
INTRODUCTION

Trophobiotic interrelations with different insects are
widespread among ants. The ants collect the sweet
excreta of their symbionts and in exchange protect them
from natural enemies (Nixon, 1951; Hölldobler &
Wilson, 1990). So far ants are thought to have mutualistic
relationships with insects of only two orders: Lepidoptera
(Maschwitz et al., 1987; Pierce et al., 2002) and Hemi-
ptera, including insects of three suborders: Sternor-
rhyncha (aphids, scale insects, white flies), Auche-
norrhyncha (leafhoppers, planthoppers) (Delabie, 2001)
and Heteroptera (true bugs) (Gibernau & Dejean, 2001;
Waldkircher et al., 2004). A new type of trophobiosis
between ants and larvae of the sawfly Blasticotoma fili-

ceti Klug, 1834 (Hymenoptera: Blasticotomidae) was
recently discovered (Biryukova et al., 2006; Shcherba-
kov, 2006). This ant-sawfly larva interaction is unique
because, unlike other symbionts of ants, the sawfly larvae
live inside fern fronds and are concealed from the ants for
most of the time (Fig. 1). The biology of B. filiceti has
been studied in detail (Meijere, 1911). The larvae of B.
filiceti develop from eggs deposited by the imago inside
fern fronds, which develop a dark colour in the places
where the larvae are located. The sawfly larvae develop
in short tunnels that are equal in length or slightly longer
than their own length. They feed mostly on plant sap
extending their tunnels forwards as they grow (Shcher-
bakov, 2006). The larvae make holes in the fern fronds to
enable them to breathe and excrete. The diameter of the
holes are increased both by the activity of the larvae from

inside and the nibbling of the ferns by ants from outside
(Biryukova & Novgorodova, 2008). The older larvae
leave their tunnels and descend to the soil prior to over-
wintering.

Species of at least two subfamilies of ants, the Formi-
cinae and Myrmicinae, interact with this symbiont (Biryu-
kova, 2007; Biryukova & Novgorodova, 2008). However
almost nothing is known about the behavioural aspects of
the ant-sawfly larva interaction. The aim of this work is to
investigate the ethological aspects of the interrelations
between ants and the larvae of B. filiceti that remain
hidden from any contact with ants for most of the time
and determine whether ant-sawfly larva interactions differ
depending on the species of ant.

MATERIAL AND METHODS

Sites investigated

Investigations were carried out in 2006–2008 in Siberia in
coniferous forests in the North-eastern Altai (north end of Lake
Teletskoe, 51°48´N, 87°17´E, alt. 434 m a.s.l.) and in mixed
pine and birch-aspen forests in the Novosibirsk Region
(54°57´N, 83°06´E, alt. 200 m a.s.l.). Four sites were chosen for
detailed investigation, two in the Altai and two near
Novosibirsk.

Trophobiotic interrelations between ants and sawfly larvae

Censuses of the trophobiotic interrelations between ants and
larvae of B. filiceti were carried out several times during the
season, from May until the end of September. In order to sim-
plify the search for sawfly larvae and not to disturb them, they
were located by searching for the following signs indicating the
presence of larvae (Biryukova & Novgorodova, 2008): frond is
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discoloured and holed, larval excretory products on the fronds
(liquid, solid, frothy) and the presence of ants (Fig. 1). Dissec-
tions of fern fronds have shown that nearly all the sites on
fronds showing signs indicating the presence of larvae (pre-
sumably larvae of B. filiceti) contain tunnels constructed by the
larvae of this sawfly (correlation about 0.99–1) (Biryukova &
Novgorodova, 2008). The typical signs of habitation by B. fili-
ceti larvae, the number per frond and the presence of ants were
recorded. Ants attending sawfly larvae were collected and fixed
in 70% alcohol.

Behaviour of ants attending sawfly larvae

Visual observations on insect behaviour were carried out on
the fern plants (Athyrium filix-femina (L.) Roth, 1799, Dryo-

pteris carthusiana (Vill.) H.P., 1959, Matteuccia struthiopteris

(L.) Tod., 1966) that contained larvae tended by different spe-
cies of ants from July to September.

For the detailed investigation of the behaviour of ants during
their interaction with sawfly larvae, two ant species were
selected: Formica polyctena Förster, 1850, a species that domi-
nates in multispecies ant communities and Myrmica rubra Lin-
naeus, 1758. F. polyctena usually live in large colonies and pos-
sess large protected feeding territories. M. rubra live in small
colonies and do not protect their feeding sites. One colony of
each ant species was studied. Description of the anthill and for-
aging territory of the F. polyctena colony is as follows: diameter
(d/D) 140/230 cm, height (h/H) 70/105 cm, 10 foraging trails, a
feeding area of about 5000 m2. The number of ants in a colony
of M. rubra is about 800–1000. The behaviour of ants collecting
larval excreta was observed on plants of Athyrium filix-femina

tended by F. polyctena (5 plants) and M. rubra (1).
Visual observations were aided by marking the ants with nitro

paints. Various combinations of dots of different colours were
painted on the abdomen, thorax and head of ants. About 425
individuals of F. polyctena and 220 of M. rubra were individu-
ally marked. The behaviour of the ants attending sawfly larvae
was observed in detail for 73 F. polyctena and 19 M. rubra. Ten
features of the behaviour and interaction of ants with sawfly
larvae were recorded: (1) collection of larval excreta, (2)
standing still, (3) trophallaxis, (4) grooming, (5) allogrooming,
(6) aggressive behaviour (which includes alert poses, aggressive
poses, body jerking, “hit-and-run attacks”, biting and the “death
grip”), (7) exploratory activity, (8) antennal contacts between
ants, (9) leaving the plant with trophobionts, (10) returning to
the plant with trophobionts. Time spent by ants exhibiting
behavioural features 1 to 8 was recorded. In addition, the time
when ants left and returned to a plant was recorded. Visual
observations on the behaviour of ants leaving a plant swollen
with honeydew showed that all of them went to the nest and
then returned without honeydew. So, in the time budgets the
period of time between leaving and returning to the plant was

categorized as the time taken to transport food to the nest. The
total period of time spent observing ants was about 100 h. The
time spent observing fern plants with larvae ranged from 5 to 30
h.

In order to quantify the aggressiveness of the ants, a universal
scale of ant aggressiveness was developed based on data
obtained from several years of investigations on the behaviour
of different ants (Formica, Myrmica, Camponotus and Lasius).
The scale of aggression was based on the reactions of ants to
different irritants (Table 1). The reactions of each ant to an arti-
ficial irritant were recorded several times in natural, quiet condi-
tions. A dissecting needle was used as the artificial irritant and
was positioned about 1 cm from an ant.

Data analysis

The time budgets of the different species of ants were com-
pared using hierarchical cluster analysis (1-Pearson r, complete
linkage). The time budgets of the ants in the different groups
were compared by means of Spearman Rank correlation (rs).
The proportions of time spent by the ants on a fern and their
aggressiveness were compared by means of the Mann-Whitney
U Test. The data were analyzed using STATISTICA (version
5.5) and Microsoft Excel 2003.

RESULTS

The ethological peculiarities of the ant-sawfly larva

interactions

The first interactions of ants with sawfly larvae were
recorded in the middle of July, both in the Altai and
around Novosibirsk, which is when the sawfly larvae
make holes in the fronds. It is only at this moment that
trophobiotic interactions between ants and sawfly larvae
become possible. The interactions of ants with sawfly
larvae are determined by the concealed way of life of B.
filiceti. Observations have shown that ants either collect
the liquid excreta of a larva at the moment of excretion or
they scrape dried drops of excreta off the plant (Fig. 1).
The moment of excretion is easily seen as liquid appears
in a hole and it seems that the whole tunnel is filled with
liquid. At that moment ants usually gather around the
hole, fill their crops with liquid and then transport it to
their nest.

Sawfly larvae appear to be able to keep drops of liquid
excreta for some time by means of special morphological
structures situated at the end of their abdomen (Fig. 2).
The last abdominal segment is slightly concave and is
bordered by sclerotized structures similar to the structures
on the distal abdominal segments of bark beetles and
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A prolonged biting/stinging fight (ant seizes the irritant and does not loosen its grip)The “death grip”8
Bite the irritant Bite7
Sudden attack of the irritant“Hit-and-run attack”6

Usually repeated rapid forward-and-back jerking with open mandibles, without any contact
with the irritant

Jerking of the body5

The pose adopted before an attack in which they spray acidAdopt an aggressive pose4
Stand still with mandibles slightly open and antennae slightly extended towards the irritantAdopt “An alert pose”3
Investigate the irritant using their antennae (intense antennation)Investigation2
Neutral reaction (ants do not react)Tolerance1
Leap down or run awayAvoidance0

Ant behaviour
The type of ant reaction to

the irritant (needle)
Level

TABLE 1. The scale of aggression used when scoring the responses of ants to the irritant.



some other hylotomous beetles. It is probably an adapta-
tion for ejecting excretory products from tunnels. In addi-
tion, there are two pairs of soft processes at the apex of
the abdomen. Their function is unknown, but they are
probably also involved in the formation and ejection of
excreta and interaction with ants when the larvae leave
their tunnels in fern fronds.

As sawfly larvae are concealed from the ants inside fern
fronds for most the time, the majority of the ant-sawfly
contacts occur near the holes in the fern fronds or when
the larvae leave their tunnels prior to descending to the
soil to overwinter.

Observations on the ant-larva interactions have shown
that the process by which a sawfly larva descends to the
soil for overwintering is not simple. The B. filiceti larvae
tended by red wood ants (F. polyctena and Formica trun-

corum Fabricius, 1804) very slowly leave a frond prior to
descending to the soil. When a larva begins to emerge
from its tunnel it is the last 1–2 segments of the larva’s
abdomen that first appear in the aperture. This process is
repeated several times and initially the larva avoids any-
thing that touches its body, including the gentle touch of
an ant’s antennae. Some time later (20–45 min), several

segments (up to half the length of the abdomen) of the
larva emerge for a longer period of time (3–120 s). Nine-
teen larvae of B. filiceti showed this response: 17 were
tended by F. polyctena and 2 by F. truncorum.

As for the ants, they usually clean themselves after first
contacting a larva. During following contacts, the behav-
iour of the ants resembles the way in which they tend
aphids. They actively stroke the larva with their antennae.
However, B. filiceti larvae usually don’t produce any
excretory products at this time. So the ants scrape off the
remains of liquid excretory from the surface of the abdo-
mens of the larvae (Fig. 3). Some 4–24 h after they first
emerge from their tunnels, larvae usually leave the frond
by dropping down and then burrowing into the ground lit-
ter.

Ants of different species do not usually meet on the
same fronds at the same time. However, there are excep-
tions. One is Formica fusca Linnaeus, 1758 ants, which
were noted on plants with larvae attended by Myrmica,
Formica and Lasius ants. F. fusca ants usually collected
larval excreta when the other ants were at some distance
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Fig. 1. Trophobioses between different ants and larvae of the
sawfly Blasticotoma filiceti. A – Formica polyctena Först.; B –
Myrmica rubra L. (photo by T.A. Novgorodova).

Fig. 2. The larva of the fern sawfly (photo by O.B.
Biryukova).

Fig. 3. The interaction between F. polyctena ants and a Blas-

ticotoma filiceti larva emerging from a fern frond (photo by
T.A. Novgorodova).



from the larvae. Another exception is Myrmica ants.
Three cases were recorded when M. rubra and M. rugi-

nodis Nylander, 1846 visited the same fern frond with
larvae at the same time.

In addition, small ants of the genera Myrmica and
Lasius were seen to visit empty sawfly tunnels in fern
fronds both in the Altai and Novosibirsk regions. The ants
seem to collect the remains of liquid excreta of B. filiceti,
scraping them from the surface and nibbling the insides of
tunnels made by larvae (Fig. 4). This type of behaviour
was recorded for Myrmica ants (5.98% of the 144 larval
tunnels visited by these ants) and Lasius platythorax Seif-
ert, 1991 (11.11% of 9 tunnels).

The organization of the collection of sawfly larval

excreta by different ants

The individual fern plants with sawfly larvae were
attended by relatively constant groups of ants. The
number of foragers on a frond can reach 20 (F. polyctena)
or even 30 (M. rubra) and depends on the number of B.
filiceti larvae per frond (for F. polyctena: r = 0.48, n =
353, p < 0.01; for M. rubra: r = 0.48, n = 45, p < 0.01).
The number of larvae per Lady Fern frond varied from 1
to 6 in the Altai (mean ± SD: 2.02 ± 1.04, n = 507) and
from 1 to 10 in the Novosibirsk Regions (mean ± SD:
3.34 ± 1.75, n = 79).

The cluster analysis resulted in the graphs in Fig. 5 in
which ants with similar time budgets are grouped together
and accorded an appropriate name based on the main
functions of the foragers in each group (Fig. 5). Cluster
analysis revealed that M. rubra ants visiting sawfly larvae
have similar time budgets (Fig. 5). Detailed analyses indi-
cate that the groups of ants visiting sawfly larvae consist
of only “unspecialized” foragers working independently.
These ants collect the excreta of larvae and transport it to
their nest, regularly running between the fern plant and
the nest and extremely rarely encountering each other
(Fig. 6). In addition, M. rubra ants are not usually aggres-
sive and have an aggressiveness score of only 0.11 ± 0.22
(mean ± SD; n = 19).

The honeydew collecting behaviour of F. polyctena

ants, which dominate in the multispecies ant
communities, is more complex. Wood ants visiting sawfly
larvae are clearly divided into the following two “profes-
sional” groups: “unspecialized” foragers and ants “on
duty” (Fig. 5). The average time budgets of ants in these
two groups differ significantly (rs real = 0.523 < rs critical =
0.72). Most of the ants are “unspecialized” foragers
(mean ± SD: 96.85 ± 3.74%, n = 5). They collect larval
excreta, rarely encounter other ants and regularly trans-
port liquid food to the anthill (Fig. 6). Ants “on duty”
make up about 5% (mean ± SD: 3.81 ± 3.83, n = 5) of the
working ants. These ants spend significantly more time
on fern plants with larvae B. filiceti than the “unspecial-
ized” foragers (Fig. 7). They usually give the larval excre-
tions they collected to “unspecialized” foragers visiting
the same fern frond and very rarely left the fern. The
major part of the time they collected larval excreta and
explored the plant (Fig. 6). They regularly investigated
fern fronds and the area around the fern, or stayed close
to the hole of the larval tunnel. It is the ants “on duty”
that guard sawfly larvae, at least from the other ants. In
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Fig. 4. Tunnels of larvae of B. filiceti that have been exca-
vated by ants (photo by O.B. Biryukova).

Fig. 5. Dendrograms for Myrmica rubra (A) and Formica

polyctena (B) based on their correlation coefficients (1-Pearson
r).



spite of the fact that there are no significant differences
between the aggressiveness of the ants “on duty” and the
“unspecialized” foragers (4.51 ± 1.00, n = 14 vs. 3.02 ±
1.69, n = 59; Mann-Whitney U Test, p = 0.09), there
appears to be a pronounced tendency for ants “on duty” to
be more aggressive than the “unspecialized” foragers.
The “unspecialized” foragers of F. polyctena and M.
rubra seem to perform similar functions. The average
time budgets of these ants are similar (rs real = 0.79 > rs critical

= 0.72). Moreover, the percentages of time spent on ferns
by ants of these groups also do not differ (Fig. 7). Signifi-
cant differences were found only in the percentages of
time spent by “unspecialized” foragers of F. polyctena

and M. rubra in trophallaxis, aggressive behaviour and
exploratory activity (Fig. 7).

DISCUSSION

The trophobiotic interrelations of ants with various
insects have been investigated over many years (Mord-
vilko, 1901; Nixon, 1951; Way, 1963; Pierce et al., 2002;
Novgorodova, 2004; 2008; Styrsky & Eubanks, 2007;
Oliver et al., 2008). At present the least explored type of
trophobiosis is that between ants and sawfly larvae dis-
covered quite recently in the European part of Russia
(Shcherbakov, 2006), Western Siberia (Biryukova et al.,
2006; Biryukova, 2007) and Germany (Liston, 2007).
Sawfly larvae produce three kinds of excreta: liquid, solid
and frothy (Biryukova, 2007). It is the liquid fraction that
attracts ants. The solid and frothy excreta located near the
holes of the larval tunnels are not collected by ants
(Biryukova & Novgorodova, 2008). It should be noted
that the frothy excreta was very rarely observed in the
study area (less than 1% of the larvae studied). The solid
excreta was recorded only in the Altai territory.

Liquid excreta of sawfly larvae possibly supplement the
aphid honeydew collected by ants from spring (the end of
April) till autumn (September–October) in this region.
The excreta of sawfly larvae provide a rather important
food resource for ants, at least from the middle of July
until the end of August. During this period 14 species of
ants belonging to 4 genera (Formica, Camponotus,
Lasius, Myrmica) actively collected the excreta of sawfly
larvae in this region (Biryukova & Novgorodova, 2008).
The maximum number of sawfly larvae occurred from the
middle of July until the middle of August, when they
begin to leave the fronds and the number of larvae
decreases.

The number of ants collecting larval excreta correlated
positively with the number of sawfly larvae in the fern
fronds. Similar results were obtained during studies of the
interactions of red wood ants with aphids (Novgorodova
& Reznikova, 1996; Novgorodova, 2008). It is known
that ant-attendance correlates with the amount of hon-
eydew produced by trophobionts (Völkl et al., 1999). The
number of ants visiting sawfly larvae thus seems to
depend on the amount of carbohydrate excreted by the
larvae. However, some ants were found to behave like
scroungers in their relations with other ants. For example,
lonely foragers of F. fusca were observed to “steal” food
from fronds containing larvae attended by other ants.
Similar behaviour is recorded for Serviformica ants,
which exploit aphid colonies attended by ants of other
species (Novgorodova & Reznikova, 1996).

The concealed life style of B. filiceti determines the
interactions of ants with sawfly larvae. All the ant-sawfly
encounters occur near the holes in the fern fronds at the
moment when the larvae leave their tunnels or excrete liq-
uid. The period of time when the larvae leave their tun-
nels in the fronds is a very dangerous time for them. It is
a well known fact that ants are also predators of sawfly
larvae (Verzhutskiy, 1981). In addition, four cases were
recorded of F. polyctena ants returning to their nest with
larvae. It is known that ants can associate the production
of honeydew with the chemical characteristics of the
cuticle of trophobionts, which suppresses ant aggression
(Choe & Rust, 2006). It is likely that the slow manner in
which a larva leaves a frond assists ants to recognize it as
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Fig. 6. The percentages of time spent by ants of Formica

polyctena (F_pol) and Myrmica rubra (M_rub) executing dif-
ferent tasks: 1 – collection of larval excreta, 2 – standing still, 3
– trophallaxis, 4 – grooming, 5 – allogrooming, 6 – aggressive
behaviour, 7 – exploratory activity, 8 – antennal contacts
between ants, 9 – transporting food to the nest. The data for the
two species showing the same behaviour marked with different
letters are significantly different (Mann-Whitney U Test, p <
0.01). NS indicate no significance for pairs of data of the same
behaviour.

Fig. 7. The percentages of time spent by the different groups
of ants on fern plants with larvae of B. filiceti. The data marked
with different letters are significantly different (Mann-Whitney
U Test, p < 0.001). The data marked with the same letter are not
significantly different (p > 0.05).



a symbiont and enables the larva to avoid attacks by the
ants.

As for the behaviour of the ants collecting larval
excreta, it is similar to that recorded at sugar troughs. It is
likely that foragers do not need to have any special skills
in order to collect the excreta of B. filiceti larvae, unlike
when tending aphids, which need to be solicited to pro-
duce more excreta. Nevertheless, the behaviour of ants
interacting with sawfly larvae varies in its complexity.
The collection of sawfly larval excreta by F. polyctena

ants, which are dominant in multispecies ant commu-
nities, and of M. rubra from small colonies, differed. The
individual fern plants with sawfly larvae are attended by
relatively constant groups of ants. However the behaviour
of the highly social red wood ants of F. polyctena

recorded when interacting with sawfly larvae was more
complex. While the working groups of M. rubra tending
sawfly larvae consist only of non-aggressive “unspecial-
ized” foragers, those of F. polyctena include a few ants
“on duty”, which protect the trophobionts, at least from
the other ants.

Ants tending colonies of aphids infesting the surfaces
of plants show a range of different behaviours: from
unspecialized foragers to “professional” specialization
with a clear division of tasks (Reznikova & Novgo-
rodova, 1998; Novgorodova, 2007, 2008). Red wood ants
have the most complex behaviour with marked “profes-
sional” specialization, with each colony of aphids tended
by a specific group of ants. Four “professional” groups of
foragers with different functions were identified. The
“shepherds” collect honeydew, the “guards” protect aphid
colonies, the “transporters” carry honeydew to the anthill
and the “scouts” (or “coordinators”) search for new colo-
nies and coordinate the group activities (Reznikova &
Novgorodova, 1998; Novgorodova, 2008). The ants “on
duty” seem to be analogous to the “guards” and “shep-
herds” tending aphids, which also spend almost all their
time tending aphid colonies. Preliminary analysis has
shown that the group of F. polyctena ants “on duty” is not
homogeneous. However, this and the differences in the
behaviour of the “on duty” ants both require more
detailed study.
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