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Abstract.—Cavity nesting ants in the Camponotus (Colobopsis) cylindricus (COCY) complex possess
hugely hypertrophied mandibular gland (MG) reservoirs containing weakly acidic phenolic
acetogenins and/or diterpenes unique for insects. Many taxa (“exploding ants’’) use these products
in suicidal defense of territory, but major workers of all species, and all workers of some species,
possess hypertrophied reservoirs and clade-typical products not used in suicidal fights. An additional
role of MG products in nest hygiene was suspected. We sampled microbial associates of nest cavity
fiber and carton shelving in artificial wooden nests occupied by substantial colony fragments of COCY
species and compared them with two controls: microbes in unoccupied nests and nests occupied by
other cavity-nesting ant species. Several natural nests in fallen wood were also sampled. Bacteria and
fungi cultured on malt extract agar were identified from gene sequences amplified by universal
bacterial and fungal primers. Results were related to an expanded data base on MG chemistry. Twenty-
four of 55 nests were colonized by ants, mostly by COCY species, nesting naturally or not in dead wood.
In colony-level analyses, mycoparasitic Trichoderma fungi were significantly over-represented in nest
fiber of COCY species. Their detection was restricted to taxa naturally inhabiting fallen wood; the
majority of these taxa produced m-cresol as the major component of MG volatiles. Burkholderia bacteria
were significantly more common in COCY species’ nests than in unoccupied nests but only when
replicate nests per colony were allowed. Trichoderma and Burkholderia tended to co-occur in nest fiber,
perhaps due to traits influencing arrival and survival. Both Trichoderma and Burkholderia may
contribute to nest hygiene, and their joint occurrence could potentially affect longevity of nests in dead
wood. Both genera also occur as endophytes, and interactions between ants and endophytes merit
further study. Documented over-representation in live hosts of genera Antidesma and Cleistanthus
[Phyllanthaceae]) could be related to the microbial environment provided by these hosts.
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antisepsis (e.g. Maschwitz et al. 1970;
Maschwitz 1974; Macintosh et al. 1995;
Bot et al. 2002; reviewed in Holldobler and
Wilson 1990). Unique to the ants, these
exocrine glands produce mainly proteina-
ceous compounds (do Nascimento et al.
1996), augmented in at least some taxa by
volatile organic components (do Nasci-
mento et al. 1996; Ortius-Lechner et al.
2000; Jones et al. 2005).

Adaptations against detrimental nest
microbes are best studied in leaf-cutter
ants (tribe Attini), where diverse ant traits
oppose both potential pathogens and a
dangerous parasite of the fungal garden
that sustains developing larvae (reviewed
in Currie and Stewart 2001; Bot et al. 2001a;
Hughes et al. 2002; Mueller et al. 2005;
Ferndndez-Marin et al. 2006; Little et al.
2006; Zhang et al. 2007). Various meta-
pleural gland volatiles are differentially
effective against different categories and
life history stages of microorganisms, and
this diversity of compounds may guard
against the evolution of resistance in pests
(Bot et al. 2002). Complementing these
secretions are specific, evolved behaviors
including grooming, weeding, and waste
management (reviewed in Bot et al. 2001a;
Currie and Stewart 2001; Hart and Rat-
nieks 2001; Mueller et al. 2005; Fernandez-
Marin et al. 2006; Little et al. 2006; Zhang et
al. 2007). Additionally, to oppose a dan-
gerous parasite of the fungal garden (a
fungus resistant to metapleural gland
volatiles; Bot et al. 2002), workers maintain
an antibiotic-producing natural enemy of
the parasite (Currie et al. 1999a; Currie
2001; Gerardo et al. 2006; Little and Currie
2007, 2008). The beneficial actinomycete
bacteria can potentially evolve rapidly to
combat a constantly evolving pest (Currie
et al. 1999b, 2003a,b; Currie 2001; Mueller
et al. 2005; Poulsen et al. 2005; Little et al.
2006; but see Gerardo and Caldera 2007).
Given the advantage of this strategy, it
would be surprising if other ant taxa had
not evolved to use beneficial microbes as
antagonists to microbial enemies.

Despite near ubiquity of metapleural
glands in the worker caste of ants, many
members of the highly species-rich and
cosmopolitan tribe Camponotini have lost
the glands secondarily (Holldobler and
Engel-Siegel 1984). How might nest hy-
giene be maintained in these taxa? Possi-
bilities include restriction of nests to less
pathogen-plagued substrates, frequent
movement of colonies to new nests, and/
or transfer of antiseptic function to other
glands (Maschwitz et al. 1970; Cole 1975).
Alternatively, or in addition, these ants
might exploit antiseptic properties of ben-
eficial microbes. Further, because costs of
anti-pathogen defense can be significant
(e.g. Poulsen et al. 2002, 2003; Currie et al.
2003b), defensive costs might be reduced
by basing defense mechanisms on nutri-
ents present in abundance or excess. For
example, in frequently nitrogen-limited
camponotines (Davidson 2005), costs might
be reduced by deploying defenses based
on investments of carbon, rather than
nitrogen, i.e., on volatile organics, rather
than proteins.

To better understand resistance to nest
pathogens in taxa lacking metapleural
glands, we focused on a well-resolved 15-
member clade of cavity-nesting campono-
tines in which variation in nesting habits
likely correlates with differential exposure
to nest pathogens (Cook 2008). Coexisting
locally in a Bornean rain forest, species in
the Camponotus (Colobopsis) cylindricus
clade (hereafter COCY species) lack meta-
pleural glands. (The informal subgenus
Colobopsis appears to be a heterogeneous
group, and this classification could
change.) However, in most of these taxa,
mandibular gland (MG) reservoirs have
hypertrophied through the abdominal tip
to fill much of the body cavity. Their
products include phenolic acetogenins
and/or diterpenes, as well as sugars that
convey adhesive properties to the secre-
tions (Jones et al. 2004). All of these
components are nitrogen-free. Some of
the phenolic acetogenins, i.e., the corro-
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sively irritant m-cresol and resorcinol,
possess known antiseptic activity, and
others should be at least weakly antiseptic
by virtue of their weak acidity. All COCY
taxa forage by ‘grazing’ microscopic foods
from adaxial leaf surfaces, mainly in the
high canopy (Davidson et al. 2004), and
they nest both polydomously, and wholly
or partly within cavities of live trees.
Canopy nesting is basal in the group, and
a more derived trait is nesting low (0-3 m)
in live trunks only. The most derived
‘nesting habit includes both central nests
in live trunks and satellite nests in dead
wood. In four of five members of this last
group, m-cresol is a prominent component
of MG product. We expect that nest
cavities in the arid canopy should be less
pathogen-plagued than those in the wet
understory, and that nests in fallen wood
on the damp forest floor should pose the
greatest threat from pathogens by offering
conditions conducive to their growth.
Densities of wood, and of root- and butt-
rot cavities, should also be greater in the
understory than in the canopy, and an
ability to nest in dead wood should
provide the greatest density of po-
tential nest sites. To the extent that nest-
ing space is limited, such limitations
could have driven evolution of the capacity
for increased use of pathogen-plagued
nests.

Given the observed phylogenetic trend
in COCY species’ nesting habits, known
antiseptic properties of MG compounds,
and the desirability of defining mecha-
nisms contributing to nest hygiene, we
decided to assess microbial nest associates
directly by comparing their presence in
COCY-occupied versus unoccupied artifi-
cial nests. Opportunistically, we also sam-
pled artificial nests colonized by non-
COCY species and a few natural COCY
nests in decaying wood. Cultured microbes
from surface-sterilized nest wall fiber and
carton shelving were preserved and iden-
tified by molecular sequencing using oli-
gonucleotides targeting bacteria and fungi.

343

In focusing on the subset of microbes
culturable under a particular set of condi-
tions and detectable with universal bacte-
rial and fungal primers, we could have
missed some regular microbial associates
of the ants. However, our methods were
chosen as a simple first approach to
probing for regular relationships between
ants and microbes in nesting environments
where microbial diversity could be high.
Studied in this experimental context, con-
sistent over-representation of particular
microbes within occupied nests can be
related to ant nesting habits, to glandular
chemistry (reported here for an expanded
set of COCY species), and to known
characteristics of the microbes in question.

Two other sets of observations comple-
ment the study of nest microbes. First, after
opening both occupied and unoccupied
nests for microbial sampling (authors’
unpubl. data), we measured cavity wall
pH. Motivating this measurement was
variation in pH-dependent colors of ant
MG products (Jones et al. 2004), and the
observation that workers of one species
applied MG products to plastic nest tubs in
the laboratory. Nest wall pH was hypoth-
esized to vary in relation to product color,
and to potentially influence microbial
affiliations with nest walls. Second, to the
extent that ant occupancy of nests in live
host trees may depend on establishment of
appropriate microbial environments, we
suspected non-random use of host trees.
We therefore compared frequencies of host
use against representation of plant families
and genera in the data base of KBFSC tree
plots. Working in a protected area, we
could not follow these studies with de-
structive sampling of live hosts trees for
microbes.

MATERIALS AND METHODS

Chemistry of Mandibular Gland Products

For taxa whose MG chemistry had not
previously been studied, whole worker
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ants were collected from individual colo-
nies into approximately 0.5-1.0 ml of
methanol and returned to laboratories at
the Universiti of Brunei Darussalam (UBD)
and the Virginia Military Institute (VMI)
for analysis of supernatant by gas chroma-
tography/mass spectrometry (GC/MS)
Analytical methods were identical to those
in an earlier publication reporting volatile
chemistry of nine species (included here
from Jones et al. 2004). Peaks were identi-
fied by comparison with coinjected com-
pounds from commercial sources or syn-
thesized by T. H. Jones at VMI.

Nest Construction and Sampling

In November-December 2005, two inves-
tigators (CRB and DWD) constructed 55
compositionally identical nests, and trans-
ported them in the field over five succes-
sive days in early December. Each nest
consisted of a 2" X 2" piece of medium
density dipterocarp lumber, approximately
42 cm long and sawn initially into three
segments. With a power drill and a stout
bit, we drilled two adjacent holes com-
pletely through the middle segment (from
both ends and meeting in the center) and
again, most of the way through both upper
and lower segments. The same drill bit was
used to eliminate partitions between adja-
cent holes. The three nest segments were
tightly reassembled using wood glue and
staples, and a hammer and nail (subse-
quently removed) were employed to make
a single entrance hole near the top of the
cavity in the upper nest segment. At points
below and above the nest cavity space,
intact nests were nailed to 1-m-tall stakes
for insertion into the ground. Before
nailing, both nests and stakes were given
two coats of green, oil base paint, and nests
were numbered with permanent marker.
Numbered nests were matched haphaz-
ardly to colonies of different ant species
and were placed either immediately adja-
cent to natural nests (N = 25) or a short
distance (5-7 m) away, but connected by
ropes along which workers readily com-

muted (N = 30). Four nests lacked stakes;
two of these were tied directly to tree
trunks, and two others, to canopy branches
accessible from a walkway. Nests were
placed near colonies of all but two COCY
spp. known from KBFSC, though sample
sizes were uneven and depended on
species abundance.

To test for differences in nest-wall pH,
we first verified neutral pH of test strips
(colorpHast, Merck KGaA, Darmstadt,
Germany) in tap water (= stream water)
and then held wet strips against the cavity
wall until their colors had ceased to change
(usually < 1.5 min).

After sampling three COCY-colonized
nests with large colony fragments in
March-April, 2006, we retrieved nests
and sampled microbes of both occupied
and unoccupied nests at intervals of 4-6
months: in November-December 2006, July
2007, and November-December 2007. (The
few samples from this last period were
mostly unusable, perhaps because lab
alcohol had been diluted.) Nests appearing
to house few ants in early censuses were
left for subsequent sampling periods. Har-
vesting occurred at night, with ants inac-
tive and sealed inside; nests were returned
to the KBFSC laboratory for processing.
One or two days after sampling, nest
segments were disassembled on an isolat-
ed table. Live workers and brood were
brushed, usually without exploding, into
one or more plastic tubs, ringed along their
internal lips with an aqueous suspension of
poly(tetrafluoroethylene), and covered
with lids punctured for aeration. Individ-
ual nests were fractured into their original
three segments, and nest fiber was extract-
ed from the upper portion of the lowest
nest segment; if present, brood were found
most dependably in this segment. Selection
of fiber lining the nest cavity was otherwise
haphazard, and that of carton (falling from
nests as ants were extracted), completely
haphazard. Given such minimal sampling
within nests, we would only expect to see
microbial taxa occurring regularly across
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samples if those taxa were very common
and widespread within as well as across
nests, and such taxa could occasionally be
missed. For the few natural dead wood
nests sampled, microbial sampling was
similar, except that sites for sampling of
nest lining (fiber) and carton were chosen
haphazardly from within brood chambers.
Carton and fiber samples were preserved
separately in haphazardlv selected and
subsequently labeled 30-mm centrifuge
tubes, washed recently in dilute sodium
hypochlorite and then rinsed with tap
water and air-dried. For nests lacking
carton (unoccupied nests, some nests hous-
ing non-COCY species, and COCY nests
lacking brood), only fiber samples were
available. Live ants were fed honey water
until their return to the field with reassem-
bled nests, and some nests were sampled
again on successive field trips. On the
second through fourth field trips, various
colony fragments were retained for obser-
vation.

After extracting samples, we sterilized a
plexiglass chamber (“sterile hood”), ap-
proximately 36 cm on a side, with a tightly-
fitted door. Internal chamber walls were
swabbed with Kimwipes® soaked in 10%
sodium hvpochlorite and then 95% ETOH,
which quickly dried them. Using a sterile
razor blade, we haphazardly cut tinv
fragments of nest wall fiber or carton
samples and placed them individually by
nest number and sample type into 1.5-ml
microcentrifuge tubes containing 10% so-
dium hvpochlorite for surface sterilization.
(Forceps used to handle samples were
sterilized in the flame of an alcohol lamp.)
Subsequent sample agitation for 2 min was
followed by two sequential 2-min rinses
(with agitation) in microfuge tubes filled
almost to capacity with sterile, deionized
water. After drving on sterile filter paper
inside the chamber, samples were trans-
ferred to small (30-mm diameter) sterile
plates of Malt Extract Agar (MEA) and
plated three per plate and widelv separat-
ed. Taped plates were transferred to a

345

second and identical “sterile hood” cov-
ered externally in aluminum foil to exclude
light. Plates were checked dailv, and when
microbial growth around individual plated
samples almost met that from other frag-
ments, cultured microbes were harvested
using sterile forceps, and with underlving
agar, into 95°% ETOH. Samples within a
plate usuallv grew visually similar cul-
tures; if so, such samples were combined. If
microbial cultures within a plate differed
in appearance, these were preserved indi-
viduallv. All preserved samples were
returned to Utah for DNA extraction
(below).

Sampling of Leaves and Roots

As the studv progressed, it became clear
that certain prominent nest microbes had
previously been reported as endophvtes,
so we also sampled and identified endo-
phvtes from accessible resource plants.
Although all COCY species forage princi-
pally in the canopyv, workers from certain
colonies also regularly grazed leaves of a
few understory plants, and one heavily
used tree canopv was reachable from a
canopv walkwav. We observed workers of
species ‘YG' and ‘SA” in the understory,
and of LE’ in the canopy, and circled
(in permanent ink) ‘leaf-stops’ where for-
agers paused to graze adaxial leaf sur-
faces. Because the endophvtic micro-
organisms in question can also be root
parasitic, we sampled shallow roots of
understorv resource plants used consis-
tentlv bv colonies of ‘BBQ’, “YG', and nrSA.
Sampling of leaf and root tissues from
COCY resource plants was exploratory and
not sufficiently replicated to test hvpothe-
ses of ant association with particular
endophytic microbes in the foraging terri-
tory. Whole leaves or bits of root tissue
were harvested and bagged individually in
new plastic zipper-sealed bags and re-
turned to the KBFSC laboratorv for sur-
face-sterilization and culturing using tech-
niques identical to those for nest fiber and
carton.
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DNA Extraction, PCR, Sequencing, and
Microbial Identifications

DNA extraction was carried out using
Qiagen’s DNeasy® Tissue Kit (QIAGEN®,
Valencia, CA), following manufacturer’s
specifications for the Purification of Total
DNA from Animal Tissues (Spin-Column
Protocol), though modifying step one. That
step (tissue shredding and grinding), was
carried out in a 1.5 ml microfuge tube after
first freezing a portion of the sample in
liquid nitrogen. PCR amplifications uti-
lized universal primers for the bacterial
16S rRNA gene (27f, 5'-AGAGTTTGATCC
TGGCTCAG and 1492r, 5'-GGTTACCTTG
TTACGACTT) and the fungal 185 rRNA
gene (nu-SSU-0817, 5'-TTAGCATGGAA-
TAATRRAATAGGA and nu-SUU-1536,
5'-ATTGCAATGCYCTATCCCCA). A 2-ul
DNA sample was added to a 42.3 ul
reaction mixture consisting of 11.2 mM
Tris-HCL (pH 8.8), 59 mM KCL, 0.38 mM
dNTP mix, 1.5 mM MgCl2, 0.5 ug BSA,
0.38 uM of each primer, and 2 U Taqg DNA
Polymerase. PCRs were carried out on a
MiniCycler@® PTC-150 (M] Research Inc.,
Watertown, MA), with published protocols
slightly altered to decrease false priming.
The amplification protocol for bacterial
primers typically consisted of a denaturing
step of 95°C for 2 min, followed by 35
cycles of 90°C for 45 sec, 50°C for 45 sec,
and 72°C for 1.5 min; it concluded with a
final extension step at 72°C for 7 min. With
fungal primers, the protocol typically
consisted of a denaturing step of 94°C for
3 min, followed by 35 cycles of 94°C for
1 min, 56°C for 1 min, and 72°C for 1 min;
it concluded with a final extension step at
72°C for 10 min. PCR products were
purified using Qiagen’s QIAquick®PCR
Purification KIT, and following the manu-
facturer’s protocol for use of a microcen-
trifuge.

PCR amplicons were sequenced directly
using ABI dye-terminator chemistry at the
DNA Core Facility, University of Utah
School of Medicine. Forward and reverse
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sequences were assembled and edited
using Sequencher v 4.5 (GeneCodes 2005).
Related sequences were aligned in Clus-
talX (2.0) to check variable positions and
make minor adjustments. Consensus se-
quences were entered into BLAST (Nation-
al Center for Biotechnology Information-
GenBank) for identification. We present
mainly genus-level identifications; species
level determinations are tentative due to
occasional availability of just partial se-
quences (typical for environmental sam-
ples), and to limitations of the BLAST data
base for gene regions studied.

Ant-host Associations

During two research trips, we cut,
pressed, and dried vegetative material
from accessible live COCY species’ host
trees along approximately 2.8 km of the
Ashton and upper Enkiang trails; not all
nest trees were found. Material was iden-
tified to genus, and occasionally to species,
at the Brunei Herbarium. Representation of
plant families and genera among sampled
hosts was compared to that summed from
three tree plots maintained by KBFSC and
located along the same trails.

Statistical Analyses

All analyses were done in JMP version
4.04 (SAS Institute 2001). Conservatively,
where multiple microbes were present but
inseparable without cloning (one case each
for fungi in COCY fiber and carton
samples), focal nest associates were con-
sidered to be absent.

RESULTS

Mandibular Gland Chemistry

Augmenting published data, Table 1
summarizes the volatile chemistry of man-
dibular gland products for the eight COCY
species colonizing artificial nests. Pending
comparisons of collections with type spec-
imens, just one (Camponotus [Colobopsis]
saundersi) has been identified to species,
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Table 1. By species, percentage representations of compounds (including fatty acid methyl esters) in
mandibular gland (MG) products; t = trace. See text and Jones et al. (2004) for details. Data are listed by voucher
numbers (DWD KB collection series) and species acronyms (from Cook 2008). Product colors are identified
below: w = white; y = yellow; o = orange; r = red (occasionally pink or peach).

Species

05B-50

MG product ‘LE™ (1)

02-118
RHYG’ (y)

02-108
YG' (y)

07B-T2
ICY’ (w)

11-Feb
CL (w)

Feb-64
‘AR’ (w)

02-21
‘SA” (w)

05A-37
‘nrSA” (w)

Phenolics

m-Cresol (1)

Resorcinol (2) 10
6-Methylsalicylic acid (3)*
2,4-Dihydroxy-acetophenone (4) 25
2,4,6-Trihydroxy-acetophenone (5) 1.8
2-Methyl-5,7-dihydroxy-chromone (6) 24
Orcinol (8)

Terpenoids

Citronellal

Citronellol

Citronellic acid

Isopulegol

(6R)-E-2, 6-Dimethyl-2-octen-1,8-dioic
acid (9)

E-8-Hydroxy-3, 7-dimethyl-6-octenoic
acid (10)

14 1 37.5

30 7.5
3 4 75 3.2

—_

44 16.5

! Means of two analyses for same species.

*In insects, compound 3 can be an intermediate in the production of 1 (Birch and Donovan 1953).

and most COCY species are unidentified or
undescribed. The remaining collections are
referenced by descriptive acronyms and
voucher numbers (see Acknowledge-
ments). Compound numbers correspond
to those in Jones et al. (2004); we omit
previously reported aliphatics occurring
just in ant gasters, and therefore not MG
products (authors” unpublished data). One
or more of several phenolic acetogenins
(compounds 1-6) and terpene diacids (9-
10) occur in each colonizing species.
Corrosively irritant m-cresol (1) is a major
component in several derived species
(Table 1 vs. Cook 2008). None of the
sampled COCY species failing to colonize
artificial nests possesses significant quan-
tities of m-cresol in MG products (Jones et
al. 2004 and T.H. Jones, unpublished data),
nor do those taxa maintain satellite nests in
fallen wood (Cook 2008 and authors’
unpublished data).

Three of the polyacetate-derived aromat-
ics (compounds 4-6 in Table 1 below), at

least one of which occurs in each species,
determine the bright colors of MG prod-
ucts (Table 1, Jones et al. 2004). Indepen-
dently of which product predominates,
these colors are pH-dependent in the range
of 5.6 (white) to 7.8 (pink or red), and
cream-to-yellow or orange at intermediate
pH (Jones et al. 2004).

Nest pH and Occupation

In preliminary trials, and contrary to
expectation, nest wall pH was invariant (=~
4) over all early sampled nests with and
without ants, as well as in natural nests in
preliminary trials. Among ant-occupied
nests were those used by COCY species
with MG products ranging from white (‘CL’
and ‘SA’) to yellow (‘YG’), and red ('LE’),
one nest each for Camponotus species 06B-04
and Tetramorium sp. 06B-05 (a myrmicine
ant). Based on lack of variation in pH, we
eventually discontinued measurements.

Within 18 months (usually sooner),
COCY species had colonized 44% of the
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25 nests located adjacent to nests of known
colonies, and 48% of those not colonized by
other species (Polyrhachis and Tetramor-
ium). Six of eleven uncolonized nests were
located near natural nests of taxa not
known to inhabit natural fallen wood (see
Cook 2008), and several others had been
breached by water. Of 30 artificial nests
placed 5-8 m from natural nests in a major
foraging direction, COCY species occupied
33.3%, or 34.5% of nests not occupied by
other taxa. Eleven of the uncolonized nests
in this set were stationed near species not
known to nest naturally in dead wood, and
some others had been breached by water or
disturbed by sandalwood poachers. Both
‘LE’ and ‘YG’ moved into artificial nests
(the latter species with brood), despite
apparently not nesting naturally in fallen
wood. Not all COCY-occupied nests were
sampled for microbes, because some had
been colonized by just small colony frag-
ments.

Microbes in Nest Wall Fiber

Six COCY species colonized artificial
nests and/or were harvested from natural
nests, and microbes from these two nest
types were lumped in subsequent analyses.
For 24 fiber samples from COCY nests,
replicate PCRs failed to yield ‘hits” in ten
cases with universal bacterial primers but
in just three cases with universal fungal
primers. Comparable data for 17 unoccu-
pied nests were seven and three, respec-
tively, and for carton samples, were seven
and zero of 24 samples. The acidic envi-
ronment of nest cavity walls may generally
favor fungi over bacteria, but we cannot
rule out influences of culture conditions
specific this study, or of differentially
‘successful” PCRs.

In Table 2, microbial data are presented
with COCY species organized by nesting
habits. Workers of all fallen wood nesters
commute extensively on the ground, in
contact with soil microbes. So far as is
known, both YG’ and ‘RHYG’ nest only in
live trees, but the two taxa differ in

exposure to soil microbes. “YG’ has exten-
sive contact with leaf litter and soil,
whereas observations of four different
colonies reveal ‘RHYG’ commuting along
dead and live stems, rather than over leaf
litter or soil. Both nesting and foraging in
the canopy, ‘LE’ has the least exposure to
soil microbes, except as those organisms
inhabit decaying leaf litter in the canopy
itself.

For the most common fungal and bacte-
rial taxa, Table 2 reports microbial data by
colony, nest sample (including multiple
nests per colony), and total nest samples
over time (including replicate samples from
individual artificial nests). Representatives
of one bacterial genus and one fungal genus
appeared repeatedly in both nest fiber and
carton from COCY species’ nests. These
were, respectively, Burkholderia and Tricho-
derma (anamorph = asexual form)/Hypocrea
(teleomorph = sexual form). GenBank
accession numbers are in three sets:
GQ306157-GQ306183 (file Anderson_Burk-
holderia.sqn), GQ332537 (file Anderson_
Burkholderia.sqn), and GQ306184-GQ306202
(file Anderson_Hypocrea.sqn).

Only microbes from fiber can be com-
pared with those from unoccupied nests,
which lacked carton. At the colony level,
over-representation in association with
COCY is clearest for Trichoderma species,
which were detected in nests of 50% of 14
COCY colonies and 70% of ten colonies
from taxa nesting regularly in dead wood.
(In nest carton, they were found in 69% of
13 colonies and 70% of ten colonies nesting
in dead wood.) In contrast, members of this
genus were detected in none of 17 unoc-
cupied nests, and in just one of seven nests
inhabited by other ant taxa. Presence of
Trichoderma differed significantly across
the three nest types in nominal logistic
regression (y’p; = 13.96, P < 0.0009, N =
38). Nevertheless, it could be argued that
nests of COCY species were sampled more
thoroughly than were other nests, due to
our sometimes having sampled fiber from
multiple nests per colony, and/or individ-







































