
INSE CTES SOCIAUX 
BULLETIN 

DE L ' U  NlON INTERNATIONALE 
POUR 

L'~TuDE DES INSECTES SOCIAUX 

MATING ACTIVITIES OF ATTA TEXANA 

(HYMENOPTERA, FORMICIDE) 

By John C. MOSER 
(Southern Forest Experiment Station, Forest Seruice, 

U .  S .  Department of Agricuifure, Alexandria, Loizisiaiia, U .  S .  A . )  

Volume XIV - No 3 - 1967 

M A S S O N  & CiC,  E D I T E U R S  
120. BOULEVARD SAINT-CERMAIN. PARIS (VI') 



I~zsectes  Sociaax, Paris. 
Vol~~nle XIV, lC3fiT, n "  3, pp. 293-312. 

MATING ACTIVITIES OF A T T A  T E X A N A  

(HYMENOPTERA, FORMICIDIE) 

By John C. MOSER 
(Sozztherrz Forest Experimc.17t Stcrtion, Forest Service, 

Z'. S .  1)el)crrtrnrrtt 01 Agric-ltlflrre, Alexcrntiria, I.ortisitrncr, 1' .  S .  d . , ~  

The tow1 ant, A ittr te,rcrncr iI3ucliley) is the nortl~ern~rrnst repre- 
se~itativc of tlie iiiost specializeci geiitts of Attini, a New \lTorld tribe 
of Sungtts-growiiig rriyrlnicinc ants. Colonies are found in central 
IAouisi:i~i:i; eastern, central :rnd southern Texas; and easterii Mexico 
:IS far solttli as Vera Cr~lz. They nit restricted to sandy soils and 
are usrtally located on tops o f  ridges. Nest surf:ices often cover. 
areas of 1/5 ha, and excavations inay reach ;a c2eyth of 7 111. Fatngus 
gardens are raised in cavities whose volunies average :11,out 4 1. 
A large nest nray contain 1,000 or niore cavities. 

'I'liis paper descri1)cs tlie airn~lal series of flights fro111 town ant 
colo~iies. At least 5 niontl~s of ~)repar;ttioii :tre involved, arrd slates 
11l;ly sl)e11~1 weelis in rlcsts waiting for favora1)le weatlier. \Then 
conditions are right, thc airts ljerforin a series o f  coniplex activities 
t1i;tt cttliniiiate in :k s ~ v a r ~ u  just 1)efor.e tIti?vti. 'I'inie o f  fliglit is so 
csiict tliilt i t  can ttsu:tlly he predicted witllin ininutes. 

Xlaterials i ~ n d  methods. 

ISlore than 30 flights from ahout 20 nests were ol~served X)etween 1955) 
:t~ltl lS(i(i. Surface observations were suy>l>le111erltcd fly E)ttlldozer 
csc;lv;ttions to cllecli brood developrrient. 

E::tcli spring, nests in ~jredeterrr~ined study :ire:is in central Lottisi;tna 
were wirtched for signs of irnpeiiding fliglits. Just  I~efore flights, air 
:tnd ground terril~eratttres, relative llunlidity, soil ~rioisttire, closld cover, 



tvincl direction :rnd velocity, anti unio~tnt of nioonlight were recorclcd 
:kt tlie nest. 111 addition, co~ldition of the nest :tnd actix ities of \%-orkers 
:ind itlatcs were noted. I'ils~lcccssful atteiily)ts were ni;kde to deter- 
niirlc how far aiiii iir ~11:tt direction alates flew, wlitlr~ and how they 
itt;ttccl, :inti how in:lriy surviveit. Weh:~vior of cIrleeiis :\fter landings 
\vtks ol)servect, anit their new ;t-colonies were clieckcd periodic:tlIy for 
gro\~t l i .  'I'lie sl)cLrirr in m:lics itntl fertile fcr1i:tIes were coltnteil. 

Early preparations. 

Tlie nest exterior y)rior to nul)tial flights is similar to tliat described 
for . l  . .se.rdcns I,. l)y ; Irrr . r-o~i~ ( 1956). Al)out 1 iilonth before flights, 
cxc:tvation t)y \~orl<ers  stol~s, :~nd  the nlouiids of excavated subsoil 
arc ilriicltly eroded hy rain (fig. 1). 'I'lie ants cover entrance lioles 
wit11 grass and 1)ine straw during the day, giving the active portion 
of nest the upl)earance of a tiny village of lllatclled huts. Soit1e 
n~edi~tril  sized ilests are eroded :tnd t2latclled only in a sitla11 ;trm 
whcrrh take-of' occrrrs. 111 soiucl ye:irs, ;I large colony may ~ ~ r o c l r t c ~  
no fliglits, in wliicli ciise, esc:tvalion conlir-rrtes norinally (fig. 2). 
For ex:tiilple, in l!f6l :I of the 14 large colonies tinder observation 
(lid not sxvarin. 

011 most large nests, flights ~vere  fro111 the center, hut on  soiiie tile 
flights origiizatecl fro111 recent areas of excavation at  one side ; an 
occurrence siiuilar to that cllescri1)ed hy ArTrrronr ( 193'7) for '-1. sc,rdens. 

Alate broods. - Alate hroods were reared either in lower cavities 
of ilcsts ciuring February and March, or in upper cavities during 
April ;ind early hlay. Those found in lower cavities were in well- 
tlraincd soil, anti -\vorlier 1)roods were never present. Souie alate 
I)roods in upper cavities were mixed with worlter hroods. Rearing 
in rrpper c:tvities was ol)servetf later in the se;tson tl~arl in lolver 
cavities f~ecause a colony does not l)egi11 to move fungus gardens to 
sllrface c:~vitics rlr~til April in Louisiaila. It is 11ot 1tnow11 -\vtiether 
:rl:ttcs are reared at 110th levels in the saiile nest. 

Scxttal 1)roods were forln<I in tlie lower. c:l~ities of t111.ee nests. One 
cxcztv:ttetl 1l:trcIi 2, lf):i!f, contained sever:ll hrlnc-ired nr:tttrre larvite ;tt 

tleptlis of I , . j  t i t  I; 111 in irregr~lar-stloped tioriiiaricy ca\ ities. The 
c;tvitics were rii~lch 1;trger [hail those in sunliner ilests iMost<~i, l!)(i3 1 ,  

ailcl eucli held sever:tl liters of fungus suhstrate. '1 colony exposed 
or1 ?cl:rrch (5  inclurled 1,272 iliatr~re larvae, 211 rriale 1)rcI)Ilpae : I I I ~  

~ L I ' I " ' ~ ,  "lid 206 feniale 11rel)t11):te :t~i;t-l pup:le in large cavities at depths 
of 3.4 to 4 111. On March 24, ;I thircl excavation revealed several 
llrlrltiretl nlatirre lar~zie and pupae and a few teneral i1l;tles in a large 
clclntr:rl c:rvity. 'I'lic cavity ~ v a s  2.3 to 3.7 ill l~ t l l o?~  the s~trf:tct ailti 
held :t fungus garden. 



FIG. 1. --  After :I niatilig flight, the  surface of n nest is stre\vi~ wit11 twigs and  
grass Ijlades clipped by worker\ .  Excavatiorl mouncls have been erodeit hy ra in ,  
:inti ent rances  are  enlarged. 

lire;. 2. -- Surface of large nest on 'ivhicii no s'ivarming will occur. 
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Six nests opened by Ecno1.s t 1 )  in central 1,oriisiana l)et\.veer-r April 
:~nd 31:ry containecf alate larvae, ptipae, ancl 1encr;il ;rclults together. 
\.=it11 worlter Sjroods in cavities 0.3 to 1.2 i z i  fl-oizi tlie soil surface. 
All nests were in conzpact saiid-y-clay soil. El;c~o~,s found no :date 
I~roods in tipper cavities of nests on sandier soil in the s;rnie area. 

\ \ ' A I ~ T E ~ ~  o f  C I I .  111:39) found sexu:ll 1:irvae on &I;lrcll 14 :ind rnaturc 
:~lates on April 1 in A .  ie.;L.trnct nests near Sail Antonio, 'I'esas. 

Anlante discovered alate hroods of A .  se.rdens rrrl~royilosrt Forel 
and '4. 1:ruigcrtrr (Fr. Smith) in -Lly)per and lotver cavities, ~l l ised with 
worker X)roods near Sao Patilo, 13razil. He found that ~ o r l i e r  l)roods 
\\-ere prodriced in :ill seasons, but alate broods only in winter (July 
;ind early August). In Surinam, ( I ~ I I J S I ~ E S  (1953) found alate broocis 
of '-1. sexdrns from November to ,Jannary. 

Alates prior to swarming. - 1ITinged adults :q)l)e:ir in tl-re spring 
\z.hen the ~vorkers  are constructing fungus gardens in ul>l)er cavities. 
'I'l~e whole colony moves into the upper 2 111. of the nest in early to 
Iate April, depending on how cluiclily warn1 weather arri\-es. Tlle 
first winged adults were foiind on April 4, :ind their nuinhers gradually 
increased until mid-May, when they 1)ecanle a1)undant. Csually, 
alates were more nnlilerous in cavities filled with fungtts gardens 
tt1:in in those that were partially full. 'l'lley -Evere never found in 
e11ll)ty cavities, 

11'orlier 2)roods were always nu resent in nests containing winged 
:idults, hut their 11uinber and stage of  developlnent varied froill one 
c:ivity to another. There \vas no apl)a~.ent correlation hetxeen nunil)er 
of alates in cavities and nt~niber or. stage of ~vorlier hroocls. 

The ntiniher and sex ratio of alates in a chanlher vt~ried greatly. 
In 1961, a total of 875 queens and 1,080 males were SouncX in 26 cavities. 
There were averages of 42 2-r 28 niales and 34 rt 40 feniales in each 
cavity. Some chaln1,ers contained only one inale or one felnale. 'I'lie 
greatest nunll)ers of each sex per cllaniher were 316 Illales iwith 
61 feinales), and 180 fciilales (with 85 nlales). A r ~ r - o ~ t r  (1949) 
sho\.(ied that liiales :ilways greatly o-~ltnunrhered alate feiuciles in nests 
of ,-I. se.r.dens, A .  hisp_tz:x)rictr Forel, and '4. l~uigtrttr. 

Swarming conditions. 

In teillperate zones fligllts begin in spring. Thus, colonies of 
'4. se.x.dons in Sao I-'anlo swarai in Se~>ten~l)er,  and coloxiics o f  A .  tr.z.trnrr 
in Louisiana swarin in May. 111 the tropics, flights eoincicle with the 
rainy seasons. Grt.~sii~:s (1963) states tfi:~t in Surin:tlil '4. sc.xdclzs 

: I )  An undated ci tat ion signifies t ha t  the  information \ \ a \  o1tt:tinccf tllrough 
personal cornnlu~licatioil The  au tho r  th:tnlrs f < ~ ~ r ~ r r , x o  =\\liurrr.: of the  Institute Bio- 
l o g i c ~ .  Sao I'ta~~lo, Brazil ;  Dr. 1'. S. (;AI,I~ \ H  IIU, I-. S, l)ep:irtl~~ellt of A\gricultu:'c, 
Southern Grain Insects Laboratory,  Tifton, Georgia; H. W. E c H ~ I I , ~ ,  Oregoll State 
I 'niversity, Ihrva l l i s ,  Oregon ; :inti 111.. S. A. ?VI-:BEII, S:! artl1111ori' (;oIIege, S\\ : ~ r t h -  
ntore, Pennsylvania,  for permi5sion t o  quote f rom the i r  ficltl note5 allti interpret  
the i r  data.  



stvarills dtrring tllc ininor rainy season in ,January, hut *A.  ccphtllofes L. 
flies ciurii-1g tlic major rainy sc.:lsorz in Illay. 

The insects niust 1)e f)liiysiologically ready bel'orc pres\v:trniing 
begins. In addition, nioisturc, tenlper:ttttre, hun~idi ty,  mind, :~ntl 
1x)ssil)ly light influence tlze tiine of flights. 'rhe conrlitions necessary 
for fligllt :ire discussetl in chrono1ogic;tl order. 

Readiness. - -  IYingec3 :idtilts reizlained in upper cavities for 1 to 
i i io i~ t l~s  l~efore flying. Altllot~gh e~~vironiilental conctitions appeared 

i be favor;rble earlier irr tlie year, ~najor. flights seldoui occurred 
until after hI:rp 19. One esceptioii 1vas :\ s\variil of a1)out 25 iiidi- 
vidt-tals on April 28, l!)(i2. Another ~ v a s  a flight observed hy \I~'ALTEK 
ct rrl. (1!)38) on May 10 iiz 'I'exas. 

One colony ~tilder observation did not start its series of flights until 
,June 25, rlespitc f:kvoral)le 11-eatller on several nights in May and on 
.June 14. IIThy :dates reillair1 in nests so long is ol~scure. They may 
Iiave to <( fatten )> l~efore flight. Colonies may not l ~ e  fully transferred 
fronl lower to upper cavities until late May, and this iilay affect flight 
timing. I'erh;lps photoperiod is involved. 

Rain. - I7light series were :ilways preceded by a rain o f  at least 
7 nini, i.e., enough to soalt tlie nest surface. If rain was lzeavy, alates 
froill a nest sw;irnied on 3 to 4 s ~ ~ c c e s s i ~ e  nights, until the ground 
dried. After a light rain, the alates often s\varnled only 1 night. 

'12'lieti other conditions were favorable, swariiliilg could be artificially 
induced 1)y \vetting nests. I'robably, the water nlust 11e sprinltled 
over a 1)eriod of about 1 hour;  in two ir-rstances, a-f)yareiztly sr~fficient 
ciuantities of water were applied i11 about 15 ~ninutes,  and the ants 
did not respond. 

I'eriods of alternate rain and drought are coiliiizon in Louisiaiia 
in Rlay arid J i~nc .  Sornlally, several flights are initiated from each 
nest after each rain. S ~ ~ a r i n i n g  usually ceased hy ,Jtiiie 15, hut irz l!)CiO 
:i few :ll:ltes issued froin one nest as late as July 7. 

A ~ T ~ O I Z I  (1956) found that inil)erzding rain triggered flights of 
se,rdc.ns-- that tlie surface of the nests did not have to he wet. 

AILANTI: ohserved no flights of '4. seerdens in 1963, a dry year. 
Apl)ure~ztly, fligfrts were delayed ttntil May of tlle following year. 
A;\.r,is~l: also noted responses 1)y A .  s r ~ s d ~ n s  a ~ i d  il. 1;~3nigtrttr to alternate 
1)eriocis of r:tin and drought si~riilar Lo those descril~ed for '4. te.rtrna. 

Prerevoada. - - Iii~iilediately after :t rain, n ~ a j o r  ~\-orIiers come clrit 

of the enlarged exit lioles. If the rain ends dtlriizg tlle day, workers 
~n i l l  around on nest stirfaces that are shaded fronz the hot st111. 
13y dusk, t~or l ie rs  cover the nest and vicinity. 

When for:tging or esca~at ing ,  worliers :ire usually docile outside 
nests, 1)~lt 1)receding flights tlley are irritable and rtrii about 113th their 
lrlandihles open. They attacli and cut allizctst anything, wen  sticlis 
;~izd le:i\es. Insects, frogs, aild liz:l~.ds that wander over tlie nest are 
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(piclily clis~ueiu'tjerecl. Aririaclillos :tnd otlier large ~uamriials :are 
driven ofT'. JI:\,jor ivorl;ers, ivliicli irre r;trcly see11 or1 trails, noiT 
I,econie plentiful, anci cliricl<ly cdr* ; r i~  blood fr.i)nl esposc(l sltin of thc 
hands, nccl;, and face. Shoestrings are soiiietizrles st.\-erctl, ;tnd ivorltcr 
heacis often remain attachd to kllaki pants through set-era1 \r.ashings. 
On iiiornings after flights, ~cget:ltion on rtesls and surrottnding :Ireas 
appears :IS if ciit hy ;i l:l.tvn~not\-er (fig- 1 I .  (:tit 11i:rteri:tls :ire rrsual1~- 
not talten into the nests. 

The process t1i:it causes ivorlcers to run ahout (lrrring presivarining 
is not 1tnow11. ,4 siniilar 1)etiavior is iritli~ced hy exl)osii'~g (docile 

FIG. 3. - 1Yor.ker.t : , n t i  alntcs on nest  dur ing  pres\varrning. 

\~orl iers  lo the contents of a cruslled mandibular gland, hut the 
distinctive otlor of the gland contents 15-:rs not detected on nests (luring 
presmarniing. 

Activities of alates appear to t)e independent of those of worliers. 
!l'orl<~i~.~ were never obscrved forcing alatcs into or out of nests. 
Shortly after dark rahout 8 13. m.) ;ilules st:~rted slioit-ing their lieads 
:kt holes. t~ricl ivithin :in hour, :t few al)l,earetd on the s~rrf:tce. Il'hen 
it major flight ivas t'orthco~ning, 50 to 100 \\-ere 0111 by 10 1). 111. 
At ~nidnight,  as 1ii:lrry as 2,000 iyclre o r 1  the srtrface, :tnd I)y 3 : 30 :r.tn., 
e'>,OOO or zliore (fig. 3) .  

A 1)hotogral)h of numerous presivarrning ~ O r l i c r s  and alates of 
.A .  sexdens iAa~~is.rr:, 1904) inclicates tfl;~L thcir I)ell:kvior is siiililar 
to that of .I. tesnncr. 



Al;itcs ficw :IS tx:trly as 3 :  30 and as late as 4 :  13 a.m., l~rit  iiiost 
flights were 2)ctwcen 3 : ?5S ;1nd 4 ; I . I ~ .  -:tl)ou t 15  niirzutes l~efore dawn. 
Most alzites on the nest surface flew xi thin 2 to :I ~ni~ztztes. A few- 
incfivit1~t:ds briefly, then n ~ o s t  rose into the air with a roaring sound. 

Alates of , I .  fc.r.clntr tilie of'f directly fro111 the ground. In contrast, 
Ar~~i'r-ortr il!)Sti\ o1)servecl ;rlates of - 1 .  .si~.rdcrzs taliins OR fronl twigs 
or lj~rslies. I~eiilales tool< ofl' firsst, followed 1)y ~irales sliortly after 3 p.m. 
Flights of *1. .sc,r.dcr~.s also scenled to lje ;ifYectetl X)y ;.~incl direction. 
A~, is~r . t :  says that da t e s  of A .  sc.r.drrrs ne:lr Sao I'atrlo usually take 
ofl' froill 1 to  3 p.m., but occasionally as early as 10 ;a.~n. We further 
notes tha t  sesuals r~slt:rlly :appcur :il)out 30 niinutes after the start 
of tI1c ~)rerevoad:r. A1:ites tfo not t:itte oli' en masse like those of 
'1 .  ie.z.rrntr. Inslcatf, they arise individually for 3 to 4 hours. If a 
strong winti arises tltrring Illis ~wriocl, flight ce:rscs and tlle reinailling 
:\l;rtes rcerlter tllc nest. 

Call;rl~:rn c;ltrgh t scvcr;jl 111:rlc :ind fc111;rle ;I . ~~zr.rictrrztr r F, Sinith) 
on an ilrlgt~st rziglrl :it a hiacli light rietrr Vera Crrtz, lifesico. 

S~v:irn~ing alates of A .  te.rcrntr -\vcrc seen in ~iioonlight orzce. At 
other times. their actioras in tlic d;irl<rmcss \vcrc indicated hy the low- 
pitched htrln of their ~;\.ings. During flights, relati~cl huiliiclity was 
always $18 to 100 ': ztntf there ~ ~ t i s  little or 110 \'i'irid. 

I>res\'i'i:rrnlii~g 1)y workers w:rs observed only at  te~ilperallrres above 
12.3" (:. At I:)", alates ;~~)l)eared at the holes, krtt none came to the 
sr~rf;tcc.. On one occasion, about 50 alates eiilcrged when the teizl- 
~ e r : i l ~ t r ~  -\\.as 1ti". Soine 1111 t terect, 11u t none tool< off'. On another 
night a few tlew at  16". Hence, 16" ap1)cars to he near the il~iilin~rtnz 
tenil)eratt~re for flight. The nlaxiiiiuns telnptlrature \\.:is not deter- 
rninctl, l)u t one large flight occrtrrctl at 25.5". 

Altliougll 111ost tilates on the nest srtrface take ofl', no Irrore tk;irr 
lralf leave tlic colony in any o11e flight. 'I'hose tlrat do rzot fly arc 
irlsiclc when s\~arul ing t:rlies place. On strhsec~~rent fa\.orahle nights 
allout one-11:rlf of the relzaaining ;rlates fly. As the grorrnd dries, 
Iio\~ever, the nu111l)cr that fly is drastically redtrced. 

'I'hese conclrlsions are stlpl)orted by ohscrvations of four nests 
d i g  1 1 .  'I'he first arlcf largest of t t ~ o  flight series began on 
May 24, lifter z t  rain of 2fi 111111, allti co11tinl1e~X f ~ ) r  3 consecutive 
1 i 1 t s .  Aljorlt 2,000 sexu:tls flew frt)lrl the largest nest, :ind :il)orrt 
500 fro111 c:tc.li of the tlrree sz~raller nests on the first niglit. 'r11c next 
night, :rl)otrt 500 issued fronl the largest nest, ;tncl ahout 150 flc1.i. 
fro111 tach of  tlich o t l~er  nests. I-ty the tllircl night, the gror~nd was 
:11most dry :ant1 no Illore tli;tn 30 sesu:ils ile\\- froin all four nests. 
For the next f c ~  nights, the grottnd x-as dry, ;ind the air tenlperatttrc 
\\-as 9.5" ; ~ i o t  even prcs\~-:-ti.~ning :kcti\-ity 1)y XI-orliers tl-:rs seen. Allout 
5,000 al:ttes llew fro111 :ill f o l ~ r  r~esls  during tlre first series of swarins. 



'Flie second scrics Ixgan on ,Jtlnc 11 af1c.r :I rain of 13 nlm. S:)lnc 
r.:tin fell aliiiost every day thcrc:tfter, and tllic ground relilained tvct 
until August 1. Ahout 800 alntcs flew froiii the nests tlic first night, 
400 the second. 200 the third, 150 the f'ourtli, 30 the fifth, and 10 tlic 
sixth. Ry the set-entlr iiigl~t (,June 1 'i), the nests ?yere alinost exhatrsteci 
and no sexuals flew, althougl~ soiiie xvorliers continued pres~v:trii~ii~g 
activities. Tfie 1:tst et-icicnce of s\x*arining was on ,June 23 11-1re1r txvo 
or three :tlntcs flew froin tlie Izxrgest nest. Xhout 10 other al;ztcs 
were :tlso oil tlie nest, hut each haci at least one wing inissi~ig. 13-37 
,? t~ ly  1, all traces of l)res~varining hy x~orlicrs stopped on tlic largest 
nest. i - lho~~ t 1.500 scxu;rls issued froni all four nests (luring ille 
second series. 

Insecticide was :ti)l)lied to ;I nest just 1)rior to s~varniing to 
deteriiiine wllat portion of tile al:ttes appeared on tlic surface on 
individual nights. About 10 1,.111., 2.3 lig of 1 0  hept;tclilor granules 
were broadcast over an area with a 10-foot r;xdius at tlie center of 
a nest. Pres~variiiing \\-as heavy, and :11)out 1,000 alatcs were already 
on the nest. Nine hours later, a l~out  it 1 of dead vvorliers and 50 dead 
alates \yere oil the surface. Tliey \\-ere reinctved. The follo\-ing night, 
:xilother inspection was riiade wllen l>res\varziiing 1 ~ : ~ s  in progress. 
The iirrinI>er of large worlters was drastically reduced; only a few 
accomi)anied al)olrt 200 alates. On tire third night, about the same 
ritrinher of xvorliers and alatcs were seen, 1)ttt 24 Irours later only 
;tbout 100 \vorliers aiid 50 queens (hut no iiialcsi \\-ere present. 

Three weeks later, anotlier rain triggered a second series of s\variiis 
in the area, hut there was 1x0 activity on the treated nest. All lioles 
had been closed by the rain, 13y October the colony was active again 
a ro~ tnd  a large escavatio~l a l~out  16.5 iii froni tile original nest center. 

It al)l)earstl-rat iiiost of the large \vorlie~.s hut only n portioil of the 
;dates came to tile nest surface on tile night of the first slvarnl. 
Ants Illat torrcl~ed the granules xvould certainly have dicd witliin 
12 hours. The colony 1)rohal)ly was iiiaiiitai~ied undergro~rnd 111)' 

ininor worliers, ?\rhicll rarely corne to surface. Its vigor l)rohably w a s  
r=encwed by large worliers that suhsec~uently emerged fro111 tile brood. 

illates arc photonegative wIie11 they first ;xpl>car outside, 1)ut there- 
after I.>econle i)rogressi\.ely y11otol)ositive. 13eforc iilidniglit, liglrt 
~lialies thein retreat into the nest. At 1 a.m., :I floodliglit will cause 
:I few to fly several feet froin the gro~lnti, and :it 2 :x.iii. inany will fly 
i f l y .  Af'tcr 3 :  30 :i.iii., :t fl:~slllight iiray cause l)rc~iiatarc sxtrtiiing. 
Aiiy visible light (luring the sx\-arm, no inalter flow weali, attracted 
111;~1y a1;ttcs. dim red light elicited soriic respoilse, hut no ants  
were :rttractetl to infr:rrc*d r;tdi:ttior-r. After :t flight, tlic few rc1il:tining 
alates on nests aliiiost ininiedi:rtcly heconie ~)l.rotoncg;tti.\.e ;tnci c~tticlily 
return underground. 

Circadian rhythm. -- Take o f T  occtrrs :rl~ou t 1.3 inintr tes before dawn; 
it is probably initiated by a biological clocli. Api)areiitly, circadian 



rhyt11ii1 t r i gp r s  all i-rcsts :at tlic saztle tinle, 1)ec;rrrse otl several 
occasiorts :il;itcs froill nrore t1i;in onc nest s\r.arnied at the s:anle tir-i-re. 

The fcehlcl racli;ition 11rodirccd Ily astronoiiiic;tl ;ind nautic:il twilight, 
~ l l i c l i  coirtcitk with time of swarming, can Itc ruled out 21s possible 
stlniuli to sx~arrning for t t ~ o  reasons. First, s~~;arl i~i t lg has 1)een 
oI~ser\-~cl on schcdiilc rr~itfcr. a dense clotid cover that ~%-otlld filter out 
\veal< t ig11 t, :tit("Z secoird, sw;irilling hiis ocettrred het ween 3 : 55 and 
3 ;i.iil. ~riailer- nloonlight llright enough to read h y  -light inore intense 
than n;irrticttl twilight. 

How far alatcs fly has not bee11 dcterrnined, nor has 11i:ating heen 
scc11. Sever:tl tliortsand queens froni different nests were ir~arl*red 
\\-it11 paint, 11r1t none were recovered. 

111 the lal)oratory, (peens  ;and i~lulcs t:tlien fronl cavities were induced 
to fly in tlre tiaytilile by 1)lo~ving on their wings. They also flew :after 
lteing tossed into the ;rir. 'I'lley usually rose vertically 60 to 90 111, 
tllcn flew p;arztllel to the ground at ahont 19.2 linlph. 

One f'e11l:rle xvit1-r a thread glued to its thorax flew for 33 ~ninutes, 
anti others flew for shorter periods. Assttlning a queen can fly a 
ni;rsiniula-r of 35 ~ninutes  at 19.2 Iiii~ph, she has a range of' 10.4 linl. 
X1)1);wently, alates c;ri~not fly Inore than 50 knl, because none have 
crossed the hfississil)pi Ilella and infested the Southeastern United 
States. Since the air is trsrlally c:alm at 4 a.m., wind velocity and 
tlircction norlzlally do not influence dispersal. 

tinlilie alates of Sotrtll A~~merican species of '-1 ttti, those of A .  texnna 
:ire :rl~nost i~nl~oss i l~ ie  to find after flights. Ho?vever, ~ilales and queens 
:are strongly attracted to bright ligl-rts in the vicinity of nests. 
Al)j~are~ltly, the closer. the ligl-rts are to a nest the sooner the ants 
are ;attracted, and the less chance tl-rey have to iirate. When lights 
were within 0.8 l*rln, only alzolrt 6 '/L of the feiilales liad a full 
s]t)ernlatlrcca. 12'hen lights were at least 3.2 li111 fro111 nests, 50 C/c of 
the fernales were fertilized. 

Fertility \v;as dtxternlined 1)y dissecting 100 (Iueens follo\ving fligl-rts 
:ind countiug sl~ernlatozoa in the sl)er~-r-rathcca. Mated queens with 
wings ?\-ere never f'ottnd i1-r nest cavities or on the nest surface, and 
in;alcs xvcrc not attached to queens that landed at lights. It is 
concluded, thcrcfore, that ~ ~ i a t i n g  talies place in the air, and that 
50 C; or. niore o f  tlic feniales 111;ly 1)e inselninated. 

Predators and associates. - 3I:tny alates are eaten by 1)irds and hats, 
wllic11 oftcn appear during flights. Becar~se of darliness, it has not 
1,ec.n ~)ossiihlc to identify most of tlie predators. A red ])at, Lnsizrrrrs 
hor~ri1i.s (Alulleri, \v;is c;trigllt in :a ~l l is t  net, and \;1',\1irrr:~ et trl.  (1962) 
found :al:ates in slonl:iclls of nighll~nwks, Chordcilcs illinor (Forstcr). 
Sunlerorrs tinidentified sl)ecics of hirds were seen catching alates near 
;artificial lights. I ) A i ( i t 7 ~ t ' t l t ~ :  (1!)45) p1lotogr:tphed 11i:tny 11irds over a 
s\~;:trlilil-rg colo~ly o f  '4. se . rd~ns .  

A~c;\r~ir)~r~r,os were observed etiting x~ii-rged ants before flights on 



riests .;\-here t~rest~arirriing hy xvorliers was ~nocierate or liglit, but they 
rarely ~es i tured  on nests \\-liere presw*arlnitig ?\-as he;ivy. 

Feniale roaclies, '4 f frrplriln f nngicoln Il'fieeler, freiji~cntly ride oil 
alates JXIOSEK. 1964) r fig. 4 b ,  arid they liaxe heen founcf in ne\v h1irr.o~ s 
~nacfe h-y clueens. Occ:tsionally, last irrrstar nynipl-rs are :ilso plioretic. 

Alates arc relatively free of plioretic mites. Ahout 30 deuto- 
riymphs of a uropodici, Fri.scrrorpodn sp. nr,  ntcrrginattr ('lioclrr) idct. 
R.  I>. Ainscought were attached xvitli cliaracteristic fecal tu l~es  to 
;r winged female talien frorn the surface of one nest. Several felliales 
of another uropodid, Oplitis sp. idet. B. 11. itinscough), apl)arei-rtly 
attached wit11 first legs, \\-ere talien froln queens. Sixty females of 
a riew s1)ecies of Practo1,rlnps (det. E. E.  T,indqnist, were found on 

FIG. 1. - Feniale ro:te11 i ; l f t a p h i l r r  f u n g i c . o l ~ ~ /  phoretic on a n t  queen.  

trlates collected froin the surfaces of several iiests in l!ffi6. Al)out lrriilf 
the fellialc alates and several ~nales  ?\-ere infested. Only one iirrite 
was on niost queens, and it was alniost always on tlie tliorax. 111 
addition, t\z.o fcniales of the saiiie Proctola>ltrl~s \yere talieri tlie previous 
year from c~uee~is  that had landed near liglrrts. 

Nert.. nests, 

Soon aflcr landing, illreens c hut tiot 111;tlesj llrolie off' their wings oiie 
at a tiiile wit11 their hind legs (fig. 51.  A leg was placed ltehinci the 
wing r,vhicli \\-as then. extended at right ;~ngles to the I-tociy ;inti 
snapped ofl'. I3y blowing air on thein, virgin clueens were ind~icecl 
to rerirrove their wings. Queens reacted by flying briefly, landing, 



xlalking :trottnd for a short time. then 1)re:iliing off their ~vings. Tlie 
f.)clzavior of the cjueen in figure 5 was induced iri this inanrzer. 

(Jileer~s of , l .  fe.rtrntr (jig the first htlrrow and rear the first 1)rood in 
the s;iriie way tts lias been descri1)ed for sc7,rdcns I)? Ai-rrvo~rr (1942 t r ,  

1 tf5fi), a n d  for '-1, ceplztrlofes by \\'~:~r.:n 11937, 1!)47). The \.;ingless 
queen digs :i gallery at  a 90" angle to the soil surface (fig. 6). Soil 
fro111 th is  excavation is placed around the opeiiing in a crescent-shaped 
nlound aborrt 13 ciii irz diariieter (fig. 7). The niolriid is conlposed of 
pellets a11oiit 5 s1iizl in ctiameler, consideral-)ly larger than the pellets 
formed hy  ~vorkers. Tlie size of pcllels and the shape of iilottnd are 

FIG. 3. - <?ueesls I;,reali off their R - ~ I I ~  \\ ith their hind, legs. 

tii~ic~tie, and a i d  in itlentifying new nests. Since tlze s~iiall 111011izds are 
rluicltly waslied awtty hy rain, tlicy iiittst be found as  soon as 1)tissihle 
after a flight. 

At :I t lel~th of 1.5 to 21, cni, lllc (ILteen hr~rroxvs to one side of the 
g a l l c r ~  ttnrl collstr~rcts a cai-ity about 3 c i ~ i  in diaiiieter a~zd tlie shape 
of a x~alnut .  Dirt froin the cavity is used to plug lfze czztranee hole as~ri 
gallery. 

AI:rtcd or rinin;tted, winged or n-ingless, fenrales l~tir.ro\.i irito tlie soil. 
After co~istrt~ction of the giillery, both fertile ancl virgin (Itteens regur- 
git:ttc a srrzall ball of Sring~ts ail& srtl)strate, then lay eggs. A M . I Y ~ ~ I <  
has ol)scrvetl sini1;tr l)elia\-ior for rjucens of A .  sc.xd~rrs and .I. ccrpigrrtrrtr 
Gotzcul~es. 

Iiz arcas \.c;lzcre iizaiiy clueens had heen attracted to artificial lights, 



FIG. 6. - So011 af ter  I:itiding, queens esca\  a te  a l)urro\\ .  

I2rc;. 7. -- Crescent-shaped rnourtds constructed I)y queens. 
'I'lle cntr:lncc on tlie right has heen plugged \\it11 dirt .  



FIG. 8. - Large stakes Inark the spots \vlrere illdividu:il 
queens latrdcd after a flight. 

FIG. 9. - A coloriy 56 days af ter  est:rblishmeilt. 
T l ~ e  clueen (topi anci her  first \\orkers are sho\\n, along I\ it11 eggs lar\  ae, 

anci pupae on the fungus garden. 



as inany as eight ?yere found in a single 1)ttrrow. Sonictinies all 
c luee~~s  ~jarticipated in the excav:ttion, hut often only one indi\-iclrral 
worlted. 

Under natural conditions, queens arid tlzeir nc \~ Iy  ~)luggetl hurrom-s 
were extremely difficult to find. Thus, it was iiiipossihle to deterrriirle 
the n~riilber of nelv nests estahlislied in relation to the nunrt)er of 
alate-producing nests, or to learn ho-\\- inany of the new colonies 
persisted to produce w-orlters. Occasioilally, isolated l)urrows were 
found, but the only group located consisted of 10 niounds 01% 0.6 l1:t 
(fig. 8). 

Only three colonies of the group sttrvived. One was opened after. 
30 days, anotltier after 43 days; both were opened hefore adult ~vorlters 
appeared. The reinaining colony was left intact to study its growth. 
Each of the ol~eried colonies contained a queen, a f~riigus garden, and 
broods iiz various stages of' developnient, The gardens were ?vlzite, 
s:tucer shaped, and a l~out  2 eitz in diameter; they contained no Itohl- 
rabi. AI'TI-0111 11042 a )  states that liohlrahi cfoes not appear in the 
iizitial gardens of '4. sr.,rdens until the 90th day. Cri~til then, the 
cl~~een,  larvae, and new ~vorlters eat nutritive eggs laid by the cjneen. 
\Yeher states that ItohIrahi appears iiluch earlier than 90 days in new 
colonies of A .  cephcrloics, 

111 the nest excavated after 30 days, :Hi eggs, 25 in~nrature larvnc, 
9 niature larvae, and 1 pupa were found. The pupa was 3.5 i i i i z ~  long, 
indicating that tlze first ~vorlier ~vould be izlediuiil sizeti. The second 
nest, oy>eiied after 43 days, contained 30 eggs, 25 ii~litlature larvqc, 
11 iizatrire larvae, and 13 pupae. Pupae in the second coloily raizgec-i 
from 2.3 to 3.2 ninz long, indicating that the first worl<ers would be 
niinor or niediuin sized (fig. $1). 

On the 58th day, an  excavation iiio~rnrlt co~istrrrcted hy new -;vorlicrs 
was observed on tlze third nest. 1'5;'orker.s froin the colony liad reacliecl 
the surface soiiietin1e after tlie 44th day when the p r e ~ i o ~ ~ s  observ:ttion 
was made. Tlie srnall nio~tnd was colitinnar, 3 c i ~  high, and 7 ciii in 
diameter. A iiiedium-sized, no11-terleral \vorl<er was o1)served 011 it. 
Ten days later, nuiiierous worliers \\-ere seen 1)ringing le:t\-es into the 
nest, and the inound had increased to 6 ciii in height and 3 cns in 
diameter (fig. 10 j. 

After 240 days (fig. 111, the ~nouiid x?-;rs conc sh;rpetl; 21 form ty1)ie:tl 
of new nests. Ahout 5 c111:j of detritus lay 7.5 ciii froin tlie ciztraiice 
hole, an indication that ~vorliers iiiay not construct 11iidergror1nt1 
detritus cavities until at least ;i second cntr:ince hole is opened. 
E(:~or,s i l!)(i(i, found t l l ~ ~ t  new rzests are often cluster.etf aro~ind o l t l  
nests, and postrrlates tli:rt ariialgainatioiz of these sniall colonies 
accounts for large colonies n-itll i l i t~ l t i~ l e  (liieeils. 

It apl)ears that the first br.ood of A. fc.x.trnn deve1ol)s faster than 
that of '4, se,x.dens. At-rr701rr r 1942 r r ,  b) foltnd the first 1;11.v;te :if ter 
30 days, the first pupae after 51 days, and the first adult after 62 days. 



FIG. 10. - 'I'own a n t  nest 68 days old,  

FIG. ! 1. - Sa111e nest as in figure 10, bu t  1-18 days old. 



'I'llcl first cnti':rnce hole n-:is (literzed after 82 days. \;\'~<sr.:ri i l9fifi; 
slirtes that atlults of . I .  c~plzrr1otr.s in 'I'rinitlaci emerge 10 days to 
2 ~llontfrrs uflcr fligllts. 

Sl)eriilatoi.,oa were dilr~ted in u 1 c ;  starch solution anti counted it1 
a Iic~i~iocyto~i~eter. by tllc ilictliod of h I Z i ( : ~ ~ ~ : x s ~ : ~  ;IIICI Iioi11:ti~r's i10L3-8). 
Nt11ill)crs of sperniatozo:l in seii-iini~l vesicles of I fi illales were fi5.0, 
82.5, 9O.(J, 91.0, 94.(1, 9ti.0, 99.0, 100.0, 102.0, 105.8, 108.0, 111.0, 
11 1.5, 121.5, and 130.0 nlillioiz-tin average of al)out 100 illillion. Sper- 
r11:ttozo:r froin spernlathcca in cucll of !f I-ecently fer*tilized feulales 
c;lrtght :lt liglrrts totirled, fig, 73, 85, 91, $17, $18, 122, 128, anti 133 inillion- 
:dso :In :iver;lge of al~oit t 100 inillion. Nl11lll)ers froill 17 qrreens dug 
froin separate ont3-nlouild nests (colonies 1-2 years old) were 0, 100, 
117, 120, 121, 122, 123, 123 ii.e. two (peens  contained 123  nill lion 
sperins), 124, 133, 139, 142, 144, 156, 159, 180, and 186 illillion. l'lle 
:tveragc for the 16 feinales witli full s1)ernlatheca was I37 illillion. 
(Jueens in ijlllltil)le-l~~o~tnct nests contained 84, 105, 111, 114, anti 
140 iiiil lion s1)erin:ltozoa. 

1C1:lrlt i l!)fil~ fottnd 44 to 80 niillion s1)ernlatozoa in illales and 206 
to 319 illillion in feil~ales of '4. sexdens .  He concluded that clueens 
were ir~seininatcd fly from tlrree to eight inales. For '4. texancr the 
(i:ttn are less clear, but indicate that sonle clueens iliay inate twice. 

A mi~igless iinlliated cjuceri was found I)y E=c~or,s in a one-niolrnd 
nest that also contained :r norlrially fertilized queen. The wing inuscles 
o f  tlic ur~fertilizcd clueen were ntroljhied, an indication that she liad 
1)een in the nest for at  1c:lst 4 nionths. Sonle eggs were found in her 
vagina, b11t tlrrerc was little oyary cievelopnie~~t. 

Alate I~roocls are reared without worlier hroods in lower c:r~itics of 
nests in minter, and \vith worlcer broods in upper cavities of nests irr 
s1)ririg. \Tinged :~dults :rppear in early A~lril, hut  swarming does not 
occur until late Alay. FligIlts issue ye:zrly froill nlost large nests. The 
alate sex r:rtio is :tlto~it 1 : 1. Befa1.e swarnling \.i-ill occur, nest surfirces 
iii~rst l)c soaked I\-ith at least 7 inill of rain; flights continue its long as 
nests renlain \vet and teinycrat~rres exceed I ti ". 

h circittliail rtlyth~il triggers swarlning at altout 3 :  3*5 a.m., and nrost 
alirtes 1e;l-r.e the nest surface within 2 minutes. Fertilized fcnl:~les 
contain froin ti9 to 186, nlillion spernlatozo:~. Seininal ~es ic les  of illales 
cont:tin (i.5 to 130 niillion sperinatozoa. 

11) 'i'liie a u t h o r  thanlts  S.  J .  ' I ' ~ E R ,  (r. S .  I lepartment of =tgrieulture Bee I,aI~or.:r- 
tory, ' J .~c \on .  -Arizona, for h i s  advice 2nd help in sperm counting,  



(ic~fliigcltc S:tchI<oi~l~ncnsch:tft wirci iin 1Yiilte1' i l l  dc11 111ltere11 Hohl- 
rlitiirien tics Spsts  oltlnc (lie I3rtrt tlcr ArE)eitcrinncn aufgczogen unct ill1 
fJriilllirig illit cicir letr/l,teren zl~s:t~u~uc.rz in tien o1)creri Hohlriiu~lien tles 
Sests. <;cfliigcltc crwachsene Aineisen carschienen Anfang April, 
scht~lir.~rrtcn ;11)cr erst E5-zcie Jl ai. Fliige f:rncien 5 lilrrlicis von tier1 ltleistcrl 
grossen Xestern :11r s statt. Bie cler-z gef'liigel ten Indivichuen \v,\;:lr das 
lTcrl~lil t r ~ i s  tier (;esclllechtcr 1 : I .  \'or dern Schwiirnlen x a r  die Sestcl- 
I~erfllichc mil ~ l l i ~ l t l ~ s t e ~ i s  7 11l1li Niedcrschlag durchniisst worden; 
Fliige .cvurcicn fortgesetzt solangc die Sesler feucht 1v:rren r~rld die 
'I'en1l)eratur l ( i "  C iiI)erscliri tt. 

&:in rP'ztgesrlsytrn~rs liisle tlas Sc1lx~lirlner-z 111lgefiihr t11i-z 3 LThr 
F - 
.),) 31ill~lte1l nlorgens aus, l i~ id  ( t i t  iiieisterl gcfliigelten ,411-zeise11 ver- 
liessc~l tlie Nestol)crfliiche innerhall) von 2 31inute1-z. Befruchtete 
\2'eil)cIzen enlhicl ten zli isellerr Ci!) urlcl 4 86 AIillionen Sl)ernz:rtozoen ; 
S:tl~ientascIic cter Aliinncherr enlhiclten 65 his 130 hlillio~len Sa1nc11- 
zellcn. 

I)ur:~rlte el invierno, las cresas aladas son criad:rs e11 l:r :rusencia de 
crcs:ls kratxtjador:~~ en las caviciacles inferiores dc 10s nitlos, pero 
ttur:rnte 121 pri~navern, so11 criadas junto a cresas trahajadoras en las 
c:r~idades su1)eriores de 10s nidos. I,os aclliltos alados aparecen teni- 
1)r:ux) e n  ~ h r i l ,  ~ )e ro  10s vuelos ocurr.cn lercfe en i11:iyo. 1,os sesos zlpa- 
rccen en  proporci(> unit:iri;~ en 10s adullos a1:tcios. Los vr~elos ocrlrren 
ctr:rncto las  sul)erlicies de los  lidos ha11 sido huiiiectecidas con 7 111111 

de agu:t -y cwn1inii:in ocurricndo nlie~rtras 11:t-p suficiente I-zuinedad y 
l:r t emper.ut w e  soJ)rep:ise 1 6"  C. 

1,os ~ u e l o s  soil iniciados por un  ritnlo cliario y co1nionz:tn :\lrededor 
clc las 3:  55 A.Af. 1,:~ iliayor p:trte dc los adultos alados enll)re~-ztte v~telct 
en un  tcl.rlnirlo dc 2 rnin~rtos. Las hein1)ras fecundaclas eonlienen c3e 
ti!) it 186 niillones cie cs~)errn;tlozoides; 1;ts vesiculas scniiri:lles tle 10s 
nzaciloc c.ontienen dc 05 zi 130 rliillones. 

. \ - \I  \Y,II.: ( I < . ) ,  1!)Ci-l. -- S:iuv:~ a n t  abatement in Brazil. IlJZioken?ic~. 6, p. 5-8. 

. 4 i r r r o r < ~  (11.1, 1!)42cr. - Cont1.iJ)ucicno p:tr:i o c o ~ i h e c i ~ ~ r e ~ ~ t o  tia \ : I L I V ~  ( A f f r t  spp.). 
TI. 0 S:iuveiro inici:tl ('4 t f n  s e x d e n s  rrrbropilosc1 Forel, 19081. =Irrl. I n s f .  Iliol., 13, 

i l l  'Tritnslation 1)y W - l u s  G. I"\(;H.IRI)T, Louisi:tnn Forestry Com~r-tission, .Slesan- 
drtin, Louisi:tna. 

(21 Tranrl:itiotl by Fr.%vro 13~nov-\z;r, 1,ouisiana State 1-nirert i ty,  Baton Rou2e. 
I,oui\iaaa, 



1-1. 67-8ti. - 1942 b .  Contriltrrcicao p:tr:r o coilllecimento cfa xauva (Alfrr spp.). 
111. Euca\nc:to tte l t r l t  \auveiro (A f l t r  srsciens rttbropilostr Forel, 1908). Arc(. Ins t .  
Riol., 1 3 ,  1). 137-118, - I!)/?. Cont.ril)ucicai) p:trn o c t t~~ i i e c imcr~ to  tia wur n (Atftc 
' p p . ~  1Y. 0 s a u ~ e i r o  tiepois da  1.1 revoucia (Atitr sr.rilrtts rrrhroliiio.srr Fo~.el, l!)OS). 
; 1 r ~ .  I n s f .  Ijiol., 1 8 ,  p. 39-70. - 194!i. Contriltucicao para  o conlicci~tlento tia s:tu\:r 
(;tttrr q ~ ' p . I .  Y. Xuniero tie form:ts nlaci:t\ e rectuena tioi, sauviero\ inici:il\. ; l 1 9 i l .  

Ins t .  Riol., 1 8 ,  11. :f2,5-:131. - 1!)5ti. I,a Fond:ttion ties sociPti.5 chez Ies f?ourlni\ 
cbh:~mpigrtort~listes de gettre .-lfi'cc. I n  I,'irrstinc.f tltrrzs / r  c-ortl/iorlerrr(.fif tlrs ccftintcirr.r 
r f  de  i'horrtrrze, Jlasson e t  Cw,, Ctlit., I':tris, p. 7'7-104. 

U&c;rY~nnl.: t t J .  13.:, 1!)45. - Elormigas (lo1 genero il iftr F:tltricius tie I:I Argciltii~a. Reu.  
Soc.  Entomol .  Aryen f . ,  1 2  i j j ,  p. 438-460. 

I:c:nor,s (H. \!'.I, I!)(ifi. - Compnti1)ility of' sej):trate nei,ts of 'Texas leaf-cutt ir~g :tnts, 
.I. Et*on. f.:1tfortzol., 5 9 ,  1,. 12!)!1-1:100. 

(ii<r.tsrtr.:s (I). C.), 1953. - Xuptial  flight t ime o f  i2itct- an t s  in Suri11:tm. l i j d s c h r .  
Ijltutfenciell-trn, 5 8 ,  p. 181-184. 

1ii:rttz (I!'. I.:.), l!)fil. - Xcusalamet~to ties I-ain11:ts corn varios nl:lchos em tlu:t$ 
especies d:t tri1)\1 A4t t i~ l i .  Nru.  IJrtrsil. Iliol., 21  i l ) ,  p. 45-48. 

Alicr~isxsss (0.) :111ct I < O H E I ~ T S  (IT'. (:,I, 1!)18. -- .4 111(1rtrtctl for the  cirfi{icictl i n s ~ r n i -  
~trttiort of clrrecJIt hres.  I'. S. 13ur. Entomol.  :in(! P lan t  Quarantine E'T-250, :I:$ 1). 

AIosi.:ri id. (I.), 1963. - Contents anti s tructure of Attcr texttncr nest in  sum~ner. .  .-lrtn. 
Entontol .  Soc. ilnler.,  5 6  (3 ) ,  [I. 286-201. - 1164. Iilc~uiline roach respontls t o  trai l-  
n ~ a r k i n g  su2,staricct of leaf-cutting ants.  Scic~nce, 1 4 3  (3610), p. 1048-104!1. 

\ \ ' ~ I ,TEI~  (E.  Y.), SEATOX (I,.) :tnd 1 \ I i~~i . : \~~sol r '  ( A .  A . ) ,  1!1:38. - The 'I'exas leaf-cutting 
:tilt and  its coiltrol. I r .  S. D r l ~ .  rlgr. (lire., 4 9 4 ,  1). 1-18. 
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