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Anabasine is the major volatile product in the poison gland exudate of Messor ebeninus, acting 
as a defensive compound. Exudates of the poison gland also contain minor, yet unidentified, 
components that are possibly responsible for the alarm behavior that is also elicited by the venom.

Dufour's gland secretion is characterized by aliphatic hydrocarbons of which 1-pentadecene 
predominates. Upon exposure to Dufour's gland secretion the ants recruited to the emitting 
source, but did not exhibit any aggressive behavior. The possible concordant effects of both
adnexal glands secretions is discussed. 

Introduction

A m ong the abdom inal glands of ants the two ad­
nexal glands, D ufour’s and the poison glands, are 
prom inent. A lthough the poison gland secretion in 
the aculeate H ym enoptera served originally as de­
fensive w eapons, in some ant species this function 
has been abandoned in favor o f a com m unicative 
role. The myrmicine ants are a good exam ple of this 
evolutionary trend. Many species such as 
Pogonom yrmex  spp. produce large am ounts of pro- 
teinaceous venom  which has a strictly defensive role 
[1]. Species of o ther genera, on the o ther hand, p ro ­
duce little proteinaceous m aterial in their poison 
gland but instead m anufacture an array of alkaloids 
which appear to have divers functions. For exam ple, 
the venom  of Solenopsis species are rich in 2,6-dial- 
kylpiperidines [2, 3], or 3,5-dialkylpyrrolidines and 
pyrrolines [4, 5] which are effective toxins and are 
probably used for defense. In contrast, the venom  of 
M onomorium pharaonis contains the alkaloid 
3-butyl-5-m ethylindolizidine an active com ponent in 
the trail following behaviour of this ant [6 ], Likewise, 
m ethyl 4-m ethylpyrrole-2-carboxylate, a poison 
gland alkaloid in Atta texana function as the trail 
pherom one [7, 8 ]. A no ther poison gland alkaloid, 
anabaseine (3 ,4 ,5 ,6-tetrahydro-2 ,3 '-b ipyrid ine), 
found in two Aphaenogaster species, A . fulva  and A. 
tennessensis, elicit alarm  behavior in w orkers and ap­
parently  is a part o f their alarm  defense system [9].
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Field observations with M essor ebeninus, the sub­
ject of this study, revealed that it has a well-devel­
oped alarm  behaviour as well as long food trails. It 
was therefore relevant to investigate the chem istry of 
the poison gland and the adjacent D ufou r’s gland 
secretions to determ ine the role of their constituents 
in these behaviors.

Materials and Methods

Colonies of M. ebeninus were collected near Tel 
Aviv and transferred  in the laboratory  to artificial 
nests placed on a foraging platform s (0.8 x 3 m e­
ters). The ants were regularly fed on a diet of honey 
and seeds, supplem ented occasionally with dead in­
sects. A fter a few days of acclimation the ants started  
foraging normally retrieving the food from  the end of 
the foraging platform .

Extract of D ufour’s and poison glands w ere p re ­
pared by dissecting the ants under chilled w ater and 
transferring the glands to  vials containing pentan. 
The extracts were chemically analyzed on an LKB 
9000 gas chrom atograph-m ass spectrom eter fitted 
with 1.8 m 1% SP-1000 column program m ed from 
60—200 °C at 10 °C/min or a 1.8 m 1% OV-17 col­
umn program m ed from 60—300 °C at 10 °C/min. The 
com pounds were identified by the mass spectra as 
com pared with the spectra of authentic com pounds. 
The presence of each com pounds was further ascer­
tained by coinjection of standards and extracts. 
A m ount of anabasine in the poison glands were de­
term ined by capillary gas chrom atography using the 
internal standard m ethod.
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The alarm  behaviour of the ants was observed 
qualitatively both in the field and in the laboratory. 
In the laboratory  assays, the tested m aterial was im­
pregnated  on a small piece of filter paper and placed 
at random  on the foraging platform . The tested 
m aterial included poison gland exudates, synthetic 
anabasine (racem ic m ixture, purchased from Sigma) 
and D ufou r’s gland extracts or its hydrocarbon con­
stituents. In all cases a filter paper im pregnated with 
pen tan  served as a control.

R ecruitm ent of the ants tow ard the m arked spot 
and the exhibition of open m andibles were recorded 
as a positive alarm  response, while aggregation 
around  the filter paper w ithout any overt aggression 
was recorded simply as recruitm ent. Similar tests 
w ere conducted also in the field by placing the tested 
m aterial in the proxim ity of the nest entrance.

Results and Discussion

Only one m ajor com pound was detected by 
G C —MS in the excised poison gland extracts. It 
e lu ted  at 155 °C on the SP-1000 column and at 
138 °C on OV-17. Its mass spectrum  exhibited a 
m olecular ion at m /z  162 (35% ) and m ajor fragments 
ions at m /z  84 (100% ), 105 (37% ), 106 (30% ), 119 
(25% ), 120 (14% ), 133 (32% ) and 161 (18% ). It was 
identified as anabasine (3-(2-piperidinyl)pyridine) by 
com parison of mass spectra and gas chrom atographic 
reten tion  tim e of the unknow n and of an authentic 
sam ple of anabasine, and also by coinjection on the 
two columns. The absolute configuration of the un­
known was not determ ined.

A lthough anabasine constitutes over 90% of the 
volatiles present in the secretion, it represent only 
1% of the fluid present in the poison gland. The 
am ount of anabasine in each gland, estim ated by gas 
chrom atography, was about 3.6 jxg while the volume 
of the secretion as assessed by glandular m easure­
m ents was around 0.35 jxl. The am ount of anabasine 
in virgin queens was only 50% of that of the workers 
and it d ropped to 10% in 48 h postm ated queens. 
G C —MS exam ination of D ufour’s gland secretion re ­
vealed that it consisted of a series of n-alkanes and n- 
alkenes including 1 -tridecene, tridecane, 1 -pen- 
tadecene, the main com ponent, pentadecane and 
traces of 1 -heptadecene and heptadecane.

W orkers of M. ebeninus reacted with typical alarm 
when exposed to crushed conspecific ants. They ran 
with open m andibles and ou tstretched antennae di­

rectly to the source of disturbance. A round the 
source the ants becam e very aggressive, biting every 
object while curling the abdom en tow ard it. In many 
of these instances a w'hite secretion could be seen at 
the tip of the abdom en. This alarm  was of short du ra­
tion and faded com pletely within a few m inutes al­
though the ants rem ained in the vicinity of the filter 
paper for several additional m inutes. O f all the body 
parts only crushed abdom en had the same effect on 
the ants, thus the ability of the adnexal glands secre­
tion to elicit the same behaviour was tested.

Crushed poison glands indeed elicited alarm and 
aggressiveness in the ants which was of short du ra­
tion. In contrast anabasine, its m ajor volatile com po­
nent, was totally devoided of activity. In a m ore re ­
fined analysis of the g landular exudate by capillary 
gas chrom atography we noticed the presence of some 
m inor com ponents that w ere m ore volatile than 
anabasine. It is possible tha t these are the bioactive 
com ponents, but their quantity  was too small for 
p roper identification. The response of the ants to 
D ufour’s gland secretion or its hydrocarbon con­
stituents was ra ther d ifferent. The ants upon perceiv­
ing the odour were a ttracted  to  the source but did not 
show any signs of alarm  or aggression. This reaction 
was also of longer duration than the response to  the 
poison gland secretion. The same results were ob ­
tained in the field when crushed glands were put near 
the nest entrances. Nests of M. ebeninus are ra ther 
large with multiple en trances, and placing crushed 
poison glands in the vicinity of nearby entrances not 
only excited the ants in the im m ediate vicinity but 
caused many m ore ants to com e out of the nest en ­
trances with overt aggression. The reaction to 
D ufour’s gland secretion was m ilder causing only the 
ants in the nearest vicinity to  recruit to the spot of 
emission.

The identification of anabasine in the poison gland 
of M. ebeninus constitutes the first exocrine product 
that has been reported  from  this genus. It also adds 
to the array of alkaloids produced by this gland in 
myrmicine ants. The finding of anabasine in the 
genus M essor is also of chem otaxonom ic significance 
since the related unsa tu ra ted  alkaloid anabaseine 
was found in Aphaenogaster  species [9] and M essor 
was once considered as a subgenus of Aphaenogaster
[10]. A lthough that is the first time that anabasine 
has been reported  in insects, it occurs in a num ber of 
plants. It is a m ajor alkaloid of Anabasis aphylla  L. 
(C henopodiaceae) and Nicotinia glauca G raham
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(Solanaceae) [11]. Perhaps, because of its insecti­
cidal properties, anabasine offers the plants p ro tec­
tion from  insect herbivors. A pparen tly  this is also its 
function in the harvester ants as it is em itted  from the 
poison gland when the ants are m olested but appa­
rently does not elicit any alarm . It is possible that it is 
a gustatory repellent rendering the ants unpalatable 
to  some predators. A  further indication that 
anabasine is a defensive com pound stems from its 
reduced am ounts in queens, especially after they 
have m ated. Q ueens of this species are claustral nest 
founders and thus are less exposed to predation  once 
they have dug their initial nest burrow s.

In contrast to the alarm -defensive role of the 
poison gland secretion, the function of the secretion 
em anating from  D ufou r’s gland is m ore elusive. A l­
though our bioassays indicate tha t the secretion 
causes recruitm ent o f the ants into the emission 
source, there was not any overt aggression involved 
in this behavior which preclude a strict alarm  func­
tion. It is possible tha t the glandular secretion plays a 
role in the recruitm ent to a food source as found for 
M. rufitarsis [12, 13]. W e, how ever, w ere unable to

induce trail following on our foraging platform  using 
D ufour’s gland secretion alone. Full trail following in 
this species thence may involve secretions of m ore 
than one abdom inal gland. In many cases when the 
ants were alarm ed a frosty secretion could be seen at 
the tip of the abdom en suggesting that the secretion 
of the two adnexal glands may have been em itted  
together. This frosty appearance of the secretion is 
due to the fact that the poison gland secretion is 
w ater soluble while that of D ufou r’s gland is highly 
lipophilic. In this case there is seemingly a sort of 
synergism in the function of the two secretions. The 
poison gland secretion act im m ediately in defense 
and alarm while the longer recruiting effect of 
D ufour’s gland secretion insure that the ants stay in 
the vicinity of the potential danger in case of fu rther 
need. A  similar synergism was found also in Cam- 
ponotus  [14]. This la tte r function does not preclude 
the possibility tha t D ufour’s gland secretion plays a 
role in mass recruitm ent of the ants tow ard a food 
source. It just dem onstrates ano ther exam ple of the 
parsim ony in the pherom onal systems of ants.
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