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4.2,3.2 Formicarium observations

A. Description of early stages

For a full description of the egg, larval and pupal stages of
E, dolorosa see Appendix V.

B. Interaction between E. dolorosa and ants

Colonies of trree species of ants were available from the study
area all of which were known to be lycaenid associated, These three
species were Acantholepis capensis Mayr, Camponotus niveosetocus Mayr

and Campono. tue maculatus (Fabricius).

(I) Interaction between E, dolorosa and A. capensis

The larvae placed directly on the floor of the arena were completely
ignored by the 4. capenais workers, When a Beciwn obovatum inflorescence
with &, dolorosa larvae feeding on the flowers was placed in the arena,
the ants investigated the flowers, but again ignored the larvae.

An E. dolorosa larva was placed directly into the nest to test the
ants reaction. Placing the larva in the nest disturbed the ants and
they started running wildly around. Several worker ants initially
investigated the E, dolorcsa larva, but after the activity died down
due to the opening of the nest, the lycaenid was again ignored. The
odd worker ant would quickly investigate the larva with its antennae as
it passed it in the nest.

(IT) Interaction between £, dolorosa and C. nivevsetosus

The larvae placed directly on the floor of the a“ena were investigated
by worker ants with their antennae when discovered. The ant would stroke
and touchk the larvae, usually in the vicinity of the honey-gland, but
also on the thoracic region., After about 30-60 second. the worker ants
usually lost interest and wandered off, The larvae found on an
inflorescence placed in the arena were treated in a similar manner by the
ants. They would touck and stroke them with their antennae but would
soon wander off,

A final instar 7, dolorosa larva placed directly in the C. niveosetosus
nest was investigatad by a worker ant with its antennae for approximately
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two minutes, then was picked up and carried towards the ant broocd, but
the larva started moving and appeared to be injured. The ant dropped
the larva near the brood, but the cuticle was punctured and it was
bleeding in two places. The larva was consumed by the ants. In another
two instances ©. dolor .1 larvae placed in the nest were investigated

by the ants ofi i on tor over an hour. The larvae were left in the
nest and when ch .cked about three hours later there was no trace of the
caterpillars, The larvae were most likely consumed by the ants as was
observed with the first individual.

(IIT) Interaction between E. dolorcsa and C. maculatus

The larvae placed directly on the floor of the arena were investi-
gated by the C. maculatus workers with their antennae. The worker ants
would stroke and touch them mainly in the vicinity of the honey-gland
but also on the thoracic region. The ants were fairly persistent and
one individual investigated a larva for approximately 5 minutes. It
could not be seen whether the lycaenid responded to this treatment by
exuding liquid from the honey-gland. When found on an inflorescence
the £. dolorosa larvae were treated in a simiiar manner to the above,
The extrusion of the tubercles by the larvae elicited no response in
the ants,

Three E, dolorosa were placed directly into the C. maculatus nest.
These larvas were investigated by both worker and soldier ants off and
on for about an hour., No individual investigatec the lycaenid larvae
for more than a minute., The larvae were left in the nest and after 24
hours two still remuined, the third having vanished. The missing larva
may have died or been killed and eaten by the ants. The two larvae
were generally ignored by the ants during a 30 minute observation period
after they had been in the nest 24 hours. The two larvae were then
removed from the nest as they would have died without food.

4,2,3,3 Reaction of the ants to the glandular extracts of Z. doelorosa

absorbed on to corn cob grits

The following behavioural responses were observed in the worker ants
of the three species investigated.
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A. Aewmtholepis capensis response to the extract from whole
E, dolorosa larvae (Table 11)

The grits were placed in the arena near the entrance to the nest
and wern completely ignored by the workers of A, capensis.

B. Camponotus niveosetosus response to the extract from whole
E. doloroaa larveae (Table 11)

The grits were placed in the arena near the entrance to the nest
and when discovered by the worker ants were investigated by them, The
ants passed their antennae over the surface and two workers investigated
a grit for three minutes. After about an hour the grits were being
ignored or had been removed to the refuse piie.

C. Camponotus maculatus response to the extract from a whole
E, dolorosa larva (Tablas 11)

The grits were placed in the arena near the 2ntrance to the nest
and when discovered by the worker ants were investigated by them, The
ants passed their antennae over the surface, and some grits were
investigated for as long as five minutes at a time. After about an
hour the grits were being ignored.

4,2,3.4 Gas chromatography of the volatile secretions of £, dolorosa

The peaks on the chromatoaram from the extract of &, dolorosa were
compared using relative retention times with those of the brood extracts
of A, capensis, C. niveosetosus and C. maculatus (Table 12). The
relative amounts of each component were alsc compared by taking the
areas under the peaks and calculating the percentaqe of each (Table 13)

The retention times and the areas of the peaks as given by the
Autolab Minigrator and the calculations for the tables can be found in
in Appendix VI

Comparison of the chromatcgrams showed that four pes"s were common
to all extracts, these are naaks 6, 15, 16 and 17 (Table 12)

A, Comparison of the F, dolorosa chromatogram with the brood

extract chromatogram of A, capensis

The comparicon with the brood extract chromatogram of 4, capensis
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(fig. 25) shows that 8 of its 15 peaks do not occur on the E. dolorosa
chromatogram (fig, 34), which in turn has 5 of its 12 peaks not occurirg
in A. eaensis, There are in fact only 7 peaks in common between the
two chromatograms (Table 12), These results and the fact that

A. capensis ants compietely ignored the larvae and extracts indicates
that they are never likely to tend &. dolorosa.

solvent

0 5 10 15 20 25 10 35 40
TIME (minutes)

Fig. 34. Gas chromatogram of the volatile material extracted from
whole £, dolorosa larvae.
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lolorosa it only constitutes 17.1% (Table 13),
C. Comparison of the Z, ra chromatogram with the brood

extract of

A comparison of the E. : chromatogram (fig. 34) with that

of . maculatus (7ig. 35) shows that they are quite similar. From
Table 12 it can be seen that 9 of the 12 peaks on the Z. dol
chromatogram are to be found on that of C. maculatus. The relative
amounts of the chemicals represented by the peaks are also very similar
(Table 13). This indicates that L. dolorosa larvae are viry likely to
be tended by . maculatus ants if they are present as was found by

behavioral experiments,

D. Comparison of the E. d.ulorcsa reSu[E:_with those of the two

myrmecophilous associations

From Table 14 it can be seen that £. dolorosa has 58% of its peaks
in common with the chromatogram of A. capensis, 42% with C. niveosetosus
and 75% with ¢. maculatus,In the two myrmecophileus relationships it can
be seen that A. dentatze has 92% of its peaks in common with its host
ant 4, capensis, while the percentages of peaks in common with its non
host ants, C. niveosetosus and C. maculatus, are much lower, being 38%
and 69% respectively. The same can be seen with o, 7 *a which has

63% of its peaks in common with its host ant ¢, »/ sus, but only

Table 14, Percentage of peaks on the chromatograms of the lycaenid
larvae corresponding to those on the chromatograms of the
three ant species investigated (see Appendix VII for

calculation)

Ant Species

Lycaenid species ———————— e
) 38 69

‘ 0 63 38
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5. DISCUSSION

This study has established that chemical communication plays an
important part in the relationships between some lycaenid species and
their host ants. This work supports the conclusions reached by several
authors from their behavioural studies (Ehrhardt, 1914; Malicky, 1969,
15/0; Claassens, 1974, 1976).

In the studies undertaken here it was found that a volatile lycaenid
larval secretion appeared to mimic the brood pheromone of the host ant.
This volatiie secretion of L., Zgnota caused the ants, C. niveosetosue
to carry the lycaenid larvae into the nest. In the case of A, denca’
the larvae are too large to be carried by their host ant A. capensis,
but they do appear to be groomed and generally tended as the workers
would do their own brood. Small corn cob ygrits soaked in extracts of
A, dentatis larvae were carried by their host ant, indicating that a
similar chemical signal was being employed as in the case of L. ignota
However, size may not only be the reason that some lycaenid larvae are
not carried by ants, since, L. Zgnota larvae are not carried intc the
nest until the third instar. Ants have been observed to try to pick
up Lepidochrysope larvae of all stages (Claassens, 1976), but they are
unable to do so until the larvae themselves release their hold on the
substrate, It was found during the course of this study that third
instar L. ignota larvae could be induced to releace their hold on the
substrate and roll up into a sphere by gentle stroking with a paint
brush, indicating this was a response to a tactile stimulus. First
and second instar L. 7Zgnota larvae when stroked with a paint brush just
tightened their qrip on the substrate. Claassens (1976) observad that
an ant before attempting *o pick up a Lepidochrysops larva would
investicate it with its antennae, thus possibly producing a tactile
stimulus sunilar to the oie obtained with the paint brush, so causing
the third instar larvae to release their hold., In this sti'- it was
also observed that third instar .. Zgnota larvae were always investigated
by the ant with their antennae be.ore they released their hold on the
substrate. 3o it appears that both the chemical attraction of the ant
and the tactile stimulus of the larva may be needed before the ant can
carry the lycaenid lar ae,

In the case of E. dolorosa, which 1s not dependent on ants the
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cituation is not quite so clear. The chromatogram of the volatile
secretion of the larva resembles most closely that of the bread
extract of Camponotus maculatus, having several peaks in common. This
ant was not observed to tend £, dolorosa larvae in the field. In the
laboratory &. doZoro}§f5n1y investigated by ¢. maculatus and not
carried into the nest, Corn cob grits soaked in extracts of £, dolorosa
larvae ere a.so only investigated by the ants. Therefore it appears
that although there are several peaks in common between the chromatograms
of €. maculatus brood and E. dolorosa larvae, the chemical actually
concerned with carrying must be absent in the lycaenid. The peaks in
common to both chromatograms may represent chemicals involved in
a**=action, grooming and general attention of the ant to the brood.
and Tschinkel (1974) and Brain (1975) found that the brood
of the ants they were studying was of low volatility and
- transmitted mainly by contact (see p. 14). Referring to 1
the .rct chemical on the gas chromatogram of the brood of C. niveos
took some twenty minutes to pass through the column showing that the
secretion is not as volatile as, for example, its alarm pheromone
(fig, 3C) which first appeared after eleven minutes. L. ignota had
several chemicals passing through the column, all corresponding with
peaks in the head extract, before the first chemicals passed through
from the brood extract of ¢, »'veosetosus (Table 9). If, as Walsh and
Tschinkel (1974) and Brain (19/5) suggest, the brood pheromone is a
contact or short range pheromone it would be advantagous to a lycaenid
larva to produce in addition a more volatile chemical to attract ants
from a distance. As about half of the chemicals produced by the
L. igrota larvae are more volatile than the bulk of the €. nivecsetosus
brood pheromone this could be the case (see Tables 9 & 10). As these
chemicals also all correspond to those on the head extract chromatogram
it suggests that they may be mimicking certain components of the alarm
pheromone, possibly those involved in attraction. Although this
hypothesis works with L. {gnota and ¢, nivecsetosus, it does not fit
the situation with A, dentati» and its host ant 4. eapensic (see Table
7). In this latter association the brood pheromone is actually more
volatile than the alarm pheromone.
The discuvery that the tubercie. of A. dentatis produced 4 volatiie
secretion that apncared to mimic the alarm pheromone of the host ants
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may be a remarkable example of co-evolution. From the observations

it appears thax only certain components of the alarm pheromone are
actually involved. As was pointed out in the introducticn (see p. 9)

the term alarm pheromone is rather misleading, The behaviour encompassed
by this term includes alerting, attraction and biting. The voiatile
secretion of the tubercies of A. dentatis appeared to be involved only

in alerting and attraction.

Claassers and Dickson (1977) in their study of the closely related
Aloeides tiyra (L.) also discussea the possible function of the tubercles.
They suggested that the function of the tubercles in this case might be
to render ihe ants aggressive so that they would attack insects or
spiders when these approached the larvae. To try to demonstrate this
they placed snall spiders, beetles, bugs, flies and other insects
individually in containers together with the iycaenid larvae and the
host ants. The ants reacted, upon the extension of the tubercles, in
the usual manner, but did not show increased aggressiveness or molest
the 'intruders' in any way. [t must be remembered though that ant
alarm behaviour is highly context specific, i.e., the very unnaturalness
nf these experiments may well have effected the results obtained.

However from the results of my study with A, dentatis it appears that
the volatile secretion of the .bercles releases only alerting and
attraction in the host ants, and there is nothing in the observations
of Claassens and Dickson to indicate that a different situation exists
in 4, thyra. The presence of the ants themselves may possibly act as
a deterrent to potential predators.

The results obtained with the symphilic L. Zgnota show that the
volatile secretions prorfuced by lycaenid larvae can be very specific,
Third instar L. ignoia iarvae that had stopped feeding on plant material
were offered to seven diffarent species of ant (Henning, unpublished
work) but it was only their hust ant, Camponotus niveosetosus, that was
attracted to them ard carried them into their nest, the other six species
completely ignoring them, The six species that ignored them were
Camponotus maculatus, Camponotus Sp., Acuntholepis capensis,

Anoplolepie custodiens and two species of Crematogaster, all species
found in association with other lycaenid species,

This is a:so supported by the work on A. dentatie. Although
A. eapensis and C. maculatus shared the same formicarium. the 4. dentatis
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virtually idertical. This indicates that the actual honey-gland
secretion was not particularly volatile as the peaks obtained appear
to have emanated from the perforated cupolas which were common to
both extracts. To determine the actual chemical composition of the
'honey-dew' secreted by the lycaenid larvae further chemical analysis
will have to be done on the glands.

Comparing the secretion of the honey-jland to the honeydew excreted
by aplids is probably misleading. To me the honey-gland appears to be
more analogous to the appeasement giand of myrmecophilous staphylinid
beetles (see p. 17). I say this because the excretion of the aphid is
a waste product, while the secretions of both the honey-giand and the
appeasement gland have a glandular origin, The function of the
secretions of both the honey-gland and appeasement gland is similar,
i.e. to gain acceptance by the ants. The chemical compcsition of the
secretions of both these glands is still not known tor whether or not
they are simple nutrients, secondary phagostimulants or mimics of the
pheromones of the host ants, although this last point seems unlikely
in the lycaenids,

There is another striking differenc: between £, dolorosa and the
two dependent myrmecophilous species investigated in this study. This
is the duration of the larval stages. The larval stages of £. dolorosa
only last a total of 19 days, while those of A. dentatis may last six
months or even a year if diapause takes place. In 5. Zgnota the larval
stages last some 10-11 months.

To explain the above differences in the duration of :he larval stages

is most difficult because such factors as size, weight, 'ype of food,
dependence on ants etc., all have to be taken into consiceration. To
discover whether the dependence on ants has anything to co with the
duration of the instars one would have to eliminate some of the other
possible influencing factors. To do this one would need to select
closely related species of similar size feeding on the same foodplant
at the same Lime of the year at the same locality, with the only major
difference being their dependency on ants,

E. dolorosa and L. ignota appear to fill the above requirements.
These two species belong to closely related genera, are about the same
size and feed on the flowers of Beciwn obovatwum during the months
September to November a'. Witpoortjie in the Transvaal, The only major
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differences between them is that from the third instar onwards

L. ignota becomes carnivorous and dependent on ants. The duration of
the larval stages differs considerably, that of Z. dolorosa 1asting a
total of 19 days and that of L. ¢gnotz 10-11 months. The duration of
the first two instars of L. Zgnota, while they are feeding on the
flowers of B. okovatum, is equivalent to those of £. dolorosa, lasting
8 days. Thus it appears that it is from the 3rd instar onward, when
L. ignota becomes carnivorous and dependent on its host ant, that
factors influencing the duration of the instar come into play. Before
discussing the implications of this let us look at another example.

Another two species to fill the requirements mentioned above are
Aloetides trimeni Tite and Dickson and 4. dentatis., These two species
are closely related, belonging to the same genus, are the same size
and feed on the leaves of the niant Hermania depressa during the
months September to January at Witpoortjie in the Transvaal. The only
major difference between them is that the larvae of A. dentatis shelter
during the day in the nest of thair host ant, while the larvae of
A. triment never leave the foodplant. The duration of the larval stages
of these two species differs considerably, that of A. trimeni lasting
some 3 months, and that of 4. dentatis, dependent on ants, lasting
6-12 months.

The above two examples suggest that there may be some correlation
between dependence on ants and the duration of the larva! stages.
Change in diet does not appear to be a major factor as A, dentatis
feeds on the same plant tnroughout its larval stages as does A. triment.
To check that the above observations were not atypical a survey of the
literature was made. The most important works consulted were those of
Clark and Dickson (1971), Jackson (1937), Hinton (1951). Lamborn (1914)
and Farquharson (1922,. All these authors described the lycaenid life
histories in great detail so that all possible factors influencing the
duration of the instars could be taken into consideration. From this
literature survey (see Table 4) it does appear that Tycaenids
associated with ants cend to have much longer larval period than those
not cependent on them.

The larval stages of the Aphaeinae, which are nearly all dependent
on ants, are all relatively long, lasting from 3-6 months or even more
and going through some six instars, In the subfamilies Plebejinae,
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