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ARTICLE

Composition of a high diversity leaf litter ant community 
(Hymenoptera: Formicidae) from an Ecuadorian 
pre-montane rainforest

Abstract. The pre-montane forest of the northern Andes is considered one of the most biodiverse 
regions in the world. Tools for rapidly assessing biodiversity inventories are currently being developed 
and may aid conservation efforts. Here, we focus on the use of the Ants of the Leaf Litter (ALL) protocol 
as such a tool and describe the composition of an Ecuadorian pre-montane leaf litter ant community. 
Two 200-m transects (i.e. two complete replications of the protocol) with a total of 40 winkler sacs and 
39 pitfall traps were analyzed. In total, we collected 4 875 specimens from 103 species, 37 genera and 
9 subfamilies. The abundance-based coverage estimator (ACE), an asymptotic estimator of species 
richness, predicted a total of 109 ant species for the forest fl oor, making this ant community one 
of the most diverse recorded in tropical mid-altitude forests. Subsets of the community sampled by 
winkler sacs and pitfall traps differed signifi cantly. Winkler sacs were more effi cient than pitfall traps at 
capturing individual ants (226% more) and species (129% more). Relative to pitfall traps, an analysis of 
morphology suggested that winkler sacs collected a subset of the ant community that was smaller, less 
mobile and with smaller eyes (e.g. more subterranean). Finally, we present the fi rst published records 
of the ant species Acanthognathus teledectus Brown & Kempf 1969, Hypoponera distinguenda (Emery 
1890), Prionopelta amabilis Borgmeier 1949, Pachycondyla chyzeri (Forel 1907) and Procryptocerus 
mayri Forel 1899 for Ecuador.

Résumé. Composition d’une communauté de fourmis hautement diversifi ée dans la litière 
d’une forêt pluviale pré-montagnarde Equatorienne. La forêt pluviale pré-montagnarde du nord 
des Andes est considérée comme l’une des régions qui héberge une des diversités biologiques les 
plus élevées au monde. Dans un soucis de conservation de ces milieux, on assiste actuellement  
à un développement croissant d’outils d’inventaire de la biodiversité. Cette étude se focalise sur 
l’utilisation du protocole « Fourmis de litière» (Ants of the Leaf Litter, ALL) comme outil de description 
de la composition d’une communauté de fourmis dans une forêt pré-montagnarde de nuages en 
Equateur. Deux transects de 200 m chacun (c’est-à-dire deux répétitions complètes du protocole ALL) 
comprenant un total de 40 winkler et 39 pièges à interception ont été analysés. Au total, 4 875 individus 
appartenant à 103 espèces, 37 genres et 9 sous-familles ont été collectés. L’estimateur asymptotique de 
richesse spécifi que ACE (Abundance-based Coverage Estimator) prédit la présence d’un total de 109 
espèces de fourmis au niveau du sol forestier, une des diversités les plus grandes jamais documentées 
pour une forêt tropicale d’altitude intermédiaire. Nous avons trouvé des différences signifi catives dans 
la composition des communautés de fourmis entre les deux méthodes d’échantillonnage, pièges à 
interception et winkler. Ces derniers furent plus effi caces pour capturer les fourmis, aussi bien en terme 
d’abondance (226% en plus) que d’espèces (129% en plus). Une analyse morphologique a de plus 
montré que les winkler échantillonnent des fourmis généralement plus petites, moins mobiles, et avec 
des yeux plus petits (i.e. plus souterraines) que les pièges à interception. Enfi n, cette étude présente le 
premier registre publié pour l’Equateur des espèces Acanthognathus teledectus Brown & Kempf 1969, 
Hypoponera distinguenda (Emery 1890), Prionopelta amabilis Borgmeier 1949, Pachycondyla chyzeri 
(Forel 1907) et Procryptocerus mayri Forel 1899. 
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Biological surveys are the primary source of 
information for current conservation eff orts of 

systematists and ecologists around the globe. Litter-
dwelling ants are central to these eff orts (Brühl et al. 
1998; Fisher 1999; Delabie et al. 2000; Longino et al. 

2002; Leponce et al. 2004; Steiner & Steiner 2003; 
Dunn et al. 2007) and standardized survey methods, 
i.e. the Ants of the Leaf Litter protocol (ALL protocol), 
have been designed to monitor ant communities in 
diverse habitats and at diff erent seasons of the year 
(Agosti et al. 2000). Ants are a group of insects that 
are included in long term biodiversity studies because 
(1) they are ecologically dominant and diverse in all 
terrestrial ecosystems, except in the poles (Kaspari, 
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Alonso et al. 2000); (2) they are easy to sample in short 
time periods (Agosti et al. 2000); and, (3) ant diversity 
is high and their taxonomy is relatively well-resolved 
compared to other hyper-diverse insect groups (Lapolla 
et al. 2007). By applying the same methodology, 
studies worldwide can be easily integrated and used for 
hypothesis testing at global scale (Ward 2000; Kaspari 
2005; Dunn et al. 2007). 

To collect ants, two sampling techniques, pitfall 
traps and winkler sacs, predominate in the current 
literature. Pitfall traps are the most widely used method 
to study ant diversity and ecology around the world 
(Luff  1975; Andersen 1991). Cups partially fi lled with 
a preserving fl uid are buried capturing invertebrates 
foraging on the forest fl oor. In open environments, 
where litter material does not accumulate, ant species 
tend to show long-legged, epigaeic life-styles and pitfall 
traps are generally considered the most effi  cient method 
for collecting them (Parr & Chown 2001). Th e use of 
winkler sacs in the study of ant diversity is common 
(Ward 1987; Nadkarni & Longino 1990; Fisher 1999; 
Agosti et al. 2000; Lapolla et al. 2007). Th e method 
consists of a fabric sac, on a metal frame. Leaf litter 
from the forest fl oor (usually from 1-m2 plots) is sifted 
through coarse mesh and then left for a given amount 
of time (usually 48-h) inside the sac. Th e interior of the 
sac provides a relaxed environment allowing the sifted 
litter to dry up with time. Invertebrates inside the sac 
will eventually fall into an ethanol fi lled cup located 
at the bottom of the sac. Based on habitat, pitfall 
traps are recommended for sampling ants in open, 
less forested, environments, whereas winkler sampling 
is considered to be more effi  cient in forested habitats 
where litter accumulates and serves as shelter for litter-
dwelling ants (Olson 1991; Fisher 1999; Agosti et al. 
2000; Lopes & Vasconcelos 2008). Nevertheless, if a 
collection method is to be preferred for a particular 
habitat, a measure of its eff ectiveness and possible 
sampling biases in the area should fi rst be addressed 
(Parr & Chown 2001; Delsinne et al. 2008).

Ecuador is one the 17-megadiverse countries of 
the world (Mittermeier et al. 1997), but its ant fauna 
remains mostly unknown, and taxonomically poorly 
understood. To our knowledge, only a handful of ant 
surveys have been undertaken in Ecuador and even 
fewer have been published (Ward 2000; Kaspari, 
Alonso et al. 2000; Kaspari et al. 2003; Ryder et al. 
2007). Moreover, most ant collections in Ecuador 
have been carried out in the Ecuadorian Amazon. As a 
consequence, the ant diversity of coastal and Andean 
Ecuador, which holds one of the most diverse plant 
fl oras of the world (Mutke 2001; Ulloa Ulloa & 
Jorgensen 1993), remains under-sampled and poorly 

represented in taxonomic accounts. 
In this study we aimed to redress the lack of 

information on the ant fauna of the pre-montane 
forests of northern coastal Ecuador. Th e objectives 
of this study were (1) to provide for the fi rst time an 
standardized ant inventory of a mid-altitude forest 
from the western slopes of the Ecuadorian Andes; 
(2) to describe its community composition; and (3), 
to test for the relative effi  ciency and sampling bias of 
pitfall traps and Winkler sacs in this forest.

Materials and Methods

Study site and vegetation type

Th is study was conducted within the Otongachi forest 
(0º18’49’’S; 078º57’15’’W, 850-m), in the lowest-most area of 
the Reserva Bosque Integral Otonga (BIO Reserve) managed by 
the Fundación Otonga. Th e forest is located on the western 
slopes of the Ecuadorian Andes, near the town of La Unión del 
Toachi and the Aloag-Santo Domingo road, Pichincha province. 
Otongachi is near to a state-controlled primary forest called 
the Reserva Forestal del Río Lelia. Together, these forests cover 
a surface area of 5000 hectares, and are in turn connected to 
the National Park Reserva Ecologica Los Ilinizas. Th e interaction 
between these forests has allowed Otongachi to maintain high 
biodiversity, and subsequently it has become one of the last 
important refuges for the fauna and fl ora of the entire region 
(Nieder & Barthlott 2001a, 2001b; Giachino 2008).
Otongachi covers 20-ha and is a secondary wet pre-montane 
forest (Cañadas 1983) that was modifi ed until 1990 by selective 
timber harvesting (G. Onore, pers. comm.). It is located in the 
lowest part of the aseasonal altitudinal range 800-1800-m, with 
an average annual temperature of 18 to 24 ºC, and between 
1000 and 2000 mm of annual rainfall. Th is altitudinal range 
encompasses approx. 10% of the country area but contains 
ca. 50% of the country’s fl ora (Mutke 2001, Ulloa Ulloa & 
Jorgensen 1993). Leaf litter in the forest was composed of plant 
species from sub-tropical, cloud and Andean forests. Plant 
species well represented in the area included: Cedrela odorata L. 
“cedro”, Billia Columbiana Planch. & Linden  “pacche”, Elaegia 
utilis (Goudot) “lacre”, Guarea kunthiana A. Juss  “colorado”, 
Pochota squamigera (Cuatrec.) “frutipan”, Sapium verum Hemsl.  
“lechero” and Nectandra acutifolia (Ruiz & Pav) “Gigua”. In the 
understory, several species of the genera Ficus L., Tournerfortia 
L., Cecropia Loefl ., Weinmannia L., Inga Mill., Miconia Ruiz & 
Pav. and Clusia L. were common (Jaramillo 2001). 

Field methods 

We surveyed two transects (hereafter “T–LL1” and “T–LL2”) 
within the Otongachi forest separated by approximately 2-km 
and located roughly at the same altitude. Fieldwork was done 
on 10 to 17-IX-2003. In each transect ant assemblages were 
sampled using a complete replicate of the ALL protocol as 
described in Agosti et al. (2000). Th e protocol mostly samples 
ant fauna from the leaf litter (soil surface), but subterranean or 
arboreal ants may occasionally be captured (Longino & Colwell 
1997). Each transect consisted of 20 sampling points separated 
by 10-m for a total extent of 200-m. At each sampling point, 
we randomly (1) placed one pitfall trap partially fi lled with 
70% alcohol for 48-h, and (2) collected 1-m² leaf litter samples 
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from which ants were extracted using a winkler sac over 48-h. 

Species identifi cation

Samples were processed in the laboratory. From every sample, 
at least one individual of each morphospecies was mounted 
and labeled, and the abundance of the morphospecies was 
recorded. We used Bolton (1994) and Bolton et al. 2006 to 
identify ant specimens to genus level and check for taxonomical 
nomenclature, respectively. Specimens were identifi ed to 
species level with the use of taxonomic keys (Brandão 1990 
[Megalomyrmex]; Lattke et al. 2007 [Gnamptogenys]; Fernandez 
& Palacio 1999 [Lenomyrmex]), unpublished species lists 
and collections of the QCAZ Museum (PUCE), and with 
the assistance of taxa specialists (F. Serna [Procryptocerus], A. 
Kumar [Ecitoninae], S. Dash [Hypoponera]). Where specifi c 
identifi cation was not possible, specimens were assigned to a 
morphospecies. All specimens were deposited in the Invertebrate 
section of the QCAZ Museum (PUCE), in Quito.

Species Accumulation Curves

Species accumulation curves provide a standard method to 
measure the completeness of diff erent biological surveys and 
to allow comparison among surveys (Longino et al. 2002). 
To construct accumulation curves, we used EstimateS 8.0 
(Colwell 2006). We calculated a MaoTau sample-based 
rarefaction species accumulation curve (Colwell et al. 2004) for 
each sampling transect (T-LL1, T-LL2) and for both transects 
combined (T-LL1+T-LL2). Specifi cally, we constructed a data 
matrix in which we recorded the abundance of each ant species 
(combining catches from the pitfall traps and winkler sacs) for 
each sampling point of the two transects. 
In order to assess the completeness of our inventory, we esti-
mated the total ant species richness of the Otongachi forest 
for the same groups previously described. We used the Abun-
dance-based Coverage Estimator (ACE, Chao & Lee 1992) 
implemented in EstimateS (Colwell 2006). ACE constructs an 
asymptotic model based on the relative abundance of the rarest 
species (by default species with less than 10 individuals) in the 
sample. ACE incorporates an estimate of species that were not 
collected in the sampling survey (Chao & Lee 1992; Kumar et 
al. 2008), thereby giving an estimate of total species richness.
What is the rate of ant species turnover inside a forest? How 
much distance should we travel from one collection point 
to another in order to maximize the number of ant species 
collected for a given a mount of eff ort? To approximate answers 
to these questions we employed a Chao’s Abundance-based 
Jaccard similarity measure (Chao et al. 2005; Kumar et al. 2008) 
computed in EstimateS 8.0 (Colwell 2006). Th e Chao-Jaccard 
index uses abundance data and computes the probability that 
two random ant species drawn from one of the transects will be 
found in both transects (Colwell 2006). Th e analysis is based on 
the Chao statistics (Chao et al. 2005) and therefore it adjusts 
the results to include an estimate of the species that are not 
present in our inventory, but are likely to occur in the forest.

Morphology

To explore whether there was a relationship between the 
morphology of the collected ant species and the specifi c collection 
method, we measured four morphological traits frequently used 
in ant taxonomy, following Weiser & Kaspari (2006). Up to 
fi ve specimens from each morphospecies collected in this survey 

(Appendix 1) were measured by one of us (GR) using a Leica 
MZ75 (Bannockburn, IL, USA) stereomicroscope, with a 0.02 
precision stage micrometer. Descriptions of morphological 
measurements are as follows:
HL – Head length. In full-face view, the midline distance from 
the level of the maximum posterior projection of the occipital 
margin of the head to the level of the most anterior projection 
of the clypeal margin.
HW – Head width. In full-face view, the maximum width of 
the head, exclusive of teeth, spines, tubercles or eyes. Head 
width was used together with HL as a proxy for head size.
EL – Eye length. We measured maximum eye length at the 
largest diameter. For ant species with no eyes, such as Cerapachys 
and army ants (Ecitoninae), we arbitrarily assigned the value 
of 0.02-mm for subsequent analyses (i.e. the minimum 
micrometer resolution).
FL – Femur length. On side view, we measured femur length, 
from the trochanter-femur joint to the femur-tibia joint, as 
a surrogate for leg length. Leg length is commonly linked to 
foraging capacities in ants (Feener et al. 1988).
Principal components analysis (PCA) on morphometric 
measurements (Jolliff e 2002; Weiser & Kaspari 2006) provides 
the means to summarize the size and shape of ant specimens 
and construct a “morphospace” (Pie & Traniello 2007) where 
morphological associations can be displayed and used for 
analysis. We performed a PCA to construct an ant community 
morphospace using these four quantitative morphological 
traits (see measurements procedure above) (Jolliff e 2002). 
Th e analysis was performed using PAST (Paleontological 
statistics, version 1.79). Measurements were log10-transformed 
to build a covariance matrix (Weiser & Kaspari 2006; Pie 
& Traniello 2007) from which principal component (PC) 
scores were extracted. We retained the fi rst two components 
as they explained 86.8% and 10.8% of total original variance, 
respectively. PC III and PC IV accounted just 1.7% and 0.4% 
of the variance, respectively.

Comparison between collection Methods

We used a one-way ANOVA on log-transformed species 
abundance and richness data (SPSS v. 10.0) to evaluate the 
hypothesis that, in the Otongachi forest, winkler sacs collected 
more ant specimens and species than pitfall traps, respectively. 
We also used a one-way ANOVA to evaluate the hypothesis 
that PCI and PCII scores (proxies for morphology) were 
independent of collection method (e.g. winkler vs. pitfall). To 
build comparison groups, we included those ant species that 
were only caught by either winkler sacs or pitfall traps.
Th e diff erence in biological diversity between the subsets of the 
ant community collected by the diff erent methods was assessed 
with the following set of statistical techniques. First, we carried 
out a non-metric multidimensional scaling (NMDS) analysis on 
ant abundance data to examine patterns of biological similarity. 
Th is ordination technique represents samples as points in two-
dimensional space, such that the relative distances of all points 
are in the same rank order as the relative similarities of the 
samples (Gucht et al. 2005). Th e Bray-Curtis index was used to 
measure the similarity between samples (Field et al. 1982) and 
samples from the same collection method were grouped with 
convex hulls. Th e NMDS goodness of fi t was estimated with 
a stress function, which ranges from 0 to 1, with values close 
to zero indicating a good fi t. Second, we performed an analysis 
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of similarities (ANOSIM) to test the null hypothesis that 
the within-group similarity was equal to the between-group 
similarity, as expected by chance alone (Oliver & Beattie 1995; 
Chapman & Underwood 1999). Signifi cance was computed by 
permutation of group membership (n = 10 000). ANOSIM 
generates a statistical parameter R that is an indicative of the 
degree of separation between groups; a score of 1 indicates 
complete separation and a score of 0 indicates no separation 
(Gucht et al. 2005). Finally, we determined which ant species 
from our survey contributed the most to distinguish collection 
methods by performing a SIMPER analysis on density data for 
all Formicidae taxa in the list. To reduce the eff ects of large 
abundance catches due to ant’s colonial life styles, all analyses 
were performed on (log X + 1) transformed data (Clarke 1993). 
We used the statistical software PAST (Paleontological statistics, 

version 1.79) to make these analyses.

Results

Species diversity 
In total, 4 536 specimens from 103 species, 37 

genera and 9 subfamilies were collected in the two 
transects (Table 1) by 39 pitfall traps and 40 win-
kler sacs (one pitfall trap sample was lost in the fi eld). 
Winkler sacs were more eff ective than pitfall traps 
in terms of the number of individuals (226% more, 
F1,1 = 9.45, p < 0.01) and species (129% more, F1,1 = 

Figure 1 
Taxonomic composition of the Otongachi Forest ant community. A, 
Number of specimens and B, species per sample.

Table 1. Summary of taxonomic content of our ant species inventory by 
subfamily and collection method: pitfall and winkler samples.

Pitfall Winkler
Subfamily Genera Species Workers Genera Species Workers
Amblyoponinae – – – 1 1 44
Cerapachyinae – – – 1 2 16
Dolichoderinae 1 1 549 1 2 26
Ecitoninae 1 2 4 1 3 6
Ectatomminae 2 6 41 2 6 96
Formicinae 5 6 30 3 4 350
Myrmicinae 14 39 721 16 49 2640
Ponerinae 4 12 146 4 14 215
Proceratiinae – – – 1 1 1
Total 27 66 1481 30 82 3394

Table 2. Matrix of Principal Components for the morphological analyses 
of ant communities. 
Four morphological measurements, Head Length (HL), Head Width 
(HW), Eye Length (EL) and Femur Length (FL) were included in this 
analysis. Eigenvalues and % of Variance explained is given for PCI to PCIV. 
Only PCI and PCII were retained for further analysis.

Variables PC I PC II PC III PC IV
HL –0.3787 0.3764 0.3353 86.88
HW –0.3812 0.3695 0.5816 10.88
EL –0.6269 –0.7718 0.1043 1.78
FL –0.5642 0.3552 –0.7318 0.45

Eigenvalue 3.4221 0.4286 0.0703 0.0176
% Variance 86.88 10.88 1.78 0.45

Table 3. One-way ANOVA results from comparison of ant collection 
methods. 
Type III sum of squares, degrees of freedom, mean squares, Fisher F and 
signifi cance value for comparison between winkler sacs and pitfall traps 
in PCI, PCII, number of specimens collected and number of species 
collected.

Type III SS d.f. F Sig.
PCI 25.83 1 7.66 0.0064
PCII 0.18 1 0.26 0.6119

Specimens 46346.41 1 9.45 0.0029
Species 86.76 1 6.81 0.0108
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6.81, p = 0.01) collected (fi g. 1, Table 2 and 3). Phei-
dole (S = 15), Gnamptogenys and Pyramica (S = 8), and 
Solenopsis (S = 7) and Hypoponera (S = 7) were the 
genera with largest number of species (43.7% of total 
species, fi g. 2a). Solenopsis, Pheidole, Azteca and Para-
trechina were the genera (excluding army ants) with 
the largest number of individuals captured (72.66% 
of total abundance, fi g. 2b). Ant species common in 
pitfall traps but not found in winkler sacs included 
Ectatomma ruidum (Roger 1860), Pachycondyla apica-
lis (Latreille 1802), P. verenae (Forel 1922), Tatuidris 
tatusia Brown & Kempf 1968. On the contrary, ants 

collected by winkler sacs but absent from pitfall traps 
were: Cerapachys sp. 1, C. sp. 2, Prionopelta amabilis 
Borgmeier 1949, Protalaridris armata Brown 1980 
(fi g. 5), Typhlomyrmex pusillus Emery, 1894 and sever-
al species of Gnamptogenys, Pyramica and Strumigenys 
(Appendix 1).

Twelve singletons (i.e. species known from one 
specimen; Acromyrmex sp. 2, Apterostigma sp. 3, 
Camponotus sericeiventris (Guérin-Méneville 1838), 
Discothyrea sp. 1, Gnamptogenys minuta Emery 
1896, Lenomyrmex foveolatus Fernández 2003, 
Megalomyrmex silvestrii Wheeler 1909, Myrmelachista 
sp. 1, Pachycondyla sp. 1, Pheidole sp. 12, Pyramica 
sp. 4, P. sp. 6, Trachymyrmex sp. 1; Appendix 1) 
were recorded in the inventory. Additionally, 12 

Figure 2
A, Number of specimens and B, species of main ant genera in the survey at 
the Otongachi Forest.

Figure 3
(A) MaoTau sample-based rarefaction species accumulation curve for 
transects T-LL1, T-LL2 and T-LL1+T-LL2 of the ant survey (B) Estimate of 
the total ant species richness at the Otongachi forest using the asymptotic 
model of the abundance based coverage estimator (ACE).
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doubletons (i.e. species in the list known from two 
specimens; Acanthognathus teledectus Brown & Kempf 
1969, Gnamptogenys sp. 1, G. sp. 2, Hypoponera sp. 2, 
Megalomyrmex bidentatus Fernandez & Baena 1997, 
Octostruma sp. 4, Pachycondyla apicalis (Latreille 
1802), Pheidole sp. 11, P. sp. 15, Procryptocerus mayri 
Forel 1899, Pyramica sp. 2, P. sp. 5; Appendix 1) were 
recorded in the inventory. No apparent trend was 
found with respect to collection methods on collecting 
singletons or doubletons. Pitfall traps collected 16 
species in these categories and winkler sacs collected 
12 (Appendix 1).

Species Accumulation Curves
Both MaoTau species accumulation curves and the 

ACE showed that the ant community was relatively 
well sampled (fi g. 3). MaoTau curves for individual and 

coupled transects were similar in shape and showed a 
negatively accelerating trajectory. Th e ACE estimated 
that the species richness of the forest fl oor was 109 ant 
species, indicating that our surveys probably missed 
six ant species from the forest fl oor. Although the 
estimated number of shared species by transects T-LL1 
and T-LL2 was 71.9, we found 52 species that were 
shared between transects. Both transects were well 
sampled and share approximately 83% of their ant 
faunas (Chao-Jaccard index = 0.83). Th e total number 
of species observed in T-LL1 was 78 (ACE estimator = 
87.7). Th e total number of species observed in T-LL2 
was 77 (ACE estimator = 88.6). 

Community morphospace
Th e fi rst two principal components of the ant 

community morphospace described by the PC analysis 

Figure 4 
Non-metric multidimensional scaling (NMDS) analysis of the diff erent subsets of the ant community under diff erent winkler sacs and pitfall traps. Triangles 
show the convex hull (smallest convex polygon containing all points) in each group.
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accounted for 97.76% of the total variance (Table 2). 
Th e fi rst component, PCI, accounted for most of the 
variation (86.88%) and refl ected variation in size, 
particularly eye length (EL coeffi  cient = –0.63) and 
femur length (FL coeffi  cient = –0.56). PCII accounted 
for 10.88% of the variance and was highly correlated 
with eye size (EL coeffi  cient =  –0.77). Overall, species 
with high loadings on PCI were smaller and presented 
smaller femurs and smaller eyes (i.e. blind). Species 
with high loadings on PCII had also relatively small 
eyes. An analysis of variance of the PC scores of those 
ants that fell in winkler sacs versus those that fell in 
pitfall traps showed signifi cant diff erences for PCI 
(proxy for overall size, eye length and femur length; 
F = 7.65, d.f. = 1, p < 0.01), but not PCII (proxy for 
eye length; F = 0.25, d.f. = 1, p = 0.61) (Table 2).

Community composition
NMDS analysis revealed signifi cant diff erences 

in ant community composition between the two 
collection methods (fi g. 4). Stress was low (0.347) 
indicating a good degree of fi t. ANOSIM signifi cantly 
separated the two collection methods presented in the 
NMDS (ANOSIM, R = 0.3; p < 0.0001 for richness; 
see convex hulls in fi g. 4). Additionally, SIMPER 
analysis indicated that several changes occurred for 
some species (overall dissimilarity = 87.67%). From 
the 13 most explanatory ant species among collection 
methods, 9 species (Solenopsis cf. stricta, Solenopsis 
sp.1, Pheidole sp.2, Paratrechina sp.1, Gnamptogenys 
bisulca, Pheidole sp.5, Hypoponera sp.3, Cyphomyrmex 
sp.3, Solenopsis sp.3) were more abundant in winkler 

sacs, and 4 species (Pheidole sp.6, Azteca sp.1, Pheidole 
sp.10 and Pachycondyla chyzeri) were more abundant 
in pitfall traps (Table 4).

Discussion
Th is study documents one of the most diverse ant 

assemblages currently known for mid-altitude tropical 
pre-montane forest. We found 9 ant subfamilies and 
103 ant species inhabiting the Otongachi forest fl oor. 
Similar studies with the same methodology have 
found from 38–74 species in Guyana (LaPolla et al. 
2007), to 59–72 in the Brazilian Cerrado (Lopes & 
Vasconcelos 2008), to 90-91 in the Paraguayan Chaco 
(Delsinne et al. 2008). We recorded for the fi rst time 
in Ecuador the ant species Acanthognathus teledectus 
Brown & Kempf 1969 (fi g. 5 A–B), Hypoponera 
distinguenda (Emery 1890), Prionopelta amabilis 
Borgmeier 1949, Pachycondyla chyzeri (Forel 1907) 
and Procryptocerus mayri Forel 1899. Th ese results lend 
support for the use of the ALL protocol in biodiversity 
surveys at taxonomically poorly known localities, 
especially those with a well-developed litter layer. Our 
sampling revealed an ant fauna that contained most 
of the main components of a Chocoan (Neotropical) 
ant community (Lattke 2003). For example, the ant 
genera Pheidole, Gnamptogenys (fi g. 5 G–H), Pyramica, 
Solenopsis, Strumigenys, Azteca and Hypoponera, that 
are widespread in the neotropics (Brown 2000; Ward 
2000; Kaspari & Majer 2000), accounted for most of 
the species and specimens in the inventory. However, 
the assemblage also contained several endemic Andean 

Table 4. Results of SIMPER analysis for 13 ants species representing 50% (in our case, 51.62%) of the cumulative contribution to the separation between 
collection methods. 
Th e table provides the percent contribution of each species to average dissimilarity between the two collection methods, based on log-tranformed abundance 
data for pitfall traps and winkler sacs.

Taxon
% Contribution Cumulative

Contribution
Pitfall
traps

Winkler
sacs

Solenopsis cf. stricta 6.447 7.354 0.353 1.63
Solenopsis sp.1 5.874 14.05 0.534 1.42
Pheidole sp.6 4.785 19.51 1.07 0.279
Pheidole sp.2 4.64 24.81 0.678 0.765
Azteca sp.1 3.746 29.08 0.886 0.182
Paratrechina sp.1 3.459 33.02 0.174 0.807
Gnamptogenys bisulca 2.71 36.12 0.251 0.498
Pheidole sp.5 2.525 39 0.283 0.366
Hypoponera sp.3 2.343 41.67 0.0815 0.591
Cyphomyrmex sp.3 2.291 44.28 0.163 0.437
Pheidole sp.10 2.15 46.73 0.421 0.148
Solenopsis sp.3 2.142 49.18 0.188 0.343
Pachycondyla chyzeri 2.141 51.62 0.46 0.0934
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Figure 5 
Drawings of common ant species in the Otongachi forest. (A, C, E, G, I) Lateral views of the ants. (B, D, F, H, J) Ants in full-face view. A-B, Acantognathus 
teledectus; C-D, Lenomyrmex foveolatus; E-F, Protalaridris armata; G-H, Gnamptogenys sp.; I-J, Pachycondyla chyzeri. Scale bars = 0.5 mm. All drawings by 
Paula Terán. 
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mountain species such as Lenomyrmex foveolatus 
Fernandez 2003, Pachycondyla chyzeri (Forel 1907) and 
Protalaridris armata Brown 1980 (fi g. 5 C–D, E–F, I–J). 
We argue that the intersection of two fairly distinct ant 
assemblages, one from the lowland tropical forest and 
one of the Andean forest may be contributing to the 
high diversity found in the forest. But more data on 
current distribution patterns of ant species in Ecuador 
and their zones of endemism is needed to test these 
assumptions.

Most of the ant species present in the forest available 
to be collected by our methods were detected in the 
list of recorded species (total species number = 103, 
estimated species number = 109). A high number of 
ant species was shared by the two transects (n = 52; 
Chao-Jaccard = 0.83; distance between transects = 
2-km), suggesting we would need to include 
additional collection methods and/or new localities 
from comparatively far distances (e.g. more than 2 km 
apart) and/or diff erent altitudes to increase the number 
of species collected. 

Recently, the use of morphometric techniques to 
summarize and analyze biological relationships between 
ant species and genera has advanced our understanding 
of ant community composition (Weiser & Kaspari 
2006) and caste evolution (Diniz-Filho et al. 1994; 
De Andrade & Baroni Urbani 2000; Pie & Traniello 
2007). Our PC analysis based on morphological 
variables showed signifi cant diff erences in overall size, 
EL and FL between ants collected by winkler sacs 
and the ones collected by pitfall traps. Pitfall traps 
were prone to collect bigger ants with well-developed 
eyes and long femurs. Th ese results are in accordance 
with the hypothesis that pitfall traps collect ants with 
epigaeic habits (Parr & Chown 2001). Accordingly, 
ant diversity between the subsets of the ant community 
sampled under winkler sacs and pitfall traps diff ered. 
Ant species that presented more discriminatory power, 
such as Solenopsis cf. stricta, Solenopsis sp.1, Pheidole 
sp.6, Pheidole sp.2, Azteca sp.1, Paratrechina sp.1 and 
Gnamptogenys bisulca, explained 33% of the total 
variance and belong to widespread and abundant 
Neotropical ant genera. Th erefore there is an a priori 
reason to prefer a combination of both sampling 
methods, as opposed to the use of just one method, 
either winkler sacs or pitfall traps, when collecting ants 
in a forest with a well-developed litter layer. 

Particularly noteworthy is the absence in our 
species list of several worldwide invasive ants such 
as Linepithema humile (Mayr 1868), Paratrechina 
fulva (Mayr 1862) and Tapinoma menalocephalum 
(Fabricius 1793), already present in the surroundings 
of the research station at the forest and nearby villages 

(vouchers of these species are stored at the ant collection 
of the QCAZ Museum). Th e apparent lack of invasive 
species reinforces the conservation status of the forest 
and calls for its protection. Th e low frequency (n = 23, 
traps=2) of Wasmannia auropunctata in our survey 
either suggests that (1) W. auropunctata is native to 
this forest, or (2) it is in early stages of the invasion 
process. Th e latter would not be surprising considering 
the proximity of the forest to the town of La Unión 
del Toachi and a primary highway of the country 
where the two main shipping ports of the country, 
the main traveling media of invasive species, intersect. 
Further research is needed to expand and clarify these 
observations (Le Breton 2003) as well as verify the 
pest status and origin of these invasive species inside 
Ecuador.
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Appendix 1. 

List of ant species collected in Otongachi included in our Inventory. 

For each species, the total number of specimens per collection method and transect and the total percentage of 
occurrence by collection method is included. One asterisk (*) refl ect a singleton and two (**) a doubleton. Data 
showed for Ecitoninae ant genera refl ect occurrence, not abundance

Pitfall Winkler Ocurrence(%)
Species T-LL1 T-LL2 T-LL1 T-LL2 Pitfall Winkler
AMBLYOPONINAE
Prionopelta amabilis Borgmeier 1949 – – 4 40 – 7.5

CERAPACHYINAE
Cerapachys sp. 1 – – 3 – – 2.5
Cerapachys sp. 2 – – 13 – – 2.5

DOLICHODERINAE
Azteca sp.1 195 354 15 5 35.9 15
Azteca sp.2 – – 5 1 5

ECITONINAE
Labidus coecus (Latreille 1802) 2 – 2 – 5.1 5
Labidus spininodis (Emery 1890) – 2 1 1 5.1 5
Neivamyrmex sp. 1 – – 1 1 – 5

ECTATOMMINAE
Ectatomma ruidum (Roger 1860) – 6 – – 2.6 –
Gnamptogenys annulata (Mayr 1887) – 2 – – 5.1 –
Gnamptogenys bisulca Kempf & Brown 1968 – 29 19 58 15.4 27.5
Gnamptogenys minuta Emery 1896 * – 1 – – 2.6 –
Gnamptogenys sp. 1** – 2 – – 5.1 –
Gnamptogenys sp. 2** – 1 – 1 2.6 2.5
Gnamptogenys sp. 3 – – 6 – – 2.5
Gnamptogenys sp. 4 – – 3 – – 2.5
Gnamptogenys sp. 6 – – 4 – – 2.5
Typhlomyrmex pusillus Emery 1894 – – 3 2 – 5

FORMICINAE
Acropyga sp. 1 1 – 24 – 2.6 10
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Pitfall Winkler Ocurrence(%)
Species T-LL1 T-LL2 T-LL1 T-LL2 Pitfall Winkler
Brachymyrmex sp. 1 – 7 – 3 2.6 2.5
Brachymyrmex sp. 2 – 2 3 2 5.1 10
Camponotus sericeiventris (Guérin-Méneville 1838)* 1 – – – 2.6
Myrmelachista sp. 1* – 1 – – 2.6
Paratrechina sp. 1 7 11 161 157 12.8 38

MYRMICINAE
Acanthognathus teledectus Brown & Kempf 1969** – – 2 – 2.5
Acromyrmex sp. 1 2 – 3 – 2.6 2.5
Acromyrmex sp. 2* 1 – – – 2.6
Apterostigma sp. 1 – 1 7 6 2.6 5
Apterostigma sp. 2 – – 7 1 7.5
Apterostigma sp. 3* – – 1 – 2.5
Apterostigma sp. 4 1 – 21 11 2.6 17.5
Apterostigma sp. 5 – 13 10 5 7.7 7.5
Crematogaster sp. 1 – – 4 – 2.5
Crematogaster sp. 2 – – 14 – 12.5
Cyphomyrmex sp. 1 1 2 – – 7.7
Cyphomyrmex sp. 2 – 3 1 – 2.6 2.5
Cyphomyrmex sp. 3 3 9 23 40 17.9 32.5
Hylomyrma sp. 1 5 5 9 7 15.4 25
Lenomyrmex foveolatus Fernández 2003* – 1 – – 2.6
Megalomyrmex sp. nov. 14 21 1 12 30.8 12.5
Megalomyrmex silvestrii Wheeler 1909* – – – 1 2.5
Megalomyrmex bidentatus Fernandez & Baena 1997** – 2 – – 2.6
Octostruma sp. 1 1 – 53 – 2.6 10
Octostruma sp. 2 – 3 2 26 2.6 15
Octostruma sp. 3 – 4 33 19 2.6 25
Octostruma sp. 4** – – – 2 2.5
Pheidole sp. 1 – 7 223 23 2.6 12.5
Pheidole sp. 2 48 43 159 20 41.0 47.5
Pheidole sp. 3 – – 43 2 22.5
Pheidole sp. 4 6 2 – – 10.3
Pheidole sp. 5 55 – 29 22 15.4 22.5
Pheidole sp. 6 135 73 6 33 53.8 20
Pheidole sp. 7 1 9 – 3 10.3 5
Pheidole sp. 8 – 5 – – 5.1
Pheidole sp. 9 – 7 – – 5.1
Pheidole sp. 10 29 36 28 – 20.5 7.5
Pheidole sp. 11** – – – 2 2.5
Pheidole sp. 12* – 1 – – 2.6
Pheidole sp. 13 – – 3 – 2.5
Pheidole sp. 14 2 – 6 – 2.6 2.5
Pheidole sp. 15** – 1 1 – 2.6 2.5
Procryptocerus mayri Forel 1899** – 2 – – 2.6
Protalaridris armata Brown 1980 – – 39 2 20
Pyramica sp. 1 – 1 – 10 2.6 10
Pyramica sp. 2** 1 – – 1 2.6 2.5
Pyramica sp. 3 – – 36 1 10
Pyramica sp. 4* – – – 1 2.5
Pyramica sp. 5** – – 2 – 2.5
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Pitfall Winkler Ocurrence(%)
Species T-LL1 T-LL2 T-LL1 T-LL2 Pitfall Winkler
Pyramica sp. 6* 1 – – – 2.6
Pyramica sp. 7 1 – 35 8 2.6 30
Pyramica sp. 8 2 – 15 16 5.1 25
Rogeria sp. 1 – – 1 2 7.5
Solenopsis cf. stricta 3 27 481 280 28.2 55
Solenopsis sp. 1 10 42 82 217 51.3 70
Solenopsis sp. 2 – – 126 – 10
Solenopsis sp. 3 2 14 24 40 17.9 15
Solenopsis sp. 4 16 11 1 159 10.3 7.5
Solenopsis sp. 5 – – – 10 2.5
Solenopsis sp. 6 – – 22 – 5
Strumigenys sp. 1 – – 75 8 7.5
Strumigenys sp. 2 – – 4 – 7.5
Tatuidris tatusia Brown & Kempf 1968 11 7 – – 7.7 –
Trachymyrmex sp. 1* – 1 – – 2.6
Trachymyrmex sp. 2 – – – 3 2.5
Wasmannia auropunctata (Roger 1863) – 8 – 15 2.6 5

PONERINAE
Anochetus sp. 1 2 1 – – 5.1 –
Anochetus sp. 2 – – 11 – – 5
Hypoponera cf. reichenspergeri – – 8 – 2.5
Hypoponera cf. trigona** – 1 1 – 2.6 2.5
Hypoponera distinguenda (Emery 1890) 3 8 16 39 10.3 27.5
Hypoponera sp. 1 – – – 4 2.5
Hypoponera sp. 2 – – 6 6 7.5
Hypoponera sp. 3 2 3 59 14 10.3 45
Hypoponera sp. 4 – 2 – 10 2.6 7.5
Odontomachus bauri Emery 1892 6 5 2 15 12.8 7.5
Odontomachus sp. 1 1 2 – 1 5.1 2.5
Pachycondyla harpax (Fabricius 1894) 14 16 5 4 53.8 20
Pachycondyla verenae (Forel 1922) 2 17 – – 10.3
Pachycondyla impressa (Roger 1861) 7 14 – 2 30.8 2.5
Pachycondyla chyzeri (Forel 1907) 13 25 – 11 43.6 5
Pachycondyla apicalis (Latreille 1802)** 2 – – – 5.1
Pachycondyla sp. 1* – – 1 – 2.5

PROCERATIINAE
Discothyrea sp. 1* – – – 1 – 2.5




