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ALGSTRACT

The bliology of F. exsectoldes includes descriptions of the habits,

food, temperature rel-dions, sessonal history end the detsils of the
life history in artificiel nests. This species is distributed from
Nova Sootie to Georzia snd from the Atlantic coast to the western
side of the Appalachian ¥ts. In laryland, the ants are active from
April to October. Soll tempcratures and the seasonal rhythn are core
mlaﬁed. during the active senson, large numbers of young workers
are raised and in July, winged males and femules aptear. The following
spring, some queens and numbers of workers may establish new colonies
by swarming. ¥Food is the honeydew obtained from honeydew producing
insects found on the trees and the soft parts of insects picked up on
the ground. In 11 artifiecisl nests, the average length of the egy
stage was 19 days, larvel stage 20.6 days end pupal stage 26.4 dayse.
The nutrition of F. exsectoides wes studied by offering various

foods to the ants in the field, by determining the survival of workers
on each food and by fooding artificial colonies. To food was found
which attracted the workers in sufficient numbers to be successful as
a poison beit. Survival on 21 foods, water and no food or water vere
determined in a total of 73 tests conducted at intervals during a year,.
The 3 types of artificial nests used are described and methods of
establishing the ants in them are given. The preparation and care of
the foods wmsed is explained as well as the care and feeding of the
artificial colonies. During 3 years, 86 artificial cclonies were fed



38 food combinations, o colony was able to nurish larvae until rupstion
on any dllution of honcoy, beol broth or liver brothe The successful cone
pletion of lurval development was used ue the ordterion in determining
witioh foods conteined all essential olemenis. 4ll successful foods

wore mixtures of a carbohydrate and a proteir, Honey, sugar, sucrose,
levulose and dextrose were tiwe carbohydrates used. A variety of umeats,
beef broth, liver broth, yeast cells, yeast julce and liver extract were
the proteins Tested. Twenby-ons artificial nests had larvae complete
development and pupate., +The most satisfaoctory carbohydrate wes 25%
honey wiiech slsc su;plied part of the minerals and vitamins. Liver broth
or liver extract sunplied the proteins as well as the rest of the mine
erals and vitamina recuired. The successful {foods for artificial nests
gave intermediate results in the surviwvel tests. The best foods in
survival tests were asucrosse, dextrose or lewvulose with liver broth or
liver extract,

Sinpe polsonsd baits were unsatisfaoctory, 3 fumigonts were tested.
Faradiohlorobensens at the rate of % and & pounds per mound was unsuce-
oessful in 1¢ out of 11 trials, DDT as a dust wes unsatisfeoctory but
a8 o spray showed promise, ‘hen properly arplied, fram 25 to 100 ce.
of methyl bromide per nest was effective. The amount used depends upon
the size and condition of the mound,.

48 referennes to liternture sibted are glven.
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testa to determine the most acceptable food, third, tests of methods of
exterminating the ants in limited sareas. The laboratory studies had two
objectives; first to determine the details of the 1ife histery, second,

40 find what wes the most nearly perfeat food or foods for survival of ine
dividuals and for rearing younge
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Vineeler must have had a great deal of information on F. gxsectoides,

They are often mentioned in his diseussion of sone subjeect but in no
plage are they discussed in detail. In his book “ants" (48), there are
sowe fine pictures of mounds of this species. In this book the reasons
for believing that F. exsectoides qusens found nests by temporary scoial
paragsitism and a desoription of the swarming method of beginning new nests
is givem, F. sxsectoldes is not mentioned in his discussion of food.

Andrews has & number of articles on F, exsectoldss. In 1925, he (1)

describes o visit to Hollidaysburg where mounds were counted and measured
in the same locality HeCook had studied in 1877. The mumber and sisze of
the mounds was much less than §8 years previcusly, pertly dus to the ine
roads of dwellings and other man-made destruction of the woodland, Andrews
(3) made & study of a colony of mounds of F. exsectoides in Beltimore Co.,

Hde in 1905 and again in 19520, Bo decrease in the number and size of
mounds was fpund here but & shift in comentration due in part at least to
g woode

the development of trees. TIhe young vigerous nests were near you
land snd the o0ld unests in the meture stands of treos. He believes there
is a definite correlation between size of trees and mumber of nesbs. His
later (8) study of soms of the food of F. smaectoldes inoreased this belief.

These ants depended wpon two tree~hoppers, Vanduszea arquate Say. and Thelia
bimeculats Fab., living upon black loeust for thelr carbohydrate foods The
colony used these insects on blaok loocust more than the scale insects on
tulip trees. They also used "beotles, flies, bees, bugs and especielly
the larvee of lepidoptera™ for food.

This author (2) algo measured one mound at intervals during 19 years.
The growbth flucuated, ihile the mound was smell, growth was slow and most
of the mateorial used was subsoll. Later, more vegetable matter and surface
soil was used, andrews (4) (7) also studied the terporature and strength
of mounds. The uprer part of the mound is warmer than the lower part and



the entire mound wermer than the surrcunding soil. iluch depends upon
the amount of sunlight received. The warmth 1ls held in the moupd bee
vaugse of the closed roof and inclosed air spaces. The streagth of the
mounde depends on the 501l and vegetation uced in the structure rather
than any mwberial that the snts mipght add.

Auother problem witi: Fs exsootolides that interested indrews (6)

wee populstion. By timedcounts of werkers om {ood paths, the number
foraging ot one time wae estimsted. Using smell arce counts, the num-

ber working on the mound et a given time was determined and the pupsl
skins thrown out on the surface of the mound wore counted. It was com-
cluded that an accurate estimate could not be reached in this way. In

the winter part of the antas in a hibernating nest vere dug out and counted.
In the spring, the reat were ocollected and counts made. Over E000 work-
ers and 11 queens were found in the nest., [Le concludes thet F. exssctoides

nests are not as populous as Suropean mound-building ants.

In 1938 another study on the populction of F. exsgetolides wes made
by Cory end Havilend (14)« A 19 ineh high mound eontained 237,103 worke
ers and 1,407 quecns, and a 11 inch high mound contained 41,326 workers
and 40 gueens. From a sbtudy of ten acros, averaging 7 mounds to the
acre, and the sbove population figures, the F. exsectoides populstion

of that ares was estimabed to he about Lwelve mililion.

At the time Andrews was studying . exsectoldes in -‘aryland,

Peirson (37) was working with it in Hew iMngland., iie proved that these
ants kill young white pine ¢rees by chewing the bark a few inches shpove
ground level and placing thereon their poison secretion. The same plant
tissue injury wus obtained by using lormic soid szolution. Teiraon, Hanter
(S2)s Johmson and Friend {28) have done work on extermination of ocoleonies

of g: « Ssxsectolides,

iuokerman (35, describes excuvebions of the pests of this ant and

Talbot (40)lists them in & survey of specles in the Chicego area. This



gpecies is aleo given in various lists and mentiomed by suthors of general
books on insects decause of the conspioucus mounds. For infomwbion on

the habits of F. exsectoides, NoCook, Wheelsr or Andrews should be gonsulted.
Peirson and others Ifrom Hew England mve done the only experimental work
upon extermination of colonles of this ante




BICLOGY

Location and description of colonliss.

The term colony of F. exsectoides is used here to include all nests,

indicated in this species by mounds, in one locality. Colonies have been
observed in four localities.

The most extensive is called the Beltsville Colony. Hounds can be
seen in groups in the area from a half mile south and west of the Fairland
Elementary School and south of the Columbia Road to the Powder Hill Road.
In the higher parts where clearings have been made and later abandoned,
the mounds are most mumerous. Along parts of the roads that run from the
Columbia koad south through & wooded area mounds are frequent. The mounds
are not evenly distributed. There are often several within a few yards of
each other and then none for a considerable distance. The Beltsville
Colony has two sections about a mile apart. The seotions are each along
a road with wvarious cleared or cut over uncultiwvated patoches where the
mounds are most numerous. Much of the intervening area is mature woodland
including & wet valley. Hounds found in this intervening area are usually
large but not numerous. All the mounds are near trees bubt most have open
areas on one gside at least., This gives most mounds several hours of sune
light esch dey.

The second colony observed is at Greenbelt. It is small in extent
end seems to be s young colomy. It 1s on the top of a partly wooded hill
formerly the location of & houae. Now locust, oak, ash, Virginia pine and
other trees are gradually coming in but a few fruit trees, cedars and elms
persist. No unusually large mounds were seen and no old mounds were de-
tecteds Of the 31 mounds seen, only ten were large and an equal number
were under & foot in height. This colony is not more than ten miles from

the Beltsville Colony and may be sn offshoot from it especially since both



are in the ieint Branch dralnage basine

The other coclonios observed are in the Patuxent wvalley about three
miles epert. The Br:!.zakléw Colony has developed on & northwest slope in a
large abandoned orohard, 7Twenty yeurs ago no mounds were known on that
side of the ilollings RKiver. Ume-hsalf mile awvay on the north side of the
stream, a nest of F. exnectoides has existed for years. A new nest has

developed on thut side recently and now 12 mounds are Imown to exist om
the soubh gide of the Hollings River,

The last colony is located about three miles wp the Patuxent wvallsy
from the Brinklow zrea. It is about & half mile below the RBrighton Dam
on tiie west side of the Fatuxent River. It is on & southeast slope sban=
daned as ferming land after the top soil had eroded. It is now growing
up to Virginie pine and hardwood btreess The extent of the area is not
great and the 20 mounds cre mostly of moderaete size.

In all these mound locations, sinllar trees are growing but no
extonsive aress of mature trees are now present. The mounds are all on
poer soil, mostly sandy loan over gravel or loam over rotten micaceous

rocke The escological nseds of F. exsectolides seem to bhe comlex; many

localities thiat have the right trees, slope, soil and sunlight have no
mounds. These four factors seem to be lunvolved but whether there are
ovther faotors is not cleayr. The opportunity for queens or swarms to ose
tablish themselves mey be laoking.

Life historye.

F. exsectoides egzs (Fig. 1) are elongate eliptiscal in shape and

white in ecolor. They average (.823 mm., long and 0.413 s, wide at the
widest point. The surface is slightly granular and sticky whioch mokes
the egps adhnere to each other emsily. In 30 artificial nests, held st
70 Fo, oggs hatohed in a range of 10 to 27 doys, with sn average of 19.4
dayse In 19 artificial nests, with the temperature warying from 48 P. to
84 F., ogg hatching ranged from 1l to 64 days with an average of 21 days.



Fig.* 1* Formion. eamwta&dft* u&gaifio&#
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The curved, logless, white larvaes (Fig. 2) are kept in groups on
the flogr of Tthe nest. Ia artifliocial uests, growbth scems erratic. JSome=
times larwvee of 3 to 4 mm. lengbh are present three days from hatching.
At other times, seversl wooks may pass before large larvee are present.
The workers have bean seen eating lurvae. This probadbly accounts for the
spparent slow multipliecation in these cnses. Again and agein a colony
would have one large larvea one day and two days later have none. There
were many small larvae most of the tims. The workers did not seem to
devour them so readily. In 8 nests with temperatures varying from 48 F.
to 94 P,, it btoock from 1l to 63 days from +the time the first larvae were
noted until a pupa was formed or an average of 1B.2 days. In 9 nests held
at epproximately 70 F., it took from 21 to 53 days or on aversge of 37.1
days from the appearance of the £irst lervae until a pupa was Lformed.
Yrobably if all conditions were me“bly satisfactory, the larval period
would take from 10 to 14 days.

The cocoons {(Pig. 3) are dirty white to tan in celor depending on
age. In 7 nests with temperatures wvarying from 48 F. to 94 F,, the pupsl
period lusted from 22 to 35 deye with an average of 27.3 days. In 4 noests
held st approximately 70 ¥,, the pupel period wus 206 days in three cases
and 30 days in the fourth or an averspge of 2625 days.

In 11 nests for whioh the lengbh of each stage is lmown, the total
time required from first egzs to aprearance of s callow wes from 54 to
107 days or an average of 786.0 days (Table I). It has been poinbted out
that because of the eanghalistia habits of the workers, some nests vere
very slow to have larvee pupates Nest 48«1 is a good example., Hests
13~1 and 33-2 illustrate the rapid completion of larval development which
asppears to Lo normale

The eallow (Fig., 4 &) is muoh lighter in coler than the workers
and for a period of about two wesks can be distinguished from the others,



'fi r



/\Xg* 8*

tte |ip”@r imf ndUX
wiU'Sod cufe&fes*

oo

tefd® sRAEEMDy] to® Imm? «w Ixtoe



4em iufN&tes*
90XImNk b*# illu” racing Sh* 41££®@&mé& »!*ee*



14

In lesgs than a week they were sesn carrying pupne. In nature the workers
vary in sgize {(Fig. 4 b~ej. The largest are almost 1ike soldiers. The
smallest are two~thirds this size and lighter in ceolor. Intermediate
gizes are present ut the gradation is too varied to nm!m pessible dis~-
tinet zroups. All those raised in artilleisl nests were the smaller type
workergs. All were raised in nests with one or two queoens.

Taule Ie Dabta on Life History of 11 srtiflclsl bests.

Hest R S Larval 9 Pupal 3 Total
15-1 ’ 17 sys i1 days s 36 Days 3 54 Days
14 s 24 ? 12 3 27 : 83
16 s 13 ] 32 5 35 s 80
85-1 H £3 : 18 2 25 s a7
48-1 s 28 t 63 3 26 s 107
G082 3 20 ' 1z ' 22 ] b4
B5md 3 19 1 28 s 26 3 T2
41~4& s ig ¥ 41 3 25 ' 82
43t s i6 t 45 5 25 3 86
&5 2 14 H 52 g 25 3 gl
45«4 $ ig ] 21 : 30 * TG
Average ¢ 19 3 206 $ 2.4 s 760

workers alope will have oggs in the nest in about vYwice the time
resuired for an artificial nest with a gueon. The number of egus is smell
and aftver about two weeks no more @ppexr. In only one case did any of the
larvee comp . ote development and these were normel males.

The lengtn of the vericus stages in the development of F. exsectoides

are in accord with those found for other gpecies by wvariocus workers. Fielde

(18} found that for Stenorme fulvum the eg; sbage took 18 to 21 days, lare

val 20 o 97 days, pupal 15 to 20 daye. For Camponatus herculaneus, Pricer
(38) found that the egg stage took 24 days, larvel 21 days, pupal 21 days.
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Both of these workers meantion the influcnce of temperature om all stagss
and food ujon the leangth of the larvael period. Vheeler (48 p.8l) reviews
twe other studies. lelds found that for Aphaenogaster fulwva the ezg

poriod was 17 te 22 dsye, larval 2¢ to 27 days and pupal 13 to 22 daya.
Jauet fownd for Lyrmica rubra that Lie eg; perlod wus 23 to 24 days, lar-
val 30 to 71 days wnd pupal 1B to 22 days.

Seasonnl nlstory.

Depending upon the season and the exposure of the mound, F,

exsectoides hidernate from Jotober until ipril ot Belteville, Marvliand.
In the spring, activibty begins graduslly. In 1944, deslsted gueens were
found the loat week of April neer the surface of the mound. 1In 1945, the

gqueens were near the surface by laroh 18 aid egrs were found near the sure
face derch 28 bub this sesson was aboul four weekse sarliy. For two woeks,
activity increases gradually depending the tewperature and the amount
-f sunlight. Uy the last weekx of liay, mounds contain large numbers of lar-
vae of all sises, Large vigorous mounds coat-in hundreds of large larvee,
which will develop into kings and gqueens, and many more sanller larvae
that presumably develop into workers. Ssall nests do not have the larpe
"royal” larvae as frequently, if st all,

During the months that the nests are esoitive, the mound proper and
the firgt 6 inches below soil level are used most. Lervee snd punae ave
gathered in the passageways with 1ittle segregation by sizes. In hob,
dry weather, mounds fully exposed to the sum will hove the brocd below
8oil ievel on the north and east sides of the mound. In mownds only
partly exposed 4o the sun or in cool weather, the brood will be on the
suwrmy side in the mounds abowve soll level.

The first week of June pupae of wvarious slges ave nresent. From
then until Septenbey, punee are nresenb. In large mounds, at first rwet
of tue pupme are "royala®. For & weeks "royml™ pupse sre piesent in die
minishing nmumbers. In 2all nounds, worker pupae are to bwe Lound in
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hundreds usually on the sumay side of the mound jJjust below its surfunce.

The last week of June, winged males {(Fig. 5) and fernleg are
prasent near soil level in the mounds. These young cucens never mke
axy attenpt to {1y wien & part of tho nest 1is opened and thoy =re
thrown out but ran eboub quickly slipring into cracks and reemining
quiets. The kings open their wings and fly a fow inches before seoreting
themgelves in some crevice. ingsd forms Qiss poar from nmounds by the
middle of Julye.

In august, the activities of mounds decresse zradunlly, few larvae
are presewt and the mwaber of pupae found beouomes leass snd less. By #ﬂd—
September, many of tuo ants are dovwm in the tumnels below the nound proper
entvering nibernation. The audbers hibornsting cnd their denth in the Irare
raows insresses ag the sesson advances., o eggs, larvae or pupee are found
in the mound from October to April, “Yorkers end deslated gueens are the

only foxms that hibermwbe. A populous nest will contain more gueens in

proportion to workers than & small mound. No aphid eggs, stores of food
or anything except myrmechophiles are foumd in the mouwnde during the
wintere

Formetion of pew ¢olonies.

411 nests exsavated contalined more than one queen. 11 the large
nests contained munbeors of cueenss o recoyds were kept since ne efford
was made to oktsein all the guesena in any nest but the resuligocf the popum
lation study made in 19%8 seen to be walid. (14)

In the spring of 1544, svarziag was cbserved. It iz 2 gradoal processe
The first indicebion is e few holos vwith pellets of dirt cround them end
workers moving in and osut.e This placs may be from & few feel to come rods
distout for the parent nest. Hebween thds spot and tho ~arent nest, the
ants are Wore mamerous than abt cther pointe o the onbtire surfece of the
gromd. In a few dsys, s amall loose mound hes hidden the origianl holes.

There is still a were dense line of ants traveling beok and forth bes poem
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the new mound and the parent one., In a 26 square yard area, burned

over during the winter, 7 swarm nests were found. In other ports of

this burned section, small new mounds were found that must have been
started by ants from a distanse of 30 yards at least. “hecler (48 p.120)
states that F. exsectoldes spread in thiz way.

YWith this swarming activity in the spring, new mounds are started
in the gsewe area as the parent moaund. In a place where all conditions
are favorable, most of the swarms would become established. In othey
places, where conditions are not so fuvorable, either swarms do not try
to establish themselves or else they are not able to become estellished,
This activity helps explain the length of time colonier mainbtain theme
selves and for the gredual shift in their looation as Andrews (3] found
in a 15 year study of a colony in Baltimore Coe

doving is another way in which these ants cope with adverse
conditions. Andrews (8) observed the population of & nest move in 1926.
The provess took 12 days. %We know of one case of a larne mound develop-
ing in a spot where no mound had been the previcus momth. The migration
was not witnessed but the evidente was conelusive. This sxplains the
axistence of large active mounds in pleces where there does not seem o
have bsesn time for slower types of growth os by swarming or development
by a single gueen. It iz ancther way colonies shift their loomtion with
the gradual ohange in forest developmewt,

During the winters of 1843 and 1944, ell ants that escared fram
artificinl nests developed a small mound in the greenhouse vhere exporie
ments wore being conducted. Until the last week of lay, they moved 2boubt
the greenhouse feeding upon Japunces beetle gprubs, mashed ants end eny
sweet or inseot pleces put out for them. The last week of imy, they began
moving outside. Again indicating the habit of this species o move its
colony site abt will. The line of ants went around the wall and out a



erack and to a soell mound that they built, Sowwe of -i:he arts carried
other ants in e curled up positions Vhen the carrier wus disturbed, she
drosped her burden whiech at once uncurled and both yan awvay. It was a
weelk before they left the greeonhouse entirely. Nelther mound persisted
outside probably because there wes no readily svallable source of honoyw
dew,

Small mounds hawve not been excavated in these studles. Ferhaps
because of this, no evidense has been found for Vheeler's (48 p.448)
statement tihat F. exsectoldes queens establish nests by being adoplted
in szmll F. subsericae mests. Certainly the Brinklow and Greenbelt colow
nies are c?iff’ieulh 4o explein by searsdng.

Strucbure, care and defenae of nests.

F. sxsectoides mounds are rounded cones ofben asymaetrical because
of wvegetution, slope, injury or shading. Usually, part of the mound
proper iz bore unless the nest ig vory weak. Hests thot hove moved receoute

ly ususlly heve grass, weeds and oven a small tree growing through thome
¥ost of the grass and weeds are dead by the next summer but the tree may
persist, In the open, tiho ants may not keep +he mpund bare excepi near
the top and southwest side. In shaded loostions, thoe mound is kent evticely
free of growing plants. lost nests have grasa and weeds around the bese
obsouring the nest openings or the leaves and sticks of the forest litter
comes un te the base of the mound,

Al mounds opened during this study showed the sume structural
pattern as those studiod esriier (14). Bxternal and sectionsl views of
mounds have been phobographed end deseriptions writben by lioCook (838),
vheeler (46), Andrews (£) and others.

All nests opened show the seme gemsral structure. The rassapeways
ars roughly round sand ghout one~half inch in diaemeber, In the mound, the
w1l between passagevways is about one-half inch thieck. The ouber layer



{8 alnmost twioce that thiok and of slightly firmer construction. In

s of the mound aprear arranged in stories.
Zach passagevwsy slopes up or down after a fow inghes ao that thers are
many commmicabions bhetween stories as there are passageveys.

vortical section, the passagews)

almost as
The passageways branch and unite frequontly. 7There is no sharp divide
ing line bebween the mound which bas been bullt by the ants and the
region below which has boen excaveated.

For a foot below the soil level =xnd & foob arovund the base of the
mound, the passagewnys sre as numerous as in the mound. Deeper in the

s0il, the passagewnys are farther apart end more of them are vertiole,
They extend to n depth of between 2F and 3 fect.

in the spring, the [irst oubtside motivity of ¥, exsectolides is to
repair the mound., Openings are made neay the top of the mound and bils
of moil are brought cub. is the elr warms up, bits of soll and vegetaw-
tiom are brought from the base of the mound snd placed near the top, If
some part of the mound hes boon destroyed, this iz bulilt move repidly
than the rest. On all nests, & new layer is added to the cutside at tihis
time, Crass and other plants thet have sprouted on the mound ere killed
or die, Soneblimes the vegetabion is killed back as much -ag 2 foot around
the bese of & mound, Usually when the anbs prume beok emorofiching vege-
tation, it is done graduslly ard is not noticeble except that the plants
never cover the mound. Amndrews (8) reports webching this pruning process.

In this section, no evidense was found that these ants actively
kill young trees, as Peirson (37) found in New imglend., He found thab
young white pine end other conlfers were killed neer the mounds of F.
sxsectoides. Il¢ webtohed them do it and presented oxpserimentel evidense
in proof of it. In Meryland, mounds ere usually foumd where there is
gcaw opening in the forest or at its odge. As the trees grow larger and

the arem bvecames shady, the F. exseotoides colonies move or die out snd
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no awarna nests become esteblished. Isolated large nests moy -ersist for
several years in shady aress Wb no omses of efforts to kill young trees
were noted. Ferhaps the longer warn season in  Haryiend has some inflaw
enee on the exbtent to which these ants conmbrel the growth of plambs near
thelr mounds.

A1) through the sumer, the mound iz cared for but mo cpenings are
made neer the top. During dry wmsatheyr, only a few ants csrry on this
work, After a rein, the mound may swarm with anta sarrying soll and bits
of vegetation., Any small demage to the mound is erased quiekly by con-
centrated reconstruction. iHelf of the mound may be dug amny and, if the
ants do nob rwve to another lecation, in a weck s bushel of soil may be
properly arrenged,

Buring the active sesson, sll openings of the mound ere gusrded by
two oy more workers. The large sized workers seom to bho more aggressive
bubt 21l workers are quick to grad with thelr mandibles and eject thelr
poison. sny disturbance to the vegetetion st the bose of the mound, a
tap on the bare part of it, or a slight brealding of the mound will souse
the snts to boil oub and over the surface of the mound and all surrounde
ing objects. They gigzag about biting st the vegebation ebte. and
squirting thelr poison fluid. It may tale helf an hour for them to guied
dowme VYhen a mound is opensd, some of the workers nmm to atteck vhile
others take the lervae and cocoons one by ome and rum to sheltered plasces,
Dealobed gueens alweys seek shelisr at onse.

During the winter, if a nest is dug ocut on 2 worm day, the {irst
reaction of the disturbed inhablteuts is defemse. The second ususlly is
& orawling upward action. Ofben & few ants will begin serrving bits of
soil. The broken passsageways are plugged in a nest partly excavated in
the winter.

Tmm,mhum relations.

F. pxnoctoldes seoms to resnond Yo flucuations in temperature more




uniformly than to moisture or eny other single stimuluse. In the
laboratory groups of ants collscted in Februery and held at tempera~
tures betwoen 34 F. and 38 F., oluster in one ploce taking no food and
water end only s fow moving slowly to defense whon disturbed. A
tenperatures shove 40, more general aotivity is present but not rmeh
foed is taken. T7ith tempersture ten degrees higher, astivibty is generasl
and waber and food are taken. Above 60 F., the ants corry on sctivities
at a normal spsed. hen ¢he temporabture is held at 76 F., sctivity ie
rapid and is interrupted by repeated conbing motions of the forelegs on
the snbermme. If held at such & temperature or higher, many of the ants
will die in s fow days.

Arts brought into the laboratory in Yovember and Docomber conbtinue
clustering without %taking food or water for 3 Yo b weoks evon wiien held
at a constant temperature of 70 F. Ants brought inside in February re-
gquire 1 to 2 weeks to beooms astive while ants colleotbed in March require
only a few deys. In this last case, queons will begin laving bofore the
workers begin to foed. (ueens ecollected early in the wiwber and hopt
with workers in artificial nests do not bepgin loyiug for & Lo 7 weoka.
These responses to temperature are not evidont the dey wonts are brought
in from the fisld where they were hibermuting. Time mmet be alloved for
the breaking of thelr rhytiom.

¥hen workers in soil are brought into & higher temperature, they tend
to com® ur on the surfaece and eides of the conteliner. Fresumably, they
are responding %o the wormer sir tempertures., In the suwmeer, anbts placed
eb 40 F, will cluster. This tendency %o move townrd heet and to cluster
when the temperature is lowered to arcund 40 F. is evident in the vey F.
exsectoldes hibsraate.

Cabdoors, many stirmli are ascting bopether ut the hibormetion of

F. exsectoldes is closely correleted dth tempernture. Toble II zives a

S—

summery of soll temperaturee for 1917-18, st College ark, H:orylesnd.




The data, won whieh this swwery 1 bused was obbtained from Zarl S.
Joknson, forrerly with the Haryland igriculbure Hxperinent Stobions
There are ocertain variations from yeer to yser and for different soils
but Bouyoucos (10 & 11) found in extensive atudios of the proulem, that
the averapge temerebure is the same for all types of soll except during
thewing and that so0il covered by sod is cooler in swmer and wermer in
winber then any tvpe of bare soil. le slso found that the deepor the
5031l readings were talken the less was the range of temporature.

TABLE II. So0il Tempersbtures Under Sodded Surfece.

Waomeh fenpe at Avoerage of Lally Heans

191718 depth of et depdh of
3 4dn. 12 ine 3 in. 12 in.

Augte 8l-564 TE~68 7248 Tla7
Sept. 786-56 Ti=69 GleP Gie?
dobe 60~44 60-48 BZe2 635
fiowve 4T=35 48w 30 417 4244
Doce 3930 40w33 338 5841
Foxle 81-24 FGw32 208 831
Fabe 4 230 38=32 31leH 3841
Heron BO-38 47=36 428 41le7
Aprdld 8139 54eq0 50«5 4744
Moy 7 G0 87«61 631 60el1
June To=58 L Y 6728 , 8847

301l bempereture readings token et irregulay intervals in mounds of
F. excectoides show that the averages given in Teble II will be applicable

4o theme 4 differsnce of bten degrees somebimes exists betwoen +the south
ond north sides of & big mound, in the sun. On oloudy duys or in shaded
nisces, such variations are much less. Vardastions of fron 1 to 5 degreecs
oan be found betweon mounds at one tine on the same day. All mounds bend
to have higher temperatures than the soil nearby. Asndrews (4) found these
variations to exist in mounds he studied In 19287. Any deductions on the
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hablits of F. exsectoldes made from Table II oan caly be of a gonerel

clhinracior.

A% a denth of ¥ inchos, the avernge of the doily moan LSemperatures
for Yept. (Table II)} is 10 dagress lower than thad for sugust. a4t 12
inches, the average for lsptenber iz & dogress lower tharn for jumist
soul 38 higher shen that at 3 inghes. From Sepbanber throupgh Jormarys
this sverags temperabure ot 12 inches iz higher than ot 3 inches bub ie
loveyr than the nrevious momthe The ants begin to hibsrnate in Sepbember
whon meny are found clusbtered iu the rassagewnys bolow soil level, By
the end of October,; all the pods ave clustored in the deever passagovays
of the nest. From Jovember to Pebruary, the asnta do not come %o the
surface, Soil temperatures sre Just smbove fresging whioh is teo low
for the anbs to be aotive,

£ail terperstures begin to rize in lowych. The averngs mosx tempere
ature at § inches is highor each mouth than at 12 fnchos. The rise is
not as renid as the decrease weog in the fall but is stesdy. During
Harch, termeratures above 40 F, ares common and some of tho snbs hecsowe
active during warnm pericds. During 2nril, the trend iz fer increcsingly
higher bemperstures, The arnbe becoms gorrvesrondingly more active, In
Loy, temperabures nesr the surface are sush that the anbs can enrry om
normal sumer activities.

T™he terpersture and the rhyblm of ¥, exgectoldes are correlaied.

They gradually eunber hibernatlon nt the btime soil SHermerntures beogin to
fall steadily and slovily begin aectivity as the goll Hsmemiures riseo.

Dryer (18} in & study of the hibornetion of Foraioe ulked found teryroras

ture the nrimyy feocbor invelved in ibs hibernsbion,.

Fond

In April vhen the nesbs of F. sxsootcides heconw cotive, foraging

&
et

bogins and inoresses untll the middle of July. For the next tw months

Toraging provetsy L in dinminishing euowmts. In cections of the
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Laltaville colony, &ll tree trunks, bushes snd other plonts were

Iingnected for the asctivities of £. exmeoboides at intervuls Por Ywo

years. A fow ants could usually be found runsing about on anybling
during the Loreging months. fue ant would »um up & 4wiz and oub the
petlole of a leaf and over sevoral varts of its surface reaching over
the edge to the under side rore than once, It vanld do eneh loaf on
& twig in =mch the game vay. Haybe on the next tviyr zoww lewves would
be nissed but in genoral, foruging wes thorourh. The ceme tyre of
inspection was wede of 5ll litter on the ground,.

Workers have boen found diemerbering or carrving Jeranese bostles,
ey bactles, small ground beetles, sow bugs, spiders, black crickets,
smell lesideptercus larvee, orans flies, grascshovners, tormibes, mmell
urididentifleod Iymenoritercus and dipberous ingects. Aronrently ooy foe
sect found that onn be overeoms is used,

If @ catorpillisy is drovved on the ground near an ant, thabs ert
may £ind it. Often the eatervillar may move aroumd for several mine
utes hefore snother ant apnears and atiacks it. ¥When atteched, the
caterpillor is bitben and at the swwe tine the abdomen of the ant is
turned under while a fine strean of nelsoen £luld iz dirvected st the
a0t belng bitten. The arb may receant this rrocess several tines or
may loawe, ddsarrearing among the lenves and press. In tezt onsewn, it
was O seconds to ¥ minutes before more than one snt foumd the coaterplle
lar, 411 behorwe in the same wmy when they debect the onterrnillar,
biting where they harpen $o toueh first. Uy the time # 4o 15 anrts
wre thore, it becomss aspparent that they are sttormting o cul the
caberpiilar into two or more pleces. After 2 bire, gome of the auts
stop bléting for a short tlme and atibempt to dray the oaterpiller away,.
There sese to be no plan in any of this. Other anta aupear and may

begin work like the rest or may toueh antermse and go awmmy. Jome of
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the wnbte that have been working for awhile may stop end run off. The
mupber on the eabterpilleyr remcins foirly constemb. Ailter helf an hour
oy more the caterpiller is bitten iundto rleves. low 4 or b ants atiack
one niege spending more time dragoing than blbting., They do not sesm Lo
coonernte but in one cseoe a pliece wos moved 8 ineches in 1L minutes. By
the time the piece is well away from the rest ususlly only 2 anbs will
be loft working on it. If the plece iz not too large, the 2 working
together meke fairly rupid progres: owver, under or arcund obstacles in
a surprisingly direct line towsrd the nest. In one cuse it took 6B
minutes from the time the caberpillar was found by sn ent unitll & plece
of it was tek®sa into one of the openings at the base of & znest 1i fect
away.

If the insect is on bare ground, aand not toe for from the nest, it
rry be dragged there without being ocub up. Auparently the wethod used
depends upon the size of the insect and the type of obstrucilons that
intervens,

Bince the nest onenings sre eovered with dead leaves, sticks or
grass, the number of insects obtained in & given tine is hmid to egtie
mate. Cortainly they obbaln & large number in the course of a day.

Insects are only part of the food of F. exsectoides. .olook (B3)

gives an ascurate descripiion of the way tihe workers obi-im houesydew
fron "aphids" and Ysmall oak zalls® on the breuwches of trees. fis dese
oription of the "avenues" %o end from the trees conforus witih present
observations. At the Beltsville oclony, the "aveanues' ore usuclly
about € inches wide. Theore is fre.uwently an excevnied place zi the
bese of the tree as belock obsarved. This obssrver also describes
clearly the way one ant gives anothor {food.

buring the sumer of 1945 and 1844, F. exsectoldes used the honeyw

dow from two generations of Vonduzesa arcuals Saye. on black loocuste The

arbs begin atitending these leafl hopnsrs eerly in kay. This vondinues



until the adults disaypcsar late in June., Uy the end of July, the ants
are attending the next generation and contlnue to do 3o until the bew
ginning of Leptember.

Bothh yesrs, the soale, Toumeyellas liridendri Omel., on the tulip
poplar tree was a oconbinual socurce of honeydew from liey till September,
In 1944, this scale appeared toc be the only source of carbohydrate used

by some negbas. Other nests depended mainly upon arhids on warious
species of osks. These btwo types of trees were used regularly all sea-
son both years,.

In 1843, blaeck aphids were thick on smsll Virginie pines in the
open and were sources of honeydew for the anbts from ley until the nide
dle of July. The next vear, there were wvery few aphlds on the Virginia
pine in May but these were attended. DBy the first week of June, no
aphids were present on these trees and the ants were few ln nuber.

By the middle of spril in 1848, these black aphids were present and
ware & source of honeydew,

In 1943, aphida were tnick on the twigs of zome of the chﬁa:gzzgin
bushes and these were attended by the mnts. In 1044, po aphlids were
found on these bushes.

Both yenrs, the arhids on the aspen leaves were used as sources of
honeydewe These aphids are not present the entire season. In lMay of

h years, the snts carefully went over sspen flowers. They seem to
be gebiting nectar. In 1543, ’bha*y were seen doing the seme thing to
chinquapine.

At no bime were the anis seen to carry any of these honeydew prow
dueing insects. No svidence was found thet they used them for food or
placed them in more advantageous places. The aphids and leaf hoppers
are not disturbed by the wovements of the ants. The ants let the honeyw
dew producers wmove about f'reely but are aggressive to any metivity of



other creatures, They defend the btwig as they would do the nound.

Svecies of oeir and the btullp poplar are the only large trees that
tihe snts wse. There sre many tall Virginis pines in the Beltgville area
but they are not used by the anbs. 'he small Virginia pines on tho edge
of the woodland or in open spaoes are used when the aphids are vpresent.
Hlaok looust brees in this ares are never very large bub are used exw
tensively. The aspen are all young trees. Chinguapin is the only bush
used, Grosmbriar, bleckberry and other vines are common. Hounds are
often surroundsd by thickets of bushes and wvines. The ants run over all
of these as they do the entire surface of everything but never find anye
thing in quantity encugh to abttraet mumbers. Unee the ants were found in
rmmbers on Canodisn thistle. 7They seemed to be getting sowething from
the lesves, There were neither inseeta upon the plants nor any honeydew
from gsome overhanging source.

Thege observations show that F. exsectcides depends upon honeydew

producing inseots whioclh live upon certein trees for part of its food.
The balance of the feod consista of insectue
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cervalin food, the evidonoe would be betber, I artifiscial nests could
be fed o cortein food for seworal wesks without larvae corrleting develw
opmont and then transfered to another food on which they commleted
development, the evidence for the latier would be strong. This ability
of artificiel colonles to feed larvee until they =pin cocnons is used
a8 the standurd in determining whieh foed or foods are the hest.

Under naburel conditions, F. exsectoldes feed upor honeydew and

insect bodies. The firet ig v suger presumably surplying mainly energye.

fhe second mmust supply the wroteln amomg other things. An examinction
of the composition of these, in so far es they hove been dsbermined,

and scxe of the mosd likely substitubes will be helpful in evaluabing
regulte in survival teste with workers and in the determimetion of the
best food for artificlal colontes.

sonevdew and substitutes.

Honeydew ls tle naturl encrgy food of . exsectoidea bhub no

asalysis of it wus found in the literabure. ‘Honevboes somelimes cole
loct honeydew end malke a honey which has been studied. In hee literature
honeydew noney is luown sizply ss homeydew nnd is 2o used hersaftor,
Toore are 8 few instances of dried honeydew called mamme being studied.

Sumetimes F. exsectoides feed upon the nector of asren, Nectar of a

few flowsrs uas been swalysed. iloneys have been carefully studied by
several workers. Table III gives the eoz@asitimni;fpy. average perce_nts
for honeys exdd honeydew as determined by Dokert m Mlinger (A7) am‘l
tne percemts Dor orenge honey and orange nectar as glven br Vonsell (44).
It is apparent that honey is nrinmerily & mirture of sogers, with
levuloze snd dextrose malcing up the largest rort., loneoydew has less of
thess Pwo guguers than honsy bubt the difference is not ns grect as bee
twoon some honeys. The analysis of orenge honey os piven by Vansell

siiows more sucrose tha:n in the average for honeydew. The dextrin in



honeydew is about ben tlmes thet in homey. Unfortunntely, Vansell
does not lizt dextrin in his snalysis of cronges heney o neviar.

TABLE IXX. Composition of Zome lvneys amd Nectay

Zokert &~ A1lingoy Vansell
Orange

Honew Honeydew aney sestay
liolsture 16,80 1572 1Ce 75a
Total Sugars TT65 88,11 79 950 24475
Levaloze 40.41 87 ¢ BO 4486 G4l
Jextrose 34.54 27420 94453 Gadk2
Sucrose 24568 Bo4H 4413 12,87
Dextrin U.91 Ga22
Agh Ne2l Cu7? 08 CeilB
Aodd C.18 G BT Gal2 34023
Undetornined 4472 L4391

The differences in compogition of horer sund nacter are seen when
orange honey snd orange necbar are cormared. he Juct that honey is
not conoentrabed neotor is cleesr. fronse noeclbar has ome-Shind the cone
eentration of all sugars that sre found In orapge honey Lut the proportions
nye different,

Hudson and Sherwood {27) found *he 4drisd honeydew of aphids on the
Jouglas Fir contsined melezitose 75837, sucrose 2.0%, rodueing sugars
1l46%. Binece molezitose is o complex sugar and one chab is not comsonly

found, it is not likely that it would Pe indespencitls Joy F. exsectolides.

This study of the dried honeydew deez not hely any in determining the
eomposition of honeydew.

Although honey is primorily e earbohyirate food, 4he minera)l und
vitamin content must be considered., Jeooording to Uaillas (13), the
minerale Iin honey ere the sane in kind and procordlon és those found in

nectar. Sohuette and obhers working with bim (3%, found the amounts of
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minerals %o vary in honeys. Dark honeys usually have higher nineral
content than light ones. They found potassium to be vresemt in larger
anounts than sny other mineral but phosphorus, caloium, magneslws, sodium,
sulfur and erlorine were present. Hinerals iave Yo be consldered whem
pure sugars are given instend of honey.

¥itses, Sehuette and Elvehjem (28) found thiemine, ridboflavin,
niscin (nicotinie acid), pantothenic acid, pyridoxine, biotin and folle
aeid in honey. They found greet variation in these vitanins hetween
samples due in part to the aje and treatiment of the homey. Criebel is
reported by HKitzes et al (29) to have found ascorbic scid in some
Buropean honeys. Thus, wvitamins of the Becomnlex and Vitendn C are
present in honsys in varying amounts. They must be considered in anne
lyzing food used. When pure sugars are used to supply the energy
portion, these vitamins may necd to be supnliled in some other way.
I seot bodies and substitutos.

tihen the compesition of the other part of the food of F. exssctoides

iz examined, greater difficultles are found. The varistion in the compo=-
sition of insects is great and the analyses that have been made are
invomplete. Uvarov (43) sumsarizes the res»lis of resesrch on the compo-
sition of insects. ie® points out that the differences in pervent of
protein in various developmental stages of one sneclies probably excecds
that between species, He glves examples that range from 13.2% to 18.11%
protein. The fluctuation in the mmount of fat is even greater between
dsvelopmontal stages. Gilkworm larvee range from 4 to 21.8% fat.

The ash of a number of insects have boen studied but the findings
are not of much value in estimating the minerals utilized by ants since
exoskeleton, digestive tract oconbents and stored weste produscsts are ine-
cluded, Frotassium, sedium, magnesium, celeium, phesphorus snd iron have
been found in most insects anslysed. The amounts snd kinds of oarbohy-

drates in inseoct bodies has received scant atvention. Yo reference was
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Paund te the vitamin conbent of inseot Lodlies.

5ince ooensionally ¥, exmectoldes feod upon saall dead mwrwmls,

various parbtes of raw or cooked bsef might be rpossible substitutes.
Beef liver has hesn used guccezsfully in wmany cases as a subsllitute
food for ants. OCther mests, yeast a2nd mest extracts eve obher poavible
sources of protein, minerals snd vit=nins., Table IV hes bosn compiled
to show the smounts of wvaricsus constituents in equal quantities of
ground beef muscle (hamburger), beef liver and bruwers yeast. The fig=-
ures given wore token from "Tables of Food Values® by slice V. Bradley
{12)e The cooked meats were fried but no wvalues for any of the minersls
and vitamins were found for these fvods cooked in wator.

PABLE IV. ¥eod Values for Y00 Gram aumounts

Beef Hemburger Beef Liver Uried Brewers
Component Raw Cocked Raw Cooked Yeast
irotein Um. 17. 346 1967 238 461
Faot Gm. 237 4704 3e2 5.8 1.6
Carbohydrate (m. - - 6o 7e? 3744
vrleivwm Gme +012 024 008 «03 087
Phosphorus (Gme 1877 o SHB2 « 373 o448 2948
Irom Gme 200284 00668 «0121 +O138 -
Viterdn & Le U 10-00 1G=-80 500010000 S000-10000 -
Priemin Hge J1lwed8  JOB=e28  Llea e18m35. Be=Be
Rivoflavin Ng. « 18w 54 e1l8=451 LeBlmia? ZeBel B LobmBed
Ascorbie icid lipge - - @b e 10--28 -

Prom the figures in Table IV, it is clear thot liver sunrlies more

of each of the minsrals end vitemins

iiste. than besf,

iried brevers

yeast is higher in protein, carbehydrate, niwsphorus and thiamin but cone

taineg no iron, Vitemin 4 or Vitemin C.

Comparing cooked beefl livear with

insect bodies, it is noted that the protein ls hizher in the formore. The

minorals given are slso {found in insect bodlies.

otassium, sodiwm and



masneslum, which are found in insecdt bodieeg, are not mantioned for beef
liver but are yprosent in honeve
in Table IV, the beef sand liver wmre cnoked in fat, The sanlysis

ineiudes the solid parts of the tissue, F. axsentoides take mostly

liguids therefor broths might be more satisfactory end corbeinly 4%
would be sasier o contrel the quantity fed, dekaraine She wmagyt used
and keep the artificial oclonies more samitary. In focding tesbta with
the ants, all these prevarationg need to be tried in varlicus soxblnabions.
Field feeding tosts.

he first fesding tests wore carried out in the fleld near o mmber

of F. gxsectoides mounds. The foods lipted in Tabhle ¥ were 4risd, Thoge

foods were put out in alwminum tubes 6 om. high snd 8 em, in dimmeter

with lids and 3 round holes near the Ltop of one side. F, sxsectoldes
passed in and out of the holes freely. The tubes wers nmg on a usil in
e tree, seb slightly pressed inte the ground or mnmong ground Yitter,

20 oc of all liguids or liquid and seolid were rut in » tuls soch tird.
If the food was in liguid form, excelsior or some sirdler ralterisl wme
pluced on top to prevent bhe ants from drowming. 4n ecuel dbulk of the
finely chopped solid weats was vlaced in sach tube. Repardle-s of the
food used, tubes in any situastion on the zround ware nertly or entlrely
£filled with dirt and trash, This made it Lwroesidbls ¢o asceriain vhether
all the food wae taken. +1ith allowances for esvaroration, htubes on Lree
truanks could be checked ab lntervals bto determine the anmcunt ol food
takion.

In {able V, 20 cc., of the feods listed with A" follwing wore
ususlly totally consumed within 48 hours. Those »ith "BY Sollowing
wore taken to vorying exbtenbts bub rarely comgumed in 40 hourn., The
others were taken slizhitly or not at =ll, The beef and liver were

chewed into small pileces and the julce sucled ocut by ihe snts. The



pleces were left in the tube. All fsods, except honey, spoiled in 2
days. The ants would not eat spoiled food but remained on the tubes.
A fow tubeg of animal Lat and honey were tried. Ume best of a large
guantlity of honey solution weg tried. Both of these woere ignored by
the ants, This series of teste continued until the latter part of the
active seéason with uo change in rosults,

TABLE Ve Foods used in Field Tests in 1043,

3olid Broth v Diluted with water
faw beel Boef B Honey A
Cooked beef B Liver A Homeydew honey A
How liver B Lagh Hucrose B
Uooked liver A Fork Lactose
Chiloken Levalose
Bextrose

A = usually conswumed in 48 hours.
5 - partly oonsumsd in 48 hours.

The next uay, tubes of the fooeds used the previcus sumer, poisoned
honey solutions and the mixtures found satisfactory for artificial nests
woere all tried. i‘m the tree trunks, where the tubes were vlaced, the
ants moved up and down between the sources of honeydew and the nest.
They moved over the tubes but took wery little of the foods offered.
After a day, they oceased staying on the tubes even when fresh food wes
placaed in them.

Although sane of the foods were congumed, the anks oontinued
using all natural sources of foode Considering the nuuber of ante in
& negt, only a8 smell fraction of the population fed on these bait foode
even when consideration iz given to the feoding by the workers of other
workers and larvee. It is epverent therelore thet beite elither with or
withiout poisons do not atiract & sufficient proportion of any colony to

makes control by poison baits feasible.
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Liternbure on ants in cantivitye
Ants have been lert ia captiviby since early times in a great

variety of comtainers end have beeon fed on vuriocus foods. Vhesler

{48 p. 540-556) has given a cleer sumaary of the various types of artie
£icinl) nests used Lfor ants uvp to 1913. o includes a deotalled
bibliocgraphy. Each worker modilied the older types of artifieial

nests better to mect ths needs of the species with whish he was working
and the rarticular observutions whioh he desired o make. Alwsys an
effort was made to have conditions natural for the ants yet allow ob-
sorvations wideh he desired to make. Always en effort wvas made to have
conditions patursl for the ents yet allow obesrvations of as many of
their activities a8 possible., Some artificisl nests had plaster of
Yaris floers and wa!ls and glass rnofs., Obthers hed glass fleoor, walls
and roof with some cloth padding between walls and roof. Fertitions,
runweys and other devices were oftten added,

Lukbook {30) end lelde {19) doveloped glass nests vhioch were easier
to heandle. Newoll (56) used leathor to separate glass from wood in his
study of the srgentine snb. 1o nade s convenlent stand to hold the nest
above ruming water to prevent the escape of the anbs,

Wost of these artificiasl nests were used with smell spooies of ants.
e species were not only comparatively small i sige bub the pumber of
individuals in a colony wus small. The species were not egoressive and
nad strong negstive phototropisn malking it possible to move thonm from
place Lo place without great loss in munbers. This made feoding, clean-
ing and experimenting easiare

Andrews (9) snd liolmouist {(28) used metsl conbteiners with water
moats in studies of large species having more populous colonies. Bobth
allowed the ants soil which nrevented detslled observobions but left
the ants to live more nermally. They had difficulty vwith the ants

egcaping. JAndrews also used wnricus metal containers conneoted v



37

tubesn for F. sxsectoides,

Mowt workers have fed anbs in rréificlal nesta to meke possible
the study of the insects for othor foots,., No effort hes beon made to
anslyase thao Lfood or gesk the rensons for its successz or feilure. In
cne atudy, ieldes (19) fod snts honmey, molasses, banana, anple, mushed
walout, larve of insects snd mascular parts of inzecte. In another
study, she (18) observed tirt Sbenarme fulvum never raised larwe to
pupae wheon fod only sweets. lewell (36), while studying the Argentine

aat, found that sweebs were not a sufiicient food indefinitely. The
enimel food he found satisfastory was beef or veal. Fricer (38) found

sugarewabor and insect pleess complete food for Camponotus heroculaneus.

¥hile studyring the cornefield ant Tenguary (41) fed them supsreweter,
ezg yolk, boiled beef, white grubs, flies, boctles and othor insects.
411 these zre smell or species thst never have large populations in
ore colony.

Holmouist {(20) fed Formice ullei fruit, honey and other sweets and

insect bodies. ile had difficulty with the snts comsuming their larvae.
vWeber (48), while studying formica rufe obssurires used honey, suger

solubion and mny insects obtainable ss food. He found this species
oould iive for months on a swoeet oy insect neat, Those bwo are studies

with larger ants that live in large ¢olonles more like . sxsectoides.

& fgw studies have beoon attempied to ses how food affects castes
in ants., Gregz (24) found thot with rheidole morrisi, the number of
scldiers miged depended upon the mumber of that cssbe present in the
nest. Jruger (42) reports that Goetsch found thet with iheldole

pallidule, large eg-s developed inbo goldiers if Lhe nest wag fed

pleces of inseets, meat or coagulated egs white; and into workers if

fed sugar solution or fluld protein.
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Heseription of ertifiocial nests useds

In this study, nests wits soil ocould not be used becuuse detailed
observations oould not be made. wpeon nests with barriers of sticky
makerial or moats did act effectively confine the ants. Therefore,
matureiness of habltat was sasrificed for certafyby of counfinement,
oase of uwndling and clear visione

Three wmodeis of plass and plasver of »aris nests were used. 7The
firgt was & plaster of Yuris steet with 25 inch wide pisces of glses,
set on edge in it while still soflt, for walls. Two corpers weres nade
of smnll blocks of plaster of Jurls having had & glass tube imbsddod
in Ghew when made. These were made before the floor sheet and set in
the soft pluster of ruris before the glass sides were inserted. A
piece of glass wms used for the roof, It waes kept covered wiih carde
voard or some similar opague nmaterial, I% was very diffienlt to get
the coruers tight and the walls lewel in these nests. The sanbte often
escaped us will be noted in tie tables later. The walls of this nest
were mehn bhigher than necessary and pade obsorvations difficult,

fhe second type of nest (Fig. 6, followed olousely the Fielde nest
(19) and wes mode of two sheete of window gless 10 by 12 inches, and
sevoral pleces of glass ane inch wide and nws long @s needed. The walls
warg made by glueing three thicknesses of tihw one ineh pleces near the
bvorder of one of the large sieobts of gless, The corners ab one ond
were made tight bubt at the other end, two openings wers left. Yhen dry,
4 thicknesses of cheesecloth wsre glued to the top of the wmll upem
wialeh the other sheebt of glass resbted for the roofs Une of the openings
wes used to admit [; of & 12 inch plece of plant wick. The rest of the
opening was exuobly fiiled by a wooden block. The other opening, in
some of the nests, was olosed by & wooden plug only, which wis removed
sligntly to insert food. In others, part of the opening wis osccupled

by & bont glass tube that wes drawn out to o small opening st iis inside
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ends The rest of the opening was {itied with & wooden blook aud the
#light openings around the glase tube were kept filled with cotion.

the third type (Fig. 7) was much like the second but the floor
wag 8 swooth sheet of nlaster of Purls to which the plass walls were
zlusd. The openings, chessecloth layers and the roof were as in the
second tyne of nest. i:on detailed obsorwmtions of whibte egps snd lare
vae are o be made, the plaster of Yaris should be colored. If these
nests were kept toc dwmp, the glue loosened gulecker than in the gecond
Tyne,
imethods of esteblighing arbificirnl colonles.

Ants for all artificial eolonles were obtained from eight nests in
tive western halfl of the Usltgville arean. .any time during the winter
wien the air temperature was above freeging, the ants could be dug
From below the mounds The soll was resoved to o depth where the ants
wore packed in all the passageways. With ss little soil as poasible,
the largest number of ants were teken up guickly with a trowel end
nleced in tins. These were closed tightly while the ants were being
transporbed to the labormbory. The ante could be kopt in these closed
tins, For ease of handling, & stormge tempersbture of aebout 40°F. was
found %o be best.

Before setiing up an artificial colomy, the nest and all the Jsrs
to be used were set in a room with a temperature of 509 - 60°F, The tin
of ants wus kept in this room for about an hour before handling. The
air being warmer thun the soil cuused many of the ants to come to the
surface where they were picked ur wore suslily.

The snts could not be handled at high temperstures bacsuse they
moved too rapidly snd killed themselves with the fumes of their peison
when in closed gvaces, lHpleeuf (31) found that Formice fufe had wore

than twice as wmueh poisen wut high temperatures and in dry weather, 1t

was stronger. F. exsectoides certainly had stronger poison in the
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spring and were puch sulcker teo use it., Because of theso things,
artificial nests vwere more evasily started in the winber.

At temperstures betwwen 50° and 60°F, s the snls wero slug:izh and
often ¢ hundred or so co2ld be picked wp with the btweezoers at one times
Tris redueed the time thal wus npecessury te got together in amnll
gless jars the guantity of <r%e needed for one srtificial colony.

Viaen enoush were ecllected in these small glass jars with gleass covers,
gince n Tew ol the ants were always active enough *te cravl u» the sides
of arxy conteiner, the roaf of the artificisl noet was removed and all
the Jxrs of sats were guickly dumped in and the rocf Lumedliately put in
place and covered vith e cardboard., 7The nest was set in a cool plece
for several hours or unbil tho ants had clustered im one place. always
some ants were killed by some step in this process snd a few pleces of
Art were inedvertently left in the wmess. MHany artificisl nosts con-
taining betwvesn 800 and 1000 mmte were establiched in this way. A
queen or twe could be added at the Liwe the eolony was oslablished or
after the group had bocome settled. The queens seenwd able to sbend
more of +the Pwunes than any of the worksres. The smaller workers were
kiltlod most easily, either by the fumes or the handling process.

sfbey the ante becere eettled in a cluster, the nest could be
placed whers it ves wented. Hests with nlagteor of Prris botioms vore
uwsually pleced in =goil in & greenhouse bad or flab. 7Thoe nests with
gless floors were kept in s rack in the greembouse or temperature come
trol roon or on & ghell in o terpersture cuhinet.

tare of artificial colonies.

In earing for any of the ertificial coleples, disturbances of all
kinds are to be avolded. Those ents are especlally sensalitive to jering.
vhen jarred, thev run about frentically, sguirting their »olson end

many mey be killed by the Dumes. Larvae and egss dlse pear overnight



from nests that hove been handled roughly. 1If an active, aprerently
Bap.y colony menages bto meke & hole and poard of the ants esowpe, the
lorvae and eprs disan eur und the colony tukes {rom 3 to § weeke to begin
recring youny apaine

Dariness or perbial light does not scem to make any difference to
these ants. Hoss of the time, the nests were kent in the darik but when
handled without jaring, the cardboard cover cculd be rewcved and the ants
witehed without exeiting them.

as nmight be exected, humidity is an Important factor. withoub
food or wmber snd with low humidity, most of the workers die within 48
hours., With hizher hwmidity, they can survive 3 o 7 days. In these
studies, the humidity wae not entirely regulsted. The nests with plaster
of eris bothoms were set on damp soil smd Iin thds wey, the humidity wes
bept high snd comparatively even. In the gluss nests, the wick was hkept
darp ot all times which kept the humidity necr seburction most of the
times loside many of these nests, drons of condensation moisture were
prezent at times, lnder trese conditions, the ants were mueh less
axeituble than when the humidity wus low. Lare had to be exeroised hotwe
gver Lo be sure the nests did not becovnms too wet as mwld snd other Lorms
of decay dovelopod. Those caused colonies te die cub as the ants sremed
unable to destroy the rmolds. In nests thoat were too dawnp, the anbs had
diffioculty oaring for the eg-s, larvee and cupas, especially the rupne,
which stuck to the glass. The rupase did betrer if kept nt lower haopddie
tles.

Homidity end fres wunter needs are olosely reluted. These nnts neod
free woter to drink even when the humidity iz high. It was found best to
give sbout 2 ce. of woter two or three times a week to each artificial
solony. In the winter, artificial ecolonies can live for two months or

wore without food if the humidity is satisfsotory and woter is given 2



6T 3 times o wock.

the imporiaunce ol temperature has been shown in the explanstion of
establishing wrtiliiclal colenies. Although never somvletely insctive
&t Lerperwtures asove froeging, tnese wnts do not earry on swuey aotive
ities 11 sriiflclial nests unle.s bhe temperviure is sbove 80°%F. A
tesperature of 889 to 72%°. Allows opbimam activity end dose not shorten
the 1ife of the wurtificisl colouy. I the vemperature iz between T2%
and 789%., many ents die in the artificisl nests,

daring the vwinters of 1942~43 and 1943-44, the artificlial colonies
used iu these 2tadises were kept In a gresmhouse where tho alr tenmperatures
reonged from 48°F, to 94°F. The nests with plaster of iuris Floors hed a
wore sven tem-ersturs since they were on sail. The soll bener:ztures
rermined betweon 60°F. und 78%F. 1o all ti‘;;ﬁg | artificlsl cslonles,
tosperature is a variable wihich hes o be comnsidersd in ewaluating
results with food tests. Ian 1s41-45, the artificial nests were all kept
at teperaiures between 58%F. and vs°F. during dovewmber, Jecember and
Janusry. after th-t, the tempernture remained batwesn 87°F. and 73°F,

About 2 ce. of food was gilven *i:hm? t}ms a weeks I Jed duily,
ovarfeeding was likely with decay of the uﬁuﬁ@d portion resulting. If
left =more than & days, the ants consumed thelr larvae rezardle-s of the
food they had been havinge. GHating l-urvae wms o »roblem in many cases
aad was used as an indieation that the food wes unsatisfectory. A
colomy thebt ed been eeting larvee for weoks was likely to conbvinue oven
when glven fvod for meny weeks that was entirasly satizfuotery for other
nects .

1f the fcood vaoas in solld form, small pleces of 1t were slipped
gulokly inko the nest o9 the wooden block wus carefully removed. Practice
wade it wossible bto do this without letting any unbs out. If the 204 was

e liguid, s mediecine dropper was used %o inject the {fvod through & smmll
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opening made by slinpling out the wooden block. Zometimes, it was easier
to carefully slip aside the glass roof encugh to admit the tip of the
drouvper and inject the food in this way.
In the artificial colonies, the ants pluced the dead and debris

in piles =g soon as they broke hibernmetion completely. iz materiasl
wits piled on the food if the cuantity wes too greast or nct acceptuble,
For this reeson, {eeding the ants through the glass tube wue unot sabise-
factory in many ceges. The ants plugred the zmsll opening after being
fed go thet the tube npd to be removed and clesned., Often so much of
the waste materisl hed been piled at that spot that the tube could not
be used asnine

lot long after sm artificial colony becomes asctive, they dismember
the dead, iling the pleces with other debris, probably sucking cut any
liquid food in the bodies as they do this. All srtificlel ocolonies did
this regardless of the food given., Often pert of the wick was cut through
in one or more places. Usually, the first cut was nade where the wick
entered the nest.

hith F. exsectoldes, it wns never found possible te clean an ooe

supied nest. Fielde (20, removed the cover and cleaned one compartment
of the nest while the ants were in the darkened other part. Thenm the
darkened portions cculd be reversed und the snts would move to the clewuned

part. . exsectcldes never left any part of their artificial nest un=-

guarded unieoss the temerature was below 40°F. ©ven then, any jar would
causzse u few to run about.

ith this species, it was never found poessible Lo get an artifieial
colony {(qucen, workers, eg:s and larvae) to move from & solled nest to &
clean one, even if it was darkened, more molst, werner, cont:ined food, or
any combinastion of these., The workers would guickly ze through the tubes
(glass and rubler) to the food and then return to feed the rest. 4 few

wonld remsin in the new nest but ne cogplete transfer was effected. In
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spite of this, nests were kept alive, with slowly dimindshing nunmbers,
for Grver a yonrs

Preaparction of Fooda Used.

WAV BROTH,. Ope=halfl pound of beef liver was chopped finely and
lait in 500 cee of distilled waber overnight in & refrigersior. Tue
nest day, it wae allowed to wurm befors being cooked over wamter., The
woter was neated slowly and them allowed to boil for one-half hour. The
liver and broth was stirred occasiomallye. it the end of tue hHalf hour,
the liver asnd broth was removed and allowed to partly cocl. Toe brokh
was strained of thrugh four thicknesses of choesecloths

Bukl oHJfH. Une-half pound of ground beef was used instead of
liver and the same procedure followed.

YEasY JUICL. Ten grams of dry brewers yeast were placed in 1000 ce.
of distilled water and allowad to gband with otcasionsnd stirring for 14
hours at room temperature. ‘then, it wes filterod with & suction filter
and The {iltrate stored.

BUBEY 60, This waos made by adding B0 oc. of bomey to HU ecc, of
distilied weter. The mixbture wis sheken until well mixed.

HOEEY 26, The same kind of hnoney was used for this dilution bub
75 ce, of distilled water was used with 2ZbBoc. of honey.

Yi:5Te ¥hen the word yeast sipears in a mixture, it mesns that one
grom of dry brewers yesst wns added to esch 100 ooe. of the mixture., These
nixtures had o be carefully estirred before ench use go thot some of Lthe
yeast cells would be fad ench time.

LIVER BACRACT. Yhe liver extruct used was Liver HUxtrsot Lilly pub
out by £11 Lilly & Joe In & personal lebtter, they say 1t is "a water
soluble, heat (859C) 70 to §0% aloohol precinitete of ground fresh raw
liver. Ho ethey is used in the proeessing.” 7This rroduct was used in
two cquantities. In the tables, L.B. 1 moans that 280 millizrome of the

liver extract wus added to each 100 co. of tis liguid in use.s Lei. 2
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meons that BOC milligreane of it ws added to each 10U ocs of liouid.
welleBe 20 = LIVEH, This vas e mixbure of 11.26 gns. levulose,
& [me dextirose, le30 gm. aucross, 28.5 ce., water and B0 co. liver Lroth.

LONEY 2B = LIVER 75. This was a ndxbure of 205cc. of honey ond 75 ecce.
of iiver broth mized.

Lene sugar, sucrose, dextrose und lewulose were diluted as desired.
The amoumbt of dilution is indiested in the tubles by the number oy .er the
worde. It indicuates the percont of that suger in the wmixbure.

In the t-bles, the swoot (honey, sucross, obes) with the mumber showing
the wercent of it present is placed first., Following is the other part or
parts of the mixture. The word liver is used for liver broth and beef for
buel broth. In the tables where the word "meat' is used, it means that
that colony was fed fresh inseocts or pleces of raw or cooked liver,

nogsh year, only one lot of honey was used. Durk glowey honey of that
season was chosen. It was ept ot ordinery room temperstures. All the
dry foods were xepht in gless. sany foods that speiled easily were kepnt
in the refrigerntor il it was not posgible to use them et once,.

At fre~uent intervels, bthe stock solutioms and the variosus other

tarisls used wore mixed. low long these were kept depended upon how
rapidly they spoiled. filxtures with Honey 50 or any of the livor exiract
mixtures kept fuirly well. lioney 25 or any of the pure sup-rs and liver
broth spoiled golekly. Thoy were uade up in smell cuantities every few
davE e

sollen, cyster meel, rew liver julece, grub broth and egy yolk were
tried but sincs the results are negative, they are not siven.

~abhods used in gurvivel Testse

The wnkas Cor these tests were tuken from the zame mounds as were
those used in the artificisl nests. They vore enred for in the sane
vay aud haidled under the same conditions when possible. uring the hob

montihs, the ents were handled during the coolest hours of Uhe duye
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LDl o BOmiiver

Paod Used
Food ased v

He food or watsy 180 5844
Cesar ondy 4005 LG22
Honey 26-liver 2420 20382
fioney 60 400 5018
Honey 2B 3240 3895
fioney Blwyeaat 4761 5698
tioney 26-gyonst 4008
Homey 80-L,0.2 4285 4921
Homey BOwi.eFe2 3558 4852
Homey 2B=l,.E.l} 2447
Hioney SOwlyewyenat 5156 5417
Yooy 26wl.EeZwyonst 2650
Gomey Zhele¥ l=¥, Iuice 1908
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Huoronse Li-liver 1183
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TABLE 4¥IX, Humerioal Veluea for lSebs of Sureiw:l lezbs sccording e
the TPood Used.

oY A Seb B Set C
o faed or wnber 5853 5418 6703
waber only 1780 2088 2426
Hongy S5-liver 4652 3000 1065
Hogey 2Dwiielel BOBT
Hemey 26 4308 2130
foney 26elellel 4519 2048 8766
Hopuwy 2owlielslwrons® Be4a
Honey 2o5el.ilelwyponst 8180 GOB
Susrose 18«liver 235 1477
Dextrogs Li-livor &L5 2890
Levulose lieliver L4 2412
Susrose G0el.B.l 3068
Dexbrone FWel.Bel 24AL
Laealoge 2he=l.iud  BH2%
ierege 2beliver 76 1478
liomey ZBwliver 75 1325

erose L-L,.BelwY ajm pe: 62303
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Segults of Surviwsl Toutm.
Survival on 21 foods, wnter and no food or water weve debtermined

in & tobal of 73 teste. lsing the sverages (iuble ZXIII) of the
numericsl valuss for survival, surviwve! wes beet on Sucrose 12-liver,
iowvaloge 12-liver and Jextrose 12-liver have about the pewme survival
vaiue, Jhese thrse foods nolded quickly necessitating ehanging the
eotton squares every week. Sucrose 2hel.o.d aud levalose Z6el.E.d were

the only foods vontelning a pure sugsr with & value abowve J000. LaDebe
Weiiver, a mizxture of the three pure sumnrs and liwer broth, gave poorer
results Loan any one gugsrs All the foode using oney GO shoved low sure
vival. lomey 26 in a food gave better survival but was not as good as
thet for a sugar in o Mnation with liver bwroth.

4 sbubdy of the protein part of the fuoods shows that iiver broth
gave betier survivel than eny of the substitutes. In only one case &id
the carbohydrste dilution and liver glve & poover result than that oarbow-
hydmate and eny protein substitube. This case ls Honey 20el.2.1-Y,ulce
which hae o valu® next lowsr than that of Homey 2Beliver. fThe surviwnl
on omey 2beLelel uas poorer than on lioney ZbeL.fld~Y,juive., This suge
geats that the liver extrset lecks sowelilng whileh thwe yeast Julve
suplies. Yoast uged with olther honey dilution gave lowsr surviwvsl than
with liver extrsot added or the honwy 4llution alone thearefore the jyeast
colls are not a camplote frods Sone of the foods containing yoast were
az sstlsfaetory for survival ae water. 250 milligrams of the liver exw

tract por 100 oo, of food wes betuor than twice thet amount but not as
good as iiver Lroth.

Yihen the geta of veste using worisus foods bub all started at the
stme time end kept under identical conditions are analysed, a few dife
ferences are nobted., In Set i, ante given water only survived best and
better than on wnbter in Set I or (. loney 2B=liver gave strikingly
bebtber survival in Set ¢ than inm either ‘et 4 or B end botvor than in
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a lersor nroportion of the artificlsl ou onles should live & or 6 monbihse
in this $irve, further foctr about the fosd reguirenents of Lids specios
sould be detornined.

TABLYE KXYV, Swawry of sesudts ilth arbificial Colonies 134243

) § =10 - 35 days la7
K Gm i 35 Ead pupae 213
% 2el 2wl Had punas 672
4 12=-27 12m37 51 days 160
& BedO 8=22 49

8 g 2w28 3G
=2 S L] 128

* Bmts escupod from the artificinl neot.

Zesulbs wdih obifleiel Colonies

iying the winter of 194884, Hen artificisl nosts of the fired
wyoe (11 %o 17), 32 of the sesand bype (81 to BY), end & of the
third tyve (720 snd 21) vere fed warious foode, Uanoh eslony was
given only wober wrkil the anbs brobe ribernotion whdeh wee indicated
by sustained wowvomend about Yhe nost by all of the arbe. Lher thed
e £oof wag piven for 70 o0 100 deysn depending om how rooidly the ants
bagen o die and whether any of the larves grew. ‘wery opsorbtunity
ves plven e ool Yo how lurvio otapleobe dovelopment on that foode
I8, after this lenghh of Slpe, lerge larvee were nover soon or large
larvees were beling saben by the workers, ansthar food was triod,

In Ta¥le ZXV, ths fvod used flrad is listed ZTirst. The muibor
of doye from the thoe 6)cs were resent in the nest until & rups wus

fomwd 1 mivon o the besd intlesbion of tlw degpree of suscos: for



that food. vhen nupae did not dovelop, the length of time larvee vore
present indicates in a degree the efTorbs made by the celony bto feed
the larvae. In some unsuccessful cclonies, enns were nresent nort of
the time, All this information ie sumariged in Table XXV,

w0 ertificisl colonfes glven only wabter lived 63 and Bl days,
Two eolonies were fed beef broth and tuwo others liver broth, The sure
vival wes adbout the swse as that for colonies given only witer. YHone
of these colonies had ezga present at any tineo.

Mwe oolonies were fed the extire 4imwe sowe dilubtion of sugar as
the carbohydrate foodse All had epes wresent in the nest snd Ywo hed
larvae part of the btime. The nect (/88) fed Sugar 2B-liver survived
over 200 days. Four other colonies started orn some mixture of sugsy
and a protein were later shifted $o honey and a protein beecauss lanvrpe
larvee did not remain in the nests, Yo ocleomy given food conte ning
guger all or vert of the ti e lived more than 282 days osr 'md lorvee
soin coooons. All had egrs prosent part of the &time and 4 had larvee
for awhile.
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Two colonies (M7 and 49) were fad HMelezatose 28, nart of the Lins.

leither lived 200 days and only one had lervae. Feeding lelegatosze 25
alones in one case and lelezatose Ab-beef in the obher nmalke deduchions
Adifficult,

Honey was given in 4wo dilutions. Four artiflcisl colonies were

given Homey 50 mnd a protein the entire time. Three of them lived ovor

200 davs., Home of them had larve. pupate but 3 had ilarvas nresent nart
of the time. A solony (#53) plven loney BO«L.Es2 part of the time sure
wived 239 days and g:m (#36) given ‘oney HO=LaT.2eysast survived 330

no

days. Larvae did complete developmert in either. Ton colonies received,

as their carbohydrete food, omey B0 part of the time and loney 25 the

rost of the time. Fach dilution wrs fed in combinetion with some protein.

Three of these colonies fed ‘arvse suogesafully and had pupse in the nest.
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Pwo (#20 and 48=-1) were fed toney SC=-nests snd later iionoy 28- liver.
The otier {(/35) received ioney 2b-mests and then ‘oney H0-L.fe2. licne
of tihese cclonies nad pupae while being fed ments. OFf thess 10 colow
nies, 4 survived over 200 days, 3 over 300 days snd 1 over 400 days.

Fourteen colonies received loney 25 and o protein thelr entire
life in ecaptivity. OFf these, one (#16) never had e:zs and died out
in 38 days. The protein given was beef. Twe other colonies ({41 and
#42) were given beef part of the time. Lrrge larwe were never found
in nests fed loney 20-beef, Eipht colonies received thelir proteins from
liver the entire time. Three of thenm had pupse asnd 4 larvae vart of the
time. The pupee vers produced in a shorter time then in colonies fed on
any otbher food,

Of the two other colonies thet resred young, ome (#53-2) nmas fed
fioney 2bwoyster meal broth 3 wonths and then transferred to lioney 26=-
liver., After the transfer larvae completed development. The other
(#14) had larvwee pupate on Honey 26~L.E.2-yeaszt., Both colonies lived
aver 3C0 days.

Jf the 44 colonies kept during 1543-44 seven lived more than 300 dayse.
Three of these lived over a year. . fter being in cactivity 308 days, the
queen of one colomy (#83-2) apgain began to lay ez;#. The egy s habohed
but the larvee did not complete developmenmt. This colemy was fed sloney
25=1liver most of its life.

f the 8 eolonies that hud pupse form, ecch was fed some dilution of
honsy 6ll the time. 3Six were receiving lioney 20wliver vhen larvae come
pleted development. The otner two were receiving liver axtract or liver
axtreot and yesect. This indiestes theat these two are poseible substitutes
for iiver Lroth. Of the foods tested, .oney Z6~liver was the most satias-

factory for feedin; larvee until they spun coOGONGe
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TABLE XXV, Sumsery of Feeding Tests with Artificial Colonies during
1045-44

Hest Oete Duys

lioe started Lived hkfforts to rear young Foods used

&+ Yo ocarbohydrate,.

11 1030 83 - Tieter

31 10=30 81 e Hnter

12 10=30 586 - Beal broth

52 10-30 81 S beef broth

13 11l-12 78 — ldver broth

33 10=30 82 Livor broth

Bse Sugar.

43 11-19 92 Eggs presemt 5 daye Sugar BO

37 1l-l2 187 Larvue 7 days Sugar BO
Sugar B0-meats

35 1i1=12 83 uggs vresent 10 days Sugar 25-beaf

38 11-12 222 lervae 56 days Sugar 25-liver
Sugay 2b~L.B.2~yeast
fioney 25-liver

44 11-25 261 iLarvae 43 days Sugar 25eL.E,2~-Yanst
lioney BOwLoEBa?

4B 11-28 282 Lervee 15 gdays Sugar 2beL.E.2

8z 12«28 161 Egges present 35 days Bugeyr 25-yeast
linn® - )

€. kelozatose.

47 12«4 180 larvae 17 days ielegatose 26
Honey Zb-liver

49 12-13 154 Eggs present 16 days lielezatose 25«beoefl

Honey 26=-zrub broth



TABLE XaV,. Summery of Feeding Tests with Artificial Colenies during

143~44
fest mte ey
i0e sterted lLdved Efforts to rear young Foods used
D, Honey 50
12=-1 331 30*  Bgzs present 1Z daye sioney 50
32«-1 2~2 196 Larvee 20 days ioney 50-pollien
ﬁ@ﬂ&y DO« Ee2
34 10-30 227 B8 present 22 days Honey BO
lioney H0-moate
40 1l=12 244 Larvae 41 days Honey 50
loney 50-mests
Honey H0mLieEe2
50=1 1-26 227 Larvee 118 day=s Honey S0«veast
{loney BQwl.oHe2
E. Hopey 50 or Honey 25,
20 =21 257% Pupas 61 days from egzs  loney 50-meats
iioney 2b-liver
385 11l=-12 245+  Pupae 8l days &lter first Honey IZb-meats
egss lioney BOwLeE+2
38 11-12 330 Bgpe present 78 days doney 2iw-beof
Honey 50wlek.2=yonst
39~1 2-21 328 Larvee 70 days tHoney &0w-oyster
Honey 25-liver
43~1 2=21 201 lLarvae 78 days Honey 50wLl.E.2wyecst
floney Zbwliver
48-1 2m2) 180 Fupae Bl days after Honey B0-meats
first ep:s Honey 2b=liver
51-1 2«24 344 Larvwae 25 days Honey 50-moats
Honey 25-liver
63 1-26 239 larvae 22 days Honey Z0=pollen
Jimw 50wi.e B2
54 315 B4 larvae 7 davs Honey H0-meats
iloney 2b-liver
46«1 2=21 428 Larvee 72 days loney 50-meats

Honey 26=grub
Honey Zb~liver
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T BLU XXV, Suwmmory of Foeding Tssts with srtificial Colonies during
1943w4h
Hest bale Uays
Jioe Started Jjived Tfforbs bto rear vouns Foods nsed
Fe ﬁgﬁ@y 25
18 11-25 38 Honey 25-beef
41 1115 135 D Honey 2B~liver
Honey 25-beef
42 i1-19 238 Larvae 49 days Honey 206«-heef
Honoy 205=-liver
B3-2 2~24 374 Fupae 102 days efter lioney 2b-oyster
first eggs Homey 26=liver
311 1-28 896 Larwae 76 days Honey 25-meats
Honey 2b=liver
14 1i-18 333 rupae 117 days after Honey 28wl.eBel=yoast
first epps »&
13-1 3-31 8l* Fupae 26 days ofter Honey 26=liver
firet ozgs
15 11-25 2i4*  Pupee 47 days aflber Honey liver
first egys
i6-1 4m31 60* Lorvae 31 days Honey 25-liwver
17 5-3 &7+ lLarvas 8§ days Honey 2b6~liver
21 3-156 1l4*  larvae 30 daywe toney 28~liver
Sbwl 4~d 132+ Pupse 42 doye after Honey B5=livar
firat epgs
55 Z-15 183 loarvae 24 days lioney 2b-liver
5T=) S 116 Egps present 17 days Honey 26-liver

* Ants sscaned from the artificisl nest.

#*% Afver 70 days, part escaped and 2all larvee disap -eared prior %o the
change to pupae.



Results witn Artifieinl Colonies in 1544wbe

During the winbter of 1944-45, 20 cartificlial nests of the second
type and 5 of the third type were fed warious foods. The colonies were
ant in & conbrol room where the tenmersture was approximetely 70 F.

The details of gsre were like those of the previcus yeer except that,
when the food was changed, it weas done in from 40 %o 60 deye, All the
colonies were still active whan the tests were terminated. Table XXVX
nresents a summary of the importamt polnbte.

Five colonies were fed Joney 2B-liver the entire time. One (41-4)
roured 9 workers with the first pupa present 56 days after eggs appeared
in the nest, The rest had lervee for varying lengths o time.

Three colonies wore fed iloney 25=L.E.2~yoast. One (46«4) had
pupae in 686 days but the others had lervae only. Another (£EG=4) wes
fod llonoy 2b6«LeT.d=Ysjuice and raised 3 workers the first larvee spine
ning up T4 days afbor egzs wers present.

Honey-leBsl wos fed 4 colonles for the entire time. Oues (H40-4)
raised more workers than any colomye. Two colonles (iS4w=d and #22=4) hed
large larvee when %the tests vere terinated.

The food was changed st least once for all the rest of the colonles,
& o which had at least one pupe formed., Iwo received iloney 286-yoast for
60 deys end then were chunged to loney 26=-L.E.l. One ovher (56~4) was
changed from Honey 26-1iver o Honoy Z6eL.H.l. Larval development was
‘rapld af'beor these ohanges. Coleny {(#36=4) had one pups whiie receiving
Honey 25-yenst bub it disaypesred in ¥ days. The remaining colamy (/0-4)
wes the only ome that had pupese vithout being fed honmey. It received
Lelelie20mliver 30 days snd then Sucrose 28=L.le.leY.julce.

#our csioules recelved luwey ZU and some protoin tie oxntire time.
£11 had larvas bat none com:lebted development. OSeven eolonies were fed

lloney 25 or some suger with e protein. Some received the sugar first
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and for others the orider was reversed. All bubt one which lmd no larvae,
had larvae for a longer period than any other colonies which were not
suocessful in rearing young. Of'ten large larvae were present in the
nests but after s day or two disanpeared.

The remnining & colonles never received any honsy. All except one
{25=4) had lervee for s corparatively short time, These colonies rarely
had large larvae,

In 1944-45, nine colonies raiged young, eight of which were receiving
Homey 26 and o protein when larwae conplebted development. The protein
that geve the best results wos liver sxtract at the rate of 250 milligrams
per 10U ee. of liquid. &Six colonies were recelving liver extract when
pupas were formed. lomey 26 proved to be the best source of carbohydrate
ag was true the nrevious vyear. This yesr liver extract was better for
the protein part of the food although liver broth, yeast and yeast juice
were satlsfactory sometimes.

Discusslion of results.

Since P. exmectoldes has a wide renge of foods in nuture, it is nob
surprising that in artificial nests they oan f'eed larvae umtil they spin
cocoons on more than one food combination. HNeither is it surnrising thet
e suger or honsy iz not s complete food alone. Teets with a protein
alone geve negative results. All suceessful food were mixbures of a
honeydew substitute, & carbohydrate, and an insect substitube, & protein.
As was anticipated, the food requiroments were different for artificial
colemies that fed larvae successfully than for mere survivel of workerse

vhen comparing the results of survival tests and of artificial
colunies, the rhythm of this species must be remembered. The surviwal
tosts were conducted with ants token from the mounds at various times of
the year while the artificial colonles were forced into activity and
kopt thot way by sumasr temperatures. Alter six months of this warmth,
the ents stopped raising young regardless of the foods The gqueen layed
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Su mary of Pe~ding Tests with Artificial Uolonlies during

Food uged

Ae Colonies fed loney

Blmd 2=27 c2
BG4 Ll B 74
414 11-17 164
484 11-20 181
EEmdt 2=20 88

Zbmiiver.

larvae 32 days

Larvae 42 dayn

Mrst pupa in 56 days
Leyweae 82 dsys
Larves 42 days

Be Colenles fed jlloney

2owle o Bmyanst

24=4 =24 65 Lervae 28 days
AEjmd, 11-18 183 Firat pupa in 88 days
HJemdl 1 2md 147 Lorvee 68 days

Cs Colondes fed Honey

H6w4 12=8 143

25w=lieLelmT, juioe

First pupa in 74 days.

D Crlonies fed loney

(Rl 222 67
49-4  11-28 162
Bavd  12-4 147
60-4 1227 124

%“Ltgal
larvae 35 days

Piret pupa in 40 days (Had at least 30 pupae)

learvaes 77 dnys
Larvae 73 days

He Successiul

E5=g 11=-6 176
S6wd 11-15 168
40-4 11-17 164
4 3wb 1i-18 163
50-4 122 149

colonies on two or more foods.

Pirst pups in 47 days

One pupa in 306 days

Fwo pupa in 51 days
Ume pupa in 80 days

Pirst pupa in 79 days

Honey 268-livey
hOmy AT I §

Loney 20~y %
Suercae l2eliver
Sucrose 2Z0wL.M.l1

LeDe340mliver
Sucrose EhH-lL.Z.1~Y.juice

Honey Z2B=yeast
Honey EbwL.E.l

Honey 2o-yeast
Honey Zomliellel
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TABLE ZiVI. Swmmry of Feedling Tests with .rtifiecial Colonies during

194485
liest Date Days
Now started Kept  Lfforts to rear young v Food used

¥, Other cclonies on Honey 20 and wariocus protoins.

S8ty 1i-17 186 leovene 7 daya Honey 2Bwi.,be8
floney 20-~liver

42~4 11-25 156 Larvae 58 days Honey 26«leiaeg
Honey BhwloEelnYsjuice

Hemd 12-2 149 Larvee 18 days Hemey 2B

Boney 2Beliver
6l-d 1227 124 Larves 45 days loney 25eL.Hl.1=Y.juice
foney 2B=LeBel

Ge OCbher colonies on lionsy 285 or pure sugny and nroteins.

et 2=22 a7 Egre present 61 days Suorose lZe=L.k.1«¥,julce
iloney 25-liver

Gliwdt 111 18l Lurvas Ul days lieilnite B0=liver
Honey 28e~liver

BT wit 11l=156 186 Larvee 106 days tioney 2B
Sucroge 12«liver
Sucrose Zi~L.,E.1

Bl 11-17 164 larvae 107 doys Honey Z2bwi.al4Zeyenst
sucrose l2«-liver
Bucrose ZSeL,b.l

444 11-18 183 Larvae 50 days Honey 26
Suoerose 20w=L 2.1

47w 11~20 16l Larvae 84 days Lo Deiie 20=livor
Honey 28-liver
Daxtrose GE~lL.,d.1

E8wd 12-20 i3 Larves 91 days Sucrose 1l@-L,B.leY,jiuice
, Honey 25=LiEel
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TABLE XiVI. Summery of Feeding Tests with srtificisl Colonies during

1944-45
Heat Dote days
Hoe Started Xept Hfforts to rear young Food used
e Wthar Colonies Yecelving no honoy.
25~4 2wi4 68 Eggs present 17 days Lellel e 20wliver
Jusrose EbeleBll
5Hmd 128 143 Larvee G5 days Sucrose l2-liver
Lewalose 2bwi.E.l
584 12-22 120 larvae 75 days Suorose 128-liver
Dextrose 2bel.E,1
12-4 12-27 124 Larvwae 38 days Sucerose 12«liver

Sucrose Zb=L.E.l

634 12«28 123 Lavvae 58 daya Sueroze 12«L.T.leY,juice
) ) Sucroge 2beL.i.l
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no egess and in a pumber of cases dled. 1In only one case did the gueen
resune laying under these warm conditions. Survival tests gave the
poorest results in the fall which ias the time thst the ants ere enter-
ing hibernstion. iesults were best in the spring when they are ready
%o foad.

The fact thet the food which gave the best results in swrvival
tosts spoliled most quickly ig iLiportant. In the survival tests, the
spoiled excess vis removed. This was not possible in the artifiecial
unesta. JSodium bencoate, sodium proplonste, colelum proplon-te and
eitric scid were unsueccescsful in controliing molds and decay in strengths
tolerated by the ants, The foods contalning honey did not spoll as
quickly as tnose containing a pure sugsre.

Of the seven foods upon which artificisl colonies lived and fed
larvaoe to suinnding wp all except 2 had survival wvalues betweon 2650
and 456680, One of the exoceptions wes loney B0~L.i.2 upon vhich one
colony wue successful snd which had a survival value of 5050, 7The
other exception wss a colony which had larvae spin up on Sucrose
12=lieEel~Yejuloe. The survival value for this food wae 1680,

The good survival on the pure sugars, especially sucrose indiocates
that is gpoiling of nixtures containing it omn be controlled and the
minersls and viteming supplled in correct quentities, it might be pos-
sible as a substitute for homey which is so complex amd wvariable,

tioney 25, which is a dilution having approximstely the same
total sugar concentrati n as nectar, was the most satisfactory of the
diiutions tried. PFifteen oolonies had larvae couplete developrent on
this dilution and a protein but § others were successful on Honey 50
snd some protein. The low survival wvalues of foods containing Honey
5O as well as fewer succeszsful artificial colonles indicate that it is
less satisfactory than Honey £0.

Three insect meat substitutes vere satisfactory when combined
with iloney 26. even artifieisl colonics hed larwvae oorplete development
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on loney 26-liver while 4 were successful on Honey 25«L.%.,l. In 1943=
44 liver broth wee most satisfactory but the next ye:r onmly 1 ecolony
did well om this food. One colony was succescfful on a sombination of
liver oxtract and veast julee but since more eslonies were suscessful
on liver extraet alone the yeaust julee is apparently not essential.
Thiree nosts had larvae complete development when the liver extruot
factor was doubled. Twoe of these aiso received ysast cells, The walue
of ysest cells is doubbtful elthough one colony hed one larvae comolete
development with veast eells ss the only soures of »rotein. The sure
vivel value of lloney 20-yeast is better than two other foods upon whish
colonies were successfmi.

In these studies 2B% honey and liver broth or 260 milligrers of
iiver extract per 100 eo0. of liguid copterined all ezsentisl elsments

for ¥, exsecotoides to feed larvee until! they spun coooons. Both conatit-

uentz in these mixtures help supply minorals :nd vitemins. The honey
mainly supplies the carbehydrate though it contalins wﬁry:mg amounts of
protein fromimcluded pollen gzrains. The liver or liver extract sup:lies
the protein plus minerals snd an extremely corplex groun of vitamins,.



CONFPROL

Introductory discussion.
Paigoned food is used Lo control some ambs but the habits of F.

exgyctoides with their wide wvariety of food end the wide distribution

of the colonies meloe poisoning diffisult. During the vinter of 1943-44

& gmall nest of ¥. oxsectoldes, formed by ants thet escrred from arti-

fieiel nests, wag tested, These arts lorsged over the groenhouse bub
the food suycly wes ofben limited in spite of foney 286-liver being
vlaced near the mound occasicnally. One day an arsonite of soda ant
moison wes set out instead of Honey 25«liver, The workers fed as
ususl for several hours and then sbovped although plenty of the aclubion
rovmined and ne other food was offered. The next day several hundred
dead ants were on the moumd. The nest wrs weakened bubt not killed as
later when the colony moved they sarried away pupese. For two wecks
after being fed the poisomed food these mmts ignored any food from the
spot used for the polson. It wms six weeks before they would touch a
sugar-wvater solution in axy srot, The poisoned solution was consistently
refused reganrdless of container or nplace,

This evidence Irom a nest thet did not have adequmte food snd
whe unpromising results from field triala with foods, indicete that
poisconed food is not & possible method of control of P, exsectoidese

——

Peirzon (37) tried -otassium cyanide, corrosive sublimnte,
carbolio eoid, keromene, pusoline, haptimlens and carbon disulfide to
kill F. exsectoidess. Uarbon disulfide wos the only effective one.

Hanter {32 used carbon disulfide and the oeloium cyanide. aAbout
one pound of carbon disulfide wes required to kill the amts in an
everagze sized mound and the mound had o be covoered for the poison to

be effective. iwo cunces of pranular ocalsium oyanide was suf'ficient
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to ki1l the sawe sized nest and The mound did not have to be covered.

u 1941 Johnson rnd Friend (2°) treated 35 mounds with methyl bromide,
Z5C - 580 co,. ench; 2 with oarbon disulfide; and 1 with 1 pound 41
robenons sprecd in o band around the base of the nest. In Chese expeorie
menbs methyl bromlide was wore offectlive than carbon disulfide wnd
rotoncns showad pronisde

T alm in ehoosing & method or materisl for conbtrel is to £ind
the most elfcctive, salest, chwurest aud osl sasily ap.iled awtoriale
Cf Cle maturizls it hwve beon used, carbon dlauifide lias beon wmost
successful. It i inflacswmbleo, polsczmous 4o men and snimels in eonfined
gpacos, voltalizes sglowly ot low temperatures snd reguires a largs dose
te Lo effective. Calelum opymnide deoes nob require such n large doae to
be offective but 1ls a vivlent polison and works bect at folrly high tevpera-
tures. Cethyl bromide, as Johmson and friend used 1l, wez effeobive.
Faradlellorobenzene is not olsonous to man, 18 easy to hoanmdle and
lethel o many Inseels. The ehemical LUDT is sasy 4o handle, and not
very rolconous to men. During 1l944-4B, tests with mothyl bromids, paree
diehlorobengerne end DDT were conducbed.

Teste with zam*;}:g}. bromido.
During the sumser of 1044 and the spring of 19456, 32 mounde of F.

gxsectoides were Lreated with mothyl bromide, The methyl bromide in 1

pound Bins was oonlied through o gradiated truclk arnlicstor. The aps
plicatcr negole wos plesed in & tubo inserted 6 to 18 inches in the
mound oblicuely toward the eeater. The swaocunt of the chemicel wes
varied scoording to the slize of the neut, DTvwe nedium size but anitive
nests were Lreated first. One received E0 ce. und the other 100 bel. of
motiyl bromide. fwo days later hundreds of snte were roving sbout on
the outside of the mound. They were not repuliring the mound or carvying
on any usual activity. 4 we x luter the base »nd lower half of the

mounds weres covered with dead ants. There has been no furtbher activity



&8

in these mounds.

Later 26 mounds located in and on the edge of & grassy olearing
on & hill in a woods were treated. Tauble ZXVII zives a sumunry of the
sise and condition of the mounds, the amowt of voison and the efiect
of the polson. 7he condition of the mound is pgiven since even large
nests were killed by ome anviication if the mound wves well shuped end
unbroken by injury such as animal traocks. The tube wnd a» licstor
nozzle were ensisr to insert into these mounds which helped give better
results. The mounds with sbteep sides ere kept so by the large numbey
of ants in them. Killing such large wmounds with 100 ce. shows that
thut amount of the polson is wmple. Low mounds are usually inhabited
by smaller mumbers of snta. The survival of some of these nests pointe
to the esoape of the gas before it md killed the inhebitanta,.

One month after treatment, 12 neots wore active, Eleven of these
hed low or broken mounds. The other was & mound {(f20) three times as
long as wide with a steep almost separute cons at one end. Unly one end
vas treated in order to determine whether the pas would penetrats to the
separcste cone. Failure to eradicste all the ants indicates that the
mound structure wes disscontinuous. Treatment the Silowing spring of the
nearly separate part killed the auts in it but a few ants survived in
betweean.

52% of the 206 nests trested showed no sotivity one month after
treatuent, but 6 very old mounds resumed activity. Ome new mound was
being formed by ants which were moving from & trested nest. Irobably
the old reovemed nests were elforte of escuped ants to reestablish
tremselves.

The next spring, sevea monthe after trectment, 60% of the treated
neszts were dead and 3 of the reopened old nests had not survived. Two
new cats were found, one of which wus being made by ants frun a large

partly killed nest (#5).
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TABLE XKAVII. Summary of Tests Using Hethyl Zronide.

e Lorge mounds

' Activity
Mound Condition Amoumt  Activity afier Retreatment after
Hoe  of mound in cce 1 mo. 7 LiQe Amount 1 lioe
3 Old=-broken B0 Hlight Blight
& Hormal 1c0 Inzotive lioderate BQoc. Inactive
6 Gl d=-broken 50 Insctive Deed
7 Gld~broken BG doderate liormal
& brolen O Yoderate lormal
e Ferfeat 100 Inactive Dead
hie Porfect 100 Insotive Jead
13 Hornsal 100 Insctive Dead
20 Long=-normal 70 lioderate loderate 50co. flight
21 Hormal 100 izoderate Slight
22 Ferfect 100 In:etive Dead
25 Ulde1 ow 5O Insotive Dead
Be Hedium sized mounds.
1 Laow=broken 80 Slight Desd
2  Low-lroken 50 51light $1ight
iz2 Vld=low 50 dcoderate Jead
is Broken 80 loderate Normal 120cc. Glight
17 hormal 80 Inactive Dead
1B mormal 60 Insctive slight 26oc,. Glight
23 Broken 50 5light Hormal oo Slight
24 Sormal 80 Imotive Dead
26 Gld=low - doderate ioderate
27  Old-low - lioderate Slight
29 Gidelow - lioderate Dead
52 Cldelow - jioderate HNormal 20cc, Doad
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THBLE XXVII. Sumoary of Tests Using Fethyl Bromide.

Cs  Small gized mounds. oIt
Hound Comditlon Amount  Activity siter Hebreatment afber

No. of mound = in co. 1 mo. 7 Yo Amcunt 1 So.

4 Hormal 50 Innotive Desnd

1 Lowebroken, 50 Yiormal Doed

18 Lavwr 25 Insctive Uend

18 Low 53 insctive loderate 2500 1ight
28 Jld=dow - pderate Joad

0 0ld-low - Moderate Jend

25§ Terwr - Hormal Hormal 2Bcce inrotive
33 Hew ioderate 250G, Siight
54 ligwwdouble ioderate BOcce Innotive
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Of the 16 nests active in the spring 6 were retreated as shown im
Table XXVII. Four of the nests that becume ective after the first applie
cation had been made were treated. One month leter four of these nests
anpeared dead. The rest showed some sotivity. Two new mounds were being
developed in new pluces and two mounds that hed shovm no sctivity earlier
in the spring showed slight activity.

These tests whow that methyl bromide is an effective fumigant for
F. exsectoides nests when properly applied. ¥ith well shaped mounds, 50
to 100 ¢o,. spplied in one spot through sn efficieont apnlicetor should be
enough. In low or vroken mounds smaller emounts applied in 3 to & places
would bs better. & total dose of 100 cc. should be ample. Vhen comtrol
in & linited area is desired, coare gshould be taken to treat all neats.
This includes wry old arparently umised mounds as well as all sizes of
active mounds.

JTests with paradichlorohbensene.

duaring the summer of 1644 parmdichlorobenzene crystsls were placed
in one or more holes in each of 8 mounds of various slzes. The hole vus
made with a trowel, the erystals poured in and the hole filled and pres-
ged down quiockly. Table E{VIII shows how much wes used in sach mound
a8 woll as the size and condition of the nest and the results, All excent
2 nests showed gome damsge o month after trestment. Umne long low nest in
a shaded situstion (¥9) was killed by the applicetion of 1 pound of paraw-
dichlorobengens whieh had been placed by handfulls in holee well
distrivuted over the mound. This wrs the only instance of success with
this chemical. It was the only nest treated with more then ¥ pound of
the chemical.

The following spring § of the itreated nests showed normal activity.
Two were moderstely active and one nest was weak; the weak colony may
have been the result of other factors than the polsom.



TABLE XXVIII, Summry of Tests . ith Pursdishlorcbensene

Hound

Sige of Dete

Arount

Activity nfter

Retrestment

Anount

setivity

lioe  Mound Trested in Lbe. 1 lio, 7 Hoe in Lbese after 1 Lo
L Large HuwB3~44 028 Normal lioderate

P6 Large - D=20-44 0,50 Hormal Hormal

P2 Hodium Ow28-44 0,286 Hoderate NHormel

¥3 odium w2344 0,20 soderate Normal Q.28 Horoal
ré Hedium bHw2B~44 0.2B ¥oderate Hormal 0.2 Hormal
6 #edium Be28-44 CeB0 Slight Yormal 0.B0 Hormal
PT Nedium 8-28e44 (.26 Hoderate Slight

¥8 Hodivum B8-28-44 0.28 idoderate Hoderate

P9 WHediwm B-28~44 1, Insctive Jead

i dedium 3-20-48 Q.50 Hormal

10 Small W B5~20-48 2 Oe2B Hormal
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In the snring of 1945 three of these nests wors rotroated oxd two
others treated for the first 4ine. After = woak, the meounds were nob
bedng used much where the chemical hed heen placod bub there was plenty
of ackivity om end ebout the mounds, No deed snte were nsoene 5 momth
afber treatnment, no difference ocould be ssen bobtwesn Srosteod and unbrested
regts.

Parsdichlorovenszens is not an sffective roison to use with F,

exgevtoides when plased in the mound in one or more spobts in onow-lov

and one-half nound emounts. ith mounds of smell ocnd mederate size, s
round of the polson might be effactive, if used when scil temseraturss
were high.
Tegts with DUT,

Tesbs were made with 207 DDT in nyrophyliite =nd o few strongths

of DUT evmlision. The ermlsion wes made by disselving 20 perte of U in
60 parts of xylol snd erulsifiying with 20 parbs of Tritem., This srmlsion
wos dilubted Yo the perpent of U7 dosired.

On day 3, 1944, 4 mounds woere dusted with 204 P in oyrorhyllite.
A swanry of eonditions and resuldte is given in Table DIIX, Tuo woeolks
alter troutument, acbivity of these nsots wes not greot’y choanged. One
mound (D10} vas dusted o second time bub activity of the nest ronmined
normal. The obhers were sorayed vith 2 DOF in Jupgust. The nexh corimg
8ll wore Inesotive,

On Hay 3 the same voar, 4 mounds were srraved vit: 0029 DOT
ermalsion. Two woelis 1oter tle nosts were all sctive, Throse wors vew
treated with ,002% 0T, The rest of tie surmer these meshs shored
actlivity but the mounds were not repaired or hept free of Irowing -lants.
The following soring, one {D1) showed some setivwity. Thoe other two appeared
depd.

In april, 19045, ¥ neshbs wera snrayed. {Table LU7). 8§ of thon were

aprayed heavily with 4004% DDT eaulsion. 3 of these (D16, D17, 718) were



low mounds in & grasgfield. » wook afver treatvment, dead auiy were
present on the mound but some of the ants were stllil carrylng op the
usual wotivities of the nest. The otaer twe nests showed no reduction
in activity. ihe sane day, iouwr mounds wore sprayed with JU02s T,
Usad ants were not ifouwmd on theose mounds und after one month no reduce
tion in motivity wms apparent,

inese tests show that UUl as o dust s inmellective ror I, sxsectoldes.

i the smclsion used some ants were Killed by <0047 ODF, hen n JU0ZAE
spray was used, no great change could be seen. In cases wheres two ap=
plications o this stremgth wers wmde, suell nests were killed. 25
spray after 20% dust killed 3 nests. DDT emlsion shows promdse as a
poison Dgr . sxsectoides, It has the advanbege of not being very

poisonous o man and is not dependent on bempeornbure feor volfglizations

Labid XXise oummry ol 1944 Tests Uaing ODT.
sound ound Strength ACLAVILY Jebe e~ urengbh eblivity
Moe size UIT used efter 1 io. treated DOP used in 6 o,
DD iaree  20¥% Dnet Yormal T 20% Dust Formal
D1l Hediwm 20% Dust Yormal B-28 2% Snrey Inactive
M3 sedivm 20% Dust nederete B=38 2% Sprey Inaotive
M2 Smell 20% Dust Hodernte Bw28 2l Srpay Inrobive

e Hedivm ,002% Spray lormal

D3 Hodium 002% Spray Moderate B3 #0024 Spray Insetive
AT Small  JO02% Soray ioderate 523 «C02% Srray  Insotive

m Hedluvm 4008% 3vray ioderate w23 «002% Sprey  Slipght

¥




PABLE LXK, Summery of 1645 Tosts Using LUT.
sicrand Kowmd Strength Aotivity in
g size of Sprey 1 doe
D4 Small «0047 Hoxwmnld,
018 Hediun 004K Hormal
D18 Hsdiunm O04% S1ight
LY Smal) D04 S1ight
D18 Hodivm «004% 51ight
me Small SOOEE Hoderate
D20 3 Smmll #002% Normal
jrrad Hedium ~002% Yormal
Deg _isedivm «002% Hormal

938



CONCLUSLIONS

Troder nathenl conditima, P, exsectoides aro sotive froas Liril o

w—p

Nobober. During this tinoe now colenles are established by svurming,
winged males and femnles devolop, and large mumbers of young workers
are raised, Food 45 the honoydew obbtnined from honeydeow producing
inneoty £oumd on the Trees mnd the goft perde of lnsects wioked wn on
the grovnd, Beesuse rert of thelr freod is obtzined uwpon Hivos, and
besruse varmgth, obbelined W enncgure of the mound bo zunlishdt is accose
sary, the mounds are found nesr tress bvb not in dense forests,

The socsonal rhythm »f these ants is ocorrelated with scll tempera=
tureg. The Ants mova toward warmer Tarks, down in tho goil to hibernste
in the a1l and up o the surfecs in the soring.

Zroups of F. exsectoldes workers with 1 or 2 gusems onn be nlaced

in artificial nests of the Flelds voe rnd when the temperabure, wmolsbure
and food are correst, emrs w311 Be Tadd, habeh, lorvee bo fod unbil they
srin up, snd »ruvpeo emerge as callovae Tor best resulis, the artiiicial

negbe should bo started in lov. or Dece wozn hadd ol avrcoxiualoly 70F.,

sach groups of Fo exseoboldeg w1l break hibermotion in sboub & wooka.

sobivities armroximating those of oolonles in nabure during fay sad Juse
will be carried on for § nonthse In artificial nests, temnermtures above
7H P, are debrgunental vhils normal cctivities sre not sor-iod on eb
temeratiares below 80 ¥,

In srtificial nests held ob armroximrtely 70 T, aozs reuiiro en
gverase of 19,4 days to hrtoh, larvee commlete developnment in an average
ef 37.1 drve and munme noed an sverege of 26,1 days belove onllows omergoe
Two wecln are mamired for the oo?lows bo dayrben dinto normel workorse

-

3 & vy W e > ) Y T < = e .
b low Tl diby sond no D008 or wele®, ost K. sxmectoides workers

die in 48 hours., Vitn jdgh haed ity mony can survive for B Yo 7 doyBe
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‘igh humidity is necessory for arbificial nests to continue normel
activities, Jiven woher alome, artificial nests may survivs 2 monbhs,
Tater is necessary even when limid food is given,

In feeding artificial colonies of F. exsectoldes, licuid food 4g

more setisfactory than solids. Artificlal colonies given & protein only
gsurvived 2 monbths. Colonles fed omly dilubted honey survived longer bub
larvae nmever completed developments A1l sucoessful foeods were mixbtures
of a carbohydrate and 8 protein. Twenty-{ive vercent honey was the mont
satisfactory dilution. 7The honey supnlies the carbohydrate and some of
the minerals end vitaming sinoe simil.yr strengths of the sure surars do
not enable lervee 4o camplete development, Liver broth or 250 milligrens
of liver extract ner 100 ce. of liguid sebiafactorily sur~ly the rest of
the minersls and vitamins as well ag the nroteins,
3ince F. axseotoides has been shown 4o be of esonomie irportunce

becsuse it injurs young trees in the north and ammoys man in the south
sontrol becomes nevesssry, Because the food used is warised and this
species iz diseriminsting, noisoned bait was wmmatisfocteory as a mothod
of extermination. Fuslgation with dme-fourth and one-half counds of
paradichlorobencone was wmsucosssful, DO as 2 dist wes ineliechbive

hut asz & snrey wes promising. Regulsted mecording to size nad croperly
applied, 2B to 100 co. of methyl bromide ner moumd was effective. In
attampting combrol in a 1imited area, insotive s well as all active
mounds should be trasted at onc timse o reduce reiphablitetiom by foraging

and esonped anba,
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