P.\ '1'10~. 

In about July or August the mature larvn_~ become shorter, and 
while they are not more constricted behw't'll the segments, they haYe 
the appearance of being so, as the segments swell slightly in the middle. 
At the same time there is a slight change in color, the entire larva 
appearing sickly and of a dirty yellow color. During this period 
the wireworms lose most of their activity, and whatever movements 
they make are slow and weak. When pupation is only a short time 
off they are quite helpless, and if their pupal cells are broken open 
they are unable to make new ones. Several which were taken in this 
condition were able to pupate safely, the operation taking place in 
a Janet ants '-nest cage. 

THE Pl'P,\L CELL. 

The pupal cell i,.; simply an enlargement at the end of the larval 
channel, and is slightly elliptical in shape. It is unlined but is 
quite smooth and the soil is well compacted. The depth of the pupal 
cell below the surface varies between 4! and 9 inches, but most of 
those obsen-ed were at a depth of about 6 inches. It is apparent 
that the 'vireworms move very little preparatory to pupating, as 
pupm are often dug up with the wireworms close to the old beet 
roots. 

SOIL CONDITIONS .\FFECTL'W PUP.\TIOX. 

The pupm (Pl. Y) are unaffected by a little dryness, but if the soil 
becomes quite dry for a long period they do not emerge. ~lnny 
healthy pupm were dug up in the field in soil which contained onlY 
a little mc-~sture. Those which came through best under laborntory 
conditions were from cages where the soil was kept only moderately 
damp. Where the soil was too wet a large percentage of the pup.-e 
sickened and died. Those found dead under these conditions were 
attacked either by a fungus or a. baet('rium, or sometimes by both. It 
was not determined whether these organisms wert' parasitic or sapro-
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phytic. An attempt was made to rear some of the pupre in the plas
ter-of-Paris cages, but the cages seemed to be too damp, and all the 
pupre died. These appeared like those killed in the flooded cages, 
and the same bacterium and fungus infested them. 

VITALITY OF THE Pl:l'A. 

The pupal stagP is the most unprotl'Ctl'd state' in the life cycle of 
this insect, and is tlw one \\'hen'in the insect is most liable to mechan
ical injury. ~\.. small percentage of the pupre dug up out of door-; 
\\'ere injured when their pupal edls WC're broken open, and conse
quently died. On the whole, however, the pupa is not nearly so 
susceptible to injury as is the popular belief. Such pupre as were 
unearthed in the field were kept under artificial conditions and 
handled quite roughly and often, yet most of them produced adults. 
The t\\·o pupre which were photographed for this bulletin (see Pl. V) 
Wl'n' handled several times with forceps, were exposed on a glass plate 
to light and temperature for hours, and on one occasion were dropped 
from the table to a chair, a distance of about 10 inches. In spite of 
this treatment both produced normal adults, and when last observed, 
October H, 1912, were alive. There were several similar cases in 
which the results were the same as in the example cited. The pupre 
are quite helpless and are unable to make new pupal cells in case the 
old ones are destroyed. For this reason, probably, a large per
centage of those disturbed in the field die from exposure. The pupre 
are sensitive to light, heat, and contact, and when disturbed move 
their abdomens in such a way that the tip describes a circle. As 
the pupa becomes older it becomes more deeply colored and more 
sensitive and active. 

CHANGES Di COLOR OF THE PUPA. 

The first signs of coloration of the pupa are the eyes, and these 
appear as dush.-y bluish spots. The abdomen and thorax then be
come slightly yellow and the mouthparts and wing covers very 
faintly dusky. The tip of the abdomen remains .whitish. About a 
W<'ek before emergence the entire pupa becomes darker, and just a 
few days before emergence the wing covers and mouthparts are 
quite dusky and the eyes assume a dusky color, the mouthparts, 
l'yPs, and wing covers remaining a little the darkest a1Hl being quite 
conspicuous. 

LENGTH OF THE PUPAL STAGE. 

The length of the pupal stage under laboratory conditions varied 
from 25 to 36 days, with most of the adults emerging in about 26 
to 3:2 days. These were kept as nearly as possible under conditions 
which would compan' favorably with field conditions. This gives, 
roughly, a period of a month for the pupal state. 
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THE ADeLT. 

EMERGENCE OF THE ADULT. 

During the last few days before emergence the pupa becomrs very 
sensitive to light or contact, and when disturbed turns around in its 
pupal cell by moving its abdomen. An attempt was made to photo
graph one during this s tate, but in the hour and a half it was Pxposed 
it did not remain quiet long enough for an exposure to be made. .
The abdomen is drawn in and out as if the beetle were trying to break 
the pupal skin. This goes on for some time, often for more than a 
da)·, and finally the pupal skin splits down the dorsum of the thorax 
and is worked off. The beetle (Pl. XVI), which has been quite active 
in shedding its skin, now becomes quiescent, and folding its legs and 
an t l'lllUt' as they were in the pupa, remains in the pupal cell. The 
cast pupal skin lies in the posterior end of the pupal cell along with 
tlw last larv:d skin, and helps form an obstruction between tlw pupal 
cell and the old larval channel. The cast pupal skin is semitrans
lucent whitt\ and thin, but at the same time quite tough. 

In two cases the legs of the beetle broke through the leg cases 
before the pupal integument split down the dorsum. Neither of 
these adults completely emerged, and after moving their legs feebly 
for a ft'W days they dil'Ll. 

PERIOD OF EMERGENCE. 

The period of emergt'nce of the beetle from the pupa varies widel_1'. 
This \Yas true both of those which were reared in the laboratory and 

of those pupre which were collected outdoors. Adults emerged be
tween early August and October in the iaboratory, and pupre from 
the fields have given adults between the same dates. One pupa 
from the field transformed to adult October 6. Mr. Russell observed 
one adult emerge in the htboratory as late as October 17. 

Beetl('s disturbed during the fall are able to bury themselves and 
lin if they are not injured. t;everal which emerged in the laboratory 
Wl're constant ly disturbed so they could be watched, but it seemed to 
have no ill effects on them. 

ACTIONS DIRECTLY AFTER EMERGENCE. 

~h soon as the pupal skin is shed the adult, retaining the position 
it had held as a pupa, lies in the pupal cell. At first the beetle is a 

........ 
little softer and lighter in color, but soon becomes hard and fully 
colored. Since none of the pubescence on its thorax or elytm has 
been rubbed off, it appears grayish in color. At this time these 
beetles are totally different in their actions than they are in the 
spring, when they appear on the surface, being negatively heliotropic 
and hiding under anything they can find or burrowing into the soil 
when exposed to light. They also seek damp, cool quarters in 
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Bul. 123 , Bureau of E ntomology, U. S. De pt. of Agri c u lture . PLATE XVII. 

• 
FIG. 1.·-BEETLES OF THE SUGAR-BEET WI REWORM ( LiM ONIUS CALIFORNICUS) IN 

SECONDARY HIBERNATION UNDER SLICE OF SUGAR BEET. ( ORIGINAL. ) 

FIG. 2.-BEETLES OF THE SUGA R-BEET WIREWORM PHOTOGRAPHED WHILE FEED
ING ON SLICES OF SUGAR BEET. ( ORIGINAL.) 

HABITS OF THE BEETLES OF THE SUGAR-BEET WIREWORM 
( LIMONIUS CALIFORNICUSJ 
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prderence to the dry, warmer ont>s. The habit of feigning death, 
so marked in the spring when they appear, is totally lacking at this 
tinw, and about the only way to make them move is to touch them. 

When they are dug up from their pupal cells, or from the ground 
in which they have been hiding, they become active in a short time, 
look for another hiding place, and as soon as they find it draw in 
their legs and antemue and resume hibernation. They are very 
sluggish, move slowly, and do not attempt flight. 

APPEARANCE OF BEETLES IN THE SPRING. 

In the early spring, during a period which covers two months, 
the beetles dig out of their cells, appear at the surface of the ground, 
and become partially active. That the time of this ''emergence" 
is governed by several factors is strongly suggested by the diversity 
in the time of appearance. The average mean temperature is prob
ably the main factor, but such causes as the kind and porosity of 
the soil in which they have pupated, and the rains, certainly help in 
determining the time of their appearance. This latter point was sug
gested· by the fact that beetles were always more abundant in the 
fields following a rain than they were directly preceding it. This 
might be explained by the fact that their cells became too wet and 
tlw.r had to dig out for safety. 

Just after their appearance in the spring the beetles are very 
sluggish and collect under rubbish of all kinds in the field. They 
still . appear to be in a state of sernihibernation and none are ever 
noted sunning themselves, feeding, or moving about. When their 
shelters are removed they are found in the same position they main
tain during hibernation, with their legs and antennre folded closely 
against their bodies. When the sunlight strikes them they slowly 
become active and search for another hiding place. In every respect 
their condition at this time resembles hibernation, except that they 
more quickly become active. To distinguish between this condi
tion and their true hibernation in the soil, the former for want of a 
better word was called "secondary hibernation." This period lasted 
from about the middle of February, or a little earlier, till the middle 
of March. It is little more than a transition period between their 
hibernation and their period of activity. During this time the 
w(~nther was quite cold, with cloudiness and showers at intervals. 

BEGINNING OF THE PERIOD OF ACTIVITY. 

The beetles are so slow to show signs of activity and so sluggish 
during the earlier part of their active period that no hard and fast 
line can be drawn between the latter and their so-called secondary 
hibernation. Furthermore, under every beet active and inactive 

6140°- Bull. 123-14-3 
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beetles may be found side b)' side. Now and t.hen, about tlw middle 
or latter part of April, a beetle is seen sunning itself at the (~dge of 
a beet under which it had been hiding. At about this time, also, it 
was noted that the underside of many of the beets which sheltered 
beetles was roughened and had the appearance of being shredded. At 
first no attention was paid to this until by chance a beetle was nokd 
feeding on an old beet, and then it was seen that the roughened 
places on the beet were the feeding marks of the adults. Whenever 
a beet was turned over the beetles were for the most part active 
(Pl. XVII, fig. 2), but a few were still in their secondary hibernation 
(Pl. XVII. fig. 1). The feeding marks on the beets become more 
and more noticeable but are never especially extensive, as the adults 
at the period of their greatest activity are light feeders. 

Even at this time the beetles are not entirely normal in their 
actions. This is most noticeable in regard to the habit of feigning 
death, so characteristic of most of the elaterids. "Wilen a group is 
exposed by removing the beet under which they have been hiding, 
at least half of them move about searching for shelter. This is 
probably due to the fact that their senses are not very acute at this 
time, and they consider only shelter. About a month later, however, 
when · a group of beetles is exposed by removing the beet shelter, 
most of them remain quiet for some time, even though they may 
happen to be in an unusual position. 

VARIATION IN THE SIZE OF BEETLES. 

Among the beetles taken in the field there was a very noticeable 
variation in size. (See Pl. I.) The length was often found to vary 
between 9 and 12.2 mm., and the width between 2.5 and 3.5 mm. 
The larger ones outnumbered the smaller ones almost 2 to 1, since 
about 15,000 of those collected could be referred to the larger size 
to about 9,000 of the smaller, while about 2,000 or 3,000 were so 
nearly on the dividing line between the other two sizes that they 
were unclassified. At first the large ones were thought to be females 
and the small ones males, so it was concluded that the females out
numbered the males about 2 to 1. Such did not prove to be entirely 
the case, for when copulation became general some of the small ones 
proved to be females, and not a few of the larger ones were seen to 
be males . Everything considered, it seems that sex is quite inde
pendent of size, for the males and females were seen to occur in about 
equal numbers. 

VARIATION IN THE COLOR OF BEETLES. 

From the outset it was noted that there was great variation in 
the color of the beetles. This difference was most noticeable on the 
elytra, which varied from light buff to deep brown or dusky black. 
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There seemed to be a rather plain dividing li1w betweml those with 
the buff wing covers and those with the brown onpc;, so tlH•y wt•n· 
'separated. About 1,.500 or :.?,000 eould be refern~d to the fomwr 
class. Some of these were sent to Dr. Chittenden for determination, 
and concerning them he wrote as follows: 

No. 495 (?) is Limonius sp. near californicus. It does not appear to agree p<·rf<'('lly 
with the califomicus with which I have compared il, and is not represented in our 
duplicate collection. 

The relationship of these beetles will be worked out in the future. 
The true adults of Limonius californicus also Ynried considerably 

in color, as some were found which were a relatively light brown. 
These color variations occurred in all sizPs and both sexes, so color 
seems to have no bearing on the sex of the adult. 

FEEDING OF THE ADULTS, AND FOOD PLANTS. 

When the beetles were first collected the character of their food 
was unknown, and in an endeavor to find their natural food all tho 
different kinds of foliage found in the beet fields were triP(l. but with
out success. Adults by the hundreds were placed in cages contain
ing tender young beet plants, and while they climbed all over tlw 
plants they were never seen to feed on them, nor could any feeding 
marks be found on the plants. A close watch was kept on the 
adults collected in the field, and at last, as has been stated before, 
they were noted feeding on the old left-over beet roots, now half 
dried and partially rotten. When these were substituted for tho 
beet foliage in cages, feeding was begun at once. A few instances 
were noted where the adults had eaten into the roots to such an 
extent that the head and thorax were hidden. Such cases, how
ever, were rather exceptional, and the beetles may be considered as 
light feeders. In addition to this, their feeding, from an economic 
point of view, may be disregarded. 

The adult has been noted feeding on the following substances: 

Old beet roots. 
Alfalfa roots ( Medicago sp. ). 
Johnson-grass roots (Sorghum halepense). 
Wild beet roots (Beta sp. ). 
Young beet roots. 

Thf\ old beet roots are the favorite food, and it is only occasionally 
that beetles are noted feeding on the other suhc;tances listPtl. 

The beetles seem to be able to locate food readily and at quite a 
distance. In the laboratory whenever a slice of beet was placed in 
the cages the adults would be clustered about it in a very short time. 

In the field the beetles were always found at the old beets and 
always occurred in the greatest numbers where the beets were most 
plentiful. 
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In one field, whieh had a great many old beets on the surface, the 
beetles were taken from under almost every one, and sometimes in 
large numbers. It was a common matter to find from 30 to 70 
adults under single beets, and as many as 243 have been found hiding 
under one beet. Another favorite shelter was afforded by the old 
beet tops (Pl. XVIII) left in the field from the previous year's harvest. 

In the field which adjoined this one there were few or no old beet 
tops .and beets for shelter, and here beetles were rarities. This field, 
just the year before, suffered more than any of the surrounding fields 

FIG. S.-Screen cage used in observing oviposition of adults of the 
sugar-beet wireworm under field conditions. (OriginaL) 

fro rh wireworm in
jury, so there must 
have been beetles 
which developed from 
the mature wire
worms that had 
caused the damage. 
In other fields, how
ever, which had suf
fered similar injury 
but in which the old 
beets had been al
lowed to remain , 
beetles were present 
in large numbers. 
There seems to be 
only one explanation 
for this fact, and that 
is that the adults had 
emerged from the 
cleaned fields and, not 
finding any shelter, 
had been obliged to 
move to other fields 
or be destroyed hy 

the birds. This was further indicated by the fact that all the beetle:' 
foutld in the clean fields were moving about. The state of affairs 
was found to be the same in other fields aggregating over 600 acres, 
where the conditions were similar . 

.STYLES OF REARING CAGES USED. 

Several styles of rearing cages were used, but only a few will be 
considered. The ones used indoors consisted of battery jars, flower
pots, and flowerpots with lantern globes. The highest death rate 
was found in the first, because there was no drainage and the contents 
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SECONDARY HI BERNATION OF THE SUGAR-BEET WIREWORM ( LIMONIUS CALI

FORNICUS). BEET T OPS U SED BY BEETLES AS QUARTERS FOR SECONDARY 

HIBERNATION. (ORIGINAL. ) 
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tended to become foul. The two types hu;t mentioned were about 
eqm1l in efficiency, but the main difficulty lny in the fact that they 
were small and it was easy to overcrowd them. 

The cage used most successfully was a large screen cage of the 
common type, kept outdoors. (See fig. R.) \Yithin the cage were 
sen•rnl flowerpots , buried to the level of the ground, each containing 
young lw:•t plants. The soil in the pots was kept loose and clamp, 
and the soil around the flow~\rpots was tamped hard. This cage was 
large, well ventilated, and gave the beetles plenty of room in which 
to fly about. Its best feature lay in the fact that the beetles all de
posited their eggs in the flowerpots, since this was the only place 
where they could hury themselves easily. It. this way the eggs were 
concentrated much more than they would have been under natural 
circumstances. As soon as one flowerpot contained a great many 
eggs it could be removed and another substituted. This cage also 
gaYe natural conditions, as the soil it contained was just as damp as 
that in the field, and since the cage was placed in the sun and was so 
airy the beetles were always kept at the field temperature. The 
death rate was very much lower in this cage than in any of the others 
and there were live ad tilts in it for some time after all had disappeared 
in the other cages. 

DURATION OF LIFE UN_DER VARYING CONDITIONS. 

To test the duration of life under varying conditions some adults 
were placed in various styles of cages and others were kept under 
various conditions a" concerned the food and w:1ter supply. Some 
were kept without either food or water, some with food hut without 
water, and some with water but without food. In every instance 
the beetles lived much longer than was expected of them and proved 
that they are not only quite hardy hut can get along on little food. 

One hundred and forty adults were placed in dry battery Jars 
without food or water, and the jars were closed with gauze. The 
results were as follows: 

Eighty-two adults died in from!) to 12 days. 
Forty adults died in from 12 to 14 clays. 
Eleven adults died in from l4 to Hi days. 
FiYe adults died in from 16 to 18 days. 
One adult live<l 20 days. 
One adult lived 22 days. 

~one of the beetles was ver.v active after the twelfth day. These 
conditions were much more severe than any that they might encoun
ter under field conditions. 

The adults kept with water but without food were also kept in 
battery jar:-;. These jars contained about 3 inches of soil, and this 
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soil was kept qui te damp hy additions of water from time to time. 
This cage presented very much the condition which would hold 
in the field if all the food could be eliminated. Five hundred 
and sixty beetles were used in this experiment, with the following 
results: 

.\ bout 60 died before 10 days. 
About 100 d ied before 10-15 days. 
About 200 died before 15-18 days. 
About 100 died before 18-22 days. 
About GO died before 22-25 days . 
. \bout ~0 died before 25-28 days . 
. \ bout 6 died before 28-30 days. 
A bout 2 died before 30-31 days . 
. \bout 1lived for 34 days. 
< >ne I-i \ ·N l fo r 40 days. 

The last 10 to die were females. Their abdomens were quite 
swollen, bu t they did not lay any eggs-at least none could be 
found-and when they were dissected aft.er death the ovaries, whil(' 
containing some eggs almost mature, were quite shrunken and dry. 
X one of the beetles was very actin' after 15 days , and after 25 days 
they were very feeble, the last few to die being unable to walk during 
the last days they lived. 

)!any adul ts were separated and kept in vials and given food but 
no water. Care was exercised to have this food as dry as possible. 
Out of 78 used in this experiment o~y 12 died during the first 15 
days, and the remainder were quite active. It was so difficult to 
ob tain tlH' food dry enough to a:ff<:'ct them that the experiment was 
discontinued. 

LEXGTH OF TDLE A DU LTS CA~ BE SUBMERGED. 

Several adults \H're submerged in water in a tube and kept below 
the surface by a smaller t ube placed within the first one. The 
water was perfectly clear and care was taken to remove all the air. 
At the end of 15 minu tes the beetles had ceased to move and at the 
end of 20 m inu tes they were removed. They seemed dead, but within 
a few minutes were moving about actively and seemed none the worse 
for their treatment. 

Another lot was submerged for 40 minutes and within a half hour 
after being taken out were as actiYe as ever. The t ests were not 
carried further, as these were con~iderecl a.-3 severe as any they would 
be subjected to under field condit ions. Twenty adults were floated 
on water fo r 15 hour,;; and at the end of that time only three were 
dead . From these resul ts it was condudecl that a majority of the 
beetles ('ould smT iY<' a scn 'n ' storm. 



LIFE HISTORY AND HABITS. 39 

EFFECT OF TEMPERATURE ON THE ADFLTS. 

The adults of many of the eastt•rn spe<'ies lwY<' been reported by 
some observers as being primarily nocturnal in habits. 1 Other 
observers record them n::; flying readily both by day and night. The 
adults of Limonius californicus seem without <'X('<'ption to be warm
weather insects. They not only attain their greatest activity 
during the middle of the day when the heat and light are at the 
maximum, but during the morning and evening hours they are 
sluggish and quiet. Some specimens were kept in the writer's 
room during their entire life and nom' was cn•r observed feeding or 
copulating at night. On the warmest nights a Y<'r.r few were observed 
moving about sluggishly, but their adivity at this time can not be 
compared to that which occurred during the daytime and especially 
when the temperature was over 75° F. 

Several experiments were conducted for determining the direct 
relation between temperature and activity. The apparatus used 
was very similar to tha.t used in the boll weevil investigations, 2 

except that instead of the outer tube a flask was used , a3 it was believed 
that this would afford more even heating. 

The results agreed quite closely with those recorded in Bulletin 
Ko. 51 (pp. 101-102) and .an approximation is given below: 

48° F. Beetles quiescent. 
54° F. Few crawling about sluggishly. 
G0° F. Beetles all moving about. 
70° F. Beetles becoming active. 
75° F. More adin', few flying. 
80° F. Many flying. 
85°-90° F. All flying, Yf'ry active, seem greatly excited. 
93°-94° F. Period of greatest activity. 
97° F. Few becoming quieter. Seem to he suffering. 
99° F. ~fany becoming quieter. 

This experiment was varied slightly by placing damp filter paper 
in the inner tube so that the heat would not be so dry. The new 
results did not differ very startlingly from the preceding, except 
that the beetles did not seem to suffer so much at the higher tempera
ture and seemed less excited. 

Under field conditions 75° to 80° F. seems to be the optimum 
temperature for their various activities. At 70° F. they are quite 
active, but few are noted in flight, especially if there is a moderate 
wind blowing. At 60° F. very few are noted moving in the fields, 
and these are generally close around the beets under which they have 
been hiding. The beetles are always more active on bright days 
than on darker days, even if the temperature is the same. This 

1 Comstock and Slingerland, Bul. 33, Cornell Agr. Exp. Sta., 1891. 
2 Bul. 51, Bur. Ent., U.S. Dept. Agr., Pl. XVI, fig. 72, 1905. 
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differencl' in their actions caused by light wu-; very noticeable when 
cages were removed from the insectary and placed in the sunlight. 
The beetles would fly about at once and before long many pairs 
could be taken in copulation. When the cages were replaced in the 
inse<'tnry activity would CL'n"'e as suddenly as it had begun. 

ABILITY OF THE ADULTS TO WITHSTAND UNFA YORABLE CONDITIONS. 

The adults showed remarkable ability to withstand shocks of 
various kinds, whether occasioned by physical injury or by sudden 
and unfavorable climatic conditions. 

A few c:t::>l'S noted i.n the field will show their ability to withstand 
physical injury. ·when beetles were collected in the fields individuals 
were noted on several occasions to have been injured by their pre
daceous enemies, Oalosoma cancellatum Esch. and 0. semilceve Lee., 
and these were separated from the others so they could be watched. 
Those which had merely lost some of their legs did not seem to be in 
the least inconvenienced. Others which were quite severely injured 
managed to survive as long a"' most of the other beetles. One, which 
had its abdom\m so nearly severed near the anterior end that it had 
lost one of its elytra, lived for several days. 

As to their ability to withstand unfavorable weather conditions, 
it may be stated that while over 25,000 beetles were collected from 
the field in a period which exceeded a month, very few were found 
dead. During this period there were sudden and great changes in 
temperature and several severe rainstorms. 

In view of the fact that the beetles seem to be so hardy in the field, 
it is difficult to explain the heavy death rate which was noted in all 
the cages about the time of oviposition. It seems that they must 
lose much of their vitality during their later life, so that by the time 
oviposition is about to take place they are comparatively weak. 

METHOD AND TIME OF MATING. 

When once the adults have attained their normal activity they 
mate readily during the warmer hours of mild days. Beetles were 
taken mating as early as March 17, 1912, and as lat~ as April23, 1912. 

: ~ 

.:.w 

·, I 
j 

1: 

Every pair taken in copulation in the field was taken between 9.30 ~~ 
a. m. and 3 p. m. No pairs \H'fl' ever found in copulation if there 
was a strong wind blowing or if the sky was cloudy or the \n'ather 
cold and rough. The makd pairs were generally found near or 
beneath the beets under which they had been hiding and feeding, 
though one pair was found in a crack in the soil, about 2 inches below 
the surface. 

Temperature has a very direct effect on copulation, as was proved 
by the laboratory experiments. Battery-jar cages, when taken from 
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the cold rooms, contained only sl'midormant beetles, but aftt•r being 
placed in the sun for a time the beetles Ynry soon became actin and 
copulation took place. When the cages were returned to the cold 
rooms it was only a few moments until ('opulation ('eased and the 
beetles became sluggish again. 

The method of mating of these beetles '>l'Pms to be mor<' or kss 
unique. Th<' male shows no signs of l'X<"itr•nwnt until lw r·onws in 
contact with the female, and then hr• rapid!~· nttr·mpts copulation. 
After the male has ns.mmed his position he throws himself ovl'r back
ward so that he is on his back with his body in the same linl' with 
that of the female, but pointing in the opposite direction. The 
male then folds his legs and antenn& dose against his body and 
remains quiescent during the operation. If disturbed the female 
seeks shelter, walking slo,dy and dragging the male after her. The 
duration of the process varied greatly in the cases noted, covering 
from 7 to 19 minutes. Mter the operation the male was generally 
noted to be much more active than the female, but was not seen to 
attempt copulation a second time, even where the pair were confined 
in a small vial for some hours. 

Much of the copulation attempted in the cages was unsuccessful, 
about nine attempts out of every ten coming under this head. When
ever several males were attempting copulation with the same female 
at the same time they were noted to fight one another. 

About April 1, 1912, the abdomens of the females began to swell 
noticeably and a close watch was kept for the eggs. Every day 
about 3ix females were dissected so that the development of the eggs 
could be watched. The immature eggs were small and disk-shaped, 
being little more than half as large as the mature eggs. They ap
peared as opaque spots in the translucent jellylike ovaries, which 
filled quite completely the ventral portion of the abdomen. The 
development of the eggs was relatively slow, the greatest change 
appearing in the ovaries, which increased rapidly in size until at 
the time of oviposition they practically filled the abdomen. 

ACTIONS OF THE ADULTS AFTER MATING. 

During the last week before oviposition the females spent all their 
time burrowing under the soil, and were never noted feeding or on 
the surface. Whenever they were dug up they immediately buried 
themselves again. If the ground was not allowed to dry out too 
much the females remained active and healthy, but in several cells 
in which the soil completely dried out the females died. 

The males did nothing but feed and crawl about on the surface. 
They lived, on the average, from two to four weeks after mating, so 
it seems possible that one male might fertilize more than one female. 
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In one instanl'l', wlH•n the female in a cell had been dug up she camr 
in contuet \\-ith the male. The latter attempted eopulation, but 
unsuceessfully. 

OVIPOSITION. 

On April 9, 1912, the first eggs \\-nr' deposited. These were laid .1 

in a vial \Yhil'h <'Ontained Sl'Veral females in which the dr'vnlopnwnt 
of thr' egga \Yns more advanced. These eggs were scattered through-

1
,
111

, 

out the soil. 
In only one instance was a female noted in oviposition, and that 

was under unnatural circumstances. Several gravid females had 
been placed in n glass, on the bottom of which was about half an inch 
of very compact soil. This glass was placed in the dark room for 
several hours, and when observed again one female was attempting 
oviposition between the soil and the glass. The beetle thrust her 
o,-jpositor down several time.s, and finally the egg was placed in the 
bottom of the holr' made by the ovipositor. The ovipositor was 
Uwn withdrawn slowly and then thrust back part way st•veral times 
as if the beetle were trying to cover the egg. The entire operation 
took but a very short time. 

\\1len the soil in the cages was broken up and examined for eggs 
it was seen that oviposition under natural conditions must be quite 
similar to that observed, aa eggs were found at intervals under the 
channel madr' by the digging female. 

By the lattPr part of May the females became very scarce, as they 
live but a short. time after laying their eggs. The males for the 
greater part died during about the middle of the period of ovipositio11. 

APPROXIMATE LENGTH OF THE LIFE CYCLE. 

Considering the length of the egg stage as one month and the 
length of the pupal atage as the same, these, added to the length of 
the life of the adult, will give from five to eight months. If, as has 
been stated before, the larval stage lasts for over three years, it is 
seen that the length of the life l'ycle from egg to egg would be four 
years. 

SEASONAL HISTORY. 

BEETLES FROM EMERGENCE TO HIBERNATION. 

The life of the adult, from emergence, through hibernation, until 
their appearance after hibernation, is governed to a great extent by 
conditions over which the beetles themselves have no control. The 
greater part of the beetles r'merge from the pup::e about the middle 
of Sepkmber. The beets are plowed up for the most part during .. 

1
, 

s.eptember. and October, so the insect is in danger of being disturbed 
mther durmg the pupal stage or soon aJtl'r it hns changed to the 
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adult. The plowing which thn land receives at this time can hard!_,, 
be called a plowing, but tho ground is torn up to a depth of from 6 
to U inches. As the soil is dry, that disturbed is for the most part 
in large clods, so there is lit.tk chance that many pupre or adults 
will be disturbed. 

Those which by chance ar<\ disturbed arc (\ithcr killed outright or 
hav<' to live under changed conditions until spring. If tlw.\· happen 
to be pupre the chances must be wry much against tlwm, and they 
will probably either IH' injured by the sharp particks of dirt or will 
dry out. If the insects am in the adult stage they will have a better 
chance of survival, but here also they may be compacted into the 
soil and killed, or be eaten by birds, since, living under unnatural 
conditions, tlw.Y are obliged to appear earlier in the spring than they 
would otherwise. Even whpn, kept under laboratory conditions 
many of those disturbed in the fall can not live till the normal time 
of their appearance. 

HIBERNATION. 

The adults pass the severest part of tlw winter in the soil. If 
disturbed th(')' w-inter in their pupal cells, where they are well pro
tected, ns these are on the average about 6 inches below the surface. 
This tempers the winter for them very well, and moisture can reach 
them only after heavy rains, and these seldom if ever occur except 
at the lattt'r part of the hibernating period. When the beetles are 
disturbed in the fall tlwy dig down into the soil for shelter. The 
depth to which they go varies. In some cases, where the soil is 
powdery, they go down only about from It to 3 inches, but when 
the soil is partially made up of clods and full of cracks tht'.Y are 
sometimes found from -1: to 6 inches below the surface. 

MORTALITY DURING HIBERNATION. 

Under ordinary circumstances and where the pupal cells are undis
turbed, a large percentage of the beetles emerge safely- at least this 
is so under laboratory conditions. One cage was waten•d and kept 
outdoors so that the beetles were subjected to conditions as severe 
as the ordinary field conditions, yet all came through safely. Of 
those disturbed in the fall, not enough have been tested to give 
representative figures, but thus far almost a third of those treated 
in this way have died during hibernation. 

GRADUAL EMERGENCE FROM HIBERNATION. 

The time of the appearancP of the beetles in the spring is influenced 
to a large extent by artificial agencies, the most important of which 
is spring plowing. This plowing, which takes plncP as soon as possible 
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after the first rnin,.;, is tluik thorough, averaging from 10 to 14 inches 
dt't'p, and as the soil i,.; damp and mellow at this time vt'r.\· few clods 
nre left. This trentnwnt disturbs most of the beetles, and these, 
unless tht~ weather is too severe, mn~· come to the surface and finish 
their hibernation in nn~· sheltered place they can find. If the weather 
is st'V<'rt\ and cold many of the beetles prefer to remain in the soil. 
It is due to these conditions that there is a variation in the time of 
appearance of the adults, as has been proven by systematic collec
tion in tlw fields. 

Collections were made in some of the fields day after day and 
tabulated. The beets which sheltered adults every day were marked, 
and the beetles which were collected from them every day were 
noted. The following table gives the number of beetles which were 
taken from under the same beet on the dates given: 

TAB LE I. - Emergence of odul!H of the sugar-beet ll'ite!l'o r m frorn hibernation in the jie'zd. 

I 

N umher of I Date 
beetles . · 

-F-eb-. -~9-. -.. -.-.. -.-. . -.-. . -.. -. -.. -.. -.. ---~ ~~I ~~,:~-- -~--~ · - - -~~-~-- -
Mar. 1. .. . . . . . . . . . . . ...... 

1

. ! 
1 

Mar. 13 ... . . . . .. .. ... .. . ..... . . . . . 
Mar . :! . . • . . . • . . . . . . . . • . . . . . • . . . . . . . • . 3' I MMaa· rr .· 115L. ·. ·. ·. ·. ·. ·. ·. ·. ·. ·. ·. ·. · . . · . . ... . ... . .. . .. . 
Mar. 3..... . . . .. .. . . .. . . 
Mar.4.... . .... .. ............ li llfar.I6 . . .. ... . . ... . 

Date. 

Mar . 5. . .... ... .. . . .. . . . . ... . . . .. .. .. . 2 Mar . 17 .. . .. . .. ..... . .. . . . . 
Mar . G. .. .... . .................. . ..... I M ar . 1~ ... . .. ... . 
Mar . 7. .. ........ . . . . . ...... . . . .. . .... 1 Mar.l9 .. .. .. ... . .. .. . .... . . . 
Mar. 8. .. .. . . . . .. .. . . .. .... . . . . . . .. ... 0 Mar . 23 . .. . .. .. .. ... .. . . . . . . . .. ... .. . 
Mar. 9.......... . .............. . ...... 29 Mar.2~ . . ... ... .... ... .. .. . ... . .. .. .. . 
Mar . 10..... .. . . . . . . . . . . . .. . . . . . . . . . . . 47 Mar. 21i •. •• .. . .. . .• • .. •.. . •. .• . • .•.• . 
Mar . 11... . .......................... 13 

I Number of 
beet les. 

.\li 

11 
0 
2 
1 

3!i 
9 

As these notes were t aken before the beetles were moving through 
the field very generally, it appears that the latter must have come 
from the soil near the bent,.; which were used for hibernating quarters. 

SECONDARY HIBERNATION. 

The beetles which are driven to the surface prematurely seek what 
may be termed " secondary hibernation" under almost any shelter 
which can be found. The substances in the following list, under 
which beetles were founcl, are named in about the order of prefer
ence : 

(l) Left-over beet s. 
(2) Old beet tops. 
(3) \Yild beet root~. 
(4) Alfalfa roots. 
(5) Johnson grass roots (S orghum hale

J'fll se) . 
(6) Lambsquarters (Chenopodium sp .). 
(7) Pigweed stalks 1 . lmaranthus retro

jlexus). 

(8) Wood . 
(9) Clods . 

(10) <'racks in soil. 
(ll ) Old sackR. 
(12) l\fanure. 
(13) Miscellaneous rubbish. 



SEASONAL HISTORY. 45 

Items 8 and 9 (wood and clods) sheltered practically all the beetles. 
The last-named item included paraffin roofing, old bottles, pottery, 
etc. The wide diversity of this list shows that the beetles are not 
very particular about the character of their shelter. 

It is interesting at this time to note that no beetles were taken 
from under charred beets or wood ashes. This point was well illus
trated in the corner of one of the fields which proved to be the choieest 
collecting ground. It happened that in this place a large am .. mnt 
of rubbish had been burned the previous year, and about half the old 
beets lying about on the ground were charred. Adults were taken 
in numbers from this corner daily, but not one was ever found under 
the beets which were charred. The s<tme thing was true of the wood 
ashes. 

The numbers of beetles taken from single beets were much larger 
than might have been expected. ~\s has been stated before, as many 
as 243 have been taken from under a single beet, and on one occa
sion 187 were taken from under a single beet top which was less than 
3 inches in diameter. The concave top was entirely filled with the 
beetles, which in some places were piled from 2 to 4 deep. 

OccURRENCE OF BEETLES IN THE FIELD. 

Up to the middle of :\[arch the adults are found close to their 
hibernating quarters, either feeding cr sunning themselves. At about 
this time, however, there is a general dispersal d beetles, and their 
collection becomes a difficult matter. Flight is of common occur
rence, as is copulation. The writer watched many beetles which 
were moving about the fields, to see what they were doing, but to 
all appearances they did nothing except wander about. Some wer() 
watched to see if they would oviposit, but nothing of this kind \Y<ts 
noted. 1 To judge from their actions in the laboratory cages, these 
adults were moving about preparatory to burrowing into the soil for 
oviposition. 

EFFECT oF FooD IN THE FIELD ON DissEMIXAnox. 

In the latter part of their secondary hibernation, and before they 
scatter through the fields, their presence depends Yery much on two 
factors, namely, food and hibernating quarters. Once they begin 
moving they feed very little, and food seems to have no effect on the 
direction or amount of their movement. 

As this is, econoinically, the critical point in the life of the adults
since where they collect, the eggs will be laid-they were watched 
carefully to see if there were any factors which governed their dis
persal through the fields. The amount of food and the size of the 

1 Subsequent rearing work in the laboratory proved that this was quite too early for oviposition. 
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Younrr "r')\\'itw beets \n~re carefully taken into consideration, but the t"'' r r 

significa tl<'(~ <•f these points, if there is any, is too slight to be notice-
able, 'Yhile the beetles have quite a strong flight, it wns observed 
that they stay relatively near their hibernating placns, so the most 
important fn,ctors at this period are the food and hibernating quarters 
which determined their presence enrlier. These conclusions were 
arrived at from observations in fields aggregating several hundred 
acres. These factors, however, govern dissemination under normal 
conditions only. 

OTHER FACTORS GovERNING DrssEMI NATION. 

One factor which governs the direction of flight of the adults to 
some extent is the wind. This factor, however, has its limitations, 
as the beetles can fly with ease against a very light breeze, and if i 

the wind is blowing t oo strongly they do not fly at all. 
The floods which are apt to occur during the time the beetles are 

in secondary hibernation, or a little later, are probably of some 
importance- at least they must be so locally, where the San Gabriel 
River spreads over many acres of the beet fields almost every year. 
This river flows slowly and carries much rubbish, so that a. large per
centage of the beetles carried along would probably snrYive. 

NATURAL CONTROL. 

ENEMIES AND CHECKS TO THE BEETLES. 

The adults of Limonius californicus, being slow in their movements 
and conspicuous, are quite subject to the attacks of predaceous ene
mies. The good work of these enemies is further helped by the Ltct 
that the fields are quite bare at the time they are present in the , 
largest numbers, while the beetles are concentrated for a part of the 
time. 

Unfortunately no figures can be given regarding the relations 
between the birds of the beet fields and the beetles, but a few observed 
facts may be given at this time. The only notes which bear on the 
insectivorous habits of the birds locally were taken on examination 
of the excrement of the California shrike (Lanius ludovicianus gamr 
beli) during the month of April. This excrement was made up almost 
entirely of coleopterous wing covers, and of these Limonius califor
nicus and Blapstinus sp . formed about 90 to 95 per cent. A yery 
reasonable estimate would be that at least 70 to ~0 per cent of the 
excrement examined was composed of fragments of Limonius cali
fornicus . 

Many observers have determined the fact that nearly all insectivo
rous birds eat different speCies of Elateridre readily, as the latter do 
not seem to be in the least distasteful to them. Following is a partial 
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list of the birds occurring in the beet f-ields, "hich h aYe I H'<~Il 
pron>It to be insectivorous.1 Those marked (*) W<'I'C p;;pP('ially 
abundant: 

Killdeer 1 f J.rycch us I'Ocifcru .,). 
*Valley quail (Loplwrtyr califor11icus vallicola ). 
\\'estern nightha\\'k iChord£'1/cs 1·irginianus henryi). 
Ash-throated flycatcher ( Jfyiarchu s cinemsce11s rinerascens). 
•western meadowlark (Sturnc/la neglecla) 2 

*Brewer's blackbird (Euphagus cyanocephalus). 
*Native sparrow. 
*California shrike (T,anius ludovicianv.~ gambeli). 

?\ext to the birds as insect destroyers can be ranked the preda<·e~us 
beetlE's belonging to the family Carabidre, or ground beetles. Only 
two were noted, Calosoma cancellatum Esch. and 0. semilceve LPc., but 
these proved to be important factors in the control of the beetles. 
Both of these occurred commonly throughout southern California. 
Sometimes as many as 15 to 20 \\'<mld be noted in a single collecting 
trip. Calosoma cancellatum occurred in the greater numbers. 

These predatory enemies are able to dispose d a large number of 
adults daily, as many outdoor observations proved. In one instance 
the examination of a large beet gave 31 live elaterids, 1 C. cancel
latum, a.nd the remains of 117 elaterids. Tllis beet had been exam
ined just two days previously, so this represented not more than two 
days' work. The rapidity of the work may be judged from the fact 
that the remains of a dozen of the elaterids were still moving their 
legs feebly when discovered. 

The carabids in feeding never touch the head cr thnmx, but bite 
off all or a part of the abdomen. As the abdomen, except when filled 
with eggs, contains little food it is readily understoo<l how these 
ground beetles are able to destroy so many elaterids a day. The 
carabids did most of their feeding while the elaterids were in their 
secondary hibernation or early feeding period. They were especially 
valuable at this time, as they could dig under the beets and destroy 
the beetles collected there. 

These predaceous enernies-carabid beetles and birds-make a very 
good combination, as the beetles are an effective check early in the 
season, and later, when the elaterids are moving through the fielcls, 
the birds are at their best. 

Sudden and very severe storms probably a('t as further checks, but 
in a mild year, such as 1912, -.-ery few beetl~s were found to ha.Yc been 
killed in the field . The adults are also attacked by a fungous dis
ease. This disease works well under laboratory conditions, but less 

1 See Senate Document No. 305, 62d Congress, 2d Session, p. H. 1912. 
2 Mr. Bryant, in the Pomona Journal of Entomology. vol. 4, No. 3, speaking of the westem meadow

lark, says, "Ground beetles are taken each month of the year." He then names Limonius californicus 
among those taken. 
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th<tn 0.1 per cent were affected by it in the field. These two checks ·n 

are of very little importance. 

ENEMIES .-\1\'D CHECKS TO THE LARV1E. 

Two characteristics of the wireworms, their thick skins and their 
underground life, cause them to be alm0st free from enemies. Of the 
10,000 larvre collected not one was noticed which was attacked by an -:i 

internal parasite, although such parasites have been reported attack
ing E laterid re. Curtis 1 reports an ichneumon parasite on wireworms · 
in Great Britain, and sa.ys that Bierkander (of Sweden) also found 
them. Dr. S. A. F orbes 2 reports a single instance where a parasitic 
fly was reared from a wireworm. Very probably there are no efficient ·' 
parasite:;; in this group . 

The sugar-beet wireworm is, however, eaten readily by several J 

kinds of birds whenever exposed. During the spring, when several 
of the fields at Dominguez, Cal. (6 miles from the ocean), were being 
plowed, it was noted that sea gulls (Larus sp.) were very abundant 
in the fields and followed the plow much as chickens do. They 
occurred by th e hundreds and, as they are known to be omnivorous, 
they must have eaten numbers of wireworms. At this time and 
earlier crows were also very abundant in the beet fields. During 
this period the wireworms were feeding at the surface on the left
over beets, and it \\·as easy for the crows to reach them. As crows 
are fumed as wireworm destroyers it is only reasonable to suppose 
that they killtd large numbers of the larvre. This point will be 
investigated thoroughly in the future work on this insect. 

Larvre of a large carabid, probably Calosoma cancellatum Esch., 
haYe been found in the ground together with injured wireworms. 

In addition to bird and insect enemies one fungous and two bacte
rial diseases have been noted on this wireworm. The fungus is only 
obsl'tTed occasionally in the fi.eld, hence it is probably of little impor
tance economically. The bacterial disease of the mature larva was 
especially disappointing, as it seemed to work only in certain cages. 
This naturally led to the belief that its presence was probably more 
the result of unfavorable conditions than the cause of them. The 
bacterial disease of the young larva did not promise much, as it did 
not seem to attack mature larvre under any conditions. 

As has been mentioned under the heading " Rearing cages used " 
(p. 21 ), many of the young wireworms which were kept in petri dishes 
died of a bacterial disease. This disease spread very rapidly, and 
there seemed no way to check it. Wherever it appeared , all the 
healthy wireworms were removed to a sterile cacre and the infected 

0 

cage sterilized. The cages were examined several times a day and all 

' Farm Insects. B y John Cm tis, 1360, PP- 18L •18th Rept. State Ent. . Ill., pp. 47, 1891-92. 
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wireworms were removed just as soon a:;; they showed traces of the 
disease. In spite of all these precautions the disease spread un
checked until, within 10 days of its appearance, it had killed every 
wireworm in the petri dishes, to the number of about 1,000. 

The disease spread in the :;;arne way eYory time, and the wireworms 
killed by it were so characteristically colored that they could never 
be mistaken. When a larva became diseased, there was a very faint 
reddish coloration in the anterior portion of its body. When placed 
under the microscope, it looked as if the head and thoracic segment 
contained little, brilliant red, oil globules, The following day the spec
imen would be a deep blood-red all over its body and so putrid that 
when picked up on a pin point it would fall to pieces. The larvre 
immediately surrounding it would show the faint red coloration and 
the following day they would be red and putrid, while the larvre 
nearest them would be showing signs of infection. When the dishes 
were not sterilized, all the larvre in a dish would be killed in from 
three to four days. 

That the red bacterium was the cause of the trouble was very 
strongly suggested by the fact that whenever one infected wireworm 
was placed in a sterile cage the disease immediately made it~ appear
ance. This was further borne out by the fact that where a whole 
infected wireworm was used to make a culture on agar, a pure culture 
of the red bacterium almost invariably resulted. When the cultures 
were made on agar, the colonies showed in their true color-a beau
tiful rich blood-red. (See Pl. VIII, fig. 1, p. 20.) 

It is int~resting to note at this time that the mature wireworms 
which were exposed to infection by this bacterium were never affected 
by it. 

Everything considered, the larvre of Limonius californicus seem to 
be affected very little by their animal enemies and by their fungous 
and bacterial diseases, even when these latter are working unde:r 
favorable conditions. 

FuNGI AFFECTING THE PuP.E AND EGGs. 

A few pupre in the laboratory were attacked by a fungus and pre
sumably killed by it, as they died a short time afterward. As this 
occurred only in two cages and as no fungus-killed pupre were found 
out of doors, it is probable that this infection only occurs under arti
ficial .conditions. Even if it did occur in the fields it would spread 
slowly, for during the time the insect is in the pupal stage the humidity 
is low and the soil in the fields is rather dry. 

A fungus which attacked and killed some of the eggs of Limonius 
californicus in the rearing cages in the laboratory would probably 
seldom or never occur out of doors. Even if it did it. would not be 

6140°-Bull. 123-14- -4 
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of great economic importance, for when sound eggs were isolated in 
the cage in which the fungus was working they were seldom attacked, 
showing that the fungus must spread slowly. Its appearance was 
probably the result of unfavorable artificial conditions. 

REMEDIAL MEASURES. 

HISTORICAL. 

~lost of the literature thus far devoted to the study of wireworms .1: 

from an economic standpoint has been a consideration of remedies. 
Prob<lbly no other insects have had more remedies tried for their ,; 
control and with less success. Some of the remedies have been par- i) 

tiaUy successful , but generally their cost bas been such that their use 
for average crops is entirely impractical. One which would come 
under this bead was a method tried on a small scale in Europe some 
time ago and consists in baiting the wireworms and collecting them. 

Eleanor A. Ormerod/ studying several species, gave as remedies (1) -:i 
compacting the ground, (2 ) clearing off vegetation, and (3) making 
applications of gas lime. She stated that crop rotation was of little 
value. John Curtis 2 suggested as remedies frequent plowing to turn 
up the larvre , and applications of soot and lime. Mary Treat/ writ
ing on these insects, suggested spring and fall plowing and the trap
ping of larvre. Fall plowing as a remedy was recommended by C. M. 
Weed. 4 

The two most important sets of recommendations based on actual 
exhaustive experiments and careful study were those of Comstock and 
Slingerland 5 at Cornell and S. A. Forbes 6 in Illinois. Their recom- -
mendations are quite diffarent, Forbes suggeating a careful rotation ,,, 
of crops, while Comstock and Slingerland advise fall plowing for the 
destruction of the pupre and trapping the adults with poisoned bait. ' 

T EsTs OF SuGGESTED REMEDIES AGAINST THE SuGAR-BEET WrnE-

wouM. 

In testing remedies for the sugar-beet wireworm only those were 
tried which heretofore had promised at least partial success and which 
were at the same time thoroughly practical. 

.\TTEMPTS TO DESTROY THE ADULTS WITH POISONED BAITS. 

E xperiments ·with poisoned bait were carried on against the adults, 
using the bait much after the method suggested by Comstock and ' 

1 Manual of Injurious Insects and Methods of P reYen tion . B y E. A. Ormerod, 1890, pp. !09. 
• Farm Insects. B y John Curtis, 1860. 
a Injurious Insects of Farm and Guden . B y Mary Treat, 1882. 
• Insects and Insecticides. B y C. M. \Yeed, 1891. 
• Bull. 33, Cornell Agr. Exp. Sta., 1891. 
• 18th Rept. State Ent . Ill.. 1891. 
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Slingerland.1 These experiments from the first gave entirely nega
tiw results, as the beetles could not be induced to feed on any kind 
of ft>liage, either in the poison or check cages. Further experiments 
were carried on, using such substances as bran, shorts, alfalfa meal, 
and ground beet roots. The last bait was the only one which gave 
any promise, and this proved successful only under laboratory 
conditions. Where the poisoned bait was applied in the cages a 
few beetles wer(' killed by it, but where it was tested in the field it 
gave negative results. This was probably on account of the light 
feeding habits of the adults and the abundance of food in the fields. 
The poisons used in the bait were Paris green, arsenite of zinc, arse
nate of lead, and strychnine. 

FALL PLOWING FOR DESTRUCTION OF THE PUPJE . 

The destruction of the pupre by cultivation, while probably it 
has never been tl;'sted under field conditions, has been recommended 
b~- many students of this group because it is directed against the 
most helpless stage of the insect. From observations made of the 
results obtained by disturbing pupre in the laboratory cages, there 
can be no doubt that this remedy would prove beneficial, since not 
only would it break open many cells and kill the pupre mechanically, 
but it would ~lso disturb the rest so that they would come out earlier 
in the spring and be subject to the attacks of their bird enemies. 
This fall plowing would have to be quite deep (9 to 10 inches), and 
very thorough, to be effective. 

The main objection to this remedy is that three or four years 
must elapse before the benefits derived from it become apparent. 
One point will serve to illustrate this. It was reported through 
Mr. R. S. Vaile, the horticultural commissioner of Ventura County, 
Cal., that in one instance, in a field which had been fall-plowed, the 
wireworms were worse than in any of the surrounding fields . This 
was doubtless true, and would have been possible had the plowing 
killed every pupa. The wireworms which do the main damage for 
at least the next two years are already in the soil at the time of the 
plowing and are unaffected by it. This is true because the wire
worms are not of sufficient size to be very injurious until the third 
year. Mr. Vaile states that it is a rule with many of the bean grow
ers in his county to fall-plow their fields; and that any benefits which 
might have resulted from such a treatment have never been notice
able. He adds, however, that the thoroughness of this plowing 
might be improved upon in many cases. 

1 Bul. 33, Cornell Agr. Exp. Sta., 1891. 
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EXPERIMENTS WITH DETERRENTS AGAINST THE WIREWORMS. 

A fairly exhaustive series of experiments was carried on, using 
repellent substances against the larvre. While some of these experi
ments are a repetition of the work done by Comstock and Slinger
land, the greater number are rather an addition to their work. From 
the start this work promised little, but was undertaken because, if 
successful, it would afford a remedy which would give immediate 
results, and this is most important with this insect. 

A system was adopted regarding both the nature of the experi
ments and the times of application. Three tests were given each 
experiment in the spring, when the larvre were most t~.ctive, and a 
test was given in the fall just before their hibernation period. The 
1ast one was on a small scale and was carried on merely for the sake 
of added evidence. 

Flowerpots were the cages used in the spring e~periments. It 
was found that if the hole in the bottom was stoppered with cork, 
none would escape in the time of the experim~nt. It was also 
noted that where about half an inch of dry soil wa.s placed on top 
of the damp soil of the cages the wireworms woul<l · never come 
entirely to the surface. This treatment, then, *l-llowed the flower
pots to be buried to the surface of the soil out of qoors, ~nd with the 
exception that the larvre were a little crowd~<l it gave outdoor 
conditions. · 

In the first test of each experiment 50 larva;} were used and the 
t est covered :20 days . In the two remaining te!'ts ip. the spring 25 
larvre were used each time and the experiment was allowed to run 
for 30 days. In the experiments with deterrent~ the following sub
stances were tested: 

(l) Carbolic acid. 
(2) Carbolic emulsion. 
(3) Turpentine . 
( 4) Kerosene . 
(5) Kerosene emulsion. 
(6) Whale-oil soap. 
(7) Potassium cyanid solution. 
( 8) Potassium cyanid soliQ. . 
(9) Copperas solution . 

(10) Copper sulphate. 

(ll ) Potassium sulphid solution. 
(12) Tar water. 
(13) Ash water. 
(14) Nicotine sulphate. 
(15) Free nicotine solution. 
(16) Cresol (so-called coal-tar creosote). 
(17) Salt solution. 
(18) Lead chromate . 
(19) Dry sulphur. 

These deterrents were used on beet and lima-bean seeds both of 
which are attacked by this species. It was hoped that in these ex- ._

1 

periments a deterrent could be discovered for protecting the tender ,:' 
roots until the plant had secured a fair start. If this could be ac- ·' 
complished the injury due to wireworms would be materially lessened. ~ 
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CARBOLI C ACID. 

Some seeds were soaked in a 10 per cent solution of carbolic acid 
overnight, were allowed to dry for some time, and were then planted 
in the pots. Fifteen were planted in the cage which contained the 
50 larvre. This cage was broken up in :!0 days and examined, 'vith 
the following results: Two seeds were destroyed before germination; 
seven after germination, and six were untouched; three larvre were 
dead. In the check cage three seeds were untouched; most having 
been destroyed just after germination, and one larva was dead. 
The check cages gave even less favorable results , so it seems clear that 
the carbolic acid has little effect as a dPtC'rr<>nt . 

CARBOLI C EMULS IO N. 

Carbolic emulsion was made h.'· using the following ingrediehts in 
the proportions named : 1 

Crude carbolic acid ................................... ... gallons .. 5 
,i:l Whale-oil soap ................... ........ .... ..... .. . . . . . . pounds . . 40 

Water (hot) .............. .. .................... . . . .. .... . gallons . . 40 

The seeds treated were soaked in this emulsion overnight. After 
drying 2 in the sun for two hours they were planted. The results of 
the experiments are summarized in the following table: 

TABLE H.- Experiments with carbolic emnlsion (1JJ a deterrent against the sugar-beet 
wireworm. 

Seeds attacked . 

Larvre Seeds 
used. used. Before After 

germ ina- germina-
tion. tion. 

Experiment ... . ...... 50 15 2 7 
Check ...... . . . . .. .... 50 15 10 3 
Experinlen t . . .... .. .. 25 10 1 7 
Check ... . ...... .. .. .. 25 10 4 6 
Experiment .. .... .. .. 25 10 :I 5 
Check .... .. .. ...... .. 25 10 2 

I 

Seedsun- Larvre 
touched . missing. 

6 3 
2 1 
2 3 
0 2 
2 ;I 4 

i 

Larvre 
killed by 
fungus. 

0 
1 
0 
0 
2 
0 

Dura-
tion of 
test. 

Days. 
20 
2 
3 
3 
3 
3 

0 
0 
0 
0 
0 

A glance at the foregoing summary shows that while carbolic acid 
might ,possibly be of value, it can not at this time be considered a 
practical remedy for wireworms. 

TURPENTINE . 

Seeds were soaked overnight in turpentine and after being allowed 
to dry were planted in the cages containing the wireworms. The 
turpentine had affected the seeds considerably and all of them were 
more or less "blistered." 

1 Essig, Pomona Journ. Ent., vol. 2, no. 3, p. 252, 1910. 
2 The seeds wete dried in these experiments because, if used under field conditions, they would have to 

be treetM in this manner before they could be used in a beet planter. This would be the only practical 
way the emulsion could be applied. ' 
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T .\BLE III .-E:rpcnm f.nls u·1"th t11rprntinr os n drtrrrcnt against thr sugar-beet wireworm. 

-----,- --------------- - - -----1 -------
Seeds attacked. 

I
' S d L Larvre Dura-

'l Larvre Seeds ee s 1111- _aryre killed by tion of 
used. used. Before After touched. mtssmg. fungus. test. 

germina- germina-' I tion. tion. ------1----- ----1--- -----'-- ------

ol Experiment. ...... . . . 
Cheek ... .... . 
Experiment.. __ ..... . 
Check ........... .... . 
Experiment .... ... . .. ' 
Check .. ......... ... .. 

,i() 

50 
25 
25 
2.j 
2.-. 

15 
15 
10 
10 
10 
10 

3 ' .i 

3 I 4 : 
3 4 ' 

~ i 2 
o ; 

' :l ' 

0 
Davs. 

20 
s o I 0 20 
3 - I 0 30 ! • 3 1 30 
2 3 ; 2 30 
0 ' I 4 1 30 

A glance at columns 6 and 7 of Table III shows that there is little 
difference between the treated and untreated seeds-too little to 
promise much for this method. 

KEROSENE. 

Kerosene was given a trial as a deterrent in spite of the fact that it 
gave negative results in the experiments of Comstock and Slingerland. 
The seeds were treated by soaking in kerosene overnight. The kero
sene in some instances removed part or all of the skin from the seeds. 
The results :u0 summarized below. 

TABLE I\' .- E.rperiml'nts with kerosene as a deterrent against the sugar-beet wireworm. 

I Seeds attacked. 

Larvre Seeds Seeds un- Larvre I;arvre Dura-
used. used. Before After touched. missing. killed by tion of 

germ ina- germ ina- fungus. test. 
tion. tion. 

Experiment. ....... .. 
Days. 

50 15 8 3 4 2 2 20 
Check ................ 50 15 12 1 2 0 6 20 
Experiment ... . . . . . .. 25 10 8 1 1 1 0 30 
Check ..... . ..... .. ... 25 10 10 0 0 4 1 30 
Experiment ... ... . ... 25 10 ' ~ I 2 0 0 30 
Check .. ... .. ......... 25 10 s 0 0 0 30 

This table shows that while treated seeds are a little less liable to 
attack before germination y0t in the long run there is little difference ~ 
between treated and untreated seeds. Germination tests carried on 
at the same time show that kerosene kills some of the seeds, so this 
would at least offset any benefits which might possibly be derived by 
protection. 

KEROSENE EMULSION. 

As the pure kerosene showed a weak tendency to keep the wire
worms away temporarily it was thought that if some distasteful sub
stance were mixed with it the combination of the two might be more 
successful. To this end kerosene ·emulsion was prepared by using 
whale-oil soap. The seeds were soaked in this overnight and then 
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dried in the sun. The seeds diu not dry thoroughly and tended to 
adhere to one another. This would be a great disadvantage, as it 
would be hard to run these treated seeds through a planter. The 
following summary further shows its impracticability: 

TABLE Y.- Experiments with kerosene emulsion as a dl'tl'rrrnt n9ninst the sugnr-beet 
11'7ri'II'Oflll. 

Larvre Seeds 
used. used. 

Experiment.. ........ I ~ I 15 
Check .... . ........... 15 
Experiment. .. .... .. . 25 10 
Check . ... ........ .... 25 10 
Experiment.. ........ 25 10 
Check.. .... .......... 25 10 

Seeds attacked. 

Before After 
germina- germina-

tion. tion. 

6 2 
10 3 
0 3 
~ 6 
li 3 
4 2 

WHALE-OIL SOAP. 

See ds un- Larvre 
ched. missing. tou 

I 

2 
7 
0 
1 
~ 

Larvre 
killed by 
fungus. 

2 j 
6 I 
0 
0 ' 
0 

Dura
tion of 
test. 

Days. 
20 
20 
30 
30 
30 
30 

The seeds used in the whale-oil-soap experiment were treated in 
two different ways. At first they WNe coated with the soap, but 
this method proved impractical (1 ) because the seeds could not be 
used in a planter and (2) because they tended to rot. The seeds 
were then treated by soaking in a concentrated water solution of the 
whale-oil soap. This second method overcame the objections to the 
first method. The results are summarized below. 

TABLE VI. - Experiments with whale-oil soap as a deterrent against the sugar-beet 
wireworm. 

I 
.. 

Seeds attacked. 

Larvre Seeds Seeds un- Larvre Larvre Dura-
used. used. Before After touched. missing. killed by tion of 

germ ina- germ ina- fungus. test . 
tion . tion . 

I D ays. 
Experiment .. . . .. .. . . 50 }.') 10 2 3 0 0 20 
Check .. ............. . 50 15 12 1 2 0 6 20 
Experiment.. ........ 25 10 4 3 3 0 3 30 
Check ...... .... ...... 25 10 10 0 0 !i 1 30 
Experiment.. ....... _ 25 10 r; 4 0 0 30 
Check ...... .......... 25 10 k 2 0 0 30 

This table shows that the treatment of the seeds with whale-oil 
soap holds little promise of success. 

TAR WATER. 

Since satisfactory results in seed protection by coating the seeds 
with tar have been reported, it was thought possible that similar 
results might be obtained by soaking the seeds in tar water. In 
this way it should give the benefits of coating the seeds with tar, 
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nnd at the same time not have the disadvantage of causing the seeds 
to rot. This water is procured by allowing a mnss of coal tnr or 
pine tar to stand in water for some time. The water becomes 
slightly colored and smells wry strongly of tar. A YNY little tar 
will suffice for treating a large amount of wnter. 

The seeds wrre treated by allowing tlwm to soak in this water 
overnight, and tlwy were then planted. The)- smelled quite strongly 
of tar even after they W<'rr allowed to dry partially-. Thc results 
obtained are shown in the following summary: 

TABLE YTT. --E J" perilllents ll"ith tar water as a drterrent against the sugar-beet ll"irelt'nrm . 

Experiment.. 
Check . ... .. . . 
Experiment .. . 
Chr ck .. .... . . . 
Experiment .. . 
ChEl<'k .. . 

------ -
I 

Larv re I Seeds 
nsed . used. 

-- -------
1 

.-.o 

.iO , 
:l.) ' 

2~ I 2-5 
25 

10 
15 
10 
10 
10 
10 

I 

I 

Seeds a t tacked . ! 
I Before After 

germina- [ germina-
tion. tion. 

I 
- ----

I 

~ I ' 
:l 
4 
5 I 2 1 
6 I ~ I 7 I 

----- --

Seeds un- Larvre Larvre Dura-
touched. missing. killed by tion ol 

fungus. test. 

---
J>nys. 

G 0 1 20 
R 0 0 20 
3 1 2 30 
3 1 1 30 
2 0 2 30 
0 ·I 1 30 

In spite of the fact that the table seems to indicate that tar water 
is ineffectual, this method is to be given a more rxtensive trial next 
sprmg. 

.-I. RH WATEH. 

Ashes have long been used and recommended ns a deterrent 
against various insects, and especially wireworms. It has been 
mentioned previously that the beetles appear to br driven out by 
ashes. About the only way that ashes could be used on a large 
scale would be to soak the seeds in water which had been used to 
leach out ashes. This method was used , the seeds being partially 
dried before planting. The following summary shows that any 
benefits which might have been derived from the use of this method 
are too small to be of much importance. 

TABLE VIII. - E xperiments ll' ith ash water as a deterrent again st the sugar-beet wireworm. 

! Seeds attacked . I 
' 

Larvre Seeds Seeds un-1 Larvre I Larvre Dura-
used . used. Before After touched. , miss ing. ~~~~u~! tion of 

germ ina- germ ina- test. 
tion . tion. 

- - - -----
Experiment ....... _ . . 50 15 5 ~, 

Days. 
r, 0 2 20 

Check .. . . .. . _ .. _ . . . _. .50 15 10 2 1 0 20 
Experiment . . .. . ..... 25 10 6 2 2 7 0 30 
Check ..... .. . . . · -· -- 2fi 10 4 ti 0 2 0 30 
Experiment . . . .. . .. .. 25 10 7 1 2 2 1 1 30 
Check .. .... . ... .. .... 25 10 4 ~ ~ 5 . 0 30 

I ! 
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:-.IICOTIXE SUI~PHATE. 

Some seeds were soaked overnight in nicotine sulphate and dried 
before planting. This sulphate, which is advertised to contain 40 
per cent nicotine, is a dark, viscous liquid and smells very strongly 
of nicotine. When used pure it tended to rot many of the seeds 
The best germination results were obtained when it was diluted 
about one-half with watN. The summar~- ~hmn; that it could not 
be recommended as a deterrent. 

TABLE IX. -E.rperimmt:; u•ith nico tin e_ sulphate as a deterrent against the sugar-beet 
1t'lrei!'Orlll . 

Larne I Seeds 
used . used. 

Seeds attackcd-

~---c~- -1 Seeds un- Larvre 
Before .\fter , touched. missing. 

tion . tlon . 

Larvre 
killed by 
fungus. 

Dura
tion of 
test . germina- germina- l 

--~----~~~-~~:'----1 -~~-;-~~-:-~~-1~~~ 

.I Experiment .. .. . . . . . . 
Check .. . . . .. . _._ . _ .. . 
Experiment .... .. .. . . 
Check . . . .... . ... . _. __ 
Experiment.. _ .. . .. . . 
Check .. . ... . ... . . .. . . 

50 
50 
25 
25 
21i 
2.'\ 

15 
15 
10 
10 
10 
10 

~ 

10 
6 

10 
8 
7 

~ I 

~ I 
FREE N ICOTINE . 

n 
2 
2 
0 
0 
1 

0 
1 
7 
4 
0 
0 

D11ys. 
2 20 
1 20 
1 30 
1 30 
fi 30 
0 30 

Seeds were soaked in nicotine solution overnight . This fluid, 
which contains free nicotine in water, has a very sharp nicotine odor 
and is also 40 per cent nicotine. As the results obtained in two out 
of the three tests were negative, its value as a deterrent must be 
slight. Some of the bean seeds were riddled h,- the wireworms. 
The results are shown below: 

TABLE X .-E xperiments Jt •ithfree nimtine as a deterrent against the sugar-beet wireworm. 

I 

I 
I ' Seeds at tacked-

Larvre Dura-Larvre Seeds Seeds un- Larvre killed by t ion of used. used . Before After touched. missing. 
germ ina- germ ina- fungus. test. 

tion. tion . 

--

Eiq>erimen t .. ........ 
Days. 

50 15 4 i 4 0 3 20 
Check ... .... _ . . .. ... _ 50 15 3 4 8 0 0 20 
Experiment .. . _ . _ ... _ 25 10 3 3 4 3 0 30 
Check. __ .. .. ___ . __ . __ 25 10 ;) 2 3 1 1 30 
Experiment •. ... .. .. _ 25 10 . 2 1 0 2 30 
Check .. _ .. _ . .. .. . ___ _ 25 10 4 2 + 5 0 30 

CRESOL . 

Cresol, so-called coal-tar creosote, was tried in these experiments 
because it is used quite successfully in keeping dermestid larvre out 
of collections. It is a thin liquid, rather dark in color, and with a 
strong tarry odor. The seeds were soaked in it overnight. The 
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re::mlt:s, which are summarized in the following table, do not promise 
much for the u:sn of this substance in protecting seeds. 

TABLE XI. - Experiments with cresol as a deterrent against the sugar-beet wireworm. 

Seeds attacked-

Larvre Seeds Seeds un- Larvre Larvre Dura-
used. used. Before After touched. missing. killed by tion or 

germ ina- germina- fungus . test. 
tion. tion. 

Days. 
Experiment .. -- · ···· 50 15 8 3 4 7 1 20 
Check .. ______ ...... . 50 15 10 2 3 1 0 20 
Experiment. .... .... 25 10 6 2 2 0 0 30 
Check . ......... .... 25 10 4 6 0 2 0 30 
Experiment. . 25 10 5 4 1 0 2 30 
Check .. ----- ------

I 
25 10 7 3 0 4 1 30 

OTHER SUBSTANCES TESTED AS DETERRENTS. 

The other deterrents will be considered very briefly, since, with 
the possible excepfion of two, none gave much promise of ultimate 
success. 

Copperas solution.-8eeds soaked overnight in a copperas solution, 
dried, and planted in the pots were almost as readily eaten as those 
in the check cages. 

Copper sulphate.-Copper sulphate did not give much promise as a 
deterrent, as the seeds soaked in a solution of it overnight were eaten 
readily by the wireworms, and with apparently no ill effects. 

Potassium sulphid.-8eeds treated with a concentrated solution of 
potassium sulphid appeared neither distasteful nor injurious to the 
Wireworms. 

Salt.-The seeds treated by soaking in a salt solution seemed for a 
time to be partially immune to the attack of wireworms. By the 
time several tests were completed, however, it was seen that while 
they were more immune from attack just before germination, enough 
were killed just after germination to make this procedure useless 
from a practical standpoint. 

Sulphur.--8ome seeds were coated with a paste made of equal parts 
of sulphur and flour, and after being allowed to dry were planted. 
When examined later many had rotted and the rest had been riddled 
by the wireworms. Some of the larvre were partially covered with 
sulphur, but did not seem in the least inconvenienced. It was con
sidered that this experiment would give negative results, since the 
sulphur, kept under the damp cool soil, would not give off fumes to 
any extent, and hence its best effect would be lost. 

Lead chromate.--8eeds treated as in the foregoing experiment, but 
using lead chromate in place of sulphur, were not protected in the 
least, nearly every seed being drilled through in several places. 
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THE n.;E OF POTASSIUM: CYANID AGAINST THE WffiEWORMS. 

Potassium cyanid was one of the first remedies tested for the wire
worms, because it has the properties both of an excellent deterrent 
and a deadly poison. Used as a deterrent, the seeds were treated in 
two different ways. In the first the cyanid was used as a solid and 
drilled in with the seed. This method affords excellent protection 
to the seed, but the drawbacks connected with it have thus far made 
it impracticable. The cyanid burns the seed wherever it comes in 
contact with it, and when germination begins, it burns the tender 
roots. ~\.nothcr argument against its use for this crop is its cost. In 
the second method of seed protection th<' seeds were soaked over
night in a solution of cyanid in water, dried, and planted. In this 
method it was also quite effective as a deterrent, but unfortunately 
its effects on the roots were such that it could not be used. At the 
present time it seems very doubtful if the cyanid can be used in such 
a strength that it will keep away the wireworms and at the same 
time not harm the plants. This point is going to be tested further. 

While these experiments were being carr.ied on it was noted that 
in some of the cages most or all of the wireworms had been killed. 
These larvre had the appearance of having been killed by a fungus, 
but as their bodies were not filled with the fungus it was apparent 
that they had been killed in some other way. It was thought that 
perhaps they had been killed by the fumes of the cyani.d, and litter 
experiments seemed to bear out this point. With this in view, many 
experiments were carried on in an attempt to discover some good 
method for the application of the cyanid. From these, two plans 
were selected for final trials, one in which the cyanid was used as a 
solid, and the other in which it was used as a liquid. The results are 
given below. 

According to the first plan the cyanid was drilled into the ground 
much after the method used for fertilizers. This plan was finally 
given up, as the cyanid was not distributed evenly through the soil, 
and therefore had to be applied more heavily than was necessary in 
order to be effective. As the cyanid is very destructive to plant 
growth it is readily seen that it would have to be used as sparingly 
as possible. 

The method of using the liquid consisted in making a solution of 
the cyanid in water and applying it evenly over the land. This 
could then be made to permeate the soil to any depth by irrigation. 
By this method the cyanid is used sparingly, as it is evenly applied. 
Unfortunately it has been impossible to try this remedy thoroughly, 
up to the present time. In all the experimen~s where this method 
was employed its killing power was very good. To test it further, 
it was applied in a cage containing beets, with the result that both 
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beets and wireworms were killed. It was used se,-eral times morf', 
and in weakened solutions, but invariably the results were the SaiD!'. 

By this time the season was so far adYanced that experiments along 
this line had to be gin'n up for the year. The conclusions that seem 
justified from this experiment at the present time appear to be that 
the wireworms may he killed by applications of a solution of potassium 
cyanid to the soil, but that the beets are also killed by the same treat
ment. It is a question whether a certain strength of cyanid can be 
found which will kill the wireworms and spare the beets. Possibly, 
however, the wireworms can stand a stronger application of the 
cyanid than the beets can. As this is the only insecticide which has 
given promise of good results against the wireworms, it will receive 
further careful tests. The possible effect of this cyanid on the soil 
and future crops is also an interesting quPstion, and one which "·ill 
have to be inwstigated. There is a possibility that this cyanid 
might be applied directly after th0 crop is removed and before the 
wireworms have become dormant for the winter. 

EXPERIMENTS WITH POISONED BAIT AGAINST THE WIREWORMS. 

In the experiments in the use of poisoned bait against the wire
worms the points which were chosen for solution were, (1) to find a 
substance for the bait which would be very attractive to the wire
worms, and (2) to find a poison to go with it which would certainly 
kill the larvre. Thus far success has not been attained in the solution 
of either. The following materials have been experimented with as 
bait: 

Beans. Bran. 
Corn. Alfalfa meal. 
Cornmeal. Shredded beets. 

Of these the only ones which have proved attractive enough to be 
used with the poisons were beans, corn, and shredded beets. Series 
of experiments were conducted using each bait with 0v0ry poison, 
and checks were employed in each. The following poisons were used: 

(1) Lead chromate. (4) Paris green . 
(2) Pota._"Sium cyanid . (5) Lead arsenate . 
(3) Strychnine. (6) Zinc arsenite . 

The first four named, being insoluble, were applied to the bait in 
paste form with flour. In the case of every poison except the cyanid 
the wireworms were observed eating the bait, and if they suffered 
any ill effects from it they failed to show it to a noticeable degree. 
The bait containing the cyanid was eaten sparingly on account of 
its deterrent qualities. Wireworms were found dead in some of the 
cages in which potassium cyanid was used, but whether their death 
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FIG. 1.-BEET FIELDS SEPARATED BY STRIP OF ALFALFA. ( O RIGINAL. ) 

F iG. 2 .-FIELD OF ALFALFA ADJ OINING FIELD OF SUGAR BEETS. ( ORIG INAL.) 
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was due to eating the poison or to the effect of fumes has not been 
determined. 

The results in the use of strychnine and potassium cyanid have 
b~en quite well verified in an entirely independent series of experi
ments carried on by Mr. R. S. Vaile. 

From the foregoing it can be seen that the experiments thus far 
tried in the use of poisoned bait against the sugar-beet wireworm 
have been far from satisfactory. They are to be continued in future 
work. 

EXPERL\IENTS WITH GUANO FERTILIZER. 

The only fertilizer tested on the wireworms was a mixture of bird 
and bat guano, a South American product, which is chiefly nitroge
nous and is characterized by a strong and lasting odor of ammonia. 
It was hoped that the strong ammonia odor would drive the wire
worms deeper into the soil. The results from its use thus far-it 
has been tried only on a small scale in the laboratory-seem to indi
cate that it would have to be used at the rate of from 8 to 10 tons 
per acre to be partially' effective. As this is many times heavier 
than an a\'erage dressing for the soil it would probably be impractical 
to use it. 

PROTECTION OF BEETS BY EARLY PLANTING. 

The protection of beets by early planting is a remedy which was 
early suggested by Mr. H. M. Russell and has since been given a 
practical test on a large scale. The advantage of tlus method is 
very plain. When the beets are planted early the plants are quite 
hardy and the roots are swollen by the time the wireworms are doing 
their worst injury. (See Pl. XIX, fig. 1.) These swollen roots can 
stand a severe attack without having their sap supply cut off, and in 
consequence a much smaller number of them are killed. 

Mr. H. J. Mayo, one who grows sugar heets on a large scale in both 
Los Angeles and Orange Counties, writes as follows concerning early 
planting: 

* * * In the season of 1911 I planted early and the results were very good, 
especially on the heavy land , as the beet'l seemed to get a start, and tbe worms <iid not 
seem to affect them so much, although they were in the ground and from examinations 
that I made they worked on the beets ; but where the beets got t.he start the worms 
did not bother them so much. 

In IllY opinion early plaating will relieYe a great deal of the danger of the wireworm. 

CLEAN CULTURE AGAINST THE ADULTS. 

The following in regard to remedial measures is the result neith~r 
of theory nor of experiment. It was suggested to the writer by 
observations taken in the field at the time the lubernating beetles 
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were being collected. It was suggested also by the different states 
of affairs noted in different fields where various systems of culture 
had been practiced. These observations were carefully made in 
fields aggregating over 600 acres, and daily during a period covering 
about two months. 

Two different methods are practiced by the growers in disposiqg 
of the beet tops which remain in the field (see Pl. XX) after the crop 
has been harvested. Some growers leave them in the field to be 
plowed under nnd act as a fertilizer, while others use them for stock 
feed. In the latter method, which may be spoken of as clean culture, 
the beet tops are either disposed of by pasture (Pl. XXI) or they are 
hauled from the field (Pl. XXII) . The tops are removed best by 
pasturing either with cattle or sheep. 

The tops which are left for fertilizer are supposed to be plowed 
under, hut by the time the land has been harrowed several times, and 
planted, not R few have reappeared on the surface. Then as the 
beetles appear in the spring and enter their secondary hibernation 
they find excellent shelter and feeding places (see Pl. XIX, fig. 2) , and 
most of them remain in the field near the place where they emerged 
and are able to pass this critical period of their lives safely. On the 
other hand, where the tops and old beets have been cleared off, the 
beetles find no place to hide, and consequently move to other fields 
in search of shelter. Very few can hide under clods or in the soil on 
account of intermittent rains. 

One illustration of the effects resulting when beets are left in the 
fields will be sufficient, for this same state of affairs was found to 
exist in all the fields examined. 

The beet fields A, B, and 0 adjoined one another as shown in the 
diagram (fig. 9). At the right of 0 was a field of alfalfa. In A the 
beet tops had been left in the field to act as a fertilizer; in B and 0 
they had beeh cleared off. During the preceding year the field 0 
had suffered from wireworm injury as much, if not more, than any 
field in the Compton district. On this account there must have been 
many mature wireworms there , and consequently many beetles 
emerging, )'et when the beetles were collected in these fields hardly 
any were found in B and 0, and the)' were taken in A literally by 
thousands. A,c;; an experiment, about .')0 old heetf' were scattered in 
the field 0, along the line c c. These beets were inspected daily from 
this time on, and founrl to shelter large numbers of adults, even though 
none had been taken previously in 0. Condit ions in the other two 
fields remained as before, no beetles, or very few, being found in B 
while A yielded its usual .number. 
' A simple conclusion can be drawn from these observations. The 
beetles collected onl)· where they could find sheltPr, and those which 
emerged from perfect!)· dean fields had either to move to other fields 
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where they could find shelter or to remain where they were, exposed 
to the attacks of their predaceous enemies, the birds. In the instance 
cit~d probably many were eaten by birds, as these were quite abund
ant at the time, and the fields were bare. 

In the observations dealing with the dispersal of the beetles 
throughout the fields it was determined that for the greater part the 
beetles remain and ln.\' eggs near the place whe~e they have been 
feeding. From this it is easy to see that in the fields which contain 
the greatest number of old beets and beet tops the largest number of 
beetles will deposit their eggs. As the wireworms can not travel 
very far from where the eggs are laid it is readily seen that large 
numbers of beetles in a field are the forerunners of large numbers 
of wireworms in that field later, with their resulting injuries to the 
crop. 

A condition leading to the successful hibernation and dispersal of 
wireworms is illustrated in Plate XXIII, figures 1 and 2. In these 
instances the immediate proximity of alfalfa fields to those containing 
beets affords effective shelter for 
the hibernating beetles, and, as 
alfalfa is only second as a host to 
beets, provides abundant food for 
a continual supply of larvre and 
adults. Reinfestation under such 
conditions is naturally very likely 
to occur through the migration of 
the beetles from the alfalfa to the 
beets, and both crops may thus 
be injured. 

The main drawback to clean cul-

B A 

c c 
ALFALFA 

c FIELD 

FIG. 9.-Diagram of beet fields, to illustrate the 
effect. of clean culture in reducing injury by the 

ture is that even where it is prac- sugar-beet wireworm. (Original.) 

ticed faithfully several years must pass before positive results will 
be apparent. As has been stated, the same thing is true with regard 
to fall plowing for the destruction of the pupre. This would be 
advantageous in one way, however, in that the benefits would be felt 
for two years after the treatment had been discontinued. The main 
difficulty is that a grower, after practicing this remedy for two years, 
might suffer heavily from wireworm injury, become discouraged, 
and stop the treatment. The only way to give this remedy a fair 
trial would be to practice it faithfully and wait until the third or, 
better, the fourth year before drawing conclusions. 

The greatest advantage of this remedy is that it is entirely _feasible 
and, being cultural in character, is also entirely practical, regardless 
of the crop grown. For the best results it should be practiced in 
conjunction with fall plowing, and to reduce the injury from the 
wireworms already in the soil early planting should he employed_ 
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Considering that all the growers have idle horses during the late fall, 
the plowing would not appear to be a large item of expense, espe
ciallv when its Yalue to the soil is taken into consideration. 

I~ conclusion it may be safely stated that the clean-culture remedy, 
especially when reenforced by fall plowing and early planting, is easily 
the most promising remedy which has thus far come under observa
tion during the sugar-beet wireworm investigations. 

SUMMARY. 

(1) The sugar-beet wireworm kills the beet plant by injuring the 
root. It is most injurious while the heets are young and is destructive 
onl)' in the wireworm or larval stage. 

('2) The life cycle probably covers four years. About one month 
each is required for the egg and pupal stages; seven to nine months 
for the adult stage, during the greater part of which the beetle is in 
hibernation; and about three years, or the rest of the time, for the 
larval stage. 

(3) Thus far it seems to be impractical to employ remedies against 
the larvre. As these live underground and are protected by a thick 
integument it is difficult to injure them. They also seem able to eat 
a certain quantity of many poisons and deterrent substances with 
safety. 

( .J-) Plowing in the fall is a fair remedy against the pupre, but at 
that time of the year the soil is dry in southern California and is 
turned up in large clods; consequently man)' pupre escape destruction. 

(5) Much of the injury to the beets may be avoided by early 
planting, thus giving the roots a good start before the wireworms 
are doing their most extensive feeding. 

(6) Clean culture against the adults, by compelling them to seek 
shelter elsewhere and exposing them to the attacks of their bird 
enemies, seems to be the most practical remedy found thus far for 
this insect. The efficiency of this remedv would be increased if fall 
plowing and early planting were used with it. 
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THE ROSE SLUG-CATERPILLAR. 
(Euclea indctcr111illu Boisd.) 

INTRODUCTION. 

It is onl~- within comparati ,·ely recent years that the slug-like 
caterpillar, Euclea indetermina Boisd. , has been known to injure the 
rose. In August, 1905, the Bureau of Entomology received two 
reports of attack to the foliage of rosebushes by this species. The 
insect has, however, been previously observed to have this food habit. 

August 13. 1905, Dr. A. D. Hopkins furnished specimens of the 
larYa from Kanaw}:la Station, "'\Y. Va., stating that a dozen or more 
individuals could be found feeding on the leaves of a single rosebush. 
By August 20 the specimens received had transformed to pupre. 
During the last week of August the same species, accompanied by 
specimens of both the penultimate and last stages, was recei Yed from 
Mr. S. D. Nixon, with report that it 'Yas injuring roses at Balti
more, }Id. 

The rose slug-caterpillar has been figured and described in its 
various stages, but is not a common species and, therefore, not well 
known. It is, howHer, strongly and attractively marked and very 
interesting in its transformations, resembling in some particulars the 
more common and related saddle-back caterpillar ([Empretia] Sibine 
stimulea Clem.). The accompanying illustration (fig. 1), notes, and 
brief descriptions have been brought together as of interest to rose 
growers and also to nurserymen, for the caterpillars also attack 
young trees and shrubs. It is in the last two stages of its larval 
existence that this species attracts most attention. The moth which 
it produces is less often seen. 

THE MOTH. 

In its adult stage this insect is nearly as attractive as the larva. 
Its coloration is unusual in the boreal American fauna. The general 
color is pale cinnamon brown; the forewings are darker and crossed 
diagonally by a green band, which occupies more than half the 
"·ing, leaving a wide border of darker brown and an inner or basal 
area of the same color and of the form shown in figure 1, a. The 
hind \Yings and the underside of the '"ings are nearly uniform pale 
brown, as is also the body, exeept on the edges of the wings and 
the tip of the abdomen. The thorax is like green plush. The wing 

5 



6 THE ROSE SLUG-CATERPILLAR. 

expanse of the male is generally a little less than an inch; of the 
female. a little more. 

The moth closely resemble:::; ( Parasa) Euclea chloris H.-S., for 
\\'hich it has often been mistaken. 1 

THE EGG. 

The egg is described by Dr. H. G. Dyar as follows: 

Singly. or in small groups, slightly imbricated. Elliptical, flattened, translu
cent pale ochre-yellow on glass, 1.5 by 9 mm.; reticulations obscure, possibly 
only in a strong light, rounded hexagonally. nearly linear, somewhat irregular. 
No special characters. They hatch in nine days. 

THE LARVA. 

The following is descripti,·e of the lanai forms receiYed from 
·west Virginia and Maryland, but according to other describers the 
general color Yaries from red to sulphur-yellow. 

The penultinwte stage.-In the penultimate stage the larva closely 
resembles the mature form, but the prominent spine-bearing processes 
are paler and less reddish, being chiefly of a dull lemon-yellow color, 
1\ith the exception of the small lateral spiny tufts, which are orange 
at the base. Between the third and fourth processes the dorso-lateral 
stripes are distinctly carmine. The length of the slug-caterpillar at 
this stage is about half an inch or a little more. 

The full-grou·n lar1•a.-The full-grown larva looks Yery unlike 
any common species \Yith \Yhich it could be compared, but in the 
general arrangement of its spines it resembles Sibine stimulea. Its 
form is similar, but the general impression as to color is orange: 
which is the color of the principal spine-bearing processes, of which 
there are seven pairs, as follows: Two in front, two behind, one 
pair in the middle~ a shorter pair proceeding from the first thoracic 
segment just above the head, and the seventh pair proceeding from the 
second thoracic segment on each side. There is a dorso~lateral 
Yermilion-scarlet stripe bearing six pairs of moderately long spinous 
processes and four rosette-like spinous tufts. There is also a lateral 
red stripe and a sublateral red stripe bearing nine rosette-like spi
nous tufts. The thin Yiolet or mauYe lines, in the middle of the back, 
as shown in figure 1, c, alternate with white. The length is about 
three-fourths of an inch. 

THE PUP A AND COCOON. 

The pupa (fig. 1, f) is so similar to that of Sibine stim~t lea that a 
detailed description is not necessary for present purposes. It is a 
trifle smaller than the latter, and in its early stage pale wllo'Y with 

1 B oth s pecies belong to the family Cochlidiidre. 



HISTORICAL. 7 

pale brown eyes and palpi. It measures about three-eighths of an 
inch in length. The hornlike process extending above and between 
the eyes is prominent. 

The pupal stage is passed in a cocoon (fig. 1, g) of rounded oval 
:form, looking not unlike a Yery small puffball. It is chocolate colored, 
o:f firm, nearly parchment-like consistency, and roughened opaque on 
the outer surface. It measures about four-tenths of an inch in its 
longer diameter and three-eighths inch in the shorter. 

HISTORICAL. 

Among the notes of the Bureau of Entomology is one copied from 
Riley's notebook recording the occurrence of the larvoo on chestnut 
at South Pass, IlL, in August, 1869. It contains a good description 
o:f the larva, and states that it feeds op_ the edges of the leaves, de
vouring every particle as smoothly as if cut with a pair of scissors. 
Pupation takes place about September 20. It is worthy of note that 
Riley was of the opinion that the end of the lid of the cocoon was 

D ;: ' . 

. I 

a 

FIG. 1.-The rose Sl\l.g-caterpillar (Euclea indetermina) : a, Female moth; b, male an
tenna; c, larva, dorsal view ; d, larva, lateral view ; e, .spine of larva, much enlarged; 
t, pupa; g, cocoon. All enlarged; e, greatly enlarged. (Original.) 

cut by the larva before transformation to pupa, while it is quite 
obvious that the cephalic armament of the pupa is designed for that 
purpose, the pupa constantly wriggling around and around, thus 
making the perfectly circular flap. 

October 7, 1883, larvoo were found feeding on oak in Virginia, and 
at another time feeding on paw paw when in bloom at Point of 
Rocks, Md. 

August 3, 1889, this species was received from Vineland, N. J., 
where it was taken on Kansas plum. 
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September 3, 1896, the insect was reported feeding on the lean's 
of Japan plum at BarnesYille, ·schuylkill County, Pa. 

In 18lli Dr. H. G. Dyar published a nry full account of the_. life 
stages of this species and gave reference to its literatnre.1 The lann 
appears to haYe been known as long ago as 1797, when Smith and ·"' 
Abbot figured it in connection with another species of moth to which :~ 
it did not belong, namely. "Limacodes cippus.'' Under this name 
the species is mentioned by Harris.2 The moth was not described 
until 1832.3 

The recognized synonyms of Euclea indetermina are as follows: 
Callochroa l'iridis Reak., C. vernata Pack., and ParG.8a chloris Grote 
et au ct. (non H.-S.). 

As remarked by Dr. Dyar, the larvre feed on various kinds of 
low-gro\\·ing bushes. The list of food plants observed, j~p~u4es rose 
(Rosa spp.), wild cherry ( Prunus spp.), oak (Quercus ·spp:), chest
nut (Castanea dentata), hickory ( Oarya spp.), paw paw (Asimina 
hiloba L bayberry or "·ax myrtle ( J/ yrica cerifera), flowering dog
wood (Cornus florida), plum, apple. and pear. 

LIFE HISTORY. 

The nrious descriptions which han been furnished of this species 
agree in many easily obsenable particulars, but differ somewhat in 
detail. )dl writers seem to agree in stating that the larne mature 
during September, but it ,,.ill be noted that the specimens "·hich were 
recein'll from \Yest Virginia had matured August :20. 

Eggs are deposited during- July, in small groups slightly imbri
cating or oYerlapping, and hatch in about nine days. The larne 
generally mature toward the middle of September. remaining on the 
underside of the leaves-something unusual considering their con
spicuous coloration. The lan-rr or caterpillars undergo eight dis
tinct stages, and occasionally nine, before transforming to pupre, 
and it has been obsened that in stage I, ·which is passed rapidly. 
they take no nourishment. The species hibernates in its cocoon, and 
the moth has generally been observed to issue in July. 

~\s to the manner of forming the cocoon in confinement, all of the 
cocoons reared by the writer were attached to some object. Mr. M. Y. 
Andre,n,4 who reared hundreds of this species in confinement, states 
that in all cases it either forms its cocoon adherent to the stem of the 
food plant or. occasionally: draws h>o leaves together for a shelter. 
There appears to be a somewhat general agreement. ho"·ewr. that 
:in nature the cocoon'i are formed on the ground among- loose rubbi!'h. 

1 Journal ~- Y. Ent. Soc., vol. 5, !>P· 10-14, pl. 2. 1-"!17. 
0 Harris. T. W .. Insects Injurious to Yegetation. Flint ed .. 1862, p. 421. 
3 R"i~du•al. CuYier's Animal Kingdom, pl. 103, fig. 8, 18:1~. 
• Psyche, vol. 2 , p. 271 , 1879. 
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This species is of equal interest with the saddle-back caterpillar, 
with which it has been compared in previous pages, not alone on ac
count of its beauty in all stages and its habits, but because of the 
urticating or stinging spines borne by the caterpillars. At the bases 
of these spines are glands which secrete an irritating fluid similar in 
its effect to that of nettles. It follows that rough handling of the 
caterpillars results in the breaking off of the tips of these spines, 
which enter the skin and release a small drop of the irritating liquid, 
producing a burning sensation which varies in intensity according to 
the person exposed. 

REMEDIES. 

In case only a few rosebushes or young trees are attacked, hand
picking is ample for controlling this insect, the precaution being 
taken to use a glove, thus avoiding being" stung." Should the cater
pillars occur on several plants, and if a spraying outfit is available 
which may be used without danger of poisoning to human beings, a 
spray of Paris green or arsenate of lead may be applied. 

ADDITIONAL COPIES of this publication 
.Ll... may be procured from the SUPERINTEND· 
ENT OF DOCUMENTS, Government Printing 
Office, Washington, D. C., at 5 cents per copy 
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THE FLORIDA FERN CATERPILLAR. 

( Eriopus fioridcnsis Guen.) 

RECENT INJURIES. 

During recent years a species of caterpillar, Eriopus floridensis 
Guen., natiYe to Florida and tropical America has made its appear
ance in injurious numbers in northern greenhouses, notably in the 
District of Columbia, in Illinois, and in Ohio. It is apparently re
stricted to ferns, on which it feeds naturally in its occurrence in the 
open in the "·arm South, and it has undoubtedly been introduced 
into northern greenhouses in ferns from Florida. It is a compara
tively large and conspicuous species of caterpillar and, though not 
closely related to the true cutworms, has the same habit as cutworms 
of cutting or severing portions of the fern plants, apparently de
stroying more than it requires for food. The fern growers of the 
:Oistrict of Columbia have experienced much trouble in the treatment 
of this species. Some have had good results, but others were not 
able to cope with it with the remedies tried, and even found it diffi
cult to control by the laborious method of hand picking. Finally, 
howeYer, the insect has yielded to this method, and at the time this 
was written (February, 1913) it was not to be found except in one 
greenhouse out of upward of a dozen inspected. 

DESCRIPTIVE. 

THE :MOTH. 

The moth (fig. 1) belongs to a group of noctuids in which the 
forewings bear at the sides, above the middle, a projecting area or 
tooth, forming an outline as shown in the figure. The hind-wings 
are rather broad· and well rounded at the sides. The thorax and 
abdomen are wiclr. the latter especiall~· so in the female. The color 
of the forewings is pale brown. maTked with white scales, forming 
the peculiar and attractiYe pattern shown in the illustration. The 
hind-legs are dull buff, edged with dusky brown; the lower surface 
is paler. 

The \\'ing- expanse is about 1~ inch and the length of the body 
about half an inch. 

5 



6 THE FLORIDA FEJI!X CATERPILLAR. 

The following description is copiecl from Sir George F. Ham
son's Catalogue of the N octuid::e: 1 

~ . Head and thorax greyish tiu;.:t·d witl1 rufous and mixed with a few black 
scales : pnlpi thickly irrorated n·ith blaek ; frons whitish with blaek bar nbove; 
antennre with the extremity of basal joint, the basal part of shnft aboYe and 
below, and the ,;haft aboYe beyond the sinus black: tegnlre mostly black, edged 
with grey, with angled grey line near bao;e and grey line at middle; fore and 
mid ta rsi black at extremities; abdomen oehreous tinged with fuscous, the 
basal crests rufous, the erest on 3rd segment black. Forewing ochreous grey
ish tinged with rufous, the veins defined hy slight blad:io;h streaks; subbasal 
line represented by double black stri re filled in with \Yhiti~h from costa and 

FIG. 1.-Fiorida fern caterpillar 1 F:riopus flt.ridcusis' 
dark larva at right . Enlnr;,;t>cl. 

~l oth above; :;triped larva at left; 
1 Original.) 

cell and with double black ;;;trire before it from cell ; antemedial line double, 
filled in with whitish, angled outwanls below c-osta. acutely angled outwards 
on base of vein 2. then excun-ed, a wllitisb striga before it from submedian 
fold to vein 1; orbicular with bro:wn centre and whitish annulus. very narrow 
and slightly angled outwards at median nerYure; reniform wbitish with white 
bar on inner edge followed by a brown line, oblique, its lower extremity pro
duced to a hook, a triangular brown patch before it extending to costa; an 
oblique brown line from beyond lower edge of cell to Yein 1, then bent outm1rds 
to inner margin ; postmedial line double, brown. angled inwards below costa, 

1 Ca t . :'\ oct . Brit. ~Iu,. , vo l. 7. pp. :,.JX- ;)4!•. London , l!lOR. 
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then bent outwards, slightly incuned at discal fold, oblique below vein 4 and 
incnned at submedian fold ; subten11ina l line whitish. defined on inner side 
by a triangular brown patch from costa to vein 6. angler! imnud~ nbove vein 
~.then outwards to termen at vein 4 anrl defined by an oblique blackish mark 
on inner :;;ide, then indi,;tinct, oblique. waved, with a sinuous whitish line 
before it; the termen reu-brown with white line before it slight!~· defined by 
black on inner side, incurved from vein 7 to 4 where it angles outwards, then 
11·aved; cilia red-brown with yellowish line at base. Hind wing ocllreous whit
ish tinged with red-brown especially on terminal area ; a slight brown dis
coidal bar; cilia whiti~h; the underside \Vhitish, the costal area tinged with 
ochreous and slightly irrornted with brown, a brown discoidal bar, postmedian 
line bent outwards below costa, then crenulnte, traces of a diffused subterminal 
line, three small black spots on termei1 below apex defined by whitish on inner 
side. 

g. Ground-color much darker red-brown. 

The synonymy is as follows: 
Eriopus fioridensis Guenee, )\oct., vol. 2. p. 292 (1852) ; Smith, C'nt. )\oct. 

X Amer., p . 309. 

Eriopus elcgantulus Herrich-Schaeffer, Corresp.-Blatt. zoo!. min. Yer. 

Regens. 1868, p. 117. 

Callopistria florid en sis Guenee (au ct . ) . 

THE L.-\.RVA. 

The larva (see fig. 1) is slender, with forelegs and prolegs normal 
and well de,·eloped. The head is small, wider than long, greenish 
in life, or pale yellow in inflated specimens, with the V-mark strongly 
marked. While this species is very variable in general color, there 
is one characteristic mark which extends transversely across the 
anterior border of the thorax in a blackish line and abruptly back
ward under the spiracles to the second thoracic segment, and some
times nearly to the anal segment. The thoracic plate is about twice 
as wide as long, and not very strongly marked. 

The general color varies from yellow to bright green to dark, 
nearly black. In the palest form the thoracic border may extend 
nearly to the third joint of the thorax and then cease, or reappear in 
short, longitudinal dashes just below each spiracle. In the forms 
wpj.ch are a little darker these lines are more pronounced, and simi
lar transverse da~hes mark the dorsal surface of the last three n b
dominal segments. In the more strongly marked form. shown in 
the figure at the left, these transverse bands are of a maroon color 
and very conspicuous. In most forms, and especially in the dark 
ones, one of which is shO!Wn at the right in the figure, there is a 
conspicuous longitudinal white line just aboYe the stigmata or spira
cles. This is almost lacking in the entirely grown forms. These 
two extr~me color variants are so different that if obsened sepa
rately they would not natmally be associated with the same insect, 
the last form presenting a decidedly wlYety appearance. 

The length is l~ inch ( 33 mm.) and the width 0.2 inch ( -1 mm.). 
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THE PUPA. 

The pupa is robust, of the usual shining mahogany-brown color, 
the posterior apex ending in two minute outcurved spines. The 
wing-pads are prominent. 

The length is five-eighths inch, and the width about half that. 
The eggs and immature stages of the larva han:' not come under 

observation. 
DISTRIBUTION. 

The type locality is Florida. Hampson records also Mexico, 
Guatemala, Costa Rica, Bahamas, J amaica, Cuba, Haiti, Santa 
Lucia, St. Vincent, Venezuela, British Guiana, Brazil, and Trini
dad. The species is also recorded from Santo Domingo. It is obvi
ously a neotropical form and the only species of its genus occurring 
in the United States. 

INJURIES AND HABITS. 

July 10, 1907, this species was reported as a pest by Mr. H . M. 
Russell (at that time working under the writer's direction), who 
observed it at Orlando, Fla ., attacking the fronds of potted maiden
hair fern in that vicinity. It was noticed that the larvre usually 
fed at night, although sometimes found feeding during the day. 
They concealed themselves in the daytime at the base of the ferns 
or were found resting low down on the stems, and they appeared to 
haw a habit of crawling up the stems and eating off several leaflets 
on one side, thus spoiling the beauty of the plants. The larvre 
observed began to transform to pupre August 1. 

During September of the same ~'ear Mr. Bartos, Mr. J. E. Watson, 
and Mr. F. H. Kramer, of Anacost·ia. D. C., made complaint that this 
caterpillar was injurious to several species of ferns in greenhouses. 
On September 24 Mr. C. H. Popenoe, an entomological ·assistant in 
this bureau, was detailed to obtain additional specimens and make 
observations on the habits of the insect and the conditions of the 
greenhouses. Lana:> were obtained in different stages, chiefly between 
half-grown and nearly grown specimens. They were feeding in the 
afternoon on the upper surface of the lea,·es. The usual method of 
attack, as observed, consisted in biting off the midrib leaf one-half 
to one-third the way up. Maidenhair or Adiantum ferns n·ere at
tacked either by biting off the leaflets at the tips of the fronds or 
by biting off the entire frond about 1 inch above the ground. The 
majority of the larvre observecl were resting either near the tip of 
the frond of the midrib or els<:> concea led in the stems at the base 
of the plant. ) ... n entirl:' house of )Ltliantum had been completely 
stripped of the leaYes by the larvre, and one grower stated that his 
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fern crop had been damaged to the extent of $1,000. It was stated 
that the larva would cut the plants entirely bare, and each new leaf 
would be attacked by two or three larva' as soon as it appeared. 
The same grower stated that these cutworms troubled his ferns the 
previous year and that larvre, pupre, and imagos were seen through
out that winter and preyed on the ferns the whole year. 

July 3, 1908, Mr. J. E. Watson called at the office, requesting 
methods for the control of this caterpillar, which was doing great 
injury to some fern plants (Nephrolepis whitmani) in the green
house. He estimated that damage to the extent of $4,000 had been 
caused by the caterpillars during the previous year. During Sep
tember Mr. Watson and Mr. Bartos made another complaint of this 
species. Mr. Duder, another florist, also complained of the species. 
A visit was made on September 28, 1908, and a number of larvre, 
mostly full grown. some about to pupate, were secured. 

The larva spins a loose cocoon by drawing together dead leaves and 
particles of earth next to the ground. It sometimes draws together 
green leaves to spin the cocoon. Though not strictly a nocturnal 
feeder it shuns bright light and is most often found feeding exposed 
in the early morning. 

The moth is seldom seen by day and when aroused it usually flies 
down under the benches to seclude itself. Thus many moths are 
caught in spider webs that abound in dark corners in the greenhouses. 

Since the ravages by this species were repeated in 1908 with enn 
greater loss than in 1907, two growers stated that unless some imme
diate steps could be taken to check the pest the raising of ferns in 
local greenhouses would be abandoned. 

The caterpillars seem to do the greatest damage early in the year, 
especially during May, but owing to the uniformly warm temperature 
of the greenhouses, '"inter as '\ell as summer. there is no time when 
they are scarce enough to allow the ferns to put eut a full head of 
fronds. They attack the tender leaws. especially the growing tips 
of young fronds, thus checking any attempt on the part of a plant to 
replenish the dying fronds with a ne'" growth, and so far stunting it 
as to render it of no commercial value. 

From larvre obtained in September the moths began to issue October 
26, continuing to emerge until November 19. The pupal stage was 
ascertained to be in three cases 23, 25, and 27 days, respectively, in 
cool October weather. 

October 13, 1909, :'\fr. H. Walter McWilliams~ Griffin , Ga., fur~ 
nished specimens of this caterpillar, found on ferns, and stated that 
it cuts the fronds and injured the sale of the plants. 

January 18: 1910, Mr. John J. DaYis 1 reported this species to be a 
serious pest on greenhouse ferns in Illinois. It was first reported 

1 J ourn. E con. Ent., vo l. 3, p. 183, 1910. 
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from Onarga, Ill., in 1907. and later from Chicago. Incidentally he 
mentioned that Mr. ~\.. H. Rosenfeld believed that the same species 
occurred on ferns in Louisiana. In the twenty-seventh report of 
the State entomologist of Illinois, dated 1912 and received by the 
writer )larch io, 1913, after the present bulletin had left his hands, an 
article appears on this subject by Mr. Da,·is, who is now in the em
ploy of this bureau. He mentions injury to ferns near Chicago, Ill., 
gives notes on life history. and adds descriptions of all forms, with 
illustrations of larva, pupa, moth, and sexes. In remarks on remedies 
he states " .hat \\·e han already learned, that arsenicals can not be 
applied to ferns in sufficient strength to kill this so-called cubYorm, 
because they are apt to adhere to the surface in such a way as to make 
it difficult to handle the plants. Poisoned baits are also mentioned, 
together with pyrethrum and nicotine preparations. 

July :21. 1911, Dr. Thaddeus )fcLaughlin, Springfield, Ohio: fur
nished specimens of this species, stating that it had destroyed •orne 
fine ferns. 

What appears to be the first record of the food habit of this species 
was made in the Yearbook of the Department of Agriculture for 
1908 ( p. 578) and reads as follows: 

The Florida fern caterpillar ( Callopistria floridensis Guen.) has been injuri
ous in local greenhouses, one florist reporting damage to his ferns to the extent 
of $4,000. 

NATURAL ENEMIES. 

I clwe,nnon extrematis Cress.-This ichneumon fly. which is of 
moderate size, black, lightly marked with white, was reared from a 
pupa of the Florida fern caterpillar from Anacostia, D. C .. Septem
ber 26, 1907. It was seen in the act of issuing from a number of 
pupal cases, showing a characteri:otic exit hole. This parasite and 
t\YO other species were seen flying about the infested greenhouses. 

Sargaritis sp.-This small ichneumonid parasite (Chttn. ~o. 
2117°0

) was reared from Eriopus flm·idensis from ~\.nacostia: D. C.: 
September 30, 1907. 

~\_ tachinid fly attacks this species, a single specimen, unidentified, 
having issued from the cocoon of its host L\.ugust 22. 1907. at Orlando: 
Fla. 

METHODS OF CONTROL. 

Many remedies were tried by the growers at Anacostia, some of 
which ''"ere suggested by the writer and others by different persons 
in the city of 'Yashington. X aturallv some of these. which were not 
adYisecl b.'- entomologists. clid not pr~duce the desired effect. 

Hellebore.-September 20, 1!107. one grower sprayed his entire crop 
with a strong decoction of hellebore. This was successful in driving 
away the larvre but it scalded the foliage of the ferns so badlv that 
many of the plants died. He was achisecl to 11se arsenate of lea.d. 
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Poisoned bait.-This same grower employed a bait of poisoned 
bran and molasses, about as adYised for cutworms, but without ma
terial effect, the caterpillars preferring the ferns. 

Carbon bisulphid.-Fumigation with carbon bisulphid was tried 
by Mr. 'Vatson in June, 1908, but he stated that it had been of no 
avail in the destruction of this pest. In the same greenhouse, in 
charge of Mr. 'y atson, strips of cloth were saturated with carbon 
bisulphid and placed on the ground about the plants, but although 
this remedy was sometimes successful it "·as not entirely reliable 
since the caterpillars had necessarily to be where they would receive 
the fumes if they "·ere to succumb. 

Hand picking.-The time-worn, laborious, but, if properly pursued, 
dfective remedy of combating the insect by hand measures was em
ployed by numerous growers. One of these reported that the num
bers of the caterpillar had been materially reduced by hand picking 
and poisoning. Another grower made a practice of going over the 
ferns every day and picking off all the caterpillars that eould be 
seen, thus reducing the numbers of the pest in his greenhouse. It 
seemed to be the consensus of opinion that the average grower would 
obtain the best success by hand methods, one of the best methods 
consisting in shaking each individual plant over the ground and 
trampling upon the caterpillars as they fall. 

Arsenate of lead.-Arsenate of lead was advised, and an assistant 
was detailed to an infested greenhouse where this remedy was em
ployed, to determine the extent of injury and to adYise measures for 
the possible extermination of the cutworms. On his arrival he was 
informed that several thousand had been hand picked from the ferns 
a day or two before and that over 200 had been picked from a space 
only 5 feet square. The plants had also been sprayetl with arsenate 
of lead at the rate of 2i pounds to 50 gallons of water, applied twice, 
but the final result was not reported. Some of the growers com
plained that lead arsenate, when used in a solution strong enough to 
kill the caterpillars, "·ould at the same time lea Ye a white deposit on 
the plants which destroyed their commercial value. Owing to the 
delicacy of ferns a spray of Paris green strong enough to kill the 
caterpillars would also burn the foliage. Paris green, properly com
bined with Bordeaux mixture, should not produce this effect. 

Hydrocyanic"acid gas fumigation.-Some of the local growers were 
advised by the writer to fumigate with hydrocyanic-acid ga.s, but 
it was not tried, so far as can be learned. If fumigation by this 
method were employed seYeral times at about the time when the 
insects are hatching from the egg. or undergoing their molts, it 
~hould assist ve ry materially in reducing the numbers of the pest. 
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THE ABUTILON MOTH. 

( Oosmophila erosa Hubn.) 

HABITS AND RECENT INJURY. 

During September, 1909, while stationed at Diamond Springs, Va., 
Mr. C. H. Popenoe noticed that the leaves of okra, hollyhock, and 
Abutilon on the farm of the Virginia Truck Experiment Station 
were being badly injured by the Abutilon moth ( Oosmophila erosa 
Hubn.). Many larvre and pupre were present, defoliating the plants 
mentioned. The insect occurred in large numbers and in all stages, 
so that it actually was a serious pest. From this lot moths were 
reared November 13, 1909. In October of the same year Mr. E. G. 
Smyth, who relieved ~Ir. Popenoe at Diamond Springs, noticed the 
attacks of this species on hollyhocks and Abutilon throughout that 
month. 

During early August, 1912, the writ<'r noticed this species at work 
on the grounds of the Department of Agriculture, causing very 
serious injury to Abutilon. The previous year the species was quite 
abundant on hollyhocks, as mentioned, and "peppered" them with 
holes. The larval work on Abutilon was quite different. The larvre 
were mostly small when observed, and their place of concealment was 
not at first found, but larvre were obtained by inserting an umbrella 
under the leaves and shaking them down. The heat at the time the 
observations were made was most intense, and the insects were un
doubtedly concealed. 

Later, August 30, 1912, the writer observed the work of this insect 
on Abutilon, and in a short time the larvre could be obtained from 
the leaves in great numbers, as they were rapidly defoliating the 
plants. After enough larvre were taken away for rearing purposes 
the plants were sprayed und~r the writer's direction by Mr. A . . B. 
Duckett, September 10. After the spraying, which appeared to be 
quite successful, it was found that a few larvre were still present on 
the plants October 3. They ranged in size from quite small to half 
grown, and a few pupre were still on the plants. 

Mr. J. F. Strauss collected this species August 20, 1912, on Hibiscus 
esculentus at Washington, D. C. In all cases observed the 12-spotted 
cucumber beetle (Diabrotica duodecimpunctata Oliv.) caused some of 
the injury, while ants also invaded the open bolls, which they were 
devouring. He noted that one larva pupated August 21 and emerged 
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as adult August 29, or in 8 days. Another pupated August 21 and 
emerged August 30, or in 9 days. That was during a hot pPriod, 
and a shorter time was taken to transform than would be necessary 
at a cooler time. 

The opinion expressed by Riley that this is exclusively a southern 
species was modified somewhat by the same author when he found 
the eggs and larvre quite abundantly in September, 1882, on Abutilon 
avicenme at several localities in the District of Columbia. 

On September 21 the largest larva was nearly an inch long, and on October 3 it 
spun up and transformed to pupa. The first moth issued October 15, and on October 
16 several moths were captured at sugar. On October 22 quite a large number of 
larvre of all sizes, from those just hatched to the nearly full-grown indiYiduals, were 
found feeding on the same plant at Ivy City, D. C., and October 25 eggs and young 
larvre were found on the leaves of Jfalt1a rotundifolia at Giesboro Point, D. C. 
The moths from these larvre began issuing December 1, and more than a dozen had 
made their appearance by December 4. 

In the writer's experience this species appears to prefer Abutilon 
to hollyhock. It does not spread to any great extent, and hibiscus 
may not prove to be its natural foo<i plant. 

This species was last seen on October 12, 1912, when Mr. M. M. 
High sent one larva found on cowpea leaves at Gulfport, 1\Iiss., and 
on October 31, 1912, when a moth issued from our own material at 
Washington, D. C. 

A portion of a badly infested Abutilon plant is shown in Plate I 
and a skeletonized leaf in Plate II. 

SYNONYMY. 

This species has been described under several different names, as 
shown in the following synonymy, adapted from Hampson (8): 
Cosmophila erosa Hi.ibn., Zutr. Samml. exot. Schmett., vol. 2, p. 19, figs. ~SI, 2S8. 

Cosmophila xanthindyma Boisd., Faun. Ent. Mad., p. 94, pl. 13, fig. 7; Moore, 
Lep. Ceyl., vol. 3, p. 155, figs. J, 1 a, b (larva); C. & S. No. 223·1. 

Cosmophila indica Guen., Spec . Gen. Lep., Noct., vol. 2, p. 396. 
Cosmophila auragoides Guen., Spec. Gen. Lep., Noct., vol. 2, p. 397. 
Cirrredia veriolosa Walk., List Lep . Ins. Brit. Mus., pt. 11, p. 750. 
Cirrredia edentata \Yalk ., List Lep. Ins. Brit. Mus., pt. 11, p. 750. 

It has, however, been generally mentioned in literature as Anomis 
erosa Hubn. 

DESCRIPTION. 

The moth so closely resembles the cotton moth (Alabama argil
lacea Hubn.) of the Southern States as to be readilY mistaken for it 
by anyone familiar with the latter. The egg closely resembles that 
of the cotton moth. The larva bears some resemblance to that of 
the cotton moth, but more to that of the cabbage looper (Autographa 
brassiere Riley), especially on account of the structure of the le2'8 as 

0 ' 



Bu l. 126, Bu reau of E ntomology, U. S . Dept . of Ag11culture. PLATE I. 

ABUTILON PLANT, SHOWING ALM OST COMPLETE DEFOLIATION BY L ARVrE 
OF THE ABUTILON MOTH (COSMOPHILA EROSA ) AT WASHINGTON , D. C. 

l 0RIGINAL. ) 



Bul. 126, Bureau of Entomology, U. S. Dept. of Agnculture. P LAT E II. 

LEAF OF ABUTILON , SHOWING SKELETONIZING OF LEAVES DUE TO LARV.IE OF 
THE ABUTILON M o TH , LEAVING ONLY THE MAIN RIBS. WASHINGTON, D. C. 
(ORIGINAL.) 
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A BUTILON PLANT, SHOWING INCREASED GROWTH AFTER DESTRUCTI ON OF L AR VA:: OF 

THE ABUTILON M OT H BY SPRAYING WITH NICOTINE SOLUTION . ( ORIGINAL.) 





DESCRIPTION. 7 

shown in Plate IV, figure b. It will be noticed that there are only 
three pairs of prolegs, or prop legs, in addition to the anal ptlir. This 
larva when quite young is pale greenish-yellow, showing ver)· little 
characteristic marking. This is not shown in the figure, because the 
basis was a photograph, and it could not be filled out on account of 
the growth of the material after the first photograph. 

It will be noticed at first that the larva when extended at full 
length is decidedly sh•nder, more so than an.? species of Autographa. 
The striping is similar to that of A. brassicce, and the larva is inclined 
to be translucent throughout the stages. When at rest, the body 
may be held perfectly straight, as in the case of geometrids or inch
worms. This habit, together with the coloration, which is very 
similar to that of its food plant, renders the larva decidedly incon
spicuous; indeed, it furnishes a most excellent example of protectional 
coloration. 

Technical descriptions of the different stages follow. That of the 
adult is from Hampson (8) and those of the immature stages are 
from Riley (5, 6). 

THE ADULT. 

~. Head and thorax orange yellow, irrorated with brown; abdomen brown above. 
Forewing fuscous, suffused with purple gray ; a large yellow patch irrorated with red 
occupying the whole basal half of wing except the inner margin; irregular ante and 
post medial red lines meeting at inner margin, the latter produced to an irregular angle 
beyond the lower angle of cell, then excurved to its lower angle; a white speck in cell; 
a dentate submarginal line, the area beyond it brown; the cilia white at tips. Hind 
wing dark fuscous; the cilia white at tips. Underside of forewing with the costal and 
outer area pale, speckled with red; hind wing pale, the costal area speckled with red. 

9. Bright orange yellow; forewing slightly red speckled and with slight purplish 
suffusion below the postmedial line; the cilia white at tips. 

(Larva. \Vith three pairs of abdominal prolegs. Grass green, with dorsal and lateral 
series of minute white specks; the pro legs reddish. Food-plant Hibiscus .) 

THE EGG. 

Diameter 0.8 mm., circular, flat below; the upper surface varies somewhat in con
vexity, in some being almost hemispherical, whilst with others it is quite flat, in general 
shape and size reminding one of the egg of Aletia xylina [Alabama argillacea]. Color, 
pale yellowish green, almost of the same 8hade as the lower side of the leaves. The 
number of ribs which run from the base toward the summit varies in diffe:rcnt eggs 
from 31 to 38. Of these ribs from ll to 13 reach to about one-fourth the distance above 
the base, 5 to 7 halfway toward the summit, and 16 to 18 to near the summit. The 
space between these ribs i9 divided quite constantly by 12 low transverse ribs, which 
at the intersection with the radiating ribs form a small though quite sharp triangular 
point, which is especially conspicuous in the empty egg. The spaces between these 
ribs form shallow, squarish depressions, which are finely granulate . The summit 
is almost smooth, surrounded with three series of small, roundish cells, which become 
larger away from the center, and beyond these another series of three rows of larger 
cells of different shapes, though more or less squarish. 
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THE L ARVA . 

First stage.-Length of the ·newly hatched larva, 2 mm. Color very pale greenish 
yellow along the dorsum, white and transparent toward the sides; head pale yellowish, 
without any markings; eyes black , tips of mandibles brown . Antennre short, 
3-jointed ; first joint stout, very short and somewhat conical; second joint longest, 
clavate, its tip obliquely truncate externally, bearing at inner and outer angles a 
stout spine, which is a little longer than the third joint ; third joint shorter than sec
ond , cylindrical, with a small tubercle at tip , resembling a fourth joint, and provided 
at its tip with a fine hair ; at the inner side of the third joint, at base of the apical tu
bercles, arises a stout spine which is almost as long as the joint itself. Piliferous warts, 
pale brownish , each bearing a long and slender pale hair. Legs rather long, white; 
only two pairs of prolegs, situated on abdominal joints 8 and 9. 

Second stage.- The first molt takes place seven or eight days after hatching; at this 
time the larvre differ from the newly hatched specimens only in the somewhat larger 
size and slightly darker color. 

Third stage.- In from six to seven days the second skin is cast, and with this molt 
appears the third pair of abdominal legs on joint 7. They are, however, extremely 
small and scarcely noticeable; they are not used in walking. The color now is a darker 
green , lighter toward the sides, and with a pair of rather indistinct whitish dorsal stripes. 
Head highly polished, pale, faintly greenish , with two pale, dusky oblique stripes . 
Cervical shield slightly dusky , with a darker posterior margin. Piliferous warts 
black, the hairs colorless . The abdominal legs are marked externally with a broad 
dusky stripe. 

Fourth stage.-The third skin is cast six or seven days after the second molt. The 
larva is now almost of the color of the leaves, and measures about 14 mm. in length. 
The median and somewhat wavy lateral lines are darker than the rest of the body; 
the subdorsal stripes and sutures b etween the joints are white. The pro legs on abdom
inal joint 7 are now quite distinct , though rather small , and are used in walking. 

F ifth stage.-The fourth skin is cast three to five days lat er , the larva having changed 
very li ttle in appearance, except that the dorsal and lateral lines and the piliferous 
warts are distinctly dusky . 

Sixth stage.-Five or six days later the fifth skin is shed, and the larva does not change 
in appeareance. 

Seventh stage.-The sixth molt takes place about five days after the fifth , and the 
whole appearance of the insect is considerably changed . The color is pale, trans
lucent, pea-green. The head is not polished, of the color of the body; the two oblique 
dusky stripes are composed of several irregular spots; the labrum is white, antennre 
pale greenish, and the eyes black. The median and the two subdorsal lines are com
posed of numerous irregular spots of a lemon-yellow color , of which those on median 
and the lower dorsal lines have a more or less disti11ctly dusky shade on either side; 
the lateral line is qui te broad and almost white. Piliferous warts pale yellow, sur
rounded by transversely oval , indist inct, dusky rings. The whole body is speckled 
with numerous, usually t ransversely oval , small , lemon-yellow spots, which inclose 
from two to three almost colorless, glistening, round dots . Stigmata orange. Legs 
pale green; claws and hooklets pale brown; venter bluish-green. 

Length of full-grown larva about 35 mm. (li inches) . 

Larvre at work on an Abu t ilon leaf are illustrat ed m Plate V, 
above. 

THE P L"PA . 

Length, 15 mm. Color, blackish-brown; wing-sheaths opaque, the remammg 
portion faintly polished . F ront of head prolonged into a short, stout, conical pro
jection; near its base ventrally are two fine and qui te long hairs and two similar pairs 
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THE ABUTILON M OTH ( COSMOPHILA EROSA ) : a , ADULT; b, LARVA, SHOWING AR RANG EMENT OF 
LEGS; c, PU PA. ENLARGED. ( O RIGINAL.) 
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a , ABUTILON LEAF, SHOW ING PENULTIMATE STAGE OF LARV A OF THE 

ABUTILON MOTH NEAR MIDDLE; b, P ORTION OF PUPA OF THE ABUTI
LON MOTH AT LEFT ON LEAF, SHOWING PARTIAL CONCEALMENT. 
(ORIGIN AL. ) 



EXPERIMENTS IX CONTROL. 9 

dorsally near insertion of antennre. Eyes prominent and considerably polished. 
Legs reaching to tip of wing-cases; antenn~ shorter. Median line of prothorax quite 
sharp and carinate, median line of mesothorax .faintly elevated, somewhat polished. 
The whole anterior portion of body finely and closely granulated. :tvfetathorax and 
the three following abdominal segments, with numerous shallow, circular depressions, 
each having a central granule. The circular depressions on abdominal joints 4-8 are 
somewhat larger and their margin is slightly elevated; the posterior third of joints 
4-6 is of a lighter color than the rest of the body and very closely and quite coarsely 
granulated, while the posterior third of abdominal joints 7 and 8 is polished and not 
granulated. The last joint is very peculiarly formed; its tip is broad and prolonged 
each side into a short. stout, and iharp tooth directed forward, and between these two 
is a pair of slender and also bristle-like spines, directed forward and with their tips 
curved in the shape of a loop; another pair of similar bristle-like spines, which are 
directed forward and inward, are situated, one at each side, on a small projection at the 
base ventrally of the stout lateral teeth, and between these is a large projection which 
is armed at its edge with two large, stout, claw-like teeth, which stand at right angles 
to the body of the pupa. The anal swelling is smooth, circular, and quite prominent; 
the remaining portions of the tip are marked with coarse, elevated ridges, both dorsally 
and ventrally. 

The pupa is shown in Plate V, below. 

EXPERIMENTS IN CONTROL. 

The following formula was used for spraying the infested Abutilon: 
~icotine sulphate, 40 per cent .... . .. . ...... ......... ......... ounce . . t 
Whale-oil soap .............................................. pound. . t 
Lukewarm water ............ . ........... . .... . ............ . gallons.. 5 

The whale-oil soap was thoroughly dissolved in 5 gallons of water 
and the solution, after the addition of the nicotine sulphate, was thor
oughly agitated. The plants were sprayed in the morning while some 
dew remained on them, and in the form of a fine spray or mist from all 
sides as well as from above and below, the idea being, if possible, to 
reach every insect on the plants. The weather was calm and clear. 

Two days after this treatment about 95 per cent of the larvre were 
found dead. Only four or five larvre were observed to be living, and 
these, it is believed, came from adjoining unsprayed plants. In a 
few days the plants began to take on a new appearance, putting out a 
second growth of leaves. Unfortunately, however, three weeks after
ward another lot of larvre attacked the same plants, although their 
numbers were much less than on the occasion of the first attack. 
They were, at the time of discovery, full grown and starting in to do 
considerable injury. 

To complete the experiment, destroy the insects, and save the 
plants, the same solu tion was applied again with the result that it 
entirely eradicated all of the insects, and the Abutilon plants thrived 
thereafter free from insect attack of any kind up to the end of the 
season. (See Pl. III.) It is believed that some of the insects were 
in the egg stage when the spraying was made on the first occasion 
and that they are not reached when in this condition. 
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An extremely interesting matter in <·onm·ction with this injurious 
occurrence nnd the application of remedies is that throughout the 
season of 1913 to October 13 none of the insects made their appear
ance on the Department grounds where the sprnying work was done, 
sho,ving either the absolute thoroughness of the application or, possi
bly, that the insect never returned to this pa~ticular locality. 
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PAPEHS OX INSECTS .-\FFECTING rEGETABLE AND 
TRUCK CROPS. 

THE SPOTTED BEET WEBWORM. 

(Hymcnia pcrspectalis Hiihn. ) 

By F. H. CHITTENDEN. Sc. D .. 

!11 Charge of Truck Cm11 a11d l'torcd l'nuluct lit.,ccf [lll'r 'sfi(tafions. 

INTRODUCTORY. 

The spotted beet "·ebworm (Hymenia paspectalis Hiibn.) has at
tracted the writer's attention on hYo occasions from its occurrence 011 

beets in the District of Columbia. It is a singular fact that it "·as 
fir:-t obsened in 1905 and that its presence did not again become no
ticeable until after a lapse of seven years, or until1912, when it became 
a veritable pest. It may be classified both as an enemy to sugar beet, 
because of its occurrence on that plant normally, and as an insect 
injurious to ornamental plants in both the garden and greenhouse. 
The larva is at first sight rather plain, but on closer examination it is 
seen to be distinctlY and beautifully marked. The moth is also a 
most beautiful creature and has often been found flying about the 
District of Columbia. The food plants w·hich will be mentioned in 
the present paper probably do not b~· any means exhaust the list. 

DESCRIPTIVE. 

THE ~IOTH. 

Hymcnia paspcr·tali8 i"' a member of the family Pyralidre and sub
family Pyraustina-. according to Dr. Dyar\ classification. It has been 
described under various synonyms as follows: S poladia animal is 
Guen., s. exportalis Guen., Zind:enia zn·imol'dialis ZelL D rsmi(/ 
1·hintlwnalis \Yalw., and Hym enia pharsiusalis \Yalk. 

Thej genus (under the name Zinckenia) is characterized by Sir 
George Hampson as follows : 

Palpi upturned. the 2nd joint broadly scaled in fL·ont and not reaching vertex 
of bead, the 3rd v;·ell deYeloped and acuminate ; maxillary pal pi long and fili
forru; frons rounded; autenme of male nearly simple, the base of shaft excised, 

1 
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and a tuft of hair [rising] from basal joint; tibia~ with the spurs long and nearly 
equal. Fore wing witll Yeins 3, -!. :J from angle of cell; 7 well separated from 
s. !\ to which 10 is approximated. Hind wing with Yein 3 from angiE' of (·ell; 

.J. 5 approximated for a short distance; u. 7 from upper angle, 7 anastomosing 
with 8. 

THE EGG. 

The egg ''"as not seen by the writer owing to the lateness of the 
season "-hen continuous work was begun. "'y e therefore haw to 
depend upon the description furnished by ::\Ir. Davis.. He writes, 
in substance~ that the female deposits her eggs flat and sing-ly on the 
stem of the plant near the base. The egg is oYal. 0.57 mm. by 0 .. 8~ 
mm., and being tran:-;pnrent pale green is quite conspicuous on the 
plant. Its surface is slightly convex and covered with microscopical, 
irregular polygonal areas appearing as a netlike sculpture on the 
surface. 

"Talker's description of the :-;pecH's under the name pkru8iusulis 
follows: 

Female. Brown, rather slender, whitish beneath. Palpi Yertical, slightly 

a 

Frc. 1.-The spotted beet webworm (Hymenia pcr
spectalis): a, Moth; b, lana , lateral Yit>w; c, 
larva, dorsal view, showing characteristic mark
ings on bead and joints; d, abdominal joint; c, 
anal joint. a-c, Enlarged; cl, e, more enlarged. 
(Original.) 

cun-ed, rising higher than the 
lleatl; second joint :-;lightly 
fringed; third lanceolate, 
about half the length of tile 
second. Pectus pure white in 
front.. Abdomen extending a 
little beyond the hind "-ings; 
hind borders of the segntE'nts 
white. Fore legs with hrmYll 
bands.. """ings moder<ltely 
broad, " ·ith a cupreous tinge; 
markings white; ft•in;_:p hE're 
and there white. Fore wings 
'"i th the interior line slender, 
nearly straight; exterior line 
much interrupted, broad and 
regular in front; reniform 
mark represented by a trans
Yerse subquadrate spot. Hind 
wings '"ith the exterior line 

broad, complete, attenuated hind ward. Length of the body 4 lines; of the 
wings 9 lines. 

Less technically. this moth may be described, in comparison ''""ith 
the related Hymenia fasr-ialis Cram.,1 as of Yery similar form and 
haYing a similar pattern. The colo,r is paler brown inclinino- to 

' 0 
cmnamon. The white fascire or bands are much less conspicuous 
especially the :o:econd band on the fore wing two-thirds from th~ 
apex. The fascia on the hind ''""ings is of different ~hape, not more 
than half as ''""ide as in the other species, and more irregular. The 

1 See Bul. 109, Pt. I, Bur. Ent., r. ~- Dept. Agr., ~o\·ember u, 1912. 
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patten~ is about as illustrateJ. in figure 1, 11. The average wing ex
panse 1~ 20 mm., while the l::ody is 8 mm. long. The venation is as 
~hown m figure 2, and the external male characters are illustrated 
in figure 3. 

THE LAHYA. 

The lana of this species is, \Yhen nearly mature, subcylinclrical 
and somewhat depre::;secl. "Then contracted it is about ten timts as 
long as it is wide, and when extended still longer. The general 
color is green, brighter in the younger 
individuals and paler just before ~ 
transform~tion. T~1e head is prettil~· 
marked "\nth purphsh clots, leaving a 

; · 

white, longitudinal center through ~ 
each half. The head is well divided, 
the two lobes meeting somewhat nar-
rowly. The thoracic plate is of about 
the same width as the head, having a 
black border with conspicuous tuber
cles clothed "·ith rather long hair,.;. 
Of these tubercles there are two con-

FIG. 2.-Venation of Humenia fas
Gfalis, showing charact ers of the 
g<>nus; head and nntenna, latera l 
view, at right. (After Hampson.) 

spicuous pairs on the first thoracic segment, with two others on each 
~ide. The second thoracic segment is wry similarly marked. The 
abdominal segments are marked "·ith four tubercles on the dorsum 
and larger ones each side. The arrangement of the spots on the 
anal segment is well sho"·n in figure 1 at e. The location of all 

FIG. 3.-E x tern a I 

these tubercles is \Yell illustrated in figure 1, 
the arrangement from above being shown at c 
and the lateral arrangement at b. The length 
of this larva when extended is about 20 mm. 
"'hen at rest, or retracted, it is considerably 
less. The width at the widest portion is about 
:) -:.. .. >mm. 

The pupa, unfortunately. was not pre,.:en·ed. 

male characters of D I STRIBU T ION. 
mnth of Humenia 
pel'spectalis. Great· 
Jy enlarged. (Orig- The distribution accorded this species by Ramp.: 
inai.J son is .. Xearctic, Neotropical,-Ethiopian, and Aus-

tralian regions." K othing is known of the origin of the species, 
and it is uncertain whether it comes from the Old or the ~ew 
" 'odd, but it is obviously exotic and introduced into the United 
~tates . As the known species are from Africa, this may indicate 
the original habitat. The species is not known in Europe, but it 
will probably in time become cosmopolitan. 
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The record of injurious occurren<'es includl':; only Brooklyn,);. Y., 
:~nd "'n~hington. D. C. Undoubtedly the "'pecies occurs in troullle
some numbers in many localities, but no records are available. 

Through the kindn~ss of Dr. H. G. Dyar and from other somces 
I am enabled to furnish the following distribution: 

Washington. D. C .. October 1. 1~7!). 

Knn;.:a;.:. :-;eptember. 1.'37::!. 
Ohio. 
Georgia. April. J ,o..;'j!l. 

Hurricane :\Iills. Tenn. ((;.G .. -\.inslie). 
RrownsYiliL•. Tex. {)Ic:\Iillan). 
Tryon, -:\'. C.. July 3, 1904 ( "'· F. 

Fiske). 
Dallas, Tex. (Boll). 
Texas (Belfrage). 
:\liarni. Fl:t. (:-;ch:tus). 
Pernambuco. Brazil ( Koebele). 
Oaxaca, :\Ie:>x ico. 

1 <;rennlla. British \\'est Indies. 
:-;t. Lucia. Britisll "'est Indies 
Guatemala (Cockerell). 
Costa Hica ( SL·lla us). 
P;llwma ( Busck). 
Yenezuela. 
French Guinna. 
Peru. 
llio de J aneiw. Brazil. 
\'ewark. :\'. J. 
Cuba . 
~:1 ra wn k, Borneo. 
Central America. 

NOTES ON OCCURRENCE . 

. \TT.\CK 0:'\ BEETS .\.1\D CH.\RD. 

October 1. 1005~ the writer first obsened this spec1es m a small 
colony on sugar beet~ gro\Ying in the insectary garden connected 
with the Bureau of Entomology. The insect was studied at that time 
with sufficient care to enable a drawing of the larva to be made, \Yhich 
is presented here\Yith. The moth. howen'r. was not reared becanse of 
an accident which occurred to the rearing jar in the \\Titer\ absence. 
Septembet~ 00. 191:2: after a lapse of sen'n ~ ·ears, this same species 

was ngn in detected by the writer and readily recognized from the 
draw·ing prHiously made. It \\'U S first noticed and cansed consider
able injury on S\\·i!2s chard gTowing in the grounds of the Bureau of 
Entomology. The infestation covered one-half of a row of chanl. 
\Yhere the damage was practically complete. Injury, howenr, \Yas 
complicated by another insect \Yith which it was associated, the spin
ach or beet flea-beetle (Disr}//yr·hrt x anthomr7rl'?trt Dalm.), \Yhich had 
been injurious to the same plants in an earlier and a later generation 
and \ras still at \York throughout the time that the lepidopterous 
larva \YH S obsenecl. and even later. The \York of both species is illw-
trated in Plates I and II, while Plate III show·s. for comparison) a 
chard phnt which has been slightl .\· infested but not injure<L The 
large holes \H're made chiefly by the beetles earlier in the season~ and 
the blacker portions show where the lana' or caterpillars did their 
greatest damage. 

From the outset of attack it wns noticed that lana> were rare]~· 
seen during the daytime and eYidentl~· were nocturnal or practically 
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SU GAR BEETS SHOWING INJURY FROM COMBINED ATTACK OF SPOTTED BEET WEBWORM AND SPINACH FLEA-BEETLE. ( ORIGINAL.) 
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SWISS CHARD IN SAME Row AS SHOWN IN PLATE I, NOT ATTACKE D BY THE SPOTTED BEET W EBWORM BUT SHOWING 
MILD ATTACK BY THE SPINACH FLE A- BEETLE, ( O RIGINA L. ) 
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~o. and that they concealed themselves about the bast's of the plants 
near tlw roots and under portions of leaves or petioles which rested 
on the gTotmd. This was especially noticeable at the time ''"hen the 
Jarra' were attaining their full growth. 

Subsequently. October :1. the writer. with l\Ir. .\. B. Duckett, found 
larvre of this species at work on table and sugar beets. On the sugar 
beets similar injury to that on ~"·iss chard had been done, but for 
~ome reason the larnl? 'n•re scarce. The work was quite apparent~ 
howe'ver. On the table beets the !arne looked considerably darker, 
due to the darker food plant on which they feel. They were oh
~rvecl at this time in all stages of growth from the first stag~·s of the 
larva to the last stage. The location of the chard and table and sugar 
beets had much to do n"ith the growth of the larne, the sun playing 
an important part. 

On a single leaf of sugar beet taken October -! the lanre remained 
in the same position for rrbout :24 hours. The leaf 'vas small, and 
after this period. after capture. onl)· slight growth of the larne could 
be ob3ened. especiall.'· in the case of the younger stages. 

These latter were probably in the second stage. They were very 
nearly white. showing wry feeble markings. They measure about 
:l .. i mm. in length. In what appears to be the third stage the larvre 
assume decided markings, but are not nearly so dark as in the next 
,tagl'. They are decidedl~· green in color, and measure about 10 mm. 
in length. 

In the la~t stage the lar':n•. just before pupating. tnrn pale ancl 
!'omewhat yellowi,-h. 

The cocoon is formed in different ways-em the plant and on the 
!!1·oui1d-and j,- covered with more or ]e,.;s webbing, and sometimes 
with an abundance of black excrement which naturall)· soon grows 
dry. 

I:\JrRY TO OH:\A:'IIE:\T.\L l'LA:\TS. 

On October G, 1912. the writer obsened at Iowa Circle: ·washing
ton. D. C .. seYere injur~· to foliage plants of the order Amaranthnctw. 
The most seriously injured area was a large circle in one of the beds 
anhe "·est end of the park. The plants were practically ruined, 
merely hanging together in shreds. Opportunity llicl not offer to ob
tain the lan~ because of the crowd of pedestrians and others seated 
in the immediate vicinitY. On another plat where the plants did not 
receiw nearly so full sunlight the larvre ''"ere found in more abun
dance, but onl.'r half as much injnr:· had been accomplished. It 
is plain that the first lot had mostly matured and the second lot 
were near maturitv. The plant in question, on ''"hich the insects \Yere 
mo~t abundant, ~as Teluntlzem l'el'~o:icolor, or the Alternanthera of 

florists. 
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There " ·ere al so bed:-; of the .1r1tf)''Wtfhes ur·umi1111fa of flori,-t:-;. 
knmYn botanically n:-; lrcsine lindeni, which were slightly injured by 
thi s pest. It was noticed that the lana-, as in the case of attack to 
other low-growing plants_, rest chiefly during the daytime on the lower 
leaYes and near the roots. 

October 7 the writer observed much injury to seYeral plats of Alter
nanthera on the grounds of the Department of Agyiculture, but lanrr 
were difficult to obtain tmtil the much injured lower lea Yes were 
noti ced : then no trouble m1s experienced, Mr. Duckett. easily taking 
about a dozen. In this cn!"e, as in others, " ·ith the exception of that 
at Iowa Circle, colonies of the spinach flea-beetle (Disonycha x antho
;,tc/o·na DalnL ) were present and had been re"ponsible for the early 
injury. \Yhen first collected the hw species were in the proportion of 
fiw of the flea-beetle to two of the webworm, but later the lepidop
terous lana• '"ere found to be doing the greatest damage. A few 
young larva- \Yere observed at this time. 

Cut lea Yes of beets and refuse stems were placed near the ·affected 
S\Yiss chard as decoys, \Yith the result that many lanre were found. 
some \Yithin the stems and some of them on the side nearest the 
ground. ~lnny \>ere also found on and under lea Yes 1 which had 
\Yithered. 

Lanre \Yhich transformed to pupre October ! emerged as moths 
October 25, or in 21 days. Larvre which transformed to pupre Octo
ber 12 emerged on October 30, or in 18 days. One which pupated 
October 16 emerged October 31, or in 15 days, showing the length of 
the last generation of the season to Yary between l;) and 21 day;.:~ ac
cording to temperature. X one of the moths which were kept for the 
purpose deposi ted eggs, nor did any remain over as larva-. as in the 
case of many related species in hibernation. Hence it is doubtful if 
this species really hibernates in the District of Columbia , and it may 
be that the region is reached by moths \Yhich fly from more southern 
places in \Ynrm days in spring or early summer. At any rate injnr~· 

has neYer been noticed until the autumn. One moth was captured .by 
the \niter as late a:-. D ecember 10 in the insectarv. It miaht haYe 

" b 

emerged from the plants there or obtained access to the building from 
the outside. 

OTHER RECORDS AXIl XOTES. 

The foregoing records han' been made from the writer's personal 
observations. In looking OYer the notes of the Bureau of Ento
mology a much earlier record \Yas found , dated April 1, 1896, when 
~Ir. Theodore P ergande noticed large numbers of the moth flitting 
about in the propagating house of the Department of Agriculture 

1 This habit of concealm ent on the dried lt·aYf's is n ,·,· ry common one amon;..: both beetles 
and ca terpilla r s. JJisonych11 J'''"thomellr-na was observed in similar locations, even on 
dried lea,.,., growing high on the plants. 
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and " ·as told by the gardener that this moth evidently belonged to a 
~m,~ll .laiTa which ''"a ~ doing great damage to the leaves of ~everal 
varieties of Alternanthera grown in boxes and pots in the green
house. It ·was also obsen-ed that the }arne worked mainly at night 
and that they concealed themsehes during the daytime between the 
roots of these plants at the bottom of the pot. 

Xovember :27, 1DOD, Dr. H. T. Fernald sent specimens of this spe· 
cies for identification that had been received from Cuba. 

Xovember l.i, 1D10, ::\Ir. D. K. ::\Idiillan while workin<Y under the 
. ' b 

writer's direction at Brownsville. Tex., collected the larvoo of this 
species on Amaranthus and beets in that vicinity. The lan-oo were 
attacking the leaves and flowers of both plants and webbing the 
leaves and stems. ::\Ioths were nrv numerous on December 6 of the 
same year. a few larnt' still being found on the food plants men
tioned. Parasites were reared from lan-oo taken K ovember 15. 

April 11, 1912, Prof. Glenn W'". Herrick, of Cornell University, 
Ithaca, X. Y .. sent specimens of the moth with report that they were 
reared from larne found very abundantly in a greenhouse in Brook
lyn. X. Y., and that they 'vere especially bad on Alternanthera. 

:\Ir. John June Davis has forestalled the writer in publishing an 
article on this same species, which he terms the Alternanthera worm. 
He records that in 1910 this species was found eating the foliage of 
the variegated border plant Alternanthera, and states, what the writer 
has also noted, that if the larvoo are numerous enough to attract at
tention they usually defoliate the plant repeatedly as new shoots 
and leaves put forth, thus ruining it for ornamental purposes and 
sometimes killing it. The article includes descriptive Jhatter, notes 
on habits, and suggestions as to remedial measures, among which 
arsenicals, hand picking, and light traps are especially mentioned. 

ASSOCIATED INSECTS. 

THE YELLOW-~ECKED FLEA-BEETLE.1 

(Dison !J(·lta mellir'olli.~ ~ny .. ) 

October 8, 1912, the writer observed, in a badly infested plat not 
previously examined in Iowa Circle, W'" ashington City, about 20 indi
viduals of the yellow-necked flea-beetle (Disonycha mellicollis Say) 
congregated ,in a space of less than a square foot. They were in a 
warm place, the sunlight was strong, and hence they could all haw 
escaped, though they could have been captured that evening: The 
"Titer captured enough specimens to be sure of the species, although 
tim, insect can be readily separated from .ranfli{Jmrlrr~ na in life some-

lSee also Bnl. S:!, Pt. II, Bur. Ent .. , r. S. Dept . .. \gr., pp .. :!!l-:~:!, l!JO!J. 
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"·hat better than in dried specimens. It is singular that this park 
should h:ne been so badly infested by this species, while only one 
indiYiclual could be found in a long search on the grounds of the 
Department of Agriculture. The difference in distance is not more 
than 1} miles. 

THE SPIXACH FLEA-BEETLE. 

(Disouyd111 .rantl!o111clrrua Dalm.) 

During the year 191:2 beets as \Yell as spinach grew nry rapidly 
in the District of Columbia during rainy cln~·s~ succeeded by warmer 
ones, but owing to press of other work the writer was unable to gin' 
them and their insect enemies as much personal attention as they 
clesened , and another reason was that the species involved, Disonycha 
xanthomelmna Dalm., has already been written up with considerable 
care. 

K evertheless there is always something new to learn, as there will 
be of all species, as long as \Ye continue to observe them under dif
ferent enYironments and atmospheric conditions. The table beets 
grew so rapidly that in spite of the lana• and adults of the spinach 
flea-beetle, which "peppered them full of holes," they made consid
erable progress. 

The spinach began to die rapidly about the beginning of the third 
week of June, and in four clays nearlyeveryplant appeared as if dying. 
In addition to the spinach flea-beetle, the spinach aphis (Rhopnlosi
phum dianthi or J/ yzus persicm a net.) was also present, but, as 
affirmed b~· Dr. EnYin F. Smith, \Yho, with the writer, examined 
the plants June 2.), there was no evidence of disease or of malnutri
tion. If the· plat of spinach had been a field, the plants would un
doubtedly han perished, owing· to the combined attack of the flea
beetles and the aphides, and this in spite of the fact that the aphides 
\Yere being rapidly destroyed by lad~·birds. 

To determine the extent or degree of injury, comparison was made 
of a beet root taken from our experimental plat, which had been n'r~· 
little affected b~· this flea-beetle, with another lot which had been 
badly affected, with the resnlt that it required nine of the affected 
roots to equal the weight of one that was practically unaffected. 
The small roots were picked out at random by the writer from the 
place most badly affected, which \Yas at the sunny end of the plat. 

It should be mentioned in this connection that plants growing 
''here the~· were shaded by hedge plants were comparatiwly little 
affected by insects. This same observation has been made in connee
tion with the imported cabbage caterpillar (Pontin rapm L.L which is 
not clisturbed by wasps \Yhen feeding in shady places. 
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F IG. 1.-MOTHS OF THE SPOTTED BEET WEBWORM ( H YM ENI A 
PERSPECTALIS ) , MALE ABOVE AND FEM ALE BELOW. MUCH 
ENLARGED. ( ORIGINAL. ) 

FIG. 2 .-MOTH OF THE HAWAIIAN BEET WEBWORM ( HYMENIA 
FASCIALIS) . MUCH ENLARGED. (AFTER MARSH.) 
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EYidently this and other specit's of flea-beetles, or at lea~t many of 
them, are in the habit of feeding to some extent in sunshine as well 
a~ in ~hade. ' 

In regard to remedies for the spinach flea-beetle, '"hile conducting 
some experiments in .Tul~·, 1912. F. H. O'Xeill, :':'tuclent assistant, 
spraying for cabbage butterflies and honev bees,1 to see if sweetened 
and poisoned substances would kill any· of th~m, obsened that a 
mixture of arsenate of lead used at the rate of G, 12, and 25 pounds, 
and similar amounts of molasses, to 100 gallons of water, did not 
destroy the butterflies or bees, but about GO dead indiYiduals of this 
flea-beetle were counted beneath the radishes July lG. The flea
beetles were not in particular eYitlence during these days; but they 
had ·' peppered " the beets with the usual small holes and must, 
therefore, haYe been abundant about the roots of the plants and come 
up to feed on the lea ws. to their wr~· s"·ift undoing. It "·as not 
expected that the poison \Yould kill either the butterflies or the honey 
bees which were present, and these were practically all unharmed. 

THE H.\ ""AIL\ X BEET WEB\VOR~I. 

(Hymcnia fascia/is Crnrn.) 

In a single instance the Ha\Yaiian beet \veb\Yorm (Hymenia fascia
lis Cram.) was reared from Swiss chard "·ith the spotted webworm 
at "Tashington, D. C. )!oths issued on October 7. The chard is a 
new food plant. The species is recorded by Marsh as attacking table 
and sugar beets, stock beets or mangel-wurzels. and severa l species of 
Amaranth us, Euxolus, purslane (Portulaca oleracea), cucumbers, and 
chenopodiaceous weeds. The moths of the hYo species are shown, for 
comparison, in Plate I\~. 

NATURAL ENE:nHES. 

On several occasions during October the last two stages of the 
nymph of the spined soldier-bug (Porlisus nwr-ulirentJ·is Say) were 
observed attacking the larvre of the spotted beet web"·orm. This 
was the only predaceous insect observed, although there are probably 
several others. 

The same is true of the parasitic enemies, a single one being noticed, 
a small braconid, Hemiteles sp. (Chttn. No. 210-1°). This latter 
was reared October 7. 

The very closely-related Hymenia fascialis has several parasites, 
and the proba hili ties are that if the present species "·ere studied more 
earefull~· in other regions a number of other natural enemies would 

1 These experiment~ were made at the request of correspondent~. 
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be di~con•red. Undoubtedly also wasps of the genus Polistes. be
~ides LimJteJ·ium lwwaiien~c Cram., ('helonus b1ad·b111'11i Cram., and 
CJ'cllwstu;,; lzymenia' Yier., enemies of H. fasciali;,; in Hawaii, will 
attack this species in its larval condition. 

CONTROL. 

It is obvious from the notes on the occurrence of this insect that 
injury \Yas discovered too late for the application of insecticides. In 
1Jractically e\·ery case the lan!E "·ere in the last stage, the few younger 
larv& merely indicating the exception to the rule. Such being the 
ease it \YllS not possible to test any remedies ·whatever. It is inter
esting to relate~ hmYHer, in the case of Swiss chard, that many of the 
plants~ being able to withstand a considerable degree of cold, re
coYered and put forth nevi' leaYes, practically a second crop of leaYes 
developing. and that the moths hatched from all Ian& and did not 
deposit eggs~ at least not in confinement. 'Yhat they \YOtdd do under 
natural conditions is not quite certain for this latitude. 

In the case of the related Hawaiian beet webworm, 1\lr. H. 0. Marsh 
.has demonstrated that Paris green applied at the rate of 2 pounds 
in 100 gallons of water did not burn beet foliage, and the same would 
be true of chard and the ornamental plants which this species attacks. 
"11ale-oil soap at the rate of 8 pounds to 100 gallons of water is 
added, and serves as an effectiYe adhesiYe agent or "sticker." thus 
enabling a more eYen distribution of the poison oYer the leaf surfaces. 

In addition to Paris green, ~Ir. Marsh demonstrated that nicotine 
sulphate, used at the rate of 1 fluid ounce to -! ounces of whale-oil 
.:;;oap and -! gallons of \Yater. sprayed npon cabbage. resulted in the 
destruction of other small and larger larne. He expresses the belief 
also. reasoning from analogy. that this formula, although not actually 
tested on Hymenia larv&, would probably proYe entirely effective. 

Arsenate of lead and arsenite of zinc should both be tested for this 
insect should it occur in numbers and an opportunity be afforded for 
an early application of these poisons as sprays. The most important 
item in the control of this insect is the detection of injury early in the 
,oeason. before actual damage is accomplished. ~\mong other remedies 
fall plowing should be practiced. It is unwise to grow susceptible 
plants in the same locality in which this insect has been abundant 
the previous season. 

There is no proof as yet that as far north as the District of Colum
bia this species will in the near future rene"· attack or become as bad 
H pest as in 1912. The possibility exists. howewr. and a close look
out "·ill be kept for its reappearance. 
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PAPERS ON INSECTS AFFECTING VEGETABLE AND 
TRUCK CROPS. 

THE STRIPED BEET CATERPILLAR. 

(11 a mestra trifol ii Rott.) 

By H. 0. ::\IARSH, 

Entomological Assistant. 

INTRODUCTION. 

Among the caterpillars or "worms" which infest sugar beets 
in the ~~rkansas Y alley in Colorado and Kansas is the so-called 
garden Mamestra or clover cutworm ( J/ amestra trifolii Rott.). This 
insect is ordinarily one of the minor beet pests, although during some 
years it develops in sufficient numbers to cause noticeable damage. 
The writer had this insect under observation in the .Arkansas Valley 
during portions of four years (1909~1912), and this article is based 
on not~s made during those years. 

In the .Arkansas Y alley the larYx were found on two plants only
sugar beet and lamb's-quarters (Chenopodium album). Sugar beet 
appeared to be the favorite. 

EXTENT OF INJURY. 

Except in the year 1911 the larvm were rare and caused practically 
no damage throughout the years the species "·as under observation. 
During 1911 hundreds of beet fields were examined in the territory 
between Pueblo, Colo.: and Garden City, Kans., and almost without 
exception the larvre were found on beets in all of these fields. The 
larne were most abundant and generally distributed during the 
middle and latter hal£ of J nne. During this month about 75 acres 
of small beets in various portions of the Yalley were obsernd to be 
stripped of foliage. About 5 acres were destroyed. ~\B a rule tl1e 
defoliated beets promptly recovered and put out new leaves, but 
occasionally the larvre destroyed the crowns of the plants, and when 
this damaae occurred the plants died. 

b -

13 
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During July, August, and early September the lana• were mod
erately common on beets, but the infested areas \Yere scattered nnrl 
practically no damage resulted. Late in the fall they developed in 
considerable numbers on beets in some fields. ~\t this season, how

~~ 
"'C'- '. ' ... • • 

•jt .-· •• ·· ., • • ...... -"-~~~ 

ever, the infested 
beets W(:'l'l' ma tm·r. 
and no noticeable 
damage resulted. 
The majority of 
these larvre reached 
maturity cltHing 
October: and many 
pupa: ''"ere obserYecl 
during the latter 
part of the month 
and in early X o
vember. The winter 
of 1911-12 was ex-

b ceptiona lly "Herr. 
F1.:. 4.-ThP striped beet caterpi llar (Jfamcstra trifolii) : and the extreme 

,, , ilfotb; ~. ca t e rpill a r; c, pupa. Enlarged. (Original.) cOlJ a p pare ll tl y 

killed the pupre. Xo live indiYicluals ''ere found during the following 
spring. ancl the lanre \Yen· n•1·y rare throughout t]l(' summer of 1912. 

GENERAL APPEARANCE AND HABITS. 

The adult of the ~tripecl beet caterpi llar is a :-tockily built moth be
longing to the lepidopteran~ family Xoctuidre. (~Pl' fig. 4. a.) 
The forewings 
are dull grayish 
brmvn and have 
an expanse of 
about 1]'\- inches. 
The hind ;vings 
are grayish, with 
bro,vn markings. 
The moths are 
attracted to lights 
but are sluggish 
and, except for oc
casional indiYicl

..... 
2 v saw • 

F1<:. ri.-The striped beet caterpillar: E;.:;;>'. 1 Original. ) 

nals ;;·hich mny be found resting on boards, telegraph poles, and in 
similar locations, are seldom seen bY the casual observer. 

The eggs (fig. ;)) are rather ln~ge, pearly \Thite or pale ~·cllow. 
ribbed, and hemispherical. They are deposited singly on the under
::;ide of the leans. 
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The mature lana• (tig. -!, b) are about 11 inches in length and are 
llull green, with a more or less distinct pinkish stripe along each side. 
The lana· are voracious feeders. vVhen infesting- sugar beets they 
prefer th~ older lean•s. and the infested foliage may be entirely con
~mned, w1th the exception of the petioleso The full-grown lanoo 
burrow into the soil to the depth of about an inch aml form pupa
tion cells in the eartli iJy wriggling about. 

The pupa' (fig.-!, r') are .. chunky," reddish brown, and about nine
~ixteenths of an inch in length. 

LIFE HISTORY. 

There are three generations of this insect in the ~\rkansas Valley 
each year. The first moths are to be found during the latter half 
of :\lay. These deposit eggs, from which a 'generation dewlops 
during the first part of July. Eggs deposited by the July genera
tion produce moths during the latter part of August and in early 
September. The lana' of the third generation mature late in the 
fall, and the pupoo which develop live through the winter in cells 
in the soil. Adults cleYelop from the<>e pupoo during the latter hal£ 
of 1Iay of the following· year. 

REARING RECORDS. 

During 1011 and 191:.2 the follmYing rearing records were obtained 
in the laboratory at Rocky Ford, Colo. 

On .June 1, 1911. a few eggs "·ere• collected in the field from sugar 
beets. They were deposited singly on the underside of thE leans. 
The record is as follmvs: 

June L ________________________________ Eggs collected. 
June;-, _________________________________ E~gl' hatched. 
June 19 ________________________________ Lan:l? reached maturity. 
Jnue ~, ________________________________ First pupffi formed. 
July 2 _________________________________ First adults issued. 

From the foregoing records the stages are as follows: 
Day~-

Egg stage_________________________________________________ 4 

Lana l ~tn ge _________ ----------------- ____ ------------- - _ -- 16 
Pupal stage _______________________________________________ 11 

Total ____ ________________________ ___________________ 31 

On June 7, 1911, two apparently mature larvoo were collected in the 
field from sugar beets. They burrowed into the soil and formed 
their pupation cells Junt' !l and pupated June 11. The adults issnecl 
.June :!0. In this case the pupal period \Vas 18 <lays. 

September 17. 1011, a female moth captured at Rock~- Ford " ·as 
placed in a cage containing sugar-beet folingP. alfalfa blossoms1 and 
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dilute honey. She fed eagerly on the honey sirup; and on September 
19, 123 eggs were deposited. The record is as follows: 

September 19 ________________ ____ ________ First eggs deposited. 
September 24. _____ ___________ ____ __ _____ Eggs hatched. 
November 4 ______________ ____________ ___ .li'irst !arne reached · maturity. 
Nm·ember 10 __________ ___ _____ ___ ________ First pupte formed. 
1\lay 16, 191:! ____ __ ________ ____ ___________ First adults issued. 

From the foregoing records the stages are as follows: 
Days. 

Egg stage_____ ______________ ___ ________ ___ ______ __________ 5 
Lanai stage___________________ ________________ _____ _______ 4 7 
Pupal stage _________ __ ___ _________ __ _____ _____ __ _______ ____ 187 

Total _____ ____ ___ ____ _____ _____ ___ ____ __ _____________ 239 

The moths which issued May 16 "·ere placed in a cage and fed with 
dilute honey. The first eggs were deposited May 20. The record is 
as follows : 

First generation. 

May 16 _____________ ______________ __ l\Ioths issued. 
~lay 20 ___ ___ ____________________ ___ First eggs deposited. 
May 2:J _________ ___________________ _ Eggs hatched. 
June 12 _____________________________ First larvre reac-hed maturity. 
JunP 16 ____ ______________________ ___ J•' irst pupm formed. 
July 5 ___________ __ __________ ___ __ __ First adults issued. 

From the foregoing records the stages are as follmYs: 
na,·s . 

Egg sta ge___ _______ __ _______ ________ ______ _____ ____ ____ ____ 5 
Lnnal sta ge_______ ____ __ ____ __ ____________________ __ ____ __ 22 

Pupal sta ge _______________ _ ~ -- ----------- -- ---- - ---- - --- --- 10 

Total __________ _______ __ _______ ____ ___ __ ____ _______ _ 4G 

The moths " ·hich issued July 5 were placed in a separate cage and 
the first eggs ''"ere deposited July 11. The record follows: 

S econd gene rat iou . 

July 5------------- ----------------- - - - - ~Ioths issued. 
July 1L __________ ________________ ___ __ _ First eggs deposited. 
July 17 ___________ ______________________ Eggs hatched. 
August 2 ______ __ ________________________ J.n rne reached maturity. 
August 5 __ _______ _______________________ First pupm formed. 
August 20 ___ ___ _______________ _____ ____ _ First adults issued. 

From the foregoing records the stages are as follows: 
Da ys. 

Egg sta ge___________________ ___ __________________________ _ G 
La rval stage ___ __________________ . ___ _ _ _ _ __ _ _ __ _ _ __ __ _ _ _ _ _ _ lfl 
Pupal s tage________________________________________________ 1;; 

Total _______________________________________ __ ______ 40 
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Only nine moths of the second generation developed in the cages 
and. unfortunately. all were females. They deposited hun<lreds of 
eggs ·which were infertile, failing to hatch. Judging from the records 
which were obtained the previous fall it may be concluded that there 
are three full generations each venr. 

~ . 

EGG-LAYING RECORD. 

On September 17, 191L n femah' moth was captured and placed in 
a cage. Eggs were deposited as follows: 

Eggs deposited. 
Septe~ber 19 _________ ___ ___ __ ____ ______ _______ ___ __ ____ ___ 123 
September ~o______ _ __ __ __ ____ ___ _ ___ ______ _____ ___ _ 114 
September 2L__ __ _ _ _ __ _ _ _ _ _ _ . _ _ _ __ ____ __ 82 
September ~~- - --- - _ _____ _ _ _ _ ____ _____ _ 78 
Sept<:>mber ~3__ _ __ _ ____ ___ ____ 82 
September 2-L _________ ____ _________ __ _ ____ ___ ___________ 25 

Tota !_ _ _ - _______ _____ __ ____ _______ _ _ _____ _ __ ____ _ _ __ __ 504 

The moth died September 2:i. 

NATURAL ENEMIES AND OTHER CHECKS. 

As previously noted, the pupre are formed in earthen cells, near the 
surface of the soil, in the beet fields. When the beets are cultivated 
or plowed out at harvest time, many of the ce1ls are broken open and 
the pupre crushed or exposed to the weather. This is an efficiPnt 
check. 

During the winter of 1911-12 the minimum temperatures at Rocky 
Ford ranged from -15° to -26° F. This exceptionally cold weather 
apparently killed many pupre. 

In addition to these factors in control, there are several species of 
parasitic and predaceous insects which serve to check the increase of 
the Mamestra lana>. The following records were obtained at Rocky 
Ford: 

Jlicrodus inedius Cress., a braconid, was reared July 9, 1912. It is 
a medium-sized red and black insect with dusky wings. 

Jleteonrs sp. (Chttn. No. 597), a smaller braconid, hone~· ~·ellow in 
color, was reared July 11. 

A still smaller species, a braconid ( Chttn. No. 598), was reared 
August 1, but not positively identified. The body is black, the an
tenna> and legs are yellow, and the abdomen is marked with yellow. 
The lanrc of this parasite feed externally, in a cluster, on the dorsal 
surface of the Mamestra larvre. 

Plwrocera cla:ripennis 1\facq., a tachinid, was reare<l .\.ugust +. 
This fly is a common cutworm parasite. , 

Perilloides bio('ulata Fab., n pentatomid, wns frequently foun<l 
stabbing the partly grown Mamestra -larvre. 
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Phirlipj)lts co7omdcn,~is Thorell, a spider, was found rarely. feed
ing on the smaller lana•. 

RECOMMENDATIONS FOR CONTROL. 

During 1911 the 'vriter conducted sHeral spraying e:-.periments 
against the lana• with Paris green, arsenate of lead, and arsenite of 
zinc. It m1s found that the larvre o:f all sizes were readily killed 
-n·ith nr,;L•nicals. In :faet this is one o:f the most easily controlled 
pests which occur on sugar beets in the Arkansas Y alley. 

Paris green praYed more quickly effectin• than other poisons tested, 
and the following :fornmla is recommended: 

Pari,: green ____________________________________ ___ pounds__ 3 
" 'hale-oil soap ___________________________________ ____ (lo____ 6 

\Ya ter -~------------------------------------------gallons __ 100 

This mixture should be applied to sugar beets with a field sprayer 
(Plate V) at the ratt:> o:f from Ttl to 100 gallons to the acre. It is 
necessary to ''et only the surf!,].ce of the leaYes '"ith sp ray. 

CONCLUSION. 

In the .\rkansas Yalley the stri peel beet caterpillar is a minor 
enemy of sugar beets. Ordinarily it is held in check by cultural 
methods and nntural enemies. Occasionally, hmwYer, it cleYelops in 
injurious numbers, and when this occurs the larvre can be easily con
trolled by spraying with Paris green. 

A'DDITIONAL COPIES ofthls publication 
.li may be procured from the SUPERINTEND· 
ENT OF DOCUMENTS, Government Printing 
Office, Washington, D. C., at 5 cents per copy 
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