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LA P H E R O M O N E DE P I S T E CHEZ LA F O U R M I M A N I C A RUB IDA 

( H y m e n o p t e r a : F o r m i c i d a e ) 

Résumé: La g lande a po ison des o u v r i è r e s de Manica r u b i d a 

con t ien t la phéromone de p i s t e . Pa r une combina ison de méthodes 

m ic roch im iques et e x p é r i m e n t s é t h o l o g i q u e s , nous avons i d e n t i f i é la 

subs tance ac t ive comme étant le 3 - é t h y l ~ 2 , 5 - d i m é t h y l p y r a z i n e , donc la 

même subs tance u t i l i sée par hu i t espèces de Myrmica et t r o i s d ' A t t a . 

La q u a n t i t é moyenne pa r o u v r i è r e est e n v i r o n 7 n g . La subs tance 

2 , 5 - d i m é t h y l p y r a z i n e est également p r é s e n t e mais ne mon t re aucune 

a c t i v i t é phéromona le . 

M o t s - c l é s : Phéromone de piste, fourni, Manica rubida, gland 

à poison, pyrazine, Myrmicine. 

S u m m a r y : T h e po ison g l and of t he w o r k e r s of Manica r u b i d a 

con ta ins a t r a i l phe romone wh ich has been i d e n t i f i e d b y m ic ro -chemica l 

methods and t r a i l - f o l l o w i n g e x p e r i m e n t s to be 

3 - e t h y l - 2 , 5 - d i m e t h y l p y r a z i n e , t he same subs tance as used b y at least 

e ight species of Myrmica and t h r e e species of A t t a . T h e r e is on 

average 7 ng of t he pheromone pe r i n d i v i d u a l w o r k e r ' s g l a n d . T h e 

subs tance 2 , 5 - d i m e t h y l p y r a z i n e is also p r e s e n t in the g l a n d bu t has no 

pheromona l f u n c t i o n . 

K e y w o r d s : Trail pheromone, ant, Manica rubida, poison 

gland, pyrazine, My rmicine. 
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Manica rub ida is the only European member of t h i s widel ' 

d i s t r i b u t e d Nor th Amer ican genus of p r im i t i ve Myrmic ine ants 

Goetsch (1934) showed that M. r ub i da laid odour t r a i l s and Blum (1974 

showed f u r t h e r that the t ra i l s were laid from the poison g land of t h r e 

Nor th Amer ican Manica species. Blum found a complex p a t t e r n il 

t r anspos i t i on s tud ies wi th a r t i f i c i a l t r a i l s made from the g lands o 

Manica and other species. Our in format ion on the spec i f i c i t y of odou 

t r a i l s , or the lack of i t , is at present f r a g m e n t a r y , but it is knowr 

that many ant species share the same t ra i l pheromones and wi l l follov 

a r t i f i c i a l t r a i l s made from the g lands of o ther species. T h e subjec 

has been rev iewed recent ly ( A t t y g a l l e and Morgan, 1984a). 

Cammaerts and Cammaerts ( 1985) have now descr ibed th i 

f ood -ga the r ing behav iour of _M. rub ida. They found that wo rke rs d< 

not recru i t congeners to food g a t h e r i n g , a l though they lay odour t ra i l s , 

The Cammaerts f ound a large nest of M. rub ida in cen t ra l France ir 

1983, and t h r o u g h t h e i r good o f f i ces , par t of t h i s colony was mad< 

avai lahle to us for t ra i l pherorr.one s tud ies . 

We descr ibe here our inves t iga t ions which show that M. r ub i d ; 

fol lows t r a i l s by the odour of a s ingle substance in its poison g land . I1 

possesses the same substances as Tet ramor ium caespi tum, but respond; 

to them d i f f é ren t ly . 

M A T E R I A L S AND METHODS 

The techn igues used t h roughou t are the same as those describec 

in détail by A t t y g a l l e and Morgan (1984b) . 

Maintenance of Colonies The ants were kept in an a r t i f i c ia l nest o' 

glass and moistened p las ter of P a r i s , and fed on d i lu te sugar so lu t ion, 

mealworm and d ip te ran la rvae. T h e i r f o rag ing area was inside a large 

p last ic bowl , w i th its walls coated wi th po l y t e t r a f l uo roe thy l ene t< 

p reven t the ants escap ing. 

Cas chromatoqraphy A n t s were k i l l ed immediately before use by 

exposure to the cold vapour from l i qu id n i t r ogen . S ing le poisor 

g lands were c leanly d issected from the gas te r , so as to avoic 

contaminat ion from the mucn more abundant substances of the Dufour 

g land. The poison g land was sealed in a short piece of glass 

c a p i l l a r y , and i n t roduced onto the gas ch romatography column by our 

usual techn ique of sol id sampl ing (Morgan and Wadhams, 1972). The 
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cond i t ions used were a 1.5m x 4mm column of 10% PEG 20M on 

Chromosorb W wi th n i t rogen at 50 ml m i n - 1 , isothermal at 128 °C and a 

2.75m x 4mm column of 10% PEGA wi th n i t r ogen at 50 ml m in" 1 and 

isothermal at 135 ° C . F rac t ions were col lected from the gas 

chromatograph for bioassay by a t tach ing an e f f luent sp l i t t e r wh.ich 

d i v e r t e d 95% of the mater ia l to the outs ide of the ch romatograph for 

col lect ion in métal U - t u b e s cooled in l i qu id n i t rogen and e thy l acetate. 

The t r apped mater ial was washed from the tubes wi th acetone (50 yj,) 

and used in the b ioassay. 

Quant i f i ca t ion of q landu la r components T h e poison g lands of 10 

wo rke rs were chromatographed s i n g l y , us ing the in ject ion techn ique 

ou t l i ned above. A Computing i n teg ra to r (DP101 Spect ra Phys ics ) was 

at tached to measure peak areas and to calculate the absolute q u a n t i f i e s 

of mater ia l in each g land , us ing a solut ion of 3 - e t h y l - 2 , 5 -

- d i m e t h y l p y r a z i n e as an ex te rna l s tanda rd . 

Bioassay for t r a i l - f o l l o w i n q behav iou r Whole poison g lands c r u s h e d in 

acetone or hexane (100 p i ) or acetone so lut ions obta ined by t r a p p i n g 

from the gas chromatograph were assayed by the method of Pasteels and 

Verhaeghe (1974) . The solut ion was placed on the c i r cumfe rence of a 

c i rc le or rad ius 5 cm on paper us ing a S t a n d a r d g r a p h pen (0 .8 mm 

B l u n d e l l Ha r l i ng , D o r s e t ) . T h e solvent was allowed to evaporate (2 

min) and the paper then placed in the f o rag ing area of the co lony . 

The number of arcs of 1 cm on the c i r cumfe rence , which each i nd i v i dua l 

wo rke r ran along the ' t r a i l , when it reached thé c i rc le was recorded for 

a tota l of 20 min obse rva t i on . The médian of the number of arcs 

fo l lowed was used as a measure of ac t i v i t y for each test and mean 

va lues of the médians were obta ined b y repeat ing each test th ree t imes. 

A b lank bioassay us ing solvent alone was per fo rmed be fo re each test to 

ensure that the re was no res idua l ac t i v i t y in the pen . 

RESULTS 

Workers of Manica rub ida fol lowed a r t i f i c i a l t r a i l s made from t h e i r 

poison g lands but not from t h e i r D u f o u r g lands . When poison g lands 

were subjected to gas ch romatog raphy and the whole of the vo la t i le 

mater ia l col lected in a s ingle f r a c t i o n , t h i s was equal ly ac t ive , t he re fo re 

it was conc luded the pheromone was vo la t i le and stable to 

ch roma tog raphy . F u r t h e r g lands were then chromatographed and 

col lected in f r ac t i ons . A i l f rac t ions were inact ive in bioassay (Tab le I) 

except that col lected between 4 .0 and 7 . 0 min a f te r c r u s h i n g the 
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cap i l l a ry and re leas ing the substances on a PEG20M ( p o l y e t h y l e n 

g lyco l ) phase (F ig . 1) and that between 5 and 7 min on a PEG/ 

co lumn. 

Table I. Trail-following activity of fractions collected from gas 
chromatography of Manica rubida poison glands. 

A. Using a column of PEG 20M. One poison gland was chromatographed, 
and the matériel from each fraction was collected in a cooled métal 
U-tube, and washed from tnere with 100 pl of acetone, which was placed 
on a circle of radius 5 cm drawn on paper. The workers were allowed 
access to the paper after allowing 2min for the acetone to evaporate. 

Time of elution No. of ants Médian No. of Trail 
of fraction (min) reaching circle 1 cm arcs run following 

in 20 min. per insect activity" 

0-2 20 0 _ 
2-4 22 0 -

4-7 25 ++ 

7-9 25 0 

9-21 29 0 -

* 
each individual ant continued to circle 3 or 4 times 

B. Using a column of PEGA, Conditions otherwise as in A, above. 

Time of elution 
of fraction (min) 

No. of ants Médian No. of 
reaching circle 1 cm arcs run 
in 20 min. per insect 

Trail-
following 
activity 

0-2 21 0 _ 
2-5 17 0 -

5-7 13 23 ++ 

7-9 22 0 -

9-20 23 0 

The peak observed in t h i s rég ion co r responded in ré ten t ion time on 

both columns to 3 - e t h y l - 2 , 5 - d i m e t h y l p y r a z i n e , which had al ready been 

iden t i f i ed in several other species ( A t t y g a l l e and Morgan, 1984a). 

T r a i l s made wi th syn the t i c e t h y l d i m e t h y l p y r a z i n e (at 5 ng /100 y£ per 

t r a i l ) were equal ly act ive for M. r uh i da wo rke rs (Tab le I I ) . 

The only o ther peak v is ib le in the gas chromatogram, o r i g i n a t i n g 

from the poison g land was a smaller peak co r respond ing in ré ten t ion 

t ime on both columns to 2 , 5-dimet hy Ipy razine ( F i g . 1 ) . T h i s peak was 

inact ive when t r a p p e d and assayed, t h o u g h it was act ive fo r 

Tet ramor ium caespitum worke rs for whom th i s substance is the chief 

component of the t ra i l pheromone ( A t t y g a l l e and Morgan, 1984b). 

L ikewise , syn the t i c d ime thy lpy raz ine was inact ive for M. r u b i d a . 
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When the amount of e t h y l d i m e t h y l p y r a z i n e in M. rub ida worke rs 

was q u a n t i f i e d by de te rmin ing ten rep l icates of i nd i v i dua i g lands , a 

mean value of 7 ng was obta ined. The amount of d ime thy lpy raz ine was 

not q u a n t i f i e d , and the ra t io of e t hy l d ime thy l py raz i ne to 

d ime thy lpy raz ine va r ied from one worke r to ano ther , but from peak 

areas was on average 5 : 1 , so that a mean of approx imate ly 1 to 2 ng of 

d ime thy lpy raz ine was present in each g land . 

Table II. Activity of gland extracts and synthetic compounds in 
artificial trail-following experiments according to the 
method of Pasteels and Verhaeghe (1974). The number of 
ants (N) reaching the circular trail during a 20 minute 
period and the médian number of 1 cm arcs which they then 
walked along the trail (m) were recorded. 

Test substance N m activity 

Hexane blank* 30 0 -

Acetone blank* 35 0 -

1 Poison gland of M. rubida 40 7 

^ ii » n » n 34 5 + 

5 ng of 2,5-dimethylpyrazine 23 0 -

5 ng " 41 0 

5 ng of 3-ethyl-2,5-dimethylpyrazine 42 9 + 

5 ng " 40 6 + 

5 ng of 2,5-dimethylpyrazine (as 
above, except using T. caespitum 
workers) 

38 1 + 

5 ng " 32 2 + 

* These are two of many such tests giving the same resuit. 

Ail tests were made with a M. rubida colony, except the last two, 

which used a T. caespitum nest. 

D I S C U S S I O N 

M t h o u g h M. rub ida wo rke rs do not rec ru i t congeners to food 

g a t h e r i n g , yet they have a c lear ly developed ab i l i t y to fol low odour 

t r a i l s . T h e t ra i l pheromone, l ike that s tud ied by Blum in Nor th 

^vmerican Manica species, is found in the poison g l a n d . The only two 

vo la t i le substances found in the poison g land in any q u a n t i t y ( i . e . more 

than 5 x 1 ° g ) are 2 , 5 - d i m e t h y l p y r a z i n e and 3 - e t h y l - 2 , 5 -
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- d i m e t h y l p y r a z i n e , and only the la t ter d isp lays a c t i v i t y . W e have 

recen t l y iden t i f i ed these two substances as toge ther fo rm ing the t ra i l 

pheromone of another Myrmic ine, Tet ramor ium caespi tum, ( A t t y g a l l e and 

Morgan, 1983; 1984b). 

Activity 

Sample 
crushed 

15 10 

P i R . 

Gas chromatograph trace obtained by chromatography without solvent 

Csolid in ject ion) of one poison gland of M. rubida on a PEG20M column 
a: 128 o c > T h e e f f l u e n t w a s s p m b e t w e e n d e t e c t o r a n d c o ! l e c t o r t r f l p 

and the trapped material b ioassayed. A t the top of the f igure are 

indicaterî the trapped fract ions, and their activity in the trail-foJlowing 

i c s i . O, no trail fo l lowing; ++, hif fhiy active fraction in trail test; 

V 2,5-dimethylpyraz ine; B. 3-e thy ! -2 ,5-d imethy lpyraz ine ; D, traces 

of contamina tint» substances from the Dufour gland. 

I n T > caespitum the compounds are in a 7 :3 ra t io and th i s m i x tu re is 

the most act ive at a concent ra t ion of 1 ng per t r a i l . • In M. rub ida the 

ra t io is 1:5 and only the e thy Id ime thy Ipy raz ine is ac t ive . Ne i ther the 

d ime thy lpy raz ine from the g land nor syn the t i c mater ia l showed any 

a c t i v i t y , yet T . caespit um responded to the same so lu t ions . Without 

e lec t rophys io log ica l s tud ies , we cannot know if M. rub ida can detect 

d ime thy lpy raz i ne , but ce r ta in l y they do not respond to it by any 



obv ious b e h a v i o u r a l c h a n g e . 

T h e ac t i ve e t h y i d i m e t h y l p y r a z i n e r e p r e s e n t s a f r a c t i o n of a 

pe rcen t of the to ta l po ison g l and vo lume, it is t h e r e f o r e on ly a t r ace 

component of the venom. 

In t he e ight species of Myrmica we have examined , 

e t h y i d i m e t h y l p y r a z i n e alone is p r e s e n t and comple te ly accounts fo r t he 

t r a i l - f o l l o w i n g a c t i v i t y ( E v e r s h e d et a } . , 1981; 1 982 ) . In A t t a 

spec ies, e i t he r me thy l u - m e t h y l p y r r o l e - 2 - c a r b o x y l a t e ( i n A . texana and 

A . cepha lo tes) or e t h y i d i m e t h y l p y r a z i n e ( i n A t t a sexdens) can be the 

t r a i l phe romone , t h o u g h we have demons t ra ted tha t b o t h subs tances are 

p resen t in A . cepha lo tes and A . sexdens ( E v e r s h e d and Morgan , 1983) . 

In T . caespi tum the pheromone is a s y n e r g i s t i c m i x t u r e of b o t h 

e t h y i d i m e t h y l p y r a z i n e and d i m e t h y l p y r a z i n e ( A t t y g a l l e and M o r g a n , 

1984b) . Among t h i s g r o u p of p o i s o n - g l a n d d e r i v e d t r a i l pheromones 

we t h e r e f o r e have t h r e e k n o w n subs tances one or more of wh ich can be 

ac t i ve . It may be noted tha t we have fa i led to detect the p y r r o l e 

subs tance in My rm ica , Manica or T e t r a m o r i u m t h u s f a r . 

Much f u r t h e r work may be necessary to u n d e r s t a n d the ra t i ona l 

b e h i n d the adopt ion and use of these p y r a z i n e s b y d i f f é r e n t species as 

t r a i l phe romones . 
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