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Abstract The quantification of ant nest densities is a use-

ful but challenging task given the group’s high abundance

and diversity of nesting sites. We present a new application

of a distance-sampling method which follows standard

distance analytical procedures, but introduces a sampling

innovation that is particularly useful for ants; instead of

having an observer look for ants we let ants find a bait

station and measure the distances covered between nest and

station. We test this method by estimating the density of

epigaeic ant nests in an Amazon tropical forest site near

Manaus, Brazil. We distributed 220 baits of canned sardine

mixed with cassava flour among 10, 210-m long transects in

old-growth upland forest. Forty-five minutes after baiting,

we followed the ants’ trails and measured the linear distance

between the bait and each nest’s entrance. We then used the

freely available program DISTANCE to estimate the num-

ber of nests per unit area while accounting for the effect of

distance on the probability that a colony will find a bait.

There were found 38 species nesting in 287 different colo-

nies, with an estimated 2.66 nests/m2. This estimate fell

within the 95 % confidence bounds of nest density predicted

for a similar number of species based on a literature survey

of ant species richness and nest density. Our sampling

solution, however, takes less than 30 % of the time used by

conventional sampling approaches for a similar area, with

the advantage that it produces not only a point estimate but

also a quantification of uncertainty about density.
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Introduction

The quantification of population size is a fundamental

component of ecological science and environmental man-

agement. There is a vast literature on the estimation of size

and other population parameters (Williams et al., 2002) with

particular focus on species that are hard to detect (Thomp-

son, 2004); yet, the estimation of ant population density

(i.e., number of colonies per unit area) is still a challenging

task due to the small size of the organisms, the large variety

of nest sites, and their high local abundance. This task is

particularly relevant in tropical forests where ants make up

to 25 % of total animal biomass (Fittkau and Klinge, 1973)

and their density can reach up to 30 colonies per square

meter (Soares and Schoereder, 2001).

Tropical forest ground and litter ant colonies (hereafter

epigaeic ants) can be very small, often including merely a

dozen individuals living in a small soil chamber, a dead

twig, a dried fruit, between leaves, or in a combination of

different sites for species with polydomous nests (Byrne,
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1994; Carvalho and Vasconcelos, 2002; Debout et al.,

2007). The conventional approach for estimating nest den-

sity of epigaeic ants involves sifting thoroughly through the

leaf litter of an entire sampling area, inspecting each piece

of rotten wood, looking through twigs, and searching for

nest entrances in the soil. This technique consumes from one

half to more than 2 h per person per square meter (Levings

and Franks, 1982; McGlynn et al., 2009; Mertl et al., 2009;

Shik and Kaspari, 2010) and offers limited area coverage.

We describe and test a time-efficient, easily applicable

solution to estimating density of epigaeic ant nests based

on an unconventional application of a distance-sampling

method (Buckland et al., 1993). Our solution reduces the cost

of sampling per unit area, enabling coverage of larger areas

than the conventional approach. Distance-sampling always

involves recording linear distances between an observer and

a study organism (Buckland et al., 2001; Thomas et al.,

2010); the resulting density estimates, therefore, are based on

a detection function that describes the probability of

detecting an object given that it is at a certain distance from

the observation point. Distance-sampling can be imple-

mented on sets of sites, allowing for differences in detecta-

bility among sites and, if appropriate assumptions are met,

provides unbiased estimates of density for each surveyed site

(Buckland et al., 1993; 2001). While we analyze our data in a

standard distance-sampling approach, we introduce a sam-

pling innovation that is especially appropriate for ants;

instead of having an observer look for ants, we have the ants

look for a bait station. Detectability still decreases with

distance from an observation point (bait) but it reflects the

ability of ants to detect food, instead of the human ability to

detect their nests. To test our technique, we estimate the

density of epigaeic ant nests in an upland tropical forest site.

We also compare our results with published ant density

estimates, and illustrate the biological usefulness of our

method by exploring the relation between ant nest detection

probability and leaf litter depth.

Methods

Study site and ant nest sampling

Fieldwork took place at Reserva Ducke, 25 km north of

downtown Manaus, Central Amazonia, Brazil (2�570S,

59�560W) from the 20–23 February, 2008. Reserva Ducke is

a 10,000-ha rainforest reserve covered by old-growth upland

forest on moderately rugged terrain (elevation 50–120 m.a.s.l.)

drained by small streams. The climate is tropical humid with

mean annual temperature around 26 �C (±3 �C) and mean

annual precipitation of 2.2 m, which is distributed seasonally

(Marques-Filho et al., 1981).

We sampled ant nests on 10, 210-m-long transects, reg-

ularly distributed over 10 km2 (Fig. 1). Ducke is covered by

a trail grid with 1-km2 cells and all transects started on the

side of one cell, following terrain contour lines to minimize

the effects of topographical variation on ant distribution

within the transect (Oliveira et al., 2009). Sampling always

took place between 7:30 and 17:00 h with bait stations

placed every 10 m along each transect, totaling 22 stations

per transect. Bait consisted of canned sardine and manioc

flour mixed in equal weight proportions until homogeneous.

We used approximately 3 g of bait per station placed on a

10 9 10 cm piece of paper. After 45 min, we looked for ant

Fig. 1 Map of the Reserva

Ducke. Black diamonds
represent the 210 m long

sampled transects regularly

distributed at every 1 km. The

dotted lines represent the grid of

trails
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trails starting at each bait station and followed them through

the litter measuring the linear distance between the bait and

a presumed nest entrance. The yellow crumbs of manioc

flour facilitated the visualization of ants carrying food

through the leaf litter. After locating an entrance, we care-

fully inspected inside, looking for brood to confirm that the

entrance led to a real nest. We only used distance data

corresponding to nests with brood or (occasionally) to nests

where we found a queen. The supplementary online material

lists the types of nests found as accessory natural history

information.

To ensure that we made the correct connection between

trail start and nest entrance, we sampled individuals from

each trail, at the bait and inside the nest. Specimens were

fixed in alcohol 70 % and sorted to species or morphospe-

cies in the laboratory, with voucher specimens deposited at

INPA’s Entomological Collection. As an ant colony may

have more than one nest opening or occupy more than one

chamber (Byrne, 1994; Debout et al., 2007), we always

counted a species only once per bait. Thus, in the 13

instances where we found more than one nest of the same

species at the same bait, we used the shortest linear distance

between the bait and the nest entrance in the analysis.

Estimating nest density

Distance-based estimation of population density measures

how the probability of detecting animals goes down with

distance from the observer and employs this measure in

estimating how many animals should have been counted if

detection were perfect. We estimated the nest density of

epigaeic ants using the ‘point-transect survey’, one distance

analytical option that has the observer stationed at a point

rather than moving along a transect line (Buckland et al.,

2001). We let the colony find the observer and not the other

way around, but the distance information is used in the

standard way. Our sampling design led to estimates of nest

density estimates at two spatial scales: the transect and

whole study area (comprising 10 transects).

Following exploratory analyses and standard distance-

sampling procedure we truncated our data by discarding

observations of nests that were further than 1 m away from

the bait. Truncation improves precision without increasing

bias of density estimates because the retained data can

contain sufficient information for defining the shape of the

detection function, and because outlying points are gener-

ally least informative and most difficult to model (Buckland

et al., 2001, 2004; Marques et al., 2007). Analyses were

performed with the freely available software DISTANCE

(Thomas et al., 2010), producing one estimate of nest den-

sity (D) for each transect and for the entire study area. We

fitted our observations with two commonly used detection

functions: half-normal and hazard-rate (Thomas et al.,

2010). For each function, we tried three types of fit-

improving adjustment terms (cosine, simple polynomial or

Hermite polynomial adjustments) adding up to six different

types of detection functions. The quantification of uncer-

tainty about density is based on estimates of the variance of

D. For single transects, we obtain the variance analytically,

but for the whole study, because the data are stratified by

transect, we use a nonparametric bootstrap procedure with

999 resamples which takes transect as stratum (Buckland

et al., 2001). This stratification recognizes the grouped

structure of the data, i.e., not treating each baiting station as

independent from all others.

In addition to distance, a variety of habitat structural

factors may influence the ants’ ability to detect baits. For

example, litter presents barriers to the movement of ants

through the forest floor and may limit a colony’s ability to

find a bait station (Farji-Brener et al., 2004; Bernadou et al.,

2011). If two sites had the same nest density of a given

species, but site 1 had twice more litter than site 2 we should

expect individuals of site 1 to explore a smaller area around

the nest entrance in a given amount of time than individuals

of site 2. Therefore, we found it reasonable to explore the

possibility that litter depth may affect the scale, but not the

shape of the detection function by including litter depth as a

covariate of detection in our analyses (Marques et al., 2007).

We measured litter depth in the same day as nest sam-

pling, at one randomly selected location within 20 cm of

every bait station. Measurements consisted of forcing a stick

of 0.5 cm in diameter into the litter until it reached the soil,

and noting the distance in cm between the top piece of litter

and the soil. We added litter depth as a covariate to the

detection functions described above, using the multiple-

covariate distance-sampling engine (MCDS) available in

DISTANCE (Thomas et al., 2010). Litter depth entered the

models as a nonfactor covariate in both scales, transect, and

site. As in the conventional analysis of the whole data set,

we used nonparametric bootstrap (999 resamples) to esti-

mate the variance of D in MCDS analyses (Marques et al.,

2007). Therefore, since we used six types of detection

function, we fitted 12 models of nest density (D): six

without litter depth and six with litter depth as a nonfactor

covariate. These 12 models were fit both for each transect

and for the entire study area, and ranked following Akaike’s

Information Criterion (AIC).

To place our estimates in the context of existing knowl-

edge, we compared D from the highest-ranking whole-area

model with published estimates of ant nest density. Since

different studies focused on different types of ants, we chose

to establish a comparison through the species-nest density

relationship (Kaspari et al., 2000) placing our results within

a relation between the study-site-level number of species per

unit area and the study-site-level number of nests of all

species per unit area. The computation of species density,
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however, requires dividing an estimate of species richness

by an area. DISTANCE provides information about area in

the form of an ‘effective area surveyed’ or t parameter,

which is the area around the observer where the number of

undetected objects equals the number of objects detected

beyond that area (Buckland et al., 1993). In our case, where

the ‘observer’ is the bait, this area can be interpreted as the

area over which an average ant colony can detect a bait

station. The t parameter yields a more conservative estimate

of the area sampled per bait station than alternative mea-

sures based on the mean or maximum distance traveled to

the bait. We quantified the total area sampled in the whole

study site by multiplying the effective area surveyed with

the total number of baits offered (220 baits). To estimate

richness we used Chao 1 (Chao, 1984) estimator, using

transects as replicates and implementing the estimation with

the R package vegan (Oksanen et al., 2011; R Development

Core Team, 2011). To obtain species density, we divided the

Chao 1 estimate by the total area sampled. Finally, we

constructed a regression model of the relation between

species density and nest density based on published infor-

mation, and checked whether our estimates fell within the

95 % confidence intervals of the literature-based model. We

based the regression analysis on log-transformed richness

and nest density to improve normality of the data.

Results

We found 11 ant genera and 38 species in 287 different

nests located in the soil, litter, twigs, hollow fruits, and litter

accumulated on stem-less palms (Table A1—Supplemen-

tary online material). The maximum number of nests

detected per bait was four (mean = 1.45) and only six baits

were not visited by ants (Table 1). The number of nests

encountered on each transect ranged between 22 and 35. We

were able to locate nests for all ant trails observed in four

transects and failed to locate nests for 13 trails in the

remaining six transects (Table 1). The Chao (1984) estimate

of epigaeic ant species richness for the whole sampling area

was 56.07 ± 14.39 species (mean ± s.e.). The mean litter

depth varied twofold among transects (min = 1.1 cm;

max = 2.44 cm), but more than one order of magnitude

within transects, showing a patchy distribution of litter at

the transect scale.

Truncation at 1 m retained approximately 66 % of the

distance data. This exclusion of outlying points allowed us

to fit simpler models (with fewer adjustment terms) without

substantially decreasing the precision of density estimates.

Preliminary analysis of truncated and non-truncated data

revealed lower density estimates from the non-truncated

data (1.36 nests/m2, but using four adjustment terms to

increase model fit); truncation to distances shorter than one

meter, however, resulted in up to a twofold increase in

uncertainty (i.e., truncation at 0.5 m resulted in a 95 % CI of

0.91–11.17 nests/m2). We thus settle with the 1-m trunca-

tion for all the results reported below. At the scale of the

whole study area, models based on the half-normal detec-

tion function had clearly higher AIC than the top-ranking

hazard-rate model without adjustment terms (Table 2).

Nevertheless, estimates of nest density fall within a narrow

range of 0.89–2.66 nests per m2 for all models. Models

using litter depth as a covariate generally had higher AIC

than similar models without the covariate. Based on the top-

ranking model in Table 2, we estimate that our sampling

area has 2.66 ant nests/m2, with a 95 % CI of 0.87–6.52

nests/m2. At the transect scale, the top-ranking detection

models differed between transects with five hazard-rate

models and five half-normal having the lowest AIC

(Table 1). However, as with the whole-area models, tran-

sect models with the litter covariate had highest AIC than

those without it. When compared with the whole-area

analysis, nest density estimates for transects were more

uncertain, with their point estimates of density ranging

fivefold from 0.7 to 3.9 nests/m2 (Table 1).

The distance between bait and nest entrance was highly

variable both within and among ant species, ranging from a

few centimeters to almost 6 m (Fig. 2a). Overall, when

pooled across species, bait-nest distances were highly right-

skewed with most (66 %) falling in the first meter (Fig. 2b).

The effective area surveyed (t) was 0.37 m2 around the nest

at the whole-area scale, and ranged from 0.28 to 0.66 m2 in

the individual transect analyses (Table 1). Using the esti-

mate of t for the whole-area combined with the Chao

estimate of species richness, we expect to find 0.65 species

of epigaeic ants attracted to baits per square meter in

Table 1 Nest survey results and density estimates for transect-level

analyses according to the best ranking model for each transect

Transect Number

of nests

Number of

nests missed

Baits

not

visited

t D (95 % CI)

L3-2500 28 2 – 0.45 1.27 (0.28–5.70)

L3-3500 22 2 2 0.54 0.87 (0.52–1.47)

L3-4500 35 3 – 0.59 0.77 (0.45–1.34)

L4-1500 31 1 – 0.61 0.82 (0.60–1.15)

L4-2500 28 1 – 0.31 3.94 (0.89–17.58)

L4-3500 32 – 1 0.46 1.13 (0.41–3.17)

L4-4500 26 – 1 0.66 0.72 (0.44–1.20)

L5-2500 27 – 2 0.44 1.03 (0.55–1.95)

L5-3500 32 – – 0.44 0.95 (0.29–3.12)

L5-4500 26 4 – 0.28 3.60 (0.58–22.28)

‘t’ is the effective area sampled around the bait in m2, and ‘D’ is an

estimated number of nests per m2 with 95 % confidence intervals

based on an analytical estimate of variance
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Reserva Ducke. To build our model of species density

versus nest density, we used information from 16 other sites

published in 12 studies of ant density in tropical forests

(Table A2—Supplementary online material). Nest density

accounted for 76 % of the variation in species density across

different tropical forests (r2 = 0.76; F1,14 = 44.02; P \
0.001), and our nest density estimate for Reserva Ducke fell

within the 95 % confidence intervals of the model pre-

diction (Fig. 3). Although our method in part also relies in

the ability of the observer to follow ants through leaf litter as

does the conventional sampling method, the sampling time per

unit area using the distance approach was approximately 25 %

of the time for other studies reporting comparable measures

of effort. On average, the time spent on a conventional

litter-sifting survey was 1 ± 0.21 h (mean ± S.D.) per

square meter (Table A2—Supplementary online material);

with the point-transect method we were able to estimate ant

nest density for the same area in approximately 16 min of

ant-trail searching.

Discussion

Size is a central metric of population state in both theoret-

ical and applied ecology; thus, in estimating number of

individuals per unit area, distance-sampling techniques

(Buckland et al., 2001) offer a valuable contribution to

population biology. Distance-sampling has been applied to

estimating density of a large variety of animals, plants, and

associated structures (Thomas et al., 2010), including

Table 2 AIC-based model-ranking results for the analysis at the whole-area scale

Detection function Adjustment terms Covariate D AIC Number of parameters D (95 % CI)

Hazard-rate – – 0 2 2. 66 (0.87–6.52)

Half-normal Cosine – 3.994 2 1.41 (0.99–1.79)

Half-normal Simple polynomial – 4.050 3 1.26 (0.97–1.81)

Half-normal Cosine Litter depth 5.236 3 1.45 (0.92–2.07)

Half-normal Simple polynomial Litter depth 5.321 4 1.20 (0.86–1.62)

Hazard-rate – Litter depth 7.016 3 1.43 (0.78–3.34)

Half-normal – – 14.893 1 0.89 (0.73–1.07)

Half-normal – Litter depth 15.885 2 0.92 (0.71–1.19)

Models were fitted with program Distance using conventional distance-sampling or, when litter depth was included, the multiple-covariates

distance sampling (MCDS) engine. DAIC shows the difference between each candidate model and the model with the lowest AIC value. ‘D’ is the

estimate of nest density with 95 % of confidence intervals based on bootstrap variance estimation. Note there are only 8 (and not 12) models in this

table because some adjustment terms were not selected by the DISTANCE adjustment algorithm; we ended up excluding hermit polynomial

adjustments for the half-normal functions and all adjustments terms for the hazard-rate models

Fig. 2 Distance between bait and nest entrance for the 15 most

frequently detected species/morphospecies (a) and for all the colonies

detected in this study (b). Panel A shows median (thick vertical line),

25 and 75 % quantiles (boxes), and minimum–maximum values

(horizontal lines) of distance per species. The number after each

horizontal bar represents the number of nests encountered for each

species. In panel B, the line shows the detection probability as a

function of distance overlaid with the histogram of observed bait-nest

distances. The histogram was scaled by dividing the number of

colonies detected in each distance class by the distance midpoint of

that class, to adjust for increasing area surveyed at increasing distances

from the survey point
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conspicuous mounds of invasive fire ants (Forbes et al.,

2000) and red wood ants (Borkin et al., 2012). The foraging

behavior of ants, however, allows a particularly unique

albeit unconventional application of distance-sampling,

where the animal finds the observer rather than the other

way around. In this study, we estimated epigaeic ant nest

density based on a sampling area of 81.4 m2 and tested a

hypothesized relation between habitat structure and nest

detection probability. For this, we spent less than 30 % of

the time that would be necessary for the same purpose with a

conventional ant nest searching technique.

One key contribution of distance-sampling is the quanti-

fication of uncertainty about density estimates. We esti-

mated 2.66 nests per square meter in our sampling area,

with a 95 % confidence interval between 0.87 and 6.52.

The relatively low nest density in comparison with other

tropical forest ant studies (McGlynn et al., 2009; Mertl

et al., 2009; Shik and Kaspari, 2010) probably reflects our

focus on the subset of ants that are attracted to sardine

baits. Nevertheless, we feel reassured that this result makes

biological sense because it fits the published relation

between species density and nest density (Kaspari et al.,

2000). This relation can be used for predicting nest density

of a broader scope of species, as long as one has an esti-

mate of species density derived from a wider variety of

sampling techniques (e.g., Winkler samples, pitfall traps,

and different types of bait). Furthermore, our distance-

sampling approach could be employed with a variety of

baits as well, and it should work well across a variety of

ant groups and sampling environments. In particular, as the

nests of tropical forest epigaeic ants are especially hard to

find (Byrne, 1994; Soares and Schoereder, 2001), we anti-

cipate that our application of distance-sampling to estimate

ant nest density may be even more useful in environments

where nests are more easily found.

The validity of our approach relies on three key assump-

tions of distance-sampling: (1) the detection probability at

the observation point is 1, in other words, all nests imme-

diately under the bait are detected; (2) nests are detected at

their initial position (particularly relevant for distance-

sampling of moving objects); and (3) the distance to each

detected nest is recorded accurately (Thomas et al., 2010).

All assumptions are easily met for ant surveys but it is

remarkable how assumptions 2 and 3, which are usually

hard to meet in closed-forest surveys of moving animals

(e.g. Simons et al., 2009), do not present any particular

difficulty in a sample of ant baits. Perhaps, the most serious

hurdle is that of achieving a sufficiently large sample size.

Buckland et al. (1993) recommend about 60 observations as

a practical minimum to adequately model the detection

function. We notice that our transect-specific estimates were

much more uncertain than the whole-area estimate. This

suggests there is room for improvement using more baits per

transect.

By changing the focus of the detection process from the

observer to the observed, we should expect the detection

function to reveal relevant information about ants and how

they use their environment. For example, we initially

hypothesized that litter depth (and associated amount of

environmental interstices) would have a negative effect on

the probability of detecting a nest located at a given distance

from the bait. However, we found limited evidence to sup-

port such effect, as the models with the litter covariate in the

detection function had higher AIC than those without. Some

common species sampled with baits, such as Crematogaster

tenuicula, C. brasiliensis and Wasmannia auropunctata,

that pooled together visited more than half of the baits, are

relatively small and live in polydomous nests (Le Breton

et al., 2005; Longino, 2003). Such nesting behavior can

create large foraging areas and should increase the chance of

being nearby when a food source appears. Perhaps this

ability of some ant species to be in many places at once

might partially suppress the negative effect of litter depth on

detection, but we regard this as an open question that should

motivate further exploration of the point-transect method

with ants.

We are encouraged by our results but it is appropriate to

point out a number of caveats in the application of distance-

sampling to ant assemblages. First, baits are a selective

method that attracts mainly omnivorous ant species that

recruit to food sources (Ribas and Schoereder, 2002).

Therefore, this sampling technique misses specialized

Fig. 3 Species to nest density relationship showing the results from

this study (empty circle) in the context of a linear regression model

based on 12 published epigaeic ant surveys in tropical forests (filled
circles; see Table A2—supplementary online material for details).

Dotted lines represent 95 % confidence intervals for the regression

model. Error bars on the white point represent the 95 % CI for nest

density. Please note, that the species density was estimated at site level
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predators, cryptic ants, and fungus-growing species, which

may account for a considerable proportion of the ant fauna

(King and Porter, 2005, Baccaro et al., 2012). Second, it is

clear that some species take less time to find resources than

others (Feener et al., 2008, Parr and Gibb, 2012), and it

appears that colonies with more scouts find resources faster

than colonies with few scouts (Pearce-Duvet et al., 2011).

Therefore, large colonies nesting near a bait station may find

the bait first, monopolize its use and could bias our per-

ception of ant abundance and community composition.

Finally, while our estimate of t suggests that the distance

between bait stations was far longer than the typical for-

aging distance of an ant colony, one should not exclude the

possibility that in some circumstances (i.e., for species with

polydomous nests) the same colony can visit different baits,

leading to an overestimation of colony density. These

caveats, however, can be seen as opportunities for improve-

ment. For example, if the distance between baits is a con-

cern, one may conduct a pilot sampling with colony

identification to determine the minimum distance that

insures independence between baits. When selectivity or

monopolization of the bait is a problem, one may experi-

ment with different types of attracting substances and

different periods of bait observation. Even the use of the

standard sardine/tuna bait can be advantageous, if one is

interested in numerically and behaviorally dominant spe-

cies. When this is the case, the standard bait will work for

monitoring changes in population density of invasive spe-

cies, with possible advantages in assessing long-term

ecosystem changes, or exploring the effects of land man-

agement actions on dominant ant nest density. The broader

potential of applying distance-sampling to ants, however, is

to free the researcher to address larger-scale questions

through the efficient sampling of larger areas and a wider

variety of environments. In one person*hour of field work,

we obtained sufficient data for estimating nest density over

an area approximately four times as large as that covered in

the same time by conventional sampling solutions. Thus, the

time saved with distance-sampling can be used for

increasing sample size, increasing spatial coverage, incor-

porating environmental heterogeneity, or exploring the use

of different baits targeted to different ant groups.
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Amazônia Central, Brasil. Rev. Bras. Entomol. 46: 115–121

Chao A. 1984. Nonparametric estimation of the number of classes in a

population. Scand. J. Stat. 11: 265–270

Debout G., Schatz B., Elias M. and McKey D. 2007. Polydomy in ants:

what we know, what we think we know, and what remains to be

done. Biol. J. Linn. Soc. 90: 319–348

Farji-Brener A.G., Barrantes G. and Ruggiero A. 2004. Environmental

rugosity, body size and access to food: a test of the size-grain

hypothesis in tropical litter ants. Oikos 104: 165–171

Feener Jr., D.H., Orr M.R., Wackford K. M., Longo J. M., Benson W.W.

and Gilbert L.E. 2008. Geographic variation in resource dominance-

discovery in Brazilian ant communities. Ecology 89: 1824–1836

Fittkau E.J. and Klinge H. 1973. On biomass and trophic structure of

the central Amazonian rain forest ecosystem. Biotropica 5: 2–14

Forbes A.R., Mueller J.M., Mitchell R.B., Dabbert C.B. and Wester D.

2000. Accuracy of red imported fire ant mound density estimates.

Southwest. Entomol. 25: 109–112

Kaspari M., O’Donnell S. and Kercher J.R. 2000. Energy, density, and

constraints to species richness: ant assemblages along a produc-

tivity gradient. Am. Nat. 155: 280–293

King J.R. and Porter S.D. 2005.Evaluation of sampling methods and

species richness estimators for ants in upland ecosystems in

Florida. Environ. Entomol. 34: 1566–1578

Levings S.C. and Franks N.R. 1982. Patterns of nest dispersion in

tropical ground ant community. Ecology 63: 338–344

Longino J.T. 2003. The Crematogaster (Hymenoptera, Formicidae,

Myrmicinae) of Costa Rica. Zootaxa 151: 1–150

Marques T.A., Thomas L., Fancy S.G. and Buckland S.T. 2007.

Improving estimates of bird density using multiple-covariate

distance sampling. Auk. 124: 1229–1243

Marques-Filho A.O., Ribeiro M.N.G., Santos H.M. and Santos J.M.

1981. Estudos climatológicos da Reserva Florestal Ducke—

Manaus-AM. Acta Amazonica 11: 759–768

Estimating density of ant nests using distance sampling 109

123



McGlynn T.P., Fawcett R.M. and Clark D.A. 2009. Litter biomass and

nutrient determinants of ant density, nest size, and growth in a

Costa Rican tropical wet forest. Biotropica 41: 234–240

Mertl A.L., Wilkie K.T.R. and Traniello J.F.A. 2009. Impact of

flooding on the species richness, density and composition of

Amazonian litter-nesting ants. Biotropica 41: 633–641

Oksanen J., Blanchet F.G., Kindt R., Legendre P., O’Hara R.B.,

Simpson G.L., Solymos P., Stevens M.H.H. and Helene W.

2011.Vegan: Community Ecology Package. R package version

1.17-12. http://CRAN.R-project.org/package=vegan

Oliveira P.Y., Souza J.L.P., Baccaro F.B. and Franklin E. 2009.Ant

species distribution along a topographic gradient in a ‘‘terra-firme’’

forest reserve in Central Amazonia. Pesqui. Agropecu. Bras. 44:

852–860

Parr C.L. and Gibb H. 2012. The discovery-dominance trade-off is the

exception, rather than the rule. J. Anim. Ecol. 81: 233–241

Pearce-Duvet J.M.C., Moyano M., Adler F.R. and Feener D.H. 2011.

Fast food in ant communities: how competing species find

resources. Oecologia 167: 229–240

R Development Core Team. 2011. R: A language and environment

for statistical computing. R Foundation for Statistical Computing,

Vienna, Austria. ISBN 3-900051-07-0, URL http://www.R-project.

org/

Ribas C.R. and Schoereder J.H. 2002. Are all ant mosaics caused by

competition? Oecologia 131: 606–611. doi:10.1007/s00442-002-

0912-x

Shik J.Z. and Kaspari M. 2010. More food, less habitat: how necromass

and leaf litter decomposition combine to regulate a litter ant

community. Ecol. Entomol. 35: 158–165

Simons T.R., Pollock K.H., Wettroth J.M., Alldredge M.W., Pacifici

K. and Brewster J. 2009. Sources of measurement error, mis-

classification error, and bias in auditory avian point count data.

In: Modeling Demographic Processes in Marked Populations
(Thomson D.L., Cooch E.G. and Conroy M.J., Eds), Springer,

New York. pp 237–254

Soares S.M. and Schoereder J.H. 2001. Ant-nest distribution in a

remnant of tropical rainforest in southeastern Brazil. Insect. Soc.

48: 280–286

Thomas L., Buckland S.T., Rexstad E.A., Laake J.L., Strindberg S.,

Hedley S.L., Bishop J.R.B., Marques T.A. and Burnham K.P.

2010. Distance software: design and analysis of distance sampling

surveys for estimating population size. J. Appl. Ecol. 47: 5–14

Thompson W.L. (Ed) 2004. Sampling Rare or Elusive Species. Con-
cepts, Designs, and Techniques for Estimating Population
Parameters. Washington, Island Press

Williams B.K., Nichols J.D. and Conroy M.J. 2002. Analysis and
Management of Animal Populations. Academic Press, San Diego

110 F. B. Baccaro, G. Ferraz

123

http://CRAN.R-project.org/package=vegan
http://www.R-project.org/
http://www.R-project.org/
http://dx.doi.org/10.1007/s00442-002-0912-x
http://dx.doi.org/10.1007/s00442-002-0912-x

	Estimating density of ant nests using distance sampling
	Abstract
	Introduction
	Methods
	Study site and ant nest sampling
	Estimating nest density

	Results
	Discussion
	Acknowledgments
	References


