
ON SOME FEATURES OF BEHAVIOR 
OF T H E  ANTS FORMICA RUFA L. INFECTED 

WITH FUNGOUS DISEASE 

By P. I. MAtlIKOVSKY 

The present  paper  deals with some interest ing facts observed by the 
au tho r  in changes  of behavior  of ants infected wi th  fungous  disease. 
The au tho r  also makes  a number  of supposi t ions  explaining to a cer- 
tain degree this phenomenon .  

Ants  are not usua l ly  subjects  to the contagious  diseases. This is 
especially true for the ants  Formica rufa L. Close contact  inside the 
ant  nest, cons tan t  in terchange  with food belchings and wide canni-  
hal ism would  help spreading any infection among  a colony of ants  
and be the cause of their  dying out. The capaci ty  to resist the infectious 
diseases is a special feature acquired by a very rigid selection thanks  
to which  the social system of life has been established. However  the 
ant  society is not quite free fronl the infect ions diseases. The author ,  
for instance,  has had a chance to observe the fungous  disease widely 
spread anmng  Telramorittm c~espitltm (L) - -  one of the conllnOn 
species of ants  in the southern  regions of our  country .  The disease 
spread on a large terr i tory,  and was the cause of dying out  of a large 
n u m b e r  of this species. In one case as a result  of counte rac t ion  the 
ants  s tar ted a very dis tant  emigrat ion of the colony. One par t  of the 
infested ants  was left in their old nest, the other  par t  had  to be left on 
the way  being too weak  to follow their  hea l thy  mates  (MAalKOVSKY, 
1957). La ter  it was discovered that  this disease was caused by the 
Fungi Tarichillm sp. (I~UDAKOV, 1959). 

Dur ing  four  years  the att thor has cons tan t ly  observed and tho- 
rough ly  studied the fungous  disease of ants of this species in the 
vicini ty  of T o m s k  city and in several regions of Wes te rn  Siberia. This  
disease is very  interest ing because of its clearly m a r k e d  specificity 
mani fes ted  by very pecul iar  changes  in the behavior  of ants. 

As a rule, the disease spread dur ing late s u m m e r  and early fall. In 
spring and s n m m e r  it was very seldom observed, and was of a sporadic  
nature .  A few hours  before death the infected ant  would  appear  in a 
very  good health,  it could move about  no rma l ly  and even quite vigo- 
rously.  It would  also defend itself if at tacked.  It  would  emerge out 
f rom the nest  and climb on the very tip of a low grass blade. As a rule, 
diseased ants  chose the grass f rom 10 to 30 cm high, wh ich  would  be 
necesseri ly in the vicinity of the ant-hill,  or on the m o u n d  range. 
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Somet imes  they  chose grass growing near  one of the busy  trails  
leading f r o m  the nest. They  never cl imbed on the grass g rowing  far  
f rom their  hill. It was especially easy to observe in shady  forests  wi th  
poor  grass  cover. Moreover so, as this species never  cl imbs upon  the 
grass.  In  this respect  it is quite different f rom all o ther  species. The 
ants  of this species p re fe r  the soil surface of forests  and of  o ther  
a rboreous  and sh rub  communi t ies .  

After  inspect ing the grass blade for some time the diseased ant 
d i n g s  fast  to it wi th  its mandibles.  At the same t ime it moves its legs 
con t inuous ly  in the air as if t rying to gain a foothold.  Some t ime later  
it presses  its thorax  to the plant  in such a charac ter i s t ic  way  by which  
one wi th  some experience unmis t akab ly  recognises an infested ant. 
If  the ant  is forcibly t aken  off the plant  and put  on the top of the 

ant-hill,  it will again re tu rn  to the vic ini ty  of the nest  
and climb up the stem of the low grass.  I f  the ant  was  
taken  away  f rom the nest, its react ion was  different 
depending  on the ability to find its way  back.  Usual lv  
diseased ants  cl imbed up the grass  in the evening, 
which beside everything else, had a special significance. 

Fl6. 1. - -  The spots of appearance of viscous substance on the 
ventral surface are marked with thick lines. 

Oil tile top of the plant  the ant very soon c lu tched the stem wi th  its 
legs and g radua l ly  became quiet. At this m o m e n t  in s tr ict ly defined 
spots  of the seams between the segments  of the central  thoracic  
sur face  there  appeared  some viscous substance  (lig. 1), wi th  which  
the ant  became glued to the stem. The substance  ha rdened  very  
qu ick ly  in the air. It looked like several t r anspa ren t  threads,  which  
were p re t ty  s t rong and would  not soften in water .  S imul teneous ly  the 
ant  closed its mandibles  on the stem harder  and harder .  It resembled 
someth ing  like a spasm, for the ant  was unable  a l ready to open the 
mandib les  even if it was  touched. Thus  the ant  became a t tached  to 
the s tem wi th  the mandibles  and t r anspa ren t  th reads  so fast  tha t  it 
took some t ime and effort to detach it. By this time the ant  could 
ha rd ly  move  wi th  its legs and soon died. After  being fixed the ants  died 
very  quickly.  In  the m orn ing  of the second day on the body  of a dead 
ant  in the in te r segment  folds there appeared  na r row  stripes of dazzling 
whi te  fungus  myselia,  which  grew th rough  the an t ' s  body. The  appea-  
rance  of the ant  was quite unusual .  Whi te  stripes girdled its abdomen  
in such a w a y  that  all its segments  were clearly contoured.  The  thoracic  
segments ,  the bases of mandibles  and even the an tennae  were  clearly 
set off wi th  such white  stripes. On the th i rd  day myeel ia  gradual l  T 
changed  g ray  and on the long pedicles there appeared  conidia.  Conidia 
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were  so n u m e r o u s  tha t  they  covered a lmos t  the  whole  body  of the ant ,  
wh ich  then  looked l ike some wooly ball.  

I f  the dea th  of  an t s  coincided wi th  d ry  s u n n y  w e a t h e r  fungi  did 
not  g row on all of t hem,  and  usual ly  the s y m p t o m s  of f ungous  disease 
did not  a p p e a r  on m o s t  of the dead ants .  The  d a m p  w a r m  w e a t h e r  was  
f avo rab l e  for  the g rowt h  of fungi.  Poss ib ly  in d a m p  w e a t h e r  fungi  
p e n e t r a t e d  t h r o u g h  the  in t e r segmen t  folds easier ,  whi le  in the  d ry  air  
they  b e c a m e  h a r d  and  inflexible. In the l a b o r a t o r y  condi t ions ,  as a rule,  
fungi  g r ew  on ly  t h r o u g h  the bodies  of dead an t s  p laced  into  a test  
tube w i th  some d a m p  cot ton in it, and would  not  g row in a d ry  
test  tube.  

Ants  covered  w i th  conidia  were  the source  of infec t ion  in o the r  ants .  
H o w e v e r  the  hea l t hy  ants  p reven ted  the sp read ing  of this  disease 
themse lves .  A day  or two af ter  the epizooty b roke  out  w o r k e r s  began  
to sea rch  for  the diseased ants  very  careful ly .  The  f o r m e r  c rawled  all 
over  the  place  : a r o u n d  the hill and  on the p lan t s  g rowing  nea r  the 
trai ls .  T h e y  sea rched  the vegeta t ion mos t  tho rough ly ,  c l imbed  up to 
the t ip of g rass  s t ems  where  infected ants  a t t ached  themse lves  before  
death .  However ,  un l ike  the la t ter  they  did not  s top there,  bu t  moved  
incessant ly .  W h e n e v e r  they  discovered an infes ted  ant ,  they mos t  
p a i n s t a k i n g l y  r em oved  it t'l'on~ tile grass.  But  a dead ant  wotfld be 
g lued to the b lade  so fas t  that  they had  to take  it by  par t s .  F i r s t  they 
de tached  its abdomen ,  then the thorax  and at last  the head.  It  was  
qui te  i Inpossible  to r em ove  the body of a dead ant  whole,  because  of its 
being a t t ached  to the blade so fast. Espec ia l ly  ha rd  task  for  the hea l thy  
an t s  was  to det-leh the head  wi th  its c lu tched  mandib les .  Thus ,  at a 
h igh dea th  ra te  one eouhl see n u m e r o u s  an t  heads  hang ing  f rom the 
b lades  at wh ich  the hea l thy  ants  were  w o r k i n g  hard .  

The  infec ted  an t s  in the first s tage of the disease did not look ill 
t hough  they  a l r eady  tried to a t tach  themse lves  to the  blades.  The  
hea l t hy  an t s  did not  touch  them but  gua rded  t h e m  susp ic ious ly  for  a 
long while.  S o m e t i m e s  they  would t ry  to pull  the infec ted  ones  f r o m  
the g rass  s tem.  Howeve r  ants  wi th  s t rongly  m a r k e d  s y m p t o m s  were  
des t royed  by  t h e m  at once. 

Even  long a f t e r  the epizooty had  been over  the w o r k e r s  still were  
sea rch ing  ca re fu l ly  for  the dead ants .  

The  r e m o v e d  ants  were  usua l ly  car r ied  into the nest  and  there  ea ten  
by  the  h e a l t h y  ones. Th i s  could be easi ly  de tec ted  by  the  e m p t y  cases 
t h r o w n  out  f r o m  the nest.  It  is in te res t ing  to note  t ha t  dead ants  
covered  w i th  g ray  conidia  were never  Used for  food, p r o b a b l y  because  
of the i r  con tag iousness .  

L o n g  spells  of cold w e a t h e r  during,  wh ich  an t s  s tayed  wi th in  the 
nest ,  a l ways  were  the  cause  of cessat ion of the epizooty.  Most p robab ly  
all the  in fes ted  ants  were  kil led wi th in  the nest  at the ve ry  outse t  of the 
disease,  wh ich  p reven ted  fu r t he r  sp read ing  of the  epizooty.  T h u s  cold 
w e a t h e r  served as a sort  of qua ran t ine  aga ins t  the  disease.  
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In  spi te  of the fac t  t ha t  the a u t h o r  has  inves t iga ted  the course  of 
this  epizooty  m o s t  t ho rough ly ,  he as never  succeeded in f inding an 
in fes ted  queen,  wh ich  usua l ly  s tays  wi th in  the  nest ,  ne i the r  he has  
found  its r ema ins .  I t  a p p e a r s  tha t  in fes t a t ion  by  fungi  occures  outs ide  
the nest  f r o m  dead an t s  hang ing  on the grass  b lades  and  serving the  
source  of infect ion.  

F u n g o u s  diseases,  wh ich  m a k e  the i r  v ic t ims  c l imb up  the  ve ry  top 
of the p lan ts ,  are  k n o w n  also in ca te rp i l l a r s  of m a n y  species of bu t t e r -  
flies. Th i s  f ea tu re  of behav io r  is so s t rong ly  m a r k e d ,  tha t  th is  disease 
has  been  cal led a <~ s u m m i t  disease >>. In the foothi l ls  of the  Zai l i skoe  
Ala -Tau  Moun ta in s  the a u t h o r  has  observed  the  s ame  reac t ion  in 
Gonophyme semenooi Znb.,  infes ted  wi th  fungi .  The  grea t  n u m b e r  of 
these  insects  c l imbed  up  the tip of ve ry  high grasse  and  shrubs .  Under  
the inf luence of solar  i r r ad ia t ion  some of the g r a s s h o p p e r s  recovered  
(MAnn~OVSKY, 1955), so it was  su rmi sed  tha t  the impu l se  to c l imb up 
was  the ins t inc t ive  urge t owards  the sunl ight .  In  1959 the a u t h o r  noted  
the s ame  behav io r  in o the r  species of g r a s s h o p p e r s  in the T u v a  
A. S. S. R. S t e inhaus  (1952) in his well  k n o w n  p a p e r  also wro te  abou t  
ana logous  p h e n o m e n a  in locusts .  In 1959 the  au tho r  reg is te red  m a s s  
dea th  of ca te rp i l l a r s  (unidentif ied)  on the t ips  of w o r m w o o d  growing  
in the e p h e m e r a l  deser t  in the Sou th -Eas t  of K a z a k h s t a n  (The Kopche-  
gai Canyon) .  Some of the ca te rp i l l a r s  c l imbed  up the ve ry  top of p lan t s  
per iodica l ly ,  s tayed  there  for  some t ime  w i thou t  any  m o v e m e n t ,  t hen  
c l imbed  down and  con t inued  their  n o r m a l  existence.  The  obse rva t ions  
on ants  p roved  the wrong  concept ion  f o r m e d  earl ier .  And yet  the sun 
i r r ad ia t ion  m a y  p lay  some pa r t  in the contro l  of the disease.  Undoub-  
tedly it was  caused  chiel ly by  the inf luence of f ungus  toxin  on the  
behav i o r  of insects,  wh ich  has  organic  significance, as f ungus  spores  
f r o m  a dead  insect  are d ispersed  more  effectively w h e n  it is on the 
vege ta t ion  g rowing  nea r  the ant-hil l .  Moreover,  an ts  a lways  c l imbed  
up the p l an t s  g rowing  in the v ic in i ty  of the hill and  t ra i ls  - -  the pr in-  
ciple site Of aggrega t ion  of workers .  The  f o r m e r  chose only low plants ,  
so tha t  the wind  could not  c a r ry  the spores  fa r  away,  wh ich  would  be 
useless  as the l a rger  m a s s  of hea l thy  ants  are a lways  nea r  the hill. T h u s  
their  c l imbing  up can be exp la ined  only  by the mos t  sn i table  condi t ions  
for  d i spers ion  of spores.  

O the r  f ea tu re s  of behav io r  of the d iseased ants  were  also ve ry  in te r -  
est ing.  T h e y  never  died in the nest,  because  they  would  be ea ten  by  
the i r  hea l t hy  m a t e s  before  the i r  bodies  were  covered w i th  spores .  T h e y  
cl inged to the ve ry  t ip of a s tem, o the rwise  ce r ta in  pa r t  of the spores  
wou ld  be glued to the p l an t  ins tead  of being dispersed.  The  dying  ant  
had  s p a s m s  in the mandib les ,  which  toge the r  wi th  ve ry  pecu l ia r  s t icky  
swea t ing  f r o m  the t h o r a x  ensured  its ve ry  fas t  c l inging to the p lant ,  
so t ha t  w o r k e r s  were  unab le  to r emove  the dead  body  at once. In fec ted  
an t s  c r awled  f r o m  the nest  and  c l imbed  up  the  p lan t s  a lways  in the 
evening,  i. e. the  t ime  of the  leas t  ac t iv i ty  of  worke r s ,  especia l ly  du r ing  
late  s u m m e r  and  ear ly  fall. Th i s  g r ea t l y  lessened the i r  chance  to be 
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r e m o v e d  f r o m  the p l an t  too early.  Moreover,  there  was  no o p p o r t u n i t y  
for  t h e m  to have  beneficial  effect of the sun  rays .  The  air  at n ight  was  
m o r e  humid ,  wh ich  fac i l i ta ted  the g rowth  of fungi  t h r o u g h  the body,  
T h u s  the whole  complex  of an infes ted  an t ' s  ac t ions  was  d i rec ted  to 
the we l fa re  of the fungus  and served to its d ispers ion.  Ev iden t ly  the 
toxic subs t ance  exuded  by  the fungus  inf luenced the an t ' s  p syehe  and  
m a d e  it change  its behav io r  in a cer ta in  direct ion.  Such amaz ing ly  
subt le  a d a p t a t i o n  of the pa thogen ic  agent  to its host  could exist  only  
wi th  the he lp  of  e rea t ive  role of na tm 'a l  select ion - -  this  power fu l  
f ac to r  of  evolu t ion  of the organic  world.  On the o ther  hand ,  this  fac tor  
p roves  the poss ib i l i ty  to rule  in some degree the psych ic  p rocesses  wi th  
the help  of chemica l  subs tances  or wi th  subt le  morpho log ica l  influence,  
which  cause  the body  of the fungus  to t ake  roots  in the b ra in  t issue.  
Th i s  suppos i t ion  m a y  seem a lmos t  fantas t ic ,  and  yet,  speak ing  in 
general ,  there  are  k n o w n  cer ta in  subs tances  which  have  influence on 
the behavior .  

Ev iden t ly  such  eases of pa thologica l  ini luence of pathogeif ic  agent  
on the psyche  of a host  are not s ingular .  The  inl luence of the v i rus  of 
rabies  on a inad dog in some respec t  is ana logous  to the  above ease. 
It is well  know,  tha t  a m a d  dog tr ies to bite nea rby  people  anti an imals ,  
which  helps  the d i s t r ibu t ion  of the virus .  

F u n g o u s  disease is specific for  the ants  F o r m i c a  t u f a  accord ing  
to the nmi 'ked  fea tu res  of adap ta t ion .  

By A. B. GC'KASYAN, the agent  of the fungus  was  Alternaria tennis 
Nes., wh ich  grows  on lesions of cer ta in  plants .  Possibly,  an ts  were  
infes ted  wi th  this species froln plants ,  while  evo lu t iona ry  cycle of the 
fungus  is very  compl i ca t ed  and  passes  t h rough  p a r t i c u l a r  cha in  
of hosts .  

Summary. 

The  changes  in behav io r  of tile ants  Formica rufa L. in fes ted  wi th  
fungi  Alternaria tennis Nes. is described.  

The  disease has  been  observed  dur ing  several  yea r s  in W e s t e r n  
Siberia.  I t  a p p e a r e d  m o s t l y  dur ing  late s u m m e r  and  ea r ly  fall. The  
infec ted  ants  leave the i r  nes t  only  in the evening, and  c l imb up  to the 
tip of low grass  b lades  in the v ic in i ty  of the ant-hi l l  and  trai ls .  Ants  
cling fas t  wi th  the i r  mand ib le s  and  legs to the blades,  whe re  they  
become  glued to the s u b s t r a t u m  wi th  s t icky sweat  exuded  f r o m  thorac ic  
a r t i cu la t ions .  The  nex t  day  fungus  myce l l a  are g rown t h r o u g h  the  
an t ' s  body,  and  on the th i rd  day  conidii,  or m a t u r e  spores ,  begin to 
develop.  In  d ry  w e a t h e r  fungi  do not g row t h r o u g h  the bodies  of  
dead  ants .  

W i t h  the c o m m e n c e m e n t  of the epizooty and  a p p e a r a n c e  of dead 
ants  nea r  the nest ,  h e a l t h y  ants  begin to w a t c h  nea rby  vege ta t ion  very  
careful ly .  T h e y  r em ove  the  dead ants  f rom the blades,  c a r r y  t hem to 
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the nest  and use them for food. The infect ious ants, i. e. ants  wi th  
m a t u r e  spores of fungi  g rown th rough  their bodies are left intact.  If  
dur ing  the epizooty the wea ther  becomes colder and ants  s tay wi th in  
their  nest  the infect ion ceases. This  is due, probably,  to the fact  that  
worke r s  des t roy  the diseased ants in the nest before the g rowth  of 
fungi  takes place. 

Behavior  of the diseased ants  serves well the pa thogenic  o rgan i sms  
and p robab ly  is influenced by the toxin of the fungus  (escaping of the 
infected ants  f rom the nest  so as not to be des t royed;  their  escape 
occur r ing  only  late in the evening, when  it is very  damp  which  facili- 
tates fungous  g rowth  t h rough  the ants ;  cl imbing on the grass  in the 
vicini ty of the ant-hil l  or near  the trails so that  depsers ion of fungus  
spores would  be mos t  effective; their st icking to the grass s tems etc.). 

R~sum~.. 

Dans  cet article, il s 'agit  de changements  survenant  dans le compor -  
tement  des fourmis  Formictt ru[a L. 'a t te intes  par  le fungus  Alternctritt 
tennis Nes. 

Cette maladie ,  qui se manifes te  sur tou t  h la fin de l'dtd et pendan t  
l ' au tomne ,  a did signalde du ran t  quelques ann6cs dans  la Sib6rie 
occidentale.  

Au cours  de cette maladie,  les fourmis  malades  qui t tent  lear  fournli-  
libre chaque  soir pour  g r imper  sur le sommet  des herbes basses au tour  
de la fourmil ibre,  ou tout  prbs, non loin des sentiers. Lfi, les fourmis  
s ' aceroehent  bien sol idement  aux brins d 'herbes  par  leurs mfiehoires 
et leurs pattes.  L ' exsuda t  visqueux se fo rman t  aux ar t icula t ions  dt~ 
thorax tixe l ' insecte fo r tement  au substrat .  Le lendemain  les myce l ium 
du mye~te ge rment  h t ravers  le corps des fourmis  et, le sur lendemain ,  
on voit appara i t r e  les spores matures ,  les eonidies. Si la m o r t  des four-  
mis advient  en temps  see, la germinat ion  du myet~te n ' a  pas lieu. 

D6s le c o m m e n c e m e n t  de l'6pizootie, h l ' appar i t ion  des premibres  
fourmis  mor tes  au tou r  de la fourmili+re, les fourmis  b ien-por tan tes  
inspectent  m inu t i eu semen t  la v6g~tation d ' a len tour  et enlbvent les 
fourmis  mor tes  pour  les empor te r  dans la fourmili+re, oil elles servent 
de nou r r i t u r e  pour  les autres.  Elles ne touchent  pas aux fourmis  conta-  
gieuses, po r t an t  les spores matures ,  et celles-ci res tent  en place sur 
leurs br ins  d 'herbe.  En cas de refroidissement  subit su rvenan t  au cours  
de l '6pizootie, la maladie  est couple,  car  le froid emp~ehe les fourmis  de 
sort ir  et tous les inseetes malades  sont d6truits,  p robablement ,  dans 
la fourmi l i6re  - -  m~me avant  leur mor t  et la ge rmina t ion  des conidies. 

T o u t  le e o m p o r t e m e n t  des fourmis  malades  est favorable  ~ l 'agent  
de la maladie ,  et il pa ra i t  que c 'est  une consequence  de l 'activit~ - -  
m~me de la toxine de eette myeose (la sortie des fourmis  malades  hors  
de la fourmil i+re  pour  6viter la des t ruct ion antieip~e; la sortie pour  la 
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n u i t  j u s t e m e n t  p e n d a n t  l ' h u m i d i t d  la  p l u s  i m p o r t a n t e ,  q u i  f a v o r i s e  la 
g e r m i n a t i o n  du m y c d t e ;  l ' a s c e n s i o n  des  i n s e c t e s  s u r  les h e r b e s  a u t o u r  
de la  f o u r m i l i 6 r e  et n o n  lo in  de 1~, pr6s  des  sent~ers,  f a e i l i t e  la  d i spe r -  
s ion  e f fec t ive  des  s p o r e s ;  l ' a t t a e h e m e n t  ~ la  vdg~ ta t i on ) .  
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