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Abstract

The behaviour of the East African ants Lepisiota [=Acantholepis] capensis and Pheidole megacephala against predatory syrphids was studied via observations and field experiments. It showed that Pheidole is a particularly aggressive ant that admits exclusively the presence of larvae of the genus Paragus (P.longiventris, P.marshalli and P.borbonicus) in the aphid colonies that it tends. If the ant comes into contact with Paragus larvae from aphid colonies tended by Lepisiota, they kill these larvae. On the other hand, Pheidole behaves in a much less hostile manner against Paragus larvae from aphid colonies tended by their own species. Larvae of larger syrphid species (Allograpta spp, Betasyrphus spp and Afrosyrphus varipes) are usually killed by the ants and taken into the nest as prey.


Odour, behaviour and probably also morphological structure of the syrphid larvae play a role in the interaction between Pheidole and Paragus that is not completely calrified in detail.


Lepisiota behaves in a much less aggressive way than Pheidole towards larvae of the large syrphids. Also Paragus larvae from aphid colonies tended by Pheidole are attacked only weakly. When P.longiventris larvae are palpated [lit. quivered over “betrillern”] by Lepisiota, they issue a fluid that is taken up by the ants. Therefore there are connections between the two species that even border upon the area of trophobiosis.


The indirect harm that the ants cause through their trophobiotic interactions with aphids are actually partly or wholly compensated since syrphids eggs and larvae receive protection from parasitoids via the ants. This is particularly true for Lepisiota because the aphid colonies tended by this ant represent a real parasitoid-free reservoir for most of the aphidophagous syrphids of the Kenya highlands.

Introduction

During studies of the predators of aphids and other Homoptera in the Kenya highlands (East Africa), it was repeatedly observed that when aphids were tended by Lepisiota  capensis Mayr, with great regularity larvae and eggs of many syrphid species were encountered in the aphid colonies, whereas in contrast those tended by Pheidole megacephala Mayr were overwhelmingly eggs and larvae of the genus Paragus. This finding suggests that the two ant species behave differently towards predatory syrphids. In order to be able to say something positive about this, the relationship of the ants to syrphids was observed over a long period of time and experimentally tested in some field experiments.

Results of observations on the behaviour of Lepisiota and Pheidole against adult syrphids

As already mentioned, aphid colonies that had trophobiotic relations with the ant Lepisiota already contained larvae of a wide variety of syrphids (Paragus spp, Allograpta spp, Betasyrphus spp, Allobaccha sapphirina and Ischiodon scutellaris). These could be observed above all in the area of the Chiromo-campus of the university of Nairobi, where this ant was present in several nests and in their surroundings in very large numbers. The very active black ant tended very intensively over the whole day colonies of honeydew-producing Homoptera on herbs, grasses, bushes and trees. Only during the hot midday hours and during rainy weather did the intensity of tending reduce more or less strongly.


All observations showed that some aphid species gained benefit very clearly from the ants because their ant-tended colonies were greatly increased in size, provided that the infested plants and plant parts provided favourable feeding conditions. This was true above all for Aphis fabae solanella Theo. on beans (Phaseolus vulgaris) and on Solanum species (eg S.nigra).


A positive influence of ants (Lasius niger L.) on Aphis fabae Scop. via assisting reproduction has already been established in Germany by Herzig (1938) and El-Ziady & Kennedy (1956) in England. A clear protection of the aphids by Lepisiota in connection with the warding off of predatory hoverflies should not or only occasionally occur, as the following observations and experiments demonstrate, whilst this could be assumed in Pheidole with some confidence.


As repeatedly established by observation, Lepisiota showed immediate aggression towards adult syrphids. When syrphids such as Paragus longiventris Loew, P.marshalli Bezzi, Allograpta calopus Loew, Ischiodon aegyptius and Betasyrphus adligatus Wied. were looking to lay their eggs in or near aphid colonies, the ants took up positions against the flies in order to drive them off. The ants were very often successful in intensively tended colonies in preventing oviposition, and indeed above all when the approaching fly normally laid its eggs only between or right next to the aphid colonies (eg Paragus spp). Some successful ovipositions were observed mainly in aphid colonies that were poorly tended by ants, and during the hot hours of the day when there was an obvious reduction in ant activity to be noted; but also there were only a few syrphid females that showed a stronger flight activity and ovipositional tendency at these times of day. In their defence against syrphid adults the ants never succeeded in grapsing hold or indeed of killing them.


The defensive behaviour of Lepisiota against gravid syrphids could therefore influence the aphid population positively because as a consequence there were fewer eggs laid than in the absence of ants.


The behaviour of Pheidole, the dominant ant mainly in the somewhat damper and shadier marginal parts of the Chiromo-area, served essentially the same purpose against syrphid adults as Lepisiota. Undertaking especially close trophobiotic relationships with Homoptera, for example always building protective galleries in colonies of the Grease-bug Planococcus kenyae Le Pell. and psyllids on Vernonia lasiopus Hoffm., this ant reacted on the whole much more aggressively towards gravid syrphids than Lepisiota. To a much more marked degree than in the presence of Lepisiota, syrphids had therefore the opportunity to lay a few eggs in or near colonies tended by Pheidole only in the hottest hours of the day.

Experiments to clarify the behaviour of ants against syrphid larvae

The behaviour of Lepisiota and Pheidole againts syrphid larvae was of particular interest. In order to be able to analyse this relationship in a bit more detail, a few field studies were carried out in the course of 1970 on the Chiromo-campus.


The first two studies were done in a small field on several maize plants on which Lepisiota tended the colonies of Rhopalosiphum maidis. In one of these tests at approximately the same time three L3 larvae each of Paragus longiventris, Ischiodon aegyptius and Betasyrphus adligatus were placed in the aphid colonies. The larvae were attacked by several ants after a short time, especially those of Betasyrphus. They put up a struggle with backwards movements of the anterior part of the body, during which some lost hold of the plant and fell to the ground.


The Ischiodon and especially the Paragus larvae behaved essentially more calmly, which then led to the ants which already after about 10 mins were anyway making only sporadic attacks from then on usually paying no more attention to the larvae which were slowly creeping to protected places on the plant.


In a second test to study the behaviour of Lepisiota, a total of 13 syrphid larvae were used. The hoverfly larvae came from colonies of R.maidis on maize plants that were tended by Pheidole. Ten of them were P.longiventris, 2 were P.marshalli and one to P.borbonicus. Shortly after placing them in the aphid colonies, several larvae were attacked by 1-3 ants. Some P.longiventris larvae resisted this attack because they exuded a slimy fluid from the anterior end of their bodies and handed it over to the ants between their mouthparts, whereby each according to the position of the attacking ant bent the anterior part of the body to one side or to the rear. As a consequence of this reaction, the ants immediately abandoned the syrphid larvae. It was also repeatedly observed that the ants palpated the anterior or poterior part of individual larvae, which was then also answered by the latter by the production of fluid. None of the Paragus larvae transferred in the tests were seriously harmed by the ant attacks, which did not last longer than 5-10 mins.


In some further tests, the behaviour of Pheidole was tested against syrphid larvae, also on maize in colonies of R.maidis. Five L3 larvae each of Ischiodon, Allograpta and Betasyrphus previously fed on Brevicoryne brassicae on cabbage were placed in colonies of maize aphids which were found on the base of the male inflorescences and on the anterior half of the upper leaves of three 1-m-high maize plants. The distance between these plants was about 8-10 m.


The syrphid larvae were fiercely attacked by some ants immediately after being placed among the aphids. Although they resisted, especially those of Betasyrphus, and in their defence produced large amounts of a sticky secretion from the region of their mouthparts at the beginning of the attack, the ants did not relent in their attacks. On the contrary, the defensive reaction recruited still more ants, including also some of the soldiers with their strikingly large heads.


About 20-30 mins after the beginning of the test, the first dead larvae of Betasyrphus and Allograpta were transported away; about 20 mins later all the hoverfly larvae used in the described test had fallen victim to the ants.


Three days later in a second test of the behaviour of Pheidole, five large larvae of Paragus longiventris were placed in each R.maidis colony. These individuals had been collected 30 mins previously from maize plants in maize-aphid colonies tended by Lepisiota ants. The ants attacked the syrphid larvae which had been placed next to the aphid colonies, but less strongly than in the first test a few days beforehand. In contrast to the behaviour of the Betasyrphus and Allograpta larvae, those of P.longiventris kept very still and showed no sort of defensive reaction of any kind, in spite of the attacks. Finally after about 30 mins the ants succeeded in loosening 11 of the total of 15 larvae from the substrate and transported them away. At the end of the test, that is two hours after placing the larvae, there was still one individual still alive, which was no longer bothered by the ants.


In a third test with Pheidole, 8 P.longiventris, 3 P.marshalli and 2 P.borbonicus larvae were used. All test individuals were collected from R.maidis colonies tended by Pheidole. Shortly after placing them into the aphid colonies, there were attacks by a few ants on several syrphid larvae, which again kept very still. The interest and the attacks of the ants reduced strongly after 20-30 mins, and stopped completely after about 45 mins. Of the 13 Paragus larvae placed (amongst the aphids), only three in total had been killed (Table 1).


In a few further small test, it was established that larvae of Betasyrphus, Allograpta and Allobaccha sapphirina were always killed by Pheidole. Large larvae of Afrosyrphus varipes resisted attacking ants by producing relatively large amounts of of a sticky substance that was effective at first because this fluid stuck a large number of ants together and hence neutralized them; finally however the predators fell victim after a long battle.

Table 1

Death of hoverfly larvae from Pheidole and Lepisiota

Hoverfly
Aphid prey
Hostplant
Ant
#used
#dead

B.adligatus
B.brassicae
Brassica
none
5
5

A.calopus
B.brassicae
Brassica
none
5
5

I.aegyptius
B.brassicae
Brassica
none
5
5

Afr.varipes
B.brassicae
Brassica
none
6
6

Allobaccha
N.bergii
Pennisetum
Lepisiota
7
7

P.longiventris
R.maidis
Zea
Lepisiota
15
14

P.longiventris
R.maidis
Zea
Pheidole
8
2

P.marshalli
R.maidis
Zea
Pheidole
3
1

P.borbonicus
R.maidis
Zea
Pheidole
1
0

Neomaskellia bergii, Pennisetum pupureum

Discussion

From the results of the tests described, it is clear that both of the ant species, Lepisiota and Pheidole, have the same effect against syrphid adults, but against syrphid larvae however they behave differently in various ways.


Pheidole is much the more aggressive species, above all with respect to larger syrphid larvaeof the genera Betasyrphus, Allograpta, Afrosyrphus and Allobaccha. When large larvae of these genera were placed into aphid colonies, they were always killed by the ants.


From the results of several tests it can be concluded that alongside the specific odour/taste the reaction of the large syrphid larvae to attack by Pheidole above all else has repercussions for the behaviour of the ants. Because the larvae of the larger syrphid species (Betasyrphus spp, etc) bend vigorously in their defence and strike about with their anterior body, they draw the ants’ attention to themselves and excite them into a particular lust for attack.


The behaviour of Pheidole against the active larvae of some of the larger species of syrphid shows why the larvae of these syrphids are never found in aphid colonies tended by this ant, even though the females - particularly in the hot midday hours - manage to lay their eggs in those colonies tended by only a few ants. In these cases if the eggs have not already been removed and killed by the ants, after emerging the larvae attract attention by moving about or by their foraging behaviour and are then killed.


The only exception among the large syrphid species is the larvae of Ischiodon, and one can sometimes find a few individuals in certain aphid colonies that are poorly tended by Pheidole (eg Melanaphis sacchari).


It was repeatedly observed that Pheidole in weakly tended aphid colonies were much less aggressive than those from strongly tended ones. A larger number of individuals therefore increases their aggressiveness, which has also already been shown in other higher animals (mammals). Under ant attack, the larvae of Ischiodon are significantly more motionless than those of Betasyrphus and Allograpta. In addition they have a robust warty skin which confers on them a good protection.


Pheidole behaves differently towards the relatively small larvae of Paragus spp (P.longiventris, P.borbonicus, P.marshalli) than to these large syrphid species. The Paragus larvae are the only ones that can develop completely in aphid colonies (eg R.maidis, Pentalonia nigronervosa) tended by the named ant species. If one takes Paragus larvae from aphid colonies tended by Lepisiota and places them in colonies tended by Pheidole, the ants attack them. These attacks are, however, less energetic than those against the large syrphid larvae and lead to the death of most of the larvae after a much longer time. Under the attack of many ants, the Paragus larvae remain completely still and apathetic.


If one places Paragus larvae from aphids tended by Pheidole into other colonies tended by the same ant, only a few ants attack and they soon leave the syrphid larvae alone. Serious assault or death results in only those few cases where the syrphid larvae lose contact with the substrate during the first attacks of the ants.


It says a lot that the behaviour of Pheidole against Paragus in the tests described is mainly influenced by the odour of the tests individuals. Since the larvae from Lepisiota-tended aphids still carry the smell of this ant, Pheidole is induced to treat them as enemies and kill them. In contrast Paragus from Pheidole-tended aphids still have the odour of this ant on them, and hence are attacked much less strongly and are only occasionally killed.


There should also be a role for the species-specific odour of the Paragus larvae, and not only the above-mentioned odour traceable to the trophobiotic ant. This might at least partly be the reason why Paragus larvae are not attacked so strongly as the larvae of Betasyrphus, Allograpta and Afrosyrphus, when they come from a Lepisiota-tended aphid colony. Because Paragus larvae are abel to develop in aphid colonies with Pheidole, therefore it is not only because of their specific odour, but also because of their inactive behaviour.


We could assume that the long and strong spines of whatever shape on the dorsal side of Paragus larvae confer protection against the ants. Earlier studies of the author (Schmutterer 1956) in Germany showed that in colonies of the aphid Schizodryobius longirostris Mordv. intensively tended by the ant Formica polyctena Foerst., only the strongly spiny, very unmoving larvae of an unidentified syrphid were able to develop [almost certainly a Dasysyrphus]. It is possible that similar adaptations underlie the relations between F.polyctena and hoverfly larvae in Germany as those between Pheidole and Paragus larvae in Kenya.


In conclusion it could be established about the behaviour of Pheidole against Paragus larvae that probably several factors (odour, behaviour, morphological structure) exert particular influences. Which of these factors plays the dominant role one cannot say with certainty from the test results. since one has to be reckon always with complex effects. 


Lepisiota shows an antagonistic engagement with larvae of the larger syrphid species, but this is not nearly so aggressive as in Pheidole. The ants could prevail upon some larvae so that they fell to the ground, but only in a few instances could they kill the older instars. When Lepisiota were seen carrying dead syrphid larvae into and out of the entrance [to the nest?], it is very questionable whether the prey had been killed by the ants themselves.


Lepisiota showed only a very low aggressiveness towards larvae of Paragus longiventris, P.marshalli and P.borbonicus. This is also true if they come into contact with larvae that have previously been in aphid colonies tended by Pheidole.By producing fluid for palpating ants, in P.longiventris it is primarily a question of a type of defensive reaction which however already borders on the area of trophobiosis since the ants towards which the syrphid larvae have produced the fluid themselves take this substance with every appearance of it being food. On the basis of this behaviour, it could at least partly be clarified why Lepisiota does not or only weakly attacks Paragus larvae, and also when the odour of an alien ant such as Pheidole clings to them.


Not only because of their intensive trophobiosis with many Homoptera, but also because of the consequent death of larvae of some important predator syrphid species in aphid colonies tended by them, Pheidole must be considered as an important indirect plant pest. A part of the indirect harm caused by the ants is however compensated for, since the eggs and larvae of Paragus species obtain from Pheidole an almost complete protection from parasitic Hymenoptera (Diplazon spp): no oviposition by parasitoids is possible due to the presence of the ants. Pupae from aphid colonies strongly tended by Pheidole were never parasitized, whilst those from colonies without ants (eg Myzus persicae on Solanum seaforthianum and various aphids on Sonchus oleraceus) were parasitized in many cases 100% by Diplazon species (Table 2).


With regard to the protection of large syrphid species from parasitoids, Lepisiota plays a very important ecological role. Thus pupae of Betasyrphus and Allograpta (oviposition by Diplazon takes place in the eggs and young larvae) in ant-tended aphid colonies were only 8% parasitized, whereas those without ants were 60-100% parasitized (Table 2). Since in many years syrphid parasitoids in the Kenya highlands is very high, and therefore the population dynamics of hoverflies could be clearly affected, aphid colonies tended by Lepisiota in or near which syrphid larvae persevere patiently with the ants, and at the same time are protected from parasitoids, represent an important reservoir for the beneficials. Thus it happens that when for Lepisiota one reckons up the balance of indirect harm caused by the trophobiosis with aphids, and indirect benefit via protection of syrphids, at least a balance emerges, if not positive for the ants.
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