
Oecologia (2006) 149:418–427 

DOI 10.1007/s00442-006-0460-x

PLANT ANIMAL INTERACTIONS

The reproductive phenology of an Amazonian ant species 
reflects the seasonal availability of its nest sites

Megan E. Frederickson 

Received: 23 November 2005 / Accepted: 4 May 2006 / Published online: 7 June 2006
©  Springer-Verlag 2006

Abstract In saturated tropical ant assemblages,
reproductive success depends on queens locating and
competing for scarce nest sites. Little is known about
how this process shapes the life histories of tropical
ants. Here I investigate the relationship between nest
site availability and an important life history trait,
reproductive phenology, in the common Amazonian
ant species Allomerus octoarticulatus. A. octoarticula-
tus is a plant-ant that nests in the hollow, swollen stem
domatia on Cordia nodosa. I provide evidence that
nest sites are limiting for A. octoarticulatus. Most
queens produced by A. octoarticulatus colonies died
before locating suitable host plants, and most queens
that located hosts died before founding colonies, prob-
ably from intraspeciWc competition among queens for
control of host plants. I further show that the reproduc-
tive phenology of A. octoarticulatus closely matches
the seasonal availability of its nest sites, domatia-bear-
ing C. nodosa saplings. Both the production and Xight
of A. octoarticulatus reproductives, and the number of
C. nodosa saplings available for colonization by ants,
peaked from March to May. There was correlative evi-
dence that A. octoarticulatus colonies use temperature
as a cue to synchronize their reproduction to the avail-
ability of C. nodosa saplings: both the production of
reproductives by ant colonies and the number of C.
nodosa saplings available for colonization were corre-
lated with temperature, and not with rainfall. All of

these results suggest that nest site limitation constrains
the reproductive phenology of A. octoarticulatus.
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Introduction

In tropical rainforests, ant colonies occupy most of the
available space, and nest sites are probably a limiting
resource for many ant species (Levings and Franks
1982; Hölldobler and Wilson 1990; Bourke and Franks
1995; Kaspari et al. 2000; Philpott and Foster 2005, but
see Torres 1984). To found a new colony, a young ant
queen must Wnd, secure, and hold on to a nest site in
the face of competition from other ants. Bourke and
Franks (1995) suggest that patterns in the availability
of nest sites in time and space should shape the life his-
tory of many ant species. However, there has been lit-
tle empirical work showing how nest site limitation can
inXuence the life history strategies of ants.

Obligate ant–myrmecophyte symbioses are excel-
lent systems for the study of nest site limitation and life
history in tropical ants. Myrmecophytes (ant-plants)
are plants that have domatia—hollow, swollen stems,
thorns, petioles, or leaf pouches in which ants nest
(Heil and McKey 2003). Obligate plant-ants nest in
domatia, usually on only one or a few species of myrm-
ecophytes (Davidson et al. 1991). In many plant-ant
species, foundress queens colonize host plants when
the plants are saplings (Vasconcelos 1993; Yu and
Pierce 1998; Frederickson 2005; Stanton et al. 2005). In
these cases, a nesting opportunity is created when an
ant-plant sapling produces its Wrst domatia. This makes
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ant-plant saplings easily identiWable, discrete resources
that can be mapped and monitored over time.

Many plant-ant species are nest-site limited
(Davidson et al. 1989; Vasconcelos 1993; Fonseca 1999;
Stanton et al. 2002), suggesting that the temporal and
spatial pattern of host plant availability may be impor-
tant to plant-ants. Ant-plant populations are often sat-
urated with ants (Fonseca 1999), and plant-ants often
compete for hosts (Janzen 1973; Davidson et al. 1989;
Fiala and Maschwitz 1990; Davidson and McKey 1993;
Stanton et al. 2002, 2005). When nest sites are limiting,
the reproductive success of an ant colony can be deter-
mined by the frequency with which foundress queens
produced by the colony successfully locate, colonize,
and compete for host plants.

The timing of reproduction can inXuence an organ-
ism’s reproductive success. Reproductive phenologies
often reXect species’ adaptations to their abiotic and
biotic environments (Rathcke and Lacey 1985; Kaspari
et al. 2001b). In temperate ant species, reproductive
timing is constrained by the need to mate, disperse, and
found a colony before the arrival of winter (Kaspari
et al. 2001b). By contrast, tropical ant species tend to
have longer mating seasons, which can vary from
highly synchronous to nearly continuous throughout
the year (Kaspari et al. 2001a, b).

For tropical ants, one life history adaptation to nest
site limitation may be to synchronize reproduction to
the availability of nesting sites. Here I investigate this
possibility in a common Amazonian ant species,
Allomerus octoarticulatus, which nests in the ant-plant
Cordia nodosa. I examine the relationship between its
reproductive phenology and conditions favoring repro-
ductive success. I describe the seasonal timing of alate
production and Xight for A. octoarticulatus, and esti-
mate the mating Xight success of queens by comparing
the number of queens produced by colonies to the
number arriving to found colonies. I also estimate the
success of queens as they compete for nest sites and
begin laying eggs. Finally, I investigate how tempera-
ture, rainfall, and nest site availability may inXuence
reproductive phenology in A. octoarticulatus.

Materials and methods

Study site and climate data

This study was conducted at the Reserva Nacional
Allpahuayo-Mishana (RNAM; 3°58�S, 73°25�W), near
Iquitos in the Department of Loreto, Peru. The 58,000-
ha reserve comprises a patchwork of vegetation types,
including varillal forest on white sand soils and exten-

sive terra Wrme forest on clay soils. The forests of the
reserve are among the most diverse in the world, with
275–289 tree species ha¡1 (Gentry 1988; Phillips et al.
1994).

The climate of the region is often considered asea-
sonal, because no month of the year receives less than
100 mm of rain (Sombroek 2001; Vieira et al. 2004).
Total yearly rainfall ranges from 2,400 to 3,200 mm
(Sombroek 2001). Rainfall is usually not distributed
evenly throughout the year. Typically, March and
April receive the most rain, while July, August, and
September receive the least rain (Madigosky and
Vatnick 2000). In most years, temperatures are coolest
in June and July (Madigosky and Vatnick 2000).

Climate data for this study were collected from Feb-
ruary 2004 to February 2005. Maximum and minimum
temperatures were measured daily using a digital maxi-
mum/minimum thermometer. Rainfall was measured
daily using a standard meteorological rain gauge.

Study system

Allomerus octoarticulatus demerarae Wheeler (Myrm-
icinae) is an obligate symbiont of the myrmecophyte
Cordia nodosa Lam. (Boraginaceae). Both A. octoarti-
culatus and C. nodosa occur at high densities in the
terra Wrme forests at RNAM. A. octoarticulatus seems
to nest exclusively on C. nodosa (Yu and Pierce 1998;
Yu et al. 2004). C. nodosa hosts several species of ants
in addition to A. octoarticulatus, including Azteca depi-
lis Emery (Dolichoderinae), Myrmelachista schumanni
Emery (Formicinae), and two undescribed species in
the genus Azteca (Frederickson 2005). Exploitative
competition, but not direct interference competition,
occurs among ant species for hosts (Yu et al. 2001). A
single C. nodosa plant nearly always hosts only one ant
colony (Yu et al. 2004; Frederickson 2005).

C. nodosa has hollow, swollen stem domatia in
which ants nest. C. nodosa produces domatia whether
or not ants are present. C. nodosa saplings start pro-
ducing domatia when they reach heights of 20–80 cm.
Each C. nodosa domatium is produced together with
six new leaves (Yu and Pierce 1998). A C. nodosa sap-
ling becomes available for colonization by ants when it
produces its Wrst domatium. Thus, I measured the sea-
sonal availability of A. octoarticulatus nest sites as the
number of C. nodosa saplings producing their Wrst
domatia throughout the year.

A. octoarticulatus colonies are monogynous (Freder-
ickson 2005). Colony foundation is independent in this
species and winged queens disperse by Xying. A.
octoarticulatus queens colonize C. nodosa that are not
inhabited by ant colonies; they do not replace
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established ant colonies on host plants (Yu and Pierce
1998; Yu et al. 2001; Frederickson 2005). A. octoarticul-
atus queens colonize C. nodosa at the sapling stage (Yu
and Pierce 1998; Frederickson 2005). A. octoarticulatus
workers protect the young leaves, but not the stems of
C. nodosa against herbivory (Frederickson 2005).

C. nodosa censuses

In January 2004, Wve 1-ha plots were established at
RNAM. Plots were separated by at least 50 m. Each
1 ha plot was oriented along cardinal directions and
divided into four 50-m £ 50-m squares. The corners of
each plot were marked with PVC tubes and stake Xags.

Beginning in January 2004, the population of C.
nodosa in each plot was censused every month for 13
consecutive months. Each month, the plots were
exhaustively searched for all domatia-bearing individu-
als of C. nodosa. Censuses were begun between the
28th and 30th of each month and stretched over a max-
imum of 7 days. Roughly equal numbers of person-
hours (around 40–50 person-hours) were devoted to
each monthly search after the Wrst. The Wrst census
took longer since both adult and juvenile C. nodosa
were counted. Subsequent censuses counted the num-
ber of juvenile C. nodosa that had produced their Wrst
domatia since the previous month’s census.

Plots were censused by walking each 50-m £ 50-m
square in each plot back and forth in a series of 2.5-m
transects. When a domatia-bearing C. nodosa was
found, it was numbered and tagged, and its height,
number of domatia, and species of ant occupant, if any,
were recorded. Plant height was measured using a tele-
scopic measuring rod. Domatia were counted using
binoculars when necessary.

In February 2005, all C. nodosa in the Wve plots were
visited again and the presence and species identity of
ant workers, if any, was recorded. These data were
used to determine how many A. octoarticulatus colo-
nies had been established in the Wve plots over the pre-
vious year.

A. octoarticulatus colony collections

In January 2004, four hundred C. nodosa were found
along trails and transects at RNAM, outside the cens-
used plots described above. Each plant was marked
and numbered, and its location and species of ant occu-
pant, if any, were recorded. A plant was considered to
be occupied by ants if workers could be observed on
the plant.

Beginning in February 2004, Wfteen A. octoarticula-
tus colonies were collected each month for 12 consecu-

tive months (except in August, when 16 colonies were
collected). The colonies collected each month were
randomly selected from the subset of the 400 marked
C. nodosa occupied by A. octoarticulatus. On several
occasions, an A. octoarticulatus colony had died since
the initial census or could not be found. When this
occurred, an unmarked, haphazardly selected A. oct-
oarticulatus colony was collected instead.

All domatia were removed from each C. nodosa
using tree pruners and then sealed in Ziploc bags. Bags
of domatia were stored in an ice chest after collection.
Plant height and number of domatia were recorded for
each C. nodosa. Ant colony collections were made
between the 23rd and 30th of the month.

Within 48 h of collection, each domatium was cut
open and the contents examined. Each domatium was
scored as containing reproductives (with or without
workers), workers only, or being empty. The number
of queens, female alates, male alates, female alate
pupae, male alate pupae, and alate larvae were
recorded separately for each domatium containing
reproductives. The sexes of the larvae were not deter-
mined. All reproductives were collected and stored in
95% ethyl alcohol.

Alate traps

Ant colonies may produce alates some time before
mating Xights occur. To Wnd out when mating Xights
occur during the year, traps were set up to catch alates
as they arrived at host plants. A total of 21 C. nodosa
saplings that were not occupied by ants were randomly
selected from among the C. nodosa saplings present in
the initial censuses of the Wve plots described in C. nod-
osa censuses. Tangletrap was placed over the entrance
holes to all the domatia on each plant. The traps were
checked every Monday between 3 May 2004 and 28
February 2005, a total of 44 times. Any insects stuck in
the Tangletrap were collected. Insects were soaked in
mineral oil overnight to remove the Tangletrap, then
stored in 95% ethyl alcohol. The Tangletrap on a
domatium was replaced whenever it got clogged with
debris. Tangletrap was applied to new domatia as they
were produced.

All C. nodosa saplings used in this part of the study
were located at least 1 km, but not more than 5 km,
from the ant colonies collected as part of A. octoarti-
culatus colony collections. A minimum distance was
maintained so that the collection of adult A. octoarti-
culatus colonies would not interfere with observations
of A. octoarticulatus alates arriving at traps. A mini-
mum distance of 1 km was chosen because A. octoarti-
culatus disperse over very short distances (Yu et al.
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2004). A maximum distance of 5 km was maintained in
order to minimize any eVect of habitat or climatic
diVerences on comparisons of the timing of alate pro-
duction and Xight.

Statistical analyses

To improve normality, all count and precipitation data
were square-root transformed; temperature data were
log-transformed (Sokal and Rohlf 1995). To correct for
diVerences in colony size among harvested colonies,
the total number of A. octoarticulatus reproductives in
each colony was divided by the total number of doma-
tia on the plant. Thus, for harvested colonies, monthly
and seasonal means of A. octoarticulatus reproductives
are reported as mean number per domatium.

Following Madigosky and Vatnick (2000) and
Miyata et al. (2003), the data were divided into four
trimesters that diVer in seasonal climate: December–
February, March–May, June–August, and September–
November. Counts of A. octoarticulatus reproductives
were compared among trimesters, and counts of C.
nodosa saplings were compared among plots and
among trimesters, using ANOVAs followed by Tukey–
Kramer post hoc tests for multiple comparisons. Rela-
tionships among monthly means for numbers of C.
nodosa saplings, A. octoarticulatus reproductives, and
climatic parameters (rainfall, temperature) were ana-
lyzed using linear regression.

The number of queens arriving at traps each week
was not normally distributed because of a large num-
ber of zeros. For this reason, a Kruskal–Wallis test was
used to compare the number of queens arriving at traps
among trimesters, and nonparametric correlation
coeYcients were calculated for the relationships
between the number of queens arriving at traps and cli-
mate variables. Statistical analyses were conducted in
Statview 5.0.1 (SAS Institute).

Results were identical for the relationship between
the total number of alates and plant size, whether plant

size was measured as plant height or number of doma-
tia. Only the results using domatia number are pre-
sented here.

Results

Weather data

Temperature but not precipitation varied seasonally
[ANOVA: maximum daily temperature, F3,337 =
35.305, P < 0.0001; daily precipitation, F3,361 = 0.757,
not signiWcant (NS); the df diVer because of missing
values for maximum temperature]. June–August was
the coolest trimester of the year, while March–May
was the hottest trimester (Table 1). Total rainfall was
2,890 mm. Mean maximum and minimum tempera-
tures were 30.5 and 24.8°C, respectively.

C. nodosa censuses

In January 2004, a total of 235 domatia-bearing C. nod-
osa plants were found in the Wve 1-ha study plots. One
hundred and forty-seven (63%) C. nodosa were occu-
pied by A. octoarticulatus, 37 (16%) were occupied by
Azteca spp., and one (<1%) was occupied by M. schu-
manni. Fifty C. nodosa (21%) were not occupied by
ants. On average (§SE), C. nodosa plants were
2.10§0.13 m tall and bore 20.0§1.4 domatia.

Over the following 12 months, 65 new domatia-bear-
ing C. nodosa were found in the Wve plots. All were sap-
lings, bearing four or fewer domatia and measuring less
than 1 m tall at Wrst census. The number of new doma-
tia-bearing C. nodosa saplings found diVered sig-
niWcantly among trimesters, but not among plots
(ANOVA: plot, F4,40 = 0.710, NS; trimester,
F3,40 = 9.290, P < 0.0001; interaction term, F12,40 = 0.874,
NS). Between March and May, more C. nodosa pro-
duced their Wrst domatia than between June and
November (Table 1). The mean number of new doma-

Table 1 Means followed by 95% conWdence intervals for maxi-
mum temperature, precipitation, number of new domatia-bear-
ing Cordia nodosa saplings per hectare, and number of Allomerus

octoarticulatus alates produced per domatium. DiVerent letters
show signiWcantly diVerent trimesters according to Tukey–Kram-
er post hoc tests (P < 0.05)

Variable December–February March–May June–August September–November

Maximum daily temperature (°C) 30.6 (30.2–31.0) 31.6 (31.2–32.2) 29.1 (28.9–29.3) 30.4 (30.0–30.8)
A B C A

Daily precipitation (mm) 2.30 (1.13–3.87) 3.05 (1.58–4.99) 3.66 (2.12–5.65) 2.16 (1.01–3.73)
A A A A

C. nodosa saplings (no. ha¡1 month¡1) 0.74 (0.23–1.54) 1.95 (1.29–2.75) 0.11 (0.01–0.34) 0.17 (0.01–0.53)
AB A B B

A. octoarticulatus alates produced (no. domatium¡1) 0.49 (0.27–0.78) 0.61 (0.37–0.92) 0.18 (0.09–0.31) 0.33 (0.15–0.56)
AB A B AB
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tia-bearing C. nodosa found each month was signiW-
cantly correlated with mean maximum temperature
(Fig. 1; r2 = 0.41, P = 0.01) but not with mean precipita-
tion (r2 = 0.10, NS). When times-series data are used in
linear regression, autocorrelation can be a problem
because errors may not be independent. However, auto-
correlation was not a factor in the signiWcant regression
between the number of saplings available for coloniza-
tion and temperature, according to a Durbin–Watson
test for autocorrelation (Durbin–Watson statistic 1.992,
NS).

At the Wnal census in 2005, twenty-one new A. oct-
oarticulatus colonies had established on C. nodosa
hosts.

A. octoarticulatus colony collections

Between February 2004 and January 2005, one hun-
dred and eighty-one C. nodosa occupied by A. octoarti-
culatus ants were collected. These bore a total of 5,350
domatia, of which 92% were occupied by ants. Of the
181 C. nodosa occupied by A. octoarticulatus, 162 were
occupied by a single colony, as evidenced by the pres-
ence of one A. octoarticulatus queen. Seven C. nodosa
bore two or three queens and associated nestmates;
four of these seven C. nodosa had less than seven
domatia. The remaining 12 C. nodosa housed no
queen, but A. octoarticulatus workers and brood were
still present.

A total of 1,880 alate larvae, 1,671 alate pupae, and
1,584 eclosed alates were found in the 181 A. octoarti-
culatus colonies sampled over the year. Thus, I esti-
mated that about 85% (1,584/1,880) of alate larvae
reach eclosion. Colonies tended to produce either
mostly female alates or mostly male alates (Fig. 2).
Over half of the colonies producing alates produced
alates of only one sex. More colonies produced only
female alates (39 colonies) than only male alates (22
colonies), resulting in a female-biased numerical sex
ratio. Of the alate pupae, 57% (947) were female and
43% (724) were male. Of the eclosed alates, 69%
(1,089) were female and 31% (495) were male.

Colonies in larger plants had more alates; the total
number of alates produced by a colony was signiW-
cantly correlated with plant domatia number (r2 = 0.49,
P < 0.0001). Alate sex was also related to plant size.
Colonies producing all-female alates were found in
smaller plants (average 28.1 domatia, 95% conWdence

Fig. 1 Mean number (§SE) of a Allomerus octoarticulatus repro-
ductives per domatium and b Cordia nodosa saplings per hectare
produced each month, plotted against mean (§SE) daily
maximum temperature. Each data point represents 1 month. The
x-axis uses a square-root scale, the y-axis a log scale. Solid lines
are regression relationships Fig. 2 Frequency distribution of A. octoarticulatus sex ratio
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interval 23.5–33.1 domatia), than colonies producing
all-male alates (average 37.8 domatia, 95% conWdence
interval 29.9–46.5 domatia; t-test: t55 = 1.97, P = 0.05).

The total number of A. octoarticulatus reproductives
diVered signiWcantly among trimesters (ANOVA:
F3,177 = 3.538, P = 0.02). Between March and May, col-
onies produced signiWcantly more reproductives than
between June and August (Table 1). The mean num-
ber of alates produced by A. octoarticulatus colonies
each month was signiWcantly correlated with mean
maximum temperature (Fig. 1; r2 = 0.72, P = 0.0005),
but not mean precipitation (r2 = 0.098, NS). Autocorre-
lation was not a factor in the signiWcant regression
between alate production and temperature (Durbin–
Watson statistic 2.436, NS).

Alate traps

The 21 C. nodosa with alate traps caught a total of 31
A. octoarticulatus queens in 44 weeks. All of the
queens caught still had their wings. Alates tended to
be caught in the Tangletrap on the youngest doma-
tia. No male A. octoarticulatus alates were ever
caught. From one to six A. octoarticulatus queens
were caught together on one plant on the same date,
and from one to ten queens were caught on the same
plant over the 44 weeks of the study. There was a
tendency for alates to be caught in groups on plants.
The number of queens caught together on one plant
on the same date was signiWcantly aggregated com-
pared to a Poisson distribution (mean = 0.704,
variance = 1.56, �1

2 = 13.2, P < 0.001), as was the
number of queens caught on the same plant over
44 weeks (mean = 1.48, variance = 7.56, �2

2 = 24.9,
P < 0.001). Only seven out of 21 plants ever caught
alates. Plants that caught alates were signiWcantly
larger than plants that did not catch alates (t-test:
height, t18 = 2.85, P = 0.01; number of domatia,
t18 = 2.77, P = 0.01).

Alate Xight showed the same seasonal pattern as
alate production. The number of A. octoarticulatus
queens caught each week diVered signiWcantly among
trimesters (Kruskal–Wallis test: H3 = 10.2, P = 0.02).
Alate Xight peaked in May, when nine alates were
caught, and subsided from June up to and including
October, when no alates were caught. The correlation
between the number of A. octoarticulatus queens
caught each week and mean maximum temperature
over the previous week was marginally nonsigniWcant
(Kendall correlation: � = 0.197, P = 0.06). There was no
correlation between the number of queens caught each
week and precipitation over the previous week (Ken-
dall correlation: � = 0.044, NS).

Reproductive success of A. octoarticulatus queens

There were initially 50 unoccupied C. nodosa saplings
in the Wve study plots, and 65 C. nodosa saplings were
produced throughout the year, for a total of 115 C.
nodosa available to A. octoarticulatus queens over 5 ha
and 1 full year.

Thirty-one A. octoarticulatus queens arrived at 21 C.
nodosa over the 44 weeks from May 2004 to February
2005, or an estimated 37 queens in 52 weeks. This is an
average of 1.7 queens plant¡1 year¡1. Thus, the 115 C.
nodosa in the Wve study plots were visited by an esti-
mated 197 A. octoarticulatus queens in 1 year. An aver-
age of 6.02 female alates was present in each A.
octoarticulatus colony collected. Thus, the 147 A. oct-
oarticulatus colonies present at the beginning of the
study in the Wve 1-ha plots produced an estimated 885
female alates over the year. Of these 885 female alates,
only an estimated 197 successfully located a suitable
host plant, for a survival rate of 22%.

Many of the A. octoarticulatus queens that arrive at
host plants do not survive to found colonies. The Wnal
census of the Wve study plots revealed that only 21 new
A. octoarticulatus colonies were established over
1 year. After correcting for the fact that 21 of the 115
unoccupied C. nodosa in the plots were made unavail-
able for colonization by the alate traps, an estimated 26
new colonies of A. octoarticulatus establish per 5 ha per
year. Thus, a mere 26 of the 197 queens that arrive at
C. nodosa saplings successfully found colonies. This is a
survival rate of 13%. In total, a female alate produced
by an A. octoarticulatus colony has a 2.9% (22% times
13%) chance of surviving to found a colony.

Discussion

Mortality during mating, dispersal, 
and colony founding

Young A. octoarticulatus queens suVer high mortality
during mating, dispersal, and colony founding. Only
3% survive. This does not compare favorably to queen
survival before emergence from the maternal nest,
which is about 85% from the larval stage to eclosion.
Nor does it compare favorably to the survival of
queens in established colonies, which is almost 90%
per year (M. E. Frederickson, unpublished data). Thus,
mating, dispersal, and colony founding are more peril-
ous for A. octoarticulatus queens than other life cycle
stages. The same is true in many other ant species
(Hölldobler and Wilson 1990; Sommer and Hölldobler
1995; Gordon and Kulig 1996).
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In this study, I estimated the mortality of A. octoarti-
culatus queens separately: (1) from the time queens
leave their maternal nests until they arrive at host plant
saplings (mating and dispersal), and (2) from the time
queens arrive at host plant saplings until they produce
workers (colony founding). A. octoarticulatus queen
mortality was substantial during both stages, around 78
and 87%, respectively.

During mating and dispersal, queen mortality may
be a result of predation, parasitism, starvation, or des-
iccation (Nichols and Sites 1991; Gordon and Kulig
1996; Nery and Vasconcelos 2003; Wiernasz and Cole
2003), although the latter is unlikely to be important in
a rainforest species such as A. octoarticulatus. The
length of time a queen spends outside the nest proba-
bly increases her risk of mortality. Thus, queens who
can quickly Wnd mates and nest sites should improve
their chances of surviving.

Competition among queens for nest sites

The results presented here provide evidence that A.
octoarticulatus queens compete intraspeciWcally for
host plants. Many A. octoarticulatus queens arrived to
colonize individual C. nodosa saplings. However, by
the time workers were evident on a small C. nodosa,
only occasionally did the plant hold more than one A.
octoarticulatus queen. At maturity, each C. nodosa
plant hosted only one monogynous A. octoarticulatus
colony. This pattern suggests that A. octoarticulatus
queens compete for hosts, a common occurrence
among plant-ant species (Davidson et al. 1989).

Moreover, A. octoarticulatus queen mortality during
colony founding may be caused almost entirely by
competition among queens. Over the course of this
study, 31 queens were caught on seven C. nodosa sap-
lings. At maturity, these seven C. nodosa plants could
host a maximum of seven colonies. This implies a mor-
tality rate of 77% (1–7/31) due to competition among
queens on the same plant. Thus, competition may
account for most of the 87% mortality of queens after
arriving at hosts.

Despite competition for hosts, the host plant popu-
lation was not saturated. Twenty percent of C. nodosa
were not occupied by ants and only seven out of 21 C.
nodosa with traps caught A. octoarticulatus queens.
The apparent contradiction between the availability of
host plants and the arrival of multiple queens at indi-
vidual saplings is resolved if not all host plants are suit-
able for colonization by ants. In this study, saplings
were either never colonized by queens, or colonized
repeatedly by queens, suggesting some saplings are
more desirable than others to queens. Plant size is one

factor that may aVect the desirability of plants to
queens; plants that were colonized by queens were
larger than plants than were not colonized by queens.

Alternatively, it is possible that dispersal limitation,
and not nest site quality, determines whether queens
colonize hosts. Dispersal limitation, or the failure of
queens to arrive at suitable, but spatially isolated host
plants, has been demonstrated in a few plant-ant spe-
cies (Vasconcelos 1993), including A. octoarticulatus
(Yu et al. 2004). The relative importance of dispersal
limitation and nest site quality to queen colonization of
saplings requires further investigation.

Sex ratio

The sex ratio of a population is sensitive to sex-bias in
both dispersal and competition for limiting resources
such as nest sites or mates (Frank 1987). Local
resource competition (LRC) occurs when dispersal
limitation leads to competition among related females
for resources; local mate competition (LMC) occurs
when dispersal limitation leads to competition among
related males for mates (Clark 1978; Frank 1987). As
investment in reproduction increases, LRC tends to
increase male bias in the sex ratio, while LMC tends to
increase female bias, because of diminishing returns
from investments in the dispersal-limited sex (Frank
1987).

In general, plant-ants like A. octoarticulatus are
good candidates for LRC, because of limited dispersal
by queens and Werce competition among queens for
hosts. However, the only studies of sex ratio in plant-
ants found evidence for LMC, not for LRC (Fonseca
2000; Gaume and McKey 2002). In fact, there are few
examples of LRC occurring in any invertebrates
(Bourke and Franks 1995; Dagg and Vidal 2004;
Kümmerli et al. 2005).

Like many other ant species, A. octoarticulatus colo-
nies produced either mostly female or mostly male
alates (Bourke and Franks 1995). Colonies producing
females were signiWcantly smaller than colonies pro-
ducing males. Colony size was measured by the num-
ber of domatia on the colony’s host plant, a reasonable
approximation because 92% of domatia were occupied
by ants. The pattern that smaller colonies produce
mostly females, and larger colonies produce mostly
males is suggestive of LRC. However, a closer exami-
nation of investment (not numerical) sex ratios is nec-
essary to establish that LRC is at work in A.
octoarticulatus.

It is not known where mating occurs in A. octoarti-
culatus. One possibility is that females and males both
search out C. nodosa saplings and mate on or near
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young host plants. However, no A. octoarticulatus
males were ever caught on the domatia of the C. nod-
osa saplings in this study, suggesting this is not the case.
Another possibility is that A. octoarticulatus alates
mate on or near their maternal host plant. A better
understanding of the mating behavior of A. octoarticul-
atus would shed light on the distances sexuals travel to
Wnd mates, and hence on whether sex-biased dispersal
limitation aVects sex ratio in this species.

Reproductive phenology of an obligate plant-ant

The seasonal pattern of production and Xight of A. oct-
oarticulatus alates matched the seasonal availability of
their nest sites, domatia-bearing C. nodosa saplings.
While the evidence is only correlative, the results sug-
gest that A. octoarticulatus colonies synchronize their
reproduction to the emergence of domatia on C. nod-
osa saplings, as suggested by Fonseca (1999). The
reverse is also possible, but less likely because C. nod-
osa hosts several ant species with diVerent reproduc-
tive phenologies (M. E. Frederickson, unpublished
data).

The production of domatia by C. nodosa saplings
showed a seasonal pattern. Most saplings produced
their Wrst domatia between March and May. Thus,
more domatia-bearing C. nodosa saplings were avail-
able for colonization by ants at this time of year than at
other times. To my knowledge, only one other study
has examined whether host plant availability shows a
seasonal pattern in an ant-plant. Murase et al. (2002)
found no obvious seasonal trend in the abundance of
Macaranga seedlings suitable for colonization by Cre-
matogaster ants.

Domatia production by C. nodosa saplings, which
occurs together with leaf production, was correlated
with temperature, but not rainfall. This suggests that
temperature, or a correlated variable such as light
intensity, determines the phenology of domatia pro-
duction in C. nodosa. In forests like RNAM with little
or no dry season, light intensity has been shown to limit
leaf production, and leaves are produced in the season
of peak irradiance (van Schaik et al. 1993; Wright and
van Schaik 1994; Graham et al. 2003). C. nodosa is a
small-statured plant species—both saplings and mature
trees of this species live in the light-limited rainforest
understory. Thus, light availability may limit the pro-
duction of domatia and leaves by C. nodosa, resulting
in greater domatia production during months with
greater light intensity and higher temperatures.

The production and Xight of A. octoarticulatus sexu-
als also showed a strong seasonal pattern, again peak-
ing from March to May. Two other studies have

investigated the reproductive phenologies of plant-
ants. Janzen (1967) found that Pseudomyrmex ferrugi-
nea, which inhabits the ant-plant Acacia cornigera,
reproduces continuously throughout the year, although
alates do not Xy in cool weather, while Vasconcelos
(1993) found that Pheidole minutula, which inhabits
the ant-plant Maieta guianensis, reproduces predomi-
nantly during the rainy season.

Both A. octoarticulatus alate production and Xight
were correlated with temperature, but not precipita-
tion. The correlation with temperature was strong for
alate production, but weak and marginally nonsigniW-
cant for alate Xight. Alate Xight was measured as the
number of queens arriving at a host plant, so it was
probably subject to a range of factors aVecting the abil-
ity of alates to survive the mating Xight and successfully
locate a host. It is also possible that temperature works
in combination with other cues to determine when
alates leave the nest on their mating Xights. Nonethe-
less, colonies clearly produced more reproductives in
warmer weather. Temperature may have a direct eVect
on alate production, or it may be a proximate cue by
which A. octoarticulatus coordinates reproduction to
nest site availability. The latter has two beneWts for A.
octoarticulatus. Any synchronization makes it easier to
Wnd mates (Kaspari et al. 2001b), and synchronization
with host plant availability makes it easier to Wnd nest
sites, a limiting resource for this species. Why does A.
octoarticulatus still produce some reproductives from
June to November, when host plants and mates are
rare? One possibility is that alates produced in the oV-
peak might escape competition for the few nest sites
available then.

In this study, queen mortality during mating and dis-
persal, which probably depends on the time queens
spend searching for host plants, was similar to queen
mortality due to competition during colony founding.
This indicates that two aspects of nest site availabil-
ity—the number of available nests and competition for
those nests—may determine reproductive success in A.
octoarticulatus and give rise to this species’ reproduc-
tive phenology. How does this compare to other tropi-
cal ant species? Kaspari et al. (2001a) examined the
reproductive phenologies of 81 ant species on Barro
Colorado Island (BCI), Panama. There do not appear
to be any obligate plant-ants among the species they
studied, though, some of the ants that were identiWed
only to morphospecies belong to genera that include
plant-ants. Kaspari et al. (2001a) found that congeneric
species reproduced at similar times in the year, with
most species reproducing during the rainy season.
Congeners often have similar nesting habits, and the
rainy season provides ant queens on BCI with soft soil,
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deep litter, and thick vegetation (Kaspari et al. 2001a).
Thus, nest site availability may determine reproductive
phenology in many tropical ant species.

In tropical rainforests, colonization sites can be lim-
iting for many organisms. For example, the regenera-
tion of many tropical trees depends on the formation of
gaps (Denslow 1987; Wright et al. 2003). Like ant
queens, plant propagules often must reach and estab-
lish in scarce colonization sites in order to succeed.
How gap dynamics inXuence the life histories of tropi-
cal trees has received considerable attention from ecol-
ogists (Denslow 1987; Clark and Clark 1992; Wright
et al. 2003). The present study is among the Wrst to con-
sider how patterns in the availability of colonization
sites shape the life history of a sessile tropical animal.
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