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Anidación por hormigas arbóreas (Hymenoptera: Formicidae) en sustratos 
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Abstract

Ants can provide pest biocontrol for coffee crops; however, this ecosystem service may decline in intensively 
managed plantations due to the loss of nesting resources. Considering how to increase the number of 
ants, we studied if they nest in different types of artificial substrates attached to coffee bushes both in 
shade-grown and sun-grown coffee plantations. Three independent tests were conducted at some coffee 
plantations in southwestern Colombia with the purpose of answering the following questions: 1) Do 
ants nest in artificial substrates made from recyclable materials? 2) Do the types of substrate (materials 
and configuration) and coffee management (shade-grown vs. sun-grown coffee) affect colonization rates, 
richness, and identity of colonizing ants? 3) Does time affect substrate colonization rates? Each experiment 
independently compared different substrate materials and designs, in both shade and sun-grown coffee. 
Results showed preference of one of the substrates offered and higher nesting rates in shade-grown 
plantations. Eight ant species were found nesting in artificial substrates, most of them being arboreal 
generalists. A higher number of ant species colonized substrates in shade-grown plantations; however, 
the effect was not statistically significant. Nesomyrmex asper and Crematogaster spp. were always found 
nesting in both types of plantation. There was a trend to increase nesting activity with time in shade-grown 
coffee but not in sun-grown coffee. Evidence supports that offering artificial substrates enhances arboreal 
ant nesting in coffee plantations.
Keywords: Crematogaster; Management of beneficial ants; Management of coffee agroecosystems; 
Nesting resources; Nesomyrmex

Andrés Jireh López-Dávila,  andresjlopez25@gmail.com,  https://orcid.org/0000-0003-2868-3547
Selene Escobar-Ramírez,  sescobar@usfq.edu.ec,  https://orcid.org/0000-0002-1603-4710 
Inge Armbrecht,  inge.armbrecht@correounivalle.edu.co,  https://orcid.org/0000-0003-0574-2559
1 Department of Biology, Universidad del Valle, Cali, Colombia. 
2 Colegio de Ciencias Biológicas y Ambientales, Herbario de Botánica Económica del Ecuador, Universidad San Francisco de Quito, 

Quito, Ecuador

mailto:revistauniciencia%40una.cr?subject=Uniciencia
http://dx.doi.org/10.15359/ru.35-2.13
https://creativecommons.org/licenses/by-nc-nd/3.0/deed.en
mailto:andresjlopez25%40gmail.com?subject=
https://orcid.org/0000-0003-2868-3547
mailto:sescobar%40usfq.edu.ec?subject=
https://orcid.org/0000-0002-1603-4710
mailto:inge.armbrecht%40correounivalle.edu.co?subject=
https://orcid.org/0000-0003-0574-2559
https://www.euna.una.ac.cr/index.php/EUNA
https://www.una.ac.cr/


Andrés Jireh López-Dávila • Selene Escobar-Ramírez • Inge Armbrecht

DOI: http://dx.doi.org/10.15359/ru.35-2.13
E-ISSN: 2215-3470

CC: BY-NC-ND

U
N

IC
IEN

C
IA

 Vol. 35, N
°. 2, pp. 1-17. July-D

ecem
ber, 2021 • 

 w
w

w.revistas.una.ac.cr/uniciencia • 
 revistauniciencia@

una.cr

2

Resumen

Las hormigas pueden ejercer biocontrol del cultivo de café, pero este servicio puede declinar en plantaciones 
manejadas intensivamente debido a que se pierden recursos de nidificación. Considerando cómo incrementar 
las hormigas, estudiamos si estas anidan en diferentes tipos de sustratos artificiales adheridos sobre arbustos 
de café tanto en cafetales de sombra como de sol. Se realizaron tres exámenes independientes en cafetales 
del suroccidente colombiano para responder: 1) ¿Anidan las hormigas en sustratos artificiales hechos de 
materiales reciclables? 2) ¿El tipo de sustrato (material y configuración) y el tipo de manejo del cafetal (sombra 
vs. sol) afectan la colonización, riqueza e identidad de hormigas? 3) ¿Afecta el tiempo las tasas de colonización 
de sustratos artificiales? Cada experimento comparó diferentes materiales y diseños, tanto en cafetales de 
sombra como de sol. Las hormigas anidaron más en uno de los sustratos ofrecidos y hubo mayor nidificación 
en cafetales de sombra. Ocho especies anidaron en los sustratos artificiales, la mayoría generalistas arbóreas. 
Un mayor número de especies de hormigas colonizó sustratos en cafetales de sombra, aunque no fue 
estadísticamente significativo. Nesomyrmex asper y Crematogaster spp. siempre se encontraron anidando 
en ambos tipos de plantación. La evidencia soporta que se puede ofrecer sustratos artificiales favorece la 
anidación por hormigas arbóreas en plantaciones de café.
Palabras Clave: Crematogaster; Manejo hormigas benéficas; Manejo agroecosistemas cafeteros; 
Recursos de nidificación; Nesomyrmex

Resumo

As formigas podem exercer controle biológico no cultivo do café, porém essa função pode reduzir em 
plantações manejadas intensivamente, já que os recursos de aninhamento são perdidos. Considerando o 
aumento das formigas, foi estudado se o aninhamento se dá em diferentes tipos de substratos artificiais 
aderidos sobre arbustos de café tanto em cafezais sombreados quanto ensolarados. Foram realizadas três 
provas independentes em cafezais do sul ocidental colombiano para responder: 1) As formigas se aninham 
em substratos artificiais feitos de materiais recicláveis? 2) O tipo de substrato (material e configuração) e 
o tipo de manejo do cafezal (sombra vs. sol) afetam a colonização, riqueza e identidade das formigas? 3) 
O tempo afeta as taxas de colonização de substratos artificiais? Cada experimento comparou diferentes 
materiais e desenhos, tanto em cafezais sombreados quanto ensolarados. As formigas se aninharam mais 
em um dos substratos oferecidos e houve maior aninhamento em cafezais sombreados. Oito espécies 
aninharam-se nos substratos artificiais, a maioria generalistas arbóreas. Um maior número de espécies 
de formigas colonizou substratos em cafezais sombreados, ainda que não tenha sido estatisticamente 
significativo. Nesomyrmex asper e Crematogaster spp. sempre foram encontrados se aninhando em ambos 
os tipos de plantação. A evidência propõe que é possível oferecer substratos artificiais para favorecer o 
aninhamento de formigas arbóreas em plantações de café.
Palavras-chave: Crematogaster; Manejo de formigas benéficas; Manejo agroecossistemas cafeeiros; 
Recursos de aninhamento; Nesomyrmex
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Introduction

Coffee crop intensification often in-
volves elimination of associated trees and 
high agrochemical use, practices which neg-
atively affect the natural diversity associat-
ed to the plantations (Armbrecht & Perfec-
to, 2003). Traditionally, coffee was planted 
under a canopy of native trees which pro-
tected the plants and soil, and provided hab-
itat for wild fauna such as birds, mammals, 
and insects. However, some decades ago, 
a fast conversion and intensive production 
system was implemented with no tree cov-
er and was highly dependent on agricultural 
inputs (Perfecto et al., 1996). In Colombia, 
more than half of the coffee agroecosys-
tems have no shade trees (Jha et al., 2014; 
Ocampo-Lopez & Alvarez-Herrera, 2017). 
This reduction of shade affects the structur-
al complexity of the coffee agroecosystem 
with negative consequences for the associ-
ated biodiversity and its ecosystem services 
(De La Mora et al., 2015; Philpott & Arm-
brecht, 2006).

The lack of shade trees limits the 
amount of available resources that ants need 
for nesting (less leaf litter, twigs and trunks) 
(Armbrecht et al., 2006), thus probably re-
ducing their impact on biological pest con-
trol (Philpott & Armbrecht, 2006). As an 
alternative, the provision of artificial nesting 
sites could contribute to an increase in abun-
dance of ants that nest in twigs on shrubs 
and, therefore, promote both the abundance 
and diversity of ants, and a more effective 
biological control of pests on the sites where 
the artificial nests are located (Guzman et 
al., 1997; Vidal-Hernández & Armbrecht, 
2009; Hosang et al., 2010; De la Mora 
et al., 2015). For instance, Guzman et al. 
(1997) found 98% control by ants of a pest 
in oil palms whereas Crematogaster sp. was 

promoted while Vidal-Hernandez and Arm-
brecht (2009) found increased ant diversity 
when bamboo twigs were added to Colom-
bian coffee plantations. Hosang et al. (2010) 
managed to enhance the predator ant Doli-
choderus thoracicus using artificial nesting 
substrates while De la Mora et al. (2015) 
found that prey removal by ants on coffee 
plantations was positively correlated with 
hollow coffee twigs. Further, heterogeneous 
nesting resources (substrates) could be im-
portant in promoting ant diversity and abun-
dance (Armbrecht et al. 2004; Mottl et al., 
2019) Given these studies and the potential 
of ants as biocontrol agents, an assessment 
is needed for the type of substrates or the ap-
propriate configurations required to favour 
ant colonization in a given agroecosystem. 

In this study, a total of three field tests 
were performed in order to assess nesting 
ability, preferences and colonization rates of 
ant species in both shaded-grown and sun-
grown coffee crops, when artificial nesting 
resources were provided in plantations in 
southwestern Colombia. First, we tested ant 
colonization in two different designs of ar-
tificial substrate. Based on the best traits of 
those designs, a third nesting substrate was 
designed and monitored for ant colonization 
over time. We hypothesized that the presence 
of trees in coffee plantations fosters the col-
onization of artificial substrates by generalist 
ants, and that a higher percentage of sub-
strates will be colonized by ants over time. 

Methods

Study area

The sampling site was located in the 
village of La Venta, Municipality of Cajibio, 
Cauca Department, Colombia (2°37′24″N; 
76°34′23″W). The site was located in the 
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Alto Cauca Valley at 1,760 m.a.s.l. with 
annual temperatures between 23.8–27.1°C 
(IDEAM 2015). Three sun-grown and 
three shade-grown coffee plantations were 
selected, approximately 1.5 ha each, with 
~3-year-old coffee shrubs planted 1.5–2.0
m from each other (Table S1). To differen-
tiate shade-grown from sun-grown coffee
plantations, the canopy cover was calculat-
ed by means of a GRS Densitometer(TM) at
400 observation points. Canopy cover was
6.2% (±9.5; n=3) in sun-grown coffee vs.
42.3% (±6.5; n=3) in shade-grown coffee.
Three independent tests were performed be-
tween 24 March and 18 December 2015 on
all six plots at different moments. During
the sampling period, monthly temperature
and average precipitation data were record-
ed (Figure 1) (IDEAM, 2015). The first test
matched a decrease in precipitation, the sec-
ond was made throughout the dry period,
and the third during a transition to the next
rainy season. Each of the three tests carried
out in the field is described below.

Sampling period

Figure 1. Monthly temperature in °C (black line) and monthly precipitation in mm (dotted 
line) recorded during 2015, the year when the three independent experiments were performed
Source: IDEAM Colombia.

Test 1: PVC covers filled with co-
rrugated cardboard (CC) vs. card-
board tubes (CT)

Ant nesting was compared in two 
types of artificial substrates: polyvinylchlo-
ride tubes filled with corrugated cardboard 
(CC) vs. polyvinylchloride tubes filled with
cardboard tubes (CT), on sun-grown and
shade-grown coffee plantations (Figure 2a).
The CC resembles the cavities found in tree
bark where ants forage and nest, and CT re-
sembles hollow twigs. The PVC cover was a
tube 6 cm in diameter and 30 cm in length.
The CC substrate filling consisted of a 30 ×
46 cm sheet of a tightly rolled CC, forming
internal cavities of 0.3cm in diameter and 0.4
cm in height (Packing S.A., Colombia). The
CT substrate consisted of five firmly packed
CT (diameter = 1 cm, length = 30 cm, thick-
ness = 3–4 mm) (Figure 2a). On each of the
six coffee plantations, 20 focal units of trees
with high ant activity were identified. Then,
two CC substrates and two CT substrates
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were placed on four coffee plants surroun-
ding the tree (Figure 2a). Overall, 120 arti-
ficial substrates were provided: 60 on sha-
de-grown coffee plots and 60 on sun-grown 
coffee plots. Substrates were installed from 
March 21st to 24th, 2015 (flowering cycle), 
and collected between June 28th and July 3rd 
(fruiting cycle) after three months for inspec-
tion to assess colonization. 

Test 2: Cover comparison (PVC vs. 
CC) 

Given the possibility of a ‘greenhou-
se effect’ on the interior of the substrates 
caused by a polyvinylchloride cover, a se-
cond test was performed in sun-grown and 
shade-grown coffee to establish whether 
this type of cover affected substrate coloni-
zation. For this test, we compared ant nes-
ting in substrates with two different covers: 
polyvinylchloride tube vs. CC covered with 
a transparent plastic film (Figure 2b). Both 
covers were filled with the same substrate 
consisting of CT filled with CC. The same 
six coffee plots in Test 1 were used for Test 
2. In each coffee plot, 13 pairs of contiguous
coffee trees with high ant activity were se-
lected, and the two types of substrates were
randomly assigned to each coffee tree. A
total of 156 artificial substrates were used
in this test: 78 on shade-grown coffee plots
and 78 on sun-grown coffee plots. Inner
substrate temperature was estimated for
sun-grown and shade-grown coffee from
a total of 30 substrates of each type. The
substrates were installed between June 28th

and July 3rd, 2015 during the fruiting cycle
and were collected, uncovered, and inspec-
ted between September 12th and 15th, 2015
(flowering cycle) to assess ant colonization
after two months.

Test 3. Single type of a full cardboard 
substrate: colonization over time

In this test, a single substrate type was 
monitored for ant colonization over time in 
sun-grown and shade-grown coffee. Based 
on previous experience with Tests 1 and 2, 
we designed a substrate covered by CC (to 
avoid an increase in internal temperature) 
and filled it with a combination of CT and 
CC (to allow nesting by ants of different 
sizes) (Figure 2c). Specifically, the filling 
of each substrate consisted of five flattened 
and tightly packaged CT (diameter = 3 mm; 
length = 30 cm), protected by a CC cover 
(30 × 36 cm) and wrapped in a transparent 
plastic film (Figure 2c). At each coffee plot, 
40 artificial substrates were fixed (one subs-
trate per coffee plant) and spatially distribu-
ted into five rows, each of them containing 
eight substrates separated from each other 
by ten coffee plants. A total of 240 substra-
tes were provided: 120 in sun-grown coffee 
and 120 in shade-grown coffee. Substrates 
were checked once a month for three mon-
ths for ant colonization. Substrates were 
installed between September 12th and 15th, 
2015 (flowering cycle), collected between 
December 15th and 18th, 2015 (fruiting pe-
riod). Identification of the ants nesting in 
the substrates was performed using availa-
ble guides on Neotropical ants: Fernández 
and Palacio (2003), Antweb (2014), and 
Longino (2003). Cephalic capsules were 
measured for twenty individuals from each 
nesting species using a SMZ 645 model Ni-
kon stereoscope with magnifying binocular 
lenses up to 8.0 × (4.0 × 2.0). 
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Data analyses

For the three tests, colonization per-
centages were estimated as number of colo-
nized substrates over the total of recovered 
substrates (missing substrates were not con-
sidered) and analysed in relation to substra-
te type and tree cover on the coffee plots. 

In Test 1, a generalized linear mixed 
model (GLMM) was used to assess the 
effect of substrate type, coffee plot, tree co-
ver type (fixed factors) and focal unit (ran-
dom factor) on the colonization percentage 
by ants. The response variable was binary. 
Only those focal units where at least one 

substrate of each type was recovered were 
used. Through this model, we assessed pos-
sible interactions between type of substrate 
and type of arboreal cover. 

In Test 2, no statistical analysis was 
carried out because the independence of the 
sample units could not be clearly establi-
shed. Therefore, a descriptive comparison 
of the treatments was made. The inner subs-
trate temperatures on sun-grown and sha-
de-grown coffee plantations were compared 
using a t-student test.

For Test 3, a chi-square test (Zar, 1999) 
was used to determine if differences existed 
in the proportion of colonized substrates 

Figure 2. Types of artificial substrates offered and their allocation within the coffee 
plantation: a) In Test 1, a PVC cover with two types of filling substrate (CC and CT) was 
placed around trees with high ant activity; b) for Test 2, two different types of covers (PVC 
vs. CC) for the same substrate filling (CT filled with CC) were compared; c) in Test 3, a 
single type of substrate made of CC was evenly distributed in the plantations.
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between sun-grown and shade-grown coffee 
during the months of substrate monitoring. 
For the GLMM and chi-square tests, we 
used the glmer package from the Ime4 li-
brary and R Studio software (R Core Team, 
2013). For this test, each coffee plantation 
was considered a sample unit. Colonization 
preferences by ant species on the different 
tests were also analysed 

Analyses and results

Test 1: Substrate comparison (CC 
vs. CT)

General colonization in the first test 
was 28.9%. Substrate colonization was 
not significantly affected by the presence 
of tree cover on the coffee plantation (F
(1.52) = 0.47; p = 0.49). No interaction be-
tween type of tree cover and type of subs-
trate was found, indicating that tree cover 
had no influence on the success of subs-
trate colonization (F (4.52) = 1.4162; p = 
0.7081). However, ants showed a nesting 
preference for the substrate filled with CC 
compared to CT on both sun-grown and 

shade-grown coffee plantations (F (1.52) = 
6.45; p = 0.014) (Figure 3). The species 
with the highest number of colonization 
events were Nesomyrmex asper (52.6% 
in shade-grown coffee and 36.4% in sun-
grown coffee) and Crematogaster crino-
sa (54.5% in sun-grown coffee but only 
10.5% in shade-grown coffee). Both spe-
cies nested exclusively inside substrates 
filled with CC (Supplementary material, 
Figure S1) and had the smallest cephalic 
capsules among all the ants found in this 
experiment (Table 1). Larger Camponotus 
species were found nesting exclusively 
inside the CT. The reason for including 
a measurement of cephalic capsules was 
because a trend for smaller species nes-
ting in corrugated cardboard was detec-
ted. However, there was not enough data 
to test for differences in ant traits accor-
ding to substrate features. Barroso et al. 
(2020), in Brazil, found that different 
species of Pheidole colonized twigs with 
different wood anatomy and structure, 
which suggests that wood structure deter-
mines preference for twig occupation. 

Table 1. Size of cephalic capsule of ants nesting in Test 1 substrates, and size of entrance 
to their respective substrate. Average values ±SD are presented in this table. N = 20 

workers for all species listed. 
Species Approx. size of head (mm) Size of entrance to substrate (mm)

Crematogaster crinosa 0.8 (± 0.07) 4
Cr. montezumia 0.74 (± 0.09) 4
Nesomyrmex asper 1.16 (± 0.11) 4
Camponotus sp. 1 2.5 (± 0.29) 10
Camponotus sp. 2 2.38 (± 0.47) 10
Camponotus cf. indianus 5.1 (± 1.58) 10
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Test 2: Cover comparison (corruga-
ted cover vs. PVC cover) 

A general colonization of 9.9% was 
found, the lowest among all the tests (Figu-
re 4), which coincided with the driest/hot-
test period in the study (Figure 1). Howe-
ver, this coincidence does not necessarily 
explain the observed nesting preferences. 
Ant colonization was 7.5% in sun-grown 
coffee and 12.5% in shade-grown coffee. 
In sun-grown coffee, a higher colonization 
percentage was found in CC (12.5% for CC 
vs 2.9% for PVC), while in shade-grown 
coffee a similar colonization by ants was 
found in both substrates (12.1% in CC and 
12.9% in PVC). In general, average inner 
temperature was 2.3–2.7°C higher in sun-
grown coffee than in shade-grown coffee. 
In sun-grown coffee, temperature insi-
de substrates covered with PVC (27.0°C) 
was higher than substrates covered by 
CC (26.6°C) (t (14) = –2.28; p = 0.0298); 
in contrast, substrates on shade-grown 
plantations showed no differences (t (14) = 
0.183; p = 0.855). Due to the low number 

of colonized substra-
tes, the colonization 
preferences by ants 
are difficult to detect. 
Again, N. asper co-
lonized more subs-
trates in sun-grown 
and shade-grown 
coffee (Figure S2). 
Temperatures inside 
PVC substrates were 
only significantly hi-
gher than those in-
side CC substrates 
on sun-grown coffee 
plantations (Table 
S2) in contrast to 
shade-grown coffee 

where no differences were detected. In 
shade-grown coffee, the different ant spe-
cies indistinctively colonized substrates 
with both cover types. However, in sun-
grown coffee, N. asper never colonized 
substrates covered with PVC, suggesting a 
species-specific thermal response to the in-
creased inner temperature due to the PVC 
cover on plots with low tree cover. 

Test 3. Monitoring of a type of arti-
ficial substrate over time 

General colonization showed no sig-
nificant variation over time (χ2

(1) = 0.14; p 
= 0.71). Colonization percentages per mon-
th were 13.6%, 14.1%, and 17.5% for the 
first, second, and third month, respectively 
(Figure 5). Colonization was higher in sha-
de-grown coffee (χ2

(1) = 32.85; p = 0.95*e–9) 
and a trend towards an increase in coloni-
zation was observed as time passed (from 
18% to 25%). On sun-grown coffee planta-
tions, colonization remained relatively sta-
ble over time (6% to 8%). Species N. as-
per, C. crinosa and Camponotus sp.1 were 

Test 2

Figure 4. For Test 2, percentage of ant colonization in CC substrates
with two types of cover, CC cover and polyvinylchloride cover (PVC)
on shade-grown and sun-grown coffee plantations.

Test 1

Figure 3. Nesting preferences by ants in Test 1. Percentage of 
colonization by ants in substrates made using a PVC cover and 
filled with two different types of filling substrates: CC and CT on 
sun-grown and shade-grown coffee plots. 
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found in both sun-grown 
and shade-grown coffee 
(Figure S3). N. asper co-
lonized a higher number 
of substrates in this test, 
showing the highest colo-
nization percentage in sha-
de-grown coffee, followed 
by C. crinosa. 

Discussion

In general, this re-
search project shows that 
arboreal generalist ants 
do use artificial substrates 
mainly made of recycla-
ble cardboard as an alter-
native nesting resource 
on both sun-grown and 
shade-grown coffee plan-
tations. Low colonization 
percentages also occurred 
in the same region where 
Vidal-Hernandez and Arm-
brecht (2009) found colo-
nization values of 13.24% 
and 6.03% in artificially 
added bamboo twigs both 
in shade-grown and sun-
grown coffee, respectively. 
The percentage of coloni-
zation was low compared 
to other studies (Hosang 
et al., 2010; Mottl et al. 
2019), possibly due to a re-
duction in ant diversity and 
abundance with elevation 
(Lach et al., 2010). Althou-
gh ants are found on almost 
all continents (except An-
tarctica), they are mainly 
found at low latitudes and, 

Test 3

Figure 5. Percentage of ant colonization on shade-grown and 
sun-grown coffee plantations over a three-month period in Test 
3. The substrate was mainly made of corrugated cardboard 
(CC). An increase in the colonization of shade-grown coffee 
plantations was observed over time, whereas colonization 
remained stable on the sun-grown coffee plantations.

of colonized substra-
tes, the colonization
preferences by ants
are difficult to detect.
Again, N. asper co-
lonized more subs-
trates in sun-grown
and shade-grown
coffee (Figure S2).
Temperatures inside
PVC substrates were
only significantly hi-
gher than those in-
side CC substrates
on sun-grown coffee
plantations (Table
S2) in contrast to
shade-grown coffee

where no differences were detected. In
shade-grown coffee, the different ant spe-
cies indistinctively colonized substrates
with both cover types. However, in sun-
grown coffee, N. asper never colonized
substrates covered with PVC, suggesting a
species-specific thermal response to the in-
creased inner temperature due to the PVC
cover on plots with low tree cover.

Test 3. Monitoring of a type of arti-
ficial substrate over time 

General colonization showed no sig-
nificant variation over time (χ2

(1) = 0.14; p 
= 0.71). Colonization percentages per mon-
th were 13.6%, 14.1%, and 17.5% for the 
first, second, and third month, respectively 
(Figure 5). Colonization was higher in sha-
de-grown coffee (χ2

(1) = 32.85; p = 0.95*e–9) 
and a trend towards an increase in coloni-
zation was observed as time passed (from 
18% to 25%). On sun-grown coffee planta-
tions, colonization remained relatively sta-
ble over time (6% to 8%). Species N. as-
per, C. crinosa and Camponotus sp.1 were 

Test 2

Figure 4. For Test 2, percentage of ant colonization in CC substrates 
with two types of cover, CC cover and polyvinylchloride cover (PVC) 
on shade-grown and sun-grown coffee plantations.
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in general, there is a monotonal reduction 
of ant richness with altitude (Fisher, 2010). 
Ants are also sensitive to environmental con-
ditions (Fisher, 2010). The general low ant 
nesting activity may also be explained by the 
extraordinarily dry conditions during the test 
period which coincided with the lowest co-
lonization rates experienced in Test 2. This 
test occurred during the driest season of the 
year, from July to September, when higher 
temperatures and lower precipitation were 
recorded. Such environmental conditions 
may have affected the ants, since they are 
sensitive to microhabitat conditions (Perfec-
to and Vandermeer, 1996) Furthermore, the 
noteworthy colonization by other arthropods 
(mainly Araneae, Hymenoptera; Crabroni-
dae, and Blattodea. See Table S3) during the 
dry season may have fostered interspecific 
competition for the artificial substrates. 

Substrate materials and their confi-
guration affected colonization by ants. Al-
though we could not prove a relationship 
between ant size and substrate configura-
tion, it is possible that the smaller entrances 
in CC filtered certain ant species; therefore, 
smaller ants like N. asper and C. crinosa 
were more capable of nesting in this subs-
trate, while larger ant Camponotus species 
preferred CT with larger entrances. Possi-
bly, arboreal ants such as N. asper and C. 
crinosa preferred CC because they closely 
resembled their natural nesting habitats in 
cavities in branches and bark (Tschinkel, 
2002; Longino, 2003), while Camponotus 
are found nesting in hollow twigs from li-
ving and dead tree branches (Longino, 2006; 
Yamamoto & Del Claro, 2008). Therefore, 
providing more heterogeneous substrates 
may allow for greater diversity due to niche 
differentiation in the ant community coloni-
zing the artificial substrates, as suggested by 
Jimenez-Soto and Philpott (2015).

Despite a trend towards increasing 
species richness among ants nesting in sha-
de-grown coffee in Test 1 and 2, no solid 
evidence was found that crop management 
type influenced substrate colonization or 
the number of ant species that colonized. 
One would expect colonization of artificial 
substrates to be higher in sun-grown coffee, 
where nesting resources for ants are scar-
ce, as suggested by Armbrecht et al. (2006) 
and Philpott and Foster (2005). However, in 
this study, the most abundant and frequent 
species present in both sun-grown and sha-
de-grown coffee (also found by Escobar et 
al., 2020, using tuna bait at the same study 
site) did not necessarily colonize the subs-
trates, suggesting that colonization was 
more related to idiosyncratic preferences 
of a small-sized ant species present on both 
types of coffee plantations. Thus, the domi-
nance of N. asper, Crematogaster crinosa 
and Camponotus sp. 1 colonizing substrates 
in both types of coffee plantations explained 
the lack of differences between sun-grown 
and shade-grown coffee. Philpott and Foster 
(2005) found that Nesomyrmex sp. showed 
the greatest colonization (219 coloniza-
tion events) of artificial substrates on sha-
de-grown coffee plantations in Mexico.

No differences in internal temperatu-
res were found between substrate types in 
shade-grown coffee (in Test 2) while statis-
tical differences were actually detected be-
tween substrates in sun-grown coffee. This 
suggests that the temperature in PVC subs-
trates in sun-grown coffee could be limiting 
the ability of ants to colonize, since ants in 
sun-grown coffee mainly colonized substra-
tes with no PVC cover. The presence of tree 
cover may have buffered the effects of hot 
days and low precipitation, sustaining mi-
croclimatic conditions suitable for ant nes-
ting in any type of substrate. 
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Results from Test 3 showed an increa-
se in substrate colonization over time in sha-
de-grown, but not sun-grown, coffee. This 
suggests that the positive effects from adding 
artificial substrates is better in shade-grown 
coffee and is consistent with Armbrecht et al. 
(2006) and Philpott and Foster (2005), who 
found greater limitation for twig-nesting ants 
on sun-grown coffee plantations in Colombia 
and Mexico, respectively. 

Conclusions

The three questions initially asked 
were answered in this study. Ants nested in 
artificial substrates; their nesting was slight-
ly higher in corrugated cardboard (CC) and 
in shade-grown coffee, and increased over 
time. The provision of artificial substrates 
made with cardboard might help increase 
the number of colonization events, and pos-
sibly enhance biocontrol of the coffee be-
rry borer bug (Hypothenemus hampei, Co-
leoptera: Curculionidae) by ants, as nesting 
ants of the genera Nesomyrmex and Cre-
matogaster have been reported as natural 
enemies of this important pest. In order to 
increase nesting activity and potential pest 
control services on coffee plantation, we 
suggest combining CC with materials that 
provide diverse entrance sizes and configu-
rational heterogeneity. Carefully choosing 
a protecting wrap for the substrates will be 
important on sun-grown coffee plantations 
during the dry season as microclimatic con-
ditions cannot be buffered by the presence 
of a shade trees. Therefore, the use of PVC 
as a substrate cover should be avoided on 
sun-grown coffee plantations. Installation 
of artificial substrates during the rainy sea-
son is highly recommended.
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