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RESUME
Mots clés: Les fourmis du genre Melissotarsus ont un mode de vie extrémement spécialisé. Les
Interactions plantes—fourmis ouvriéres et les reines creusent des galeries dans I'écorce des arbres. Les ouvriéres se
Melissotarsus déplacent en soulevant leurs pattes médianes et élévent des cochenilles Diaspididae pour

Dégradation de matériel végétal

s A leur chair. Leurs pattes antérieures sont utilisées pour boucher les galeries avec de la soie
Activité enzymatique

qu’elles-mémes sécrétent. Nous avons émis I’hypothése que les besoins énergétiques des
fourmis dus a I'activité quasi constante d’excavation seraient satisfaits par I'absorption de
tissus de la plante hote. Nous avons examiné les capacités digestives des ouvriéres de deux
espéces, en utilisant des techniques de base. Les ouvriéres sont capables de dégrader les
oligosaccharides, les hétérosides et, dans une moindre mesure, les polysaccharides. Ces
résultats sont a regrouper avec les rares cas ou il a été montré que des fourmis peuvent
digérer des polysaccharides végétaux autres que I'amidon.
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1. Introduction

Termites and ants, both species-rich eusocial insects,
are characterized by their abundance in terms of biomass
and number of individuals. Together, they represent up to
33% of the terrestrial animal biomass [1]. The abundance of
termites is related to their specialized diet based on
cellulose- and hemicellulose-containing substances that
are the most common organic compounds on Earth [2,3].
The ability of primitive termites to digest wood is based on
the cellulolytic activity of mutualistic flagellates housed in
the hindgut, while the bacterial ecto- and endosymbionts
of these flagellates play a major role in the metabolism of
nitrogen; these termites also produce endogenous cellu-
lase [3-5]. Although they are primarily known for
producing their own cellulases, evolutionarily-advanced
termites are associated with cellulolytic bacteria; also,
Termitinae, an Old World subfamily, cultivate cellulolytic
basidiomycetous fungus [3,6,7].

The ant diet is very diverse and many species are either
predatory or omnivorous, but their abundance is directly
related to herbivory. Leaf-cutting ants cultivate cellulolytic
basidiomycetous fungus and bacteria [8,9]; however, the
relationship of other ants to herbivory is indirect as they
exploit the honeydew produced by the sap-sucking
hemipterans they attend (trophobionts). Such a nitro-
gen-poor diet is associated with the presence of mutua-
listic endo- and exo-cellular bacteria, the latter developing
in the gut lumen [10,11]. For instance, in Camponotine
ants, Blochmannia, the first endosymbiotic bacteria ever
described [12], has nitrogen-recycling and upgrading
properties; it also contributes to the metabolism of sulphur
and lipids by the host and improves the immune defence of
their host ants [8,13,14]. Furthermore, bacteria from the
order Rhizobiales, well known for their ability to fix
nitrogen when associated with leguminous plants, have
been noted in the gut of ‘herbivorous’ ants as have the
genes involved in atmospheric nitrogen fixation [15-17].

The present study focuses on myrmicine ants of the
genus Melissotarsus that have an extremely specialized set
of behaviours. Both workers and gynes hollow out a
network of galleries in the bark of their host trees. Workers
walk with their middle pair of legs pointing upwards and in
contact with the ceiling of the galleries, so that they stagger
when placed on a flat surface. As a consequence of their
nearly constant digging, the queens and oldest workers
have well-worn mandibles, and they plug the gallery
openings with silk they secrete themselves. Also, Melisso-
tarsus workers tend Diaspididae for their flesh as members
of this Hemipteran family do not produce honeydew [18-
22]. Furthermore, due to the huge size of their colonies and
the fact that they dig galleries in the bark where they tend
Diapididae (up to 1,585,000 individuals per tree attending
556,000 Diaspis), they are considered pests in the manage-
ment of forest and tree crop plantations [19-21]. The
formation of these huge colonies is possible through
particularities in the Melissotarsus biology. Above all,
colonies have numerous egg-producing physogastric
queens, each situated at the centre of a zone ca. 1 m in
diameter in the bark of the host tree (oligogyny). Prior to
this, these queens took part in a dynamic process wherein

they first participated in digging galleries, a worker-like
task. After swarming, newly-inseminated females are
accepted into a colony, but they do not produce eggs until
they have the opportunity to dominate their own section of
the colony and become physogastric. Also, the workers
produce chorioned, viable eggs and can elude the queen’s
influence. Finally, intraspecific aggressiveness between
colonies is low, so that as they spread beneath the bark, the
colonies merge, forming huge colonies over vast areas [21].

The Melissotarsus workers (and young queens) dig the
living tissues situated around the cork cambium (from the
inside to the outside: the outer layers of the secondary
phloem, the phelloderm, the cork cambium and the still
tender cork cells). Meanwhile, layers of cork continue to
form all around the excavated area, so that older galleries
are found in the hard, most peripheral part of the bark
[20,21].

This mode of digging soft tissues is similar to that of
certain borer and miner insects that, while doing so, ingest
the cells’ cytosol plus very small particles (i.e., individual
cells or even parts of secondary membranes [23]). Note
that the smaller the insects, the smaller the particles they
bite off [23,24]; Melissotarsus workers are very small (less
than 2 mm in length). Furthermore, reducing the tissues
into very small particles, or comminution, creates new
surface areas for enzymatic activity [3]. The size of the
ingested particles is important in ants, because adults are
rather liquid feeders due to the existence of two filtering
apparatuses, the first situated after the infrabuccal pocket,
the second constituted by the proventriculus. For instance,
particles more than 10 wm in diameter cannot reach the
crop of Camponotus pennsylvanicus (Formicinae) workers,
and only particles of 1 um or less pass through the filtering
proventriculus bulb and reach the midgut and the hindgut
[25]. Yet, in most myrmicine ants, the proventriculus bulb
is absent, and the digestive tract simply narrows at the
proventriculus, permitting the ants to feed on solid food
[26,27] so that many myrmicine ants are granivorous. Like
in Melissotarsus, workers from these species wear down
their mandibles while milling seeds [28,29] and certain of
them secrete amylases in their midgut and hindgut in
addition to the amylases produced by the maxillary and
labial glands [30] and so are able to feed directly on starch.

We hypothesised in this study that while digging
galleries, a quasi-constant task for certain individuals to
the point that their mandibles become worn, Melissotarsus
workers ingest a part of the host tree bark. So, we
wondered if, to satisfy their energetic needs, these ants are
able to degrade oligosaccharides, heterosides, and even the
structural polysaccharides of plant material.

2. Materials and methods
2.1. Collecting biological material

We collected samples of ants on the campus of the
University of Yaoundé1(03°53’N; 11° 30’ W) and in the old
secondary forest at Kala (03° 59’ N; 11° 28’ W) from two
safoo trees (Dacryodes edulis; Burceraceae) and two mango
trees (Mangifera indica; Anacardiaceae) for the M. beccarii
and M. weissi colonies, respectively (one tree species per
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site). To do so, we peeled away the bark at the base of the
trees with a machete. The debris plus live ants were hand-
collected and placed into plastic bags for further study in
the laboratory.

2.2. Research on enzymatic activities

The detection of enzymatic activity was carried out on
crude extracts of biological material following a protocol
very similar to that described by D’Ettorre et al. [31]. Each
sample (1g of M. beccarii or M. weissi worker gasters,
respectively) was ground in 5 mL of distilled water using
an Ultra Turrax T18 micro-tissue grinder. This was then
centrifuged at 15,000 rpm for 20 minutes and the super-
natant dialyzed against distilled water for 24 hours in a
Naturin membrane (Ets Soussana, 92 Orly, France) to
remove reducing sugars. The dialyzed solution constituted
the enzymatic extract.

Seventeen specific and synthetic plant material sub-
strates (from Sigma Chemicals; St Louis, MO, USA) were
used in the enzyme assays (see [31]): five natural
oligosaccharides (i.e., maltose, sucrose, cellobiose, lactose,
and gentiobiose), five synthetic heterosides (i.e., ONP [3-
galactoside, ONP a- and ONP 3-glucoside, ONP [3-xyloside,
and ONP N-acetylglucosamine), and seven polysaccharides
(i.e., starch, xylan, lichenan, carobe galactomannan [GM
carobe], carboxymethylcellulose [i.e., CMC or microcrys-
talline cellulose], pullulan, and laminarin).

Enzymatic activity was assayed according to the
methods described by Rouland et al. [32]. Each enzyme
solution was incubated with substrates at 37 °C in a Mac
Ilvain buffer at pH 5 for 30 min (oligosaccharides and
heterosides) or 60 min (polysaccharides).

The reducing sugars produced by the hydrolysis of the
polysaccharides were assayed using the Somogyi-Nelson
microdosage technique [33]. The glucose released from the
oligosaccharides was determined through the glucose
oxidase method [34]. The heterosidasic activity was
assayed by measuring the amount of released para-
nitrophenol according to the method described by Mora
and Rouland [35]. The quantity of glucose liberated from
the different substrates was determined through spectro-
photometry (UV-VIS 2650; Labomed, Inc) at 505 nm for the
oligosaccharides, at 400 nm for the heterosides, and at
650 nm for the polysaccharides. The activity was expressed
as the amount of glucose equivalent (g G) per minute per
milligram of ant gaster (wet weight; this represents the
gasters of ca. 22 workers). For each Melissotarsus species,
two colonies were studied and, for each colony and each
substrate, three enzymatic assays were conducted.

3. Results and discussion

Enzymatic activity was noted in all cases, but to
different degrees. In M. beccarii, the oligosaccharidasic
activity was high for sucrose and maltose (Fig. 1A), while
M. weissi was characterized by a high a-glucosidasic
activity, followed by an N-acetyl glucosaminic activity.
Other oligosaccharides and heterosides were also
degraded, but at a low rate (like for M. beccarii; Fig. 1B).
Finally, although low, a polysaccharidasic activity was
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Fig. 1. Oligosaccharidasic (A), heterosidasic (B) and polysaccharidasic (C)
activities of the digestive tract of Melissotarsus weissi and M. beccarii.
Specific activity values (S.A.) are expressed as g of glucose released per
minute per mg of ant gaster (wet weight) (means =+ SE; N =6 in each case).

noted in both ant species, particularly for lichenan and
xylan (Fig. 1C).

We need to remember that secondary growth in
dicotyledonous tree stems is firstly due to the vascular
cambium producing the secondary xylem toward the
interior and the secondary phloem toward the exterior. As
the diameter of the stems increases, the epidermis is
stretched and a layer of cortical cells becomes merismatic
through dedifferentiation, forming a layer of “cork
cambium” that produces the phelloderm toward the
interior and the periderm, made of cork cells, toward
the exterior. The “bark” includes everything to the exterior
of the vascular cambium (from the phloem to the
periderm) [36].

In this general context, it is likely that nesting and
feeding behaviours are related in Melissotarsus because the
workers dig their galleries through the live tissues situated
around the cork cambium of their host tress [18-22].
Indeed, we demonstrate that they possess the enzymatic
equipment necessary to degrade oligosaccharides, hetero-
sides and even at least a part of the polysaccharides that
they eventually absorb in the form of solutions and tiny
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particles while digging. They have therefore the capability
of assimilating different carbohydrates from the cytoplasm
and the nucleus of the corresponding cells plus at least a
part of the different membranes. In a way, this shows a
kind of convergence with the habits of primitive termites
that spend most of their life cycle in the piece of wood that
also serves as a food source [37].

Although the level of enzymatic activity was low, we
show that Melissotarsus workers can degrade plant
polysaccharides (Fig. 1C) as has been noted for the workers
of leaf-cutting ants of the genera Atta and Acromyrmex,
whose level of enzymatic activity is also generally very low
[31,38] and in granivorous ants. It is indeed known that
several ant species, particularly granivores, produce their
own enzymes to degrade starch; these amylases are
produced mostly by the maxillary and the labial glands, as
well as, for certain species, by the midgut and the hindgut
[31,39]. Furthermore, Went et al. [40] suggested that the
adults of three Messor species also produce a protopecti-
nase that dissolves the middle lamella (a pectin layer) of
the seed embryos, but this remains to be demonstrated.
Leaf-cutting ants of the genera Acromyrmex and Atta are
obligatorily associated with a Lepiotaceae fungus which
they grow on leaves harvested by the workers. In this
mutualistic association, the fungus displays a high poly-
saccharidasic activity, whereas the ants degrade oligosac-
charides and heterosides; yet, a notable enzymatic activity
has been shown for Acromyrmex crassispinus workers on
starch [31].

It would be particularly interesting to determine in
future studies if Melissotarsus ants are able to degrade plant
polysaccharides other than starch thanks to endogenous
enzymes, and/or if a mutualistic association with endo- and
exo-cellular bacteria exists as is known in ants tending sap-
sucking Hemiptera [10-12]. The use of the recently-
developed technique based on polysaccharide microarrays
probed with antibodies and carbohydrate binding [41] could
facilitate further analyses. Furthermore, a stable isotopes
approach would allow us to verify if Melissotarsus adults and
larvae feed on plant tissues and/or on Diaspididae.

4. Conclusion

It is likely that Melissotarsus workers, in addition to the
degradation of oligosaccharides and heterosides, are also
able to degrade plant polysaccharides. Because this has
been shown using basic techniques, studying these
systems through metagenomic or proteomic approaches
should contribute to our knowledge of the different
cellulose-degrading enzymes that insects have developed
over the course of evolution.

Disclosure of interest

The authors declare that they have no conflicts of
interest concerning this article.

Acknowledgements

We are grateful to Andrea Dejean for proofreading the
manuscript. Financial support for this study was provided

by the French Ministére des Affaires étrangeres (CORUS
programme research agreement 02 412 062).

References

[1] B. Holldobler, E.O. Wilson, The Ants, Harvard University Press, Cam-
bridge, MA, USA, 1990, 730 p.

[2] L.C. Duchesne, D.W. Larson, Cellulose and the evolution of plant life,
BioScience 39 (1989) 238-241.

[3] H. Watanabe, G. Tokuda, Cellulolytic Systems in Insects, Annu. Rev.
Entomol. 55 (2010) 609-632.

[4] M. Wenzel, 1. Schonig, M. Berchtold, P. Kampfer, K. Koénig, Aerobic and
facultatively anaerobic cellulolytic bacteria from the gut of the Termite
Zootermopsis angusticollis, |. Appl. Microbiol. 92 (2002) 32-40.

[5] A. Brune, Microbial symbioses in the digestive tract of lower termites,
in: E. Rosenberg, U. Gophna (Eds.), Beneficial microorganisms in mul-
ticellular life forms, Heidelberg, Springer, 2011, pp. 3-25.

[6] G. Tokuda, H. Watanabe, Hidden cellulases in termites: revision of an
old hypothesis, Biol. Lett. 3 (2007) 336-339.

[7] T.Nobre, D.K. Aanen, Fungiculture or termite husbandry? The ruminant
hypothesis, Insects 3 (2012) 307-323.

[8] E.Zientz, H. Feldhaar, S. Stoll, R. Gross, Insights into the microbial world
associated with ants, Arch. Microbiol. 184 (2005) 199-206.

[9] F. Aylward, K.E. Burnum, J.J. Scott, G. Suen, S.G. Tringe, et al., Metage-
nomic and metaproteomic insights into bacterial communities in leaf-
cutter ant fungus gardens, ISME J. (2012) 1-14.

[10] S.C. Cook, D.W. Davidson, Nutritional and functional biology of exu-
date-feeding ants, Entomol. Exp. Appl. 118 (2006) 1-10.

[11] H. He, Y. Chen, Y. Zhang, C. Wei, Bacteria associated with gut lumen of
Camponotus japonicus Mayr, Environ. Entomol. 40 (2011) 1405-1409.

[12] F. Blochmann, Uber das Vorkommen von bakteriendhnlichen Gebilden
in den Geweben und Eiern verschiedener Insekten, Zentbl. Bakteriol. 11
(1892) 234-240.

[13] H.Feldhaar, ]. Straka, M. Krischke, K. Berthold, S. Stoll, et al., Nutritional
upgrading for omnivorous carpenter ants by the endosymbiont Bloch-
mannia, BMC Biol. 5 (2007) 48.

[14] D.J. de Souza, A. Bézier, D. Depoix, ].M. Drezen, A. Lenoir, Blochmannia
endosymbionts improve colony growth and immune defence in the ant
Camponotus fellah, BMC Microbiol. 9 (2009) 29.

[15] S.vanBorm, A. Buschinger, ].J. Boomsma, J. Billen, Tetraponera ants have
gut symbionts related to nitrogen-fixing root-nodule bacteria, Proc. R.
Soc. Lond. B. 269 (2002) 2023-2027.

[16] S. Eilmus, M. Heil, Bacterial associates of arboreal ants and their
putative functions in an obligate ant-plant mutualism, Appl. Env.
Microbiol. 75 (2009) 4324-4332.

[17] J.A. Russell, C.S. Moreau, B. Goldman-Huertas, M. Fujiwara, D.J. Lohman,
N.E. Pierce, Bacterial gut symbionts are tightly linked with the evolu-
tion of herbivory in ants, Proc. Natl. Acad. Sci. USA 106 (2009) 21236~
21241.

[18] B. Delage-Darchen, Une fourmi de Cote d’Ivoire: Melissotarsus titubans
Del., n. sp., Insect. Soc. 19 (1972) 213-226.

[19] AJ. Prins, Y. Ben-Dov, D.J. Rust, A new observation on the association
between ants (Hymenoptera: Formicidae) and armoured scale insects
(Homoptera: Diaspididae), J. Entomol. Soc. S. Afr. 38 (1975) 211-216.

[20] R. Mony, M. Kenne, A. Dejean, Biology and ecology of pest ants of the
genus Melissotarsus (Formicidae: Myrmicinae), with special reference
to tropical fruit tree attacks, Sociobiology, 40 (2002) 645-654.

[21] R. Mony, B.L. Fisher, M. Kenne, M. Tindo, A. Dejean, Behavioural ecology
of bark-digging ants of the genus Melissotarsus, Funct. Ecosyst. Com-
mun. 1 (2007) 121-128.

[22] B.L. Fisher, H.G. Robertson, Silk production by adult workers of the ant
Melissotarsus emeryi (Hymenoptera, Formicidae) in South African fyn-
bos, Insect. Soc. 46 (1999) 78-83.

[23] G. Sanson, The biomechanics of browsing and grazing, Am. J. Bot. 93
(2006) 1531-1545.

[24] F. Clissold, G.D. Sanson, ]. Read, The paradoxical effects nutrient ratios
and supply rates on an outbreaking insect herbivore, the Australian
plague locust, J. Anim. Ecol. 75 (2006) 1000-1013.

[25] C.A. Cannon, Nutritional ecology of the carpenter ant Camponotus
pennsylvanicus (De Geer): macronutrient preference and particle
consumption, (PhD thesis), Blacsburg, VA, 1998.

[26] T. Eisner, A comparative morphological study of the proventriculus of
ants (Hymenoptera, Formicidae), Bull. Mus. Comp. Zool. 116 (1957)
441-490.

[27] F.H. Caetano, Can we use the digestive tract for phyllogenetic studies in
ants, in: G.K. Veeresh, B. Mallik, C.A. Viraktamath (Eds.), Social insects
and the environment, Oxford & IBH publishing co., New Dehli,
1990, pp. 321-322.


http://refhub.elsevier.com/S1631-0691(13)00168-6/sbref0005
http://refhub.elsevier.com/S1631-0691(13)00168-6/sbref0005
http://refhub.elsevier.com/S1631-0691(13)00168-6/sbref0005
http://refhub.elsevier.com/S1631-0691(13)00168-6/sbref0010
http://refhub.elsevier.com/S1631-0691(13)00168-6/sbref0010
http://refhub.elsevier.com/S1631-0691(13)00168-6/sbref0015
http://refhub.elsevier.com/S1631-0691(13)00168-6/sbref0015
http://refhub.elsevier.com/S1631-0691(13)00168-6/sbref0020
http://refhub.elsevier.com/S1631-0691(13)00168-6/sbref0020
http://refhub.elsevier.com/S1631-0691(13)00168-6/sbref0020
http://refhub.elsevier.com/S1631-0691(13)00168-6/sbref0025
http://refhub.elsevier.com/S1631-0691(13)00168-6/sbref0025
http://refhub.elsevier.com/S1631-0691(13)00168-6/sbref0025
http://refhub.elsevier.com/S1631-0691(13)00168-6/sbref0025
http://refhub.elsevier.com/S1631-0691(13)00168-6/sbref0030
http://refhub.elsevier.com/S1631-0691(13)00168-6/sbref0030
http://refhub.elsevier.com/S1631-0691(13)00168-6/sbref0035
http://refhub.elsevier.com/S1631-0691(13)00168-6/sbref0035
http://refhub.elsevier.com/S1631-0691(13)00168-6/sbref0040
http://refhub.elsevier.com/S1631-0691(13)00168-6/sbref0040
http://refhub.elsevier.com/S1631-0691(13)00168-6/sbref0045
http://refhub.elsevier.com/S1631-0691(13)00168-6/sbref0045
http://refhub.elsevier.com/S1631-0691(13)00168-6/sbref0045
http://refhub.elsevier.com/S1631-0691(13)00168-6/sbref0050
http://refhub.elsevier.com/S1631-0691(13)00168-6/sbref0050
http://refhub.elsevier.com/S1631-0691(13)00168-6/sbref0055
http://refhub.elsevier.com/S1631-0691(13)00168-6/sbref0055
http://refhub.elsevier.com/S1631-0691(13)00168-6/sbref0060
http://refhub.elsevier.com/S1631-0691(13)00168-6/sbref0060
http://refhub.elsevier.com/S1631-0691(13)00168-6/sbref0060
http://refhub.elsevier.com/S1631-0691(13)00168-6/sbref0065
http://refhub.elsevier.com/S1631-0691(13)00168-6/sbref0065
http://refhub.elsevier.com/S1631-0691(13)00168-6/sbref0065
http://refhub.elsevier.com/S1631-0691(13)00168-6/sbref0070
http://refhub.elsevier.com/S1631-0691(13)00168-6/sbref0070
http://refhub.elsevier.com/S1631-0691(13)00168-6/sbref0070
http://refhub.elsevier.com/S1631-0691(13)00168-6/sbref0075
http://refhub.elsevier.com/S1631-0691(13)00168-6/sbref0075
http://refhub.elsevier.com/S1631-0691(13)00168-6/sbref0075
http://refhub.elsevier.com/S1631-0691(13)00168-6/sbref0080
http://refhub.elsevier.com/S1631-0691(13)00168-6/sbref0080
http://refhub.elsevier.com/S1631-0691(13)00168-6/sbref0080
http://refhub.elsevier.com/S1631-0691(13)00168-6/sbref0085
http://refhub.elsevier.com/S1631-0691(13)00168-6/sbref0085
http://refhub.elsevier.com/S1631-0691(13)00168-6/sbref0085
http://refhub.elsevier.com/S1631-0691(13)00168-6/sbref0085
http://refhub.elsevier.com/S1631-0691(13)00168-6/sbref0090
http://refhub.elsevier.com/S1631-0691(13)00168-6/sbref0090
http://refhub.elsevier.com/S1631-0691(13)00168-6/sbref0095
http://refhub.elsevier.com/S1631-0691(13)00168-6/sbref0095
http://refhub.elsevier.com/S1631-0691(13)00168-6/sbref0095
http://refhub.elsevier.com/S1631-0691(13)00168-6/sbref0100
http://refhub.elsevier.com/S1631-0691(13)00168-6/sbref0100
http://refhub.elsevier.com/S1631-0691(13)00168-6/sbref0100
http://refhub.elsevier.com/S1631-0691(13)00168-6/sbref0105
http://refhub.elsevier.com/S1631-0691(13)00168-6/sbref0105
http://refhub.elsevier.com/S1631-0691(13)00168-6/sbref0105
http://refhub.elsevier.com/S1631-0691(13)00168-6/sbref0110
http://refhub.elsevier.com/S1631-0691(13)00168-6/sbref0110
http://refhub.elsevier.com/S1631-0691(13)00168-6/sbref0110
http://refhub.elsevier.com/S1631-0691(13)00168-6/sbref0115
http://refhub.elsevier.com/S1631-0691(13)00168-6/sbref0115
http://refhub.elsevier.com/S1631-0691(13)00168-6/sbref0120
http://refhub.elsevier.com/S1631-0691(13)00168-6/sbref0120
http://refhub.elsevier.com/S1631-0691(13)00168-6/sbref0120
http://refhub.elsevier.com/S1631-0691(13)00168-6/sbref0125
http://refhub.elsevier.com/S1631-0691(13)00168-6/sbref0125
http://refhub.elsevier.com/S1631-0691(13)00168-6/sbref0125
http://refhub.elsevier.com/S1631-0691(13)00168-6/sbref0130
http://refhub.elsevier.com/S1631-0691(13)00168-6/sbref0130
http://refhub.elsevier.com/S1631-0691(13)00168-6/sbref0130
http://refhub.elsevier.com/S1631-0691(13)00168-6/sbref0135
http://refhub.elsevier.com/S1631-0691(13)00168-6/sbref0135
http://refhub.elsevier.com/S1631-0691(13)00168-6/sbref0135
http://refhub.elsevier.com/S1631-0691(13)00168-6/sbref0135
http://refhub.elsevier.com/S1631-0691(13)00168-6/sbref0135

504 R. Mony et al./C. R. Biologies 336 (2013) 500-504

[28] B. Delage, Recherches sur I'alimentation des fourmis granivores Messor
capitatus Latr, Insect. Soc. 9 (1962) 137-143.

[29] ]. Oettler, RA. Johnson, The old ladies of the seed harvester ant
Pogonomyrmex rugosus: foraging performed by two groups of workers,
J. Insect. Behav. 22 (2009) 217-226.

[30] A. Abbott, Nutrient dynamic of ants, in: M.V. Brian (Ed.), Production
ecology of ants and termites, Cambridge University Press, Cambridge,
1977, pp. 233-244.

[31] P. D’Ettorre, P. Mora, V. Dibangou, C. Rouland, C. Errard, The role of
symbiotic fungus in the digestive metabolism of two species of fungus-
growing ants, J. Comp. Physiol. B 172 (2002) 169-176.

[32] C.Rouland, F. Lenoir, M. Lepage, The role of the symbiotic fungus in the
digestive metabolism of several species of fungus-growing termites,
Comp. Biochem. Physiol. 99A (1991) 657-663.

[33] J. Williams, H. Villaroya, F. Petek Galactosidase, II, IIl and IV from seeds
of Trifolium repens, Biochem. J. 175 (1978) 1069-1077.

[34] W.Werner, H.G. Rey, R.H. Wielinger, Properties of a new chromogen for
determination of glucose in blood according to the COD/POD method,
Anal. Chem. 252 (1970) 224-228.

[35] P.Mora, C.Rouland, Comparison of hydrolytic enzyme produced during
growth on carboidrate substrated by Termitomyces associates of Pseu-
dacanthotermes spiniger and Microtermes subhyalinus (isopteran: Ter-
mitidae), Sociobiology 26 (1994) 39-53.

[36] R.E. Koning, Secondary Growth. Plant Physiology Information,http://
plantphys.info/plant_biology/secondary.shtml.

[37] R.H. Scheffrahn, Termites (Isoptera), in: J.L. Capinera (Ed.), Encyclope-
dia of Entomology Part 20, Springer, Berlin, 2008, pp. 3737-3747.

[38] FJ. Richard, P. Mora, C. Errard, C. Rouland, Digestive capacities of leaf-
cutting ants and the contribution of their cultivar to the degradation of
plant material, ]. Comp. Physiol. B 175 (2005) 297-303.

[39] G.L.Ayre, The relationships between food and digestive enzymes in five
species of ants (Hymenoptera: Formicidae), Can. Entomol. 99 (1967)
408-411.

[40] F.W. Went, ]. Wheeler, G.C. Wheeler, Feeding and digestion in some
ants (Veromessor and Manica), BioScience 22 (1972) 82-88.

[41] LE. Moller, H.H. De Fine Licht, ]. Harholt, G.T. Willats, ].J. Boomsma, The
dynamics of plant cell-wall polysaccharide decomposition in leaf-
cutting ant fungus garden, PloS ONE 6 (2011) e17506.


http://refhub.elsevier.com/S1631-0691(13)00168-6/sbref0140
http://refhub.elsevier.com/S1631-0691(13)00168-6/sbref0140
http://refhub.elsevier.com/S1631-0691(13)00168-6/sbref0145
http://refhub.elsevier.com/S1631-0691(13)00168-6/sbref0145
http://refhub.elsevier.com/S1631-0691(13)00168-6/sbref0145
http://refhub.elsevier.com/S1631-0691(13)00168-6/sbref0150
http://refhub.elsevier.com/S1631-0691(13)00168-6/sbref0150
http://refhub.elsevier.com/S1631-0691(13)00168-6/sbref0150
http://refhub.elsevier.com/S1631-0691(13)00168-6/sbref0150
http://refhub.elsevier.com/S1631-0691(13)00168-6/sbref0155
http://refhub.elsevier.com/S1631-0691(13)00168-6/sbref0155
http://refhub.elsevier.com/S1631-0691(13)00168-6/sbref0155
http://refhub.elsevier.com/S1631-0691(13)00168-6/sbref0160
http://refhub.elsevier.com/S1631-0691(13)00168-6/sbref0160
http://refhub.elsevier.com/S1631-0691(13)00168-6/sbref0160
http://refhub.elsevier.com/S1631-0691(13)00168-6/sbref0165
http://refhub.elsevier.com/S1631-0691(13)00168-6/sbref0165
http://refhub.elsevier.com/S1631-0691(13)00168-6/sbref0170
http://refhub.elsevier.com/S1631-0691(13)00168-6/sbref0170
http://refhub.elsevier.com/S1631-0691(13)00168-6/sbref0170
http://refhub.elsevier.com/S1631-0691(13)00168-6/sbref0175
http://refhub.elsevier.com/S1631-0691(13)00168-6/sbref0175
http://refhub.elsevier.com/S1631-0691(13)00168-6/sbref0175
http://refhub.elsevier.com/S1631-0691(13)00168-6/sbref0175
http://plantphys.info/plant_biology/secondary.shtml
http://plantphys.info/plant_biology/secondary.shtml
http://refhub.elsevier.com/S1631-0691(13)00168-6/sbref0185
http://refhub.elsevier.com/S1631-0691(13)00168-6/sbref0185
http://refhub.elsevier.com/S1631-0691(13)00168-6/sbref0185
http://refhub.elsevier.com/S1631-0691(13)00168-6/sbref0190
http://refhub.elsevier.com/S1631-0691(13)00168-6/sbref0190
http://refhub.elsevier.com/S1631-0691(13)00168-6/sbref0190
http://refhub.elsevier.com/S1631-0691(13)00168-6/sbref0195
http://refhub.elsevier.com/S1631-0691(13)00168-6/sbref0195
http://refhub.elsevier.com/S1631-0691(13)00168-6/sbref0195
http://refhub.elsevier.com/S1631-0691(13)00168-6/sbref0200
http://refhub.elsevier.com/S1631-0691(13)00168-6/sbref0200
http://refhub.elsevier.com/S1631-0691(13)00168-6/sbref0205
http://refhub.elsevier.com/S1631-0691(13)00168-6/sbref0205
http://refhub.elsevier.com/S1631-0691(13)00168-6/sbref0205

	Melissotarsus ants are likely able to digest plant polysaccharides
	Introduction
	Materials and methods
	Collecting biological material
	Research on enzymatic activities

	Results and discussion
	Conclusion
	Disclosure of interest
	Acknowledgements
	References


