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Abstract
Introduction Common species can predict overall species richness and composition, serving as a shortcut to biodiversity and 
supporting well-informed management of areas. However, the impacts of temporal variation in underlying species occurrence 
and imperfect detection on surrogacy effectiveness are unknown. We hypothesized that common species will represent total 
species composition both across sites and along environmental gradients and that this surrogacy effectiveness is maintained 
over time and robust to imperfect detection.
Materials and methods  We sampled ground-dwelling ants using pitfall traps over 25  km2 on Amazon. We measured the 
congruence between a complete dataset and subsets containing a smaller number of species based on their commonness 
and compared the results among three sampling years. Further, we simulated virtual assemblages to determine the effect of 
species detection probability on surrogacy effectiveness and compared the costs associated with using all species vs. com-
mon species only. The common species composition responded to environmental gradients similarly to the overall species 
composition, regardless of year. The simulated data showed similar trends, although including imperfect detection increased 
the minimum number of common species required to recover overall patterns reasonably. 
Conclusion ‑ Implications for insect conservation This study represents the first report on the effectiveness of common species 
in predicting ant assemblage patterns over time. We propose that imperfect detection should be considered in biodiversity 
surrogacy studies, especially regarding its impact on surrogate effectiveness over time.

Keywords Amazon · Commonness · Environmental variables · Ground-dwelling ants · Tropical rainforest

Introduction

Processes that structure ecological communities are intrinsi-
cally dynamic and knowing how environmental changes act 
on species over time and helps predict how these changes 
influence them (Báez et al. 2016; Vellend 2016). There are 
studies, for example, that demonstrate how organisms can 
be affected by climate change through phenotypic plasticity 
and also by genetic changes (Root et al. 2003). Therefore, 
it would be useful if biomonitoring programs could provide 
information on environmental changes (e.g. global warm-
ing, human disturbance, invasive species, El Niño Southern 
Oscillation) that affect organisms over time (Magurran et al. 
2010), aiding in the adaptive management of conservation 
projects but this does not occur in all studies (Buchart et al. 
2010; Paknia and Pfeiffer 2011). However, measuring diver-
sity patterns over time has several constraints, such as, for 
example, the presence of rare species, which makes the study 
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more expensive and needs more time to be developed and 
the lack of institutional and government funding over a long 
period (Margules et al. 2002; Whittaker et al. 2005). These 
constraints can be even more pronounced in regions of high 
biodiversity, such as tropical forests (Costa and Magnusson 
2010; Magnusson et al. 2013), thus emphasizing the need for 
reliable, cost-effective proxies for biodiversity.

Under limited data, time, or financial resources for diver-
sity surveys or even target groups with unstable taxonomy 
and often associated with reduced body size, researchers 
may consider a surrogate approach as an alternative to 
reduce costs (McGeoch 1998; Margules et al. 2002; Hod-
kinson & Jackson 2005; Thomson et al. 2018; Souza et al. 
2022). Surrogates can be umbrella species (Caro 2010), rare 
or endemic species (Lamoreux et al. 2006), coarse taxo-
nomic levels (Andersen 1995; Souza et al. 2016), or com-
mon species (Vellend et al. 2008) which reasonably inform 
about diversity patterns of the whole assemblage. Ideally, the 
selected species or selected group should represent a large 
part of the variation in species richness or composition in the 
broader community in the focal area and respond to the same 
ecological processes that generate and maintain total diver-
sity (Khan 2006; Heino and Soininen 2007; Siqueira et al. 
2012). A surrogate approach or the use of a subset of species 
would facilitate the identification process, and the responses 
obtained through these approaches should ideally be able 
to be extrapolated to the whole target group (Williams and 
Gaston 1994; Olsgard et al. 2003). Although the effective-
ness of surrogate approach is not unanimously addressed by 
researchers, there are numerous examples where surrogates 
have been demonstrated to predict major diversity patterns 
of broader communities (Williams and Gaston 1994; de 
Oliveira et al. 2020), on wide spatial and temporal scales 
(Souza and Fernandes 2021, 2022, 2023; Souza et al. 2016), 
although there are some situations in which they fail (Gaspar 
et al. 2010).

A study examining the effectiveness of using taxa as sur-
rogates for insect species richness and diversity was con-
ducted with data from Coleoptera and Formicidae collected 
during biodiversity surveys in five tropical countries and 
two temperate countries (Rosser and Eggleton 2012). The 
objective was to determine whether this approach was suit-
able for ants. The study found that while genera were a suit-
able proxy for species richness for Coleoptera, they were not 
adequate for Formicidae. This highlights the limitations of 
the surrogate approach for ants and the need for alternative 
methods to accurately measure their species richness and 
diversity (Rosser and Eggleton 2012).

One surrogate approach suggested by some researchers is 
the use of a subgroup of species, usually the most common 
or abundant ones, which can predict species richness and/
or composition patterns and assist in the management of 
protected areas, and this has been observed in invertebrates, 

for example, for both mites (Franklin et al. 2013) and but-
terflies (Graça et al. 2017). Accordingly, many studies have 
shown that common species contribute disproportionately 
to diversity patterns of more inclusive groups of species, 
especially in highly diverse taxa, such as ants (Vázquez and 
Gaston 2004; Šiding et al. 2009; Mazaris et al. 2010; Keizer-
Vlek et al. 2012; Franklin et al. 2013). Moreover, if properly 
applied, common species could help protect most of the bio-
diversity (Warman et al. 2004; Gaston 2010).

Ants are a megadiverse and ubiquitous group of social 
insects, with a total biomass of 12 megatons of dry car-
bon, which exceeds the combined biomass of wild birds and 
mammals and amounts to 20% of human biomass (Schulthe-
iss et al. 2022). In addition to well-resolved taxonomy, ants 
play important ecological roles (Hölldobler and Wilson 
1990; Kaspari et al. 2000; Elizalde et al. 2020). Further-
more, ants are easily sampled using standardized methods 
(Agosti et al. 2000; Souza et al. 2012), which makes them 
well suited for biomonitoring (Delabie et al. 2021).

One potential limitation of the common species approach 
in predicting the total diversity of an assemblage which has 
received little attention to date is imperfect detection, espe-
cially at large spatial and temporal scales, for both moving 
and sessile organisms (Chen et al. 2013; Guillera-Arroita 
2017). Imperfect detection in biodiversity studies refers to 
the failure to observe or detect all individuals of a species 
present in a given area during a study, resulting in under-
estimation or misrepresentation of species occurrence and 
abundance. Various factors contribute to imperfect detec-
tion, including methodological limitations, behavioral traits 
of species, spatial and temporal variability, population den-
sity, and observer effects (Guillera-Arroita 2017). Disre-
garding imperfect detection can lead to negative impacts on 
data quality and interpretation, for example, may lead to an 
underestimation of true species richness, biased estimates of 
species abundance, and a misrepresentation of community 
composition (Benoit et al. 2018). In datasets containing spe-
cies with low population densities, imperfect detection leads 
to false absences that can reduce the accuracy of distribution 
models and estimates of diversity (Dorazio et al. 2011). This 
is of particular concern when considering the importance of 
these estimates, which are often used to support conserva-
tion and management decisions (Yoccoz et al. 2001).

Accordingly, we investigated the efficiency of the use of 
common species as indicators of patterns of change in ant 
species composition along a marked topo-edaphic gradient 
over 25  km2 of Amazonian rain forest. (1) We investigated 
the degree of congruence of spatial patterns of variation in 
species composition (both among sites and along environ-
mental gradients) using the Procrustes dissimilarity test. We 
used a complete dataset (with all species) and subsets con-
taining gradually smaller number of species based on their 
commonness (i.e. number of sites in which they occurred) 
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to assess how similar the responses of the subsets were in 
relation to full data. (2) In parallel, we simulated virtual 
assemblages based on by the ant data to determine the effect 
of species detection probability on the minimum number 
of common species necessary to recover the known spe-
cies composition patterns of the “true” ant assemblage. We 
hypothesized that a selected group of common species could 
adequately represent the spatial variation in species compo-
sition among sites and along the environmental gradient and 
that this pattern would be maintained over time. However, 
we expected the minimum number of species required to 
reveal whole-assemblage patterns to increase as detection 
probability decreased, due to increased noise in the data. (3) 
To compare the cost-efficiency of using these two types of 
data in biodiversity-monitoring programs we estimated the 
monetary and time costs associated with the use of common 
species and total ant species composition data.

Methods

Study area

Fieldwork was carried out at the Ducke Reserve (Fig. S1), a 
protected area, located at km 26 on the Manaus-Itacoatiara 
Road (02º 55′ S, 59º 53′ W, and 03º01′ S, 59º 5′ W). The 
climate of the reserve is characterized by a rainy season from 
November to May and a dry season during the remaining 
months of the year (Marques-Filho et al. 1982), with a mean 
annual rainfall of 3017 mm in the period from April 1965 to 
November 1980. Ducke Reserve is covered by dense ombro-
philous forest with topographic and edaphic variations that 
are typical of several areas in central Amazon. The reserve 
has a total area of 10,000 ha, with a nutrient-poor soils that 
range from Xanthic Hapludox on the plateaus, to sandy 
soils—Typic Epiaquods and Typic Endoaquods in the val-
leys (Chauvel et al. 1987).

Sampling design

The study was carried out within a 25  km2 system of trails 
used by the Brazilian Biodiversity Research Program 
(PPBio). The sampling design was based on the RAPELD 
system (Costa and Magnusson 2010). The RAPELD system 
can be applied at a variety of spatial scales. Smaller mod-
ules (combinations of trails and plots) are used for rapid 
cross-site assessments. The acronym RAP was coined by 
Conservation International for rapid biological surveys. 
Larger grids are used to investigate the ecological processes 
in more accessible sites. These are often long-term ecologi-
cal research sites (LTER or PELD in Portuguese (Magnus-
son et al. 2005). The grid system in Ducke Reserve consists 
of North–South and East–West trails giving access to 30 

plots of 250 m in length spaced every 1 km. For ants, these 
are usually 1 m wide (Figure S1). Plots follow topographic 
contours to reduce within-plot variation (Costa et al. 2005; 
Magnusson et al. 2013).

Ant sampling

Pitfall traps of 500 ml (8 cm height and 9.5 cm diameter) 
containing approximately 100 ml of alcohol to preserve the 
ants were buried at ground level following the methodology 
described in Souza et al. (2012). In each of the 30 plots, 10 
pitfalls were installed (one every 25 m), corresponding to 
300 pitfalls in the grid during each collection event. To pre-
vent leaves and rainwater falling into the pitfall traps, a plas-
tic dish was placed above the trap. The pitfall traps remained 
in the field for 48 h (Bestelmeyer et al. 2000). Ants were 
sampled in 2006, 2012 and 2014 during the period of low-
est rainfall. The ants were initially identified to genus level 
using the taxonomic keys of Baccaro et al. (2015). After this, 
ants were classified in morphospecies and, when feasible, to 
species level using specific keys, in addition to comparison 
with collection material identified by taxonomists. Voucher 
specimens were deposited in the National Institute for Ama-
zonian Research Invertebrate Collection. The species list is 
available in Table S1.

Environmental variables

We investigated whether common species composition 
responded to environmental gradients similarly to overall 
species composition. The variables used in this study were 
(1) slope of terrain: measured in April and September 2001, 
with the aid of a clinometer, from six points, spaced every 
50 m along the plot (2) soil clay content: determined from 
physical–chemical analysis of soil samples with sodium 
pyrophosphate, was measured with an clinometer, collected 
in March and April 2008 from six points spaced every 50 m 
along the plot; (3) litter volume calculated by collecting litter 
from 1  m2 at each point using a Winkler extractor, and then 
measuring the volume using a graduated plastic bucket (10 
l). Litter volume was measured in the two periods studied 
(2006 and 2012). For more details and metadata, see PPBio 
website https:// ppbio. inpa. gov. br/ manua is (Table S2).

Database

We created one community matrix containing species occur-
rences (presence or absence) as columns and plots as rows 
(n = 30) for each of the three study years. We used occur-
rences rather than some measure of abundance to avoid giv-
ing too much weight to species with larger colonies (Höll-
dobler and Wilson 1990; Gotelli et al. 2011). The number 
of occurrences was measured within each plot. Thus, it can 

https://ppbio.inpa.gov.br/manuais
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range from 0 (no occurrence of the species in the plot) to 
10 (the species occurred in all pitfall traps in the plot). All 
analyses were run in the R environment for statistical com-
puting (R Core Team 2020, version 4.0.0), using the pack-
ages vegan 2.5–6 (Oksanen et al. 2019) and CommEcol 1.7.0 
(Melo et al. 2019).

Selecting a potential set of common species

Although some studies dealing with common species have 
used a priori criteria for their selection (Borcard and Leg-
endre 1994; Lavoie et al. 2009; Minor 2011), we followed 
the method proposed by Franklin et al. (2013), and deter-
mined species commonness by directly assessing the num-
ber of plots in which each species occurred. Species were 
removed from the complete data matrix (hereafter: com-
plete matrix) based on their rarity in a sequential procedure 
(first species that occurred in a single plot, then species that 
occurred in two plots, and so on), thus generating reduced 
data matrices (hereafter: reduced matrices). We excluded 
species until we reached a reduced matrix containing exclu-
sively those species that occurred in all 30 plots.

Congruence between reduced and complete 
matrices

For a surrogate to be considered effective, it must adequately 
predict or represent the spatiotemporal as well as ecologi-
cal patterns of the entire assemblage of species (Williams 
and Gaston 1994; Olsgard et al. 2003; Heino and Soininen 
2007; Siqueira et al. 2012; Souza et al. 2016). Thus, the 
congruence of spatial variation in composition between each 
reduced matrix and the complete matrix was quantified by 
applying a Procrustes correlation,which ranges between 0 
and 1, (a Procrustes correlation value of 1 indicates a com-
plete similarity between the matrices, while a value of 0 
it does not have similarity, with 999 Monte Carlo permu-
tations to test for statistical significance, to evaluate the 
efficiency of the use of common species as indicators of 
patterns of change in ant species composition (Peres-Neto 
and Jackson 2001). In the Procrustes analysis, we measured 
the dissimilarities among ant assemblages, comparing each 
reduced matrices and the complete species matrix using a 
rotational-fit algorithm that minimizes the sum of squared 
residuals between the matrices. One of the main advantages 
of using Procrustes is to perform dissimilarity comparisons 
with the raw data of the matrices, instead of using distance 
measures as in the Mantel test, for example (Peres-Neto and 
Jackson 2001). The  m2 statistic (the goodness-of-fit statistic 
that measures the level of congruence between two ordi-
nation configurations) was transformed to the Procrustes 
correlation coefficient (r) using the following equation: 
r = √(1 − m2) (Landeiro et.al. 2012; Oksanen et al. 2019). 

Removed species were replaced by columns with zeros to 
match the dimensionality of the complete matrix and allow 
their comparison (Peres-Neto and Jackson 2001). To evalu-
ate the reliability of common species as indicators, we 
followed the values used by Leal et al. (2010), dos San-
tos Ribas and Padial (2015) and Souza et al. (2016, 2018), 
which define a “reasonable” prediction, if reduced matrices 
predicted ≥ 60% and < 70% of the variation found with com-
plete matrix data, ‘good’ if it predicted ≥ 70% and < 80%, 
and ‘excellent’ if it predicted ≥ 80%.

Relationships with environmental gradients

We used terrain slope, soil clay content and litter volume 
as environmental predictors. We selected these variables 
because they were sampled in a standardized way at the 
study site and their effects on the composition of the ground-
dwelling ant assemblages in the Brazilian Amazon were 
known from earlier studies (Vasconcelos et al. 2003; Gomes 
et al. 2018). We used distance-based redundancy analysis 
(db-RDA) to test the effect of environmental gradients on 
the complete species composition matrix, and also on the 
reduced species composition matrices. db-RDA is a type 
of direct ordination that combines multiple regression and 
PCoA (Borcard et al. 2011). We assessed how the statistical 
signal of the effects of the environmental gradients changed 
as species were removed from the data matrix. The objective 
was not to seek for significant effects per se, but to detect 
with what number of common species in the reduced matrix 
there is a change in the signal of the environmental effects, 
from significant to non-significant P values or vice versa.

Impact of imperfect detection on effectiveness 
of common species as surrogates

In order to assess how well common species can capture 
species composition patterns in an entire assemblage, we 
conducted simulations using virtual assemblages with pre-
determined patterns of species composition and detection 
probabilities. This allowed us to estimate the impact of spe-
cies detection probability on the ability of common species 
to retrieve the overall species composition. Assemblages 
were simulated using the program COMPAS (Minchin 
1987), implemented in R with function “compass” of the 
“CommEcol” package (Melo et al. 2019). This simulator has 
been used extensively in assessments of the effectiveness of 
various methods in recovering known patterns in ecological 
data (e. g. Austin et al. 2006; Nekola and Mcgill 2014; Hui 
et al. 2017). The simulator mimics the response of species 
abundances to an environmental gradient ranging from 0 to 
100, whose values are sampled from a uniform distribution. 
Species expected responses are given by a Beta function, 
which creates unimodal, potentially asymmetric, response 
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curves whose optima are randomly distributed along the gra-
dient. The main parameters to vary are the number of spe-
cies, the average of the optimal species abundance along the 
gradient, and the average width of species responses along 
the gradient.

Based on data previously collected at the same study site 
(Oliveira et al. 2020; Souza et al. 2012), we simulated the 
abundance of 200 species, with an abundance average of 
1.64 at their optima and an average width of 30 along the 
gradient. This created a species turnover pattern similar to 
that observed in the empirical datasets (Fig. 2), but whose 
structure is known rather than inferred. Next, we added 
detection error: we simulated the detection probability of 
each species as a random draw from a normal distribution 
with a given mean (in logit scale) and standard deviation of 
one (Yamaura et al. 2019).

Using this setting, we simulated 100 datasets, varying 
the mean detection probability randomly across simula-
tions from 0.05 to 1.0, thus encompassing the entire possi-
ble range. For each simulated data set, we repeated the two 
previous analyses described for the empirical datasets (i.e. 
Procrustes correlations and db-RDA excluding increasing 
numbers of uncommon species), and retrieved the minimum 
number of species that still reasonably recovered the simu-
lated structure. “Good” was defined as a Procrustes correla-
tion above 0.7 and a statistical significance (significant or 
non-significant) equivalent that found with the whole dataset 
in the case of db-RDA. To determine how imperfect detec-
tion affected the surrogate efficacy of common species, we 
regressed the minimum number of species obtained in simu-
lations to the mean probability of detection, separately for 
obtaining the two recovery criteria (n = 100 in each case).

Estimating time and financial resources

We estimated the absolute and relative (%) time and financial 
costs for species composition and common species identifi-
cation. We measure the time spent according to the number 
of days it takes to collect, sort, and identify the material. 
We considered the costs as expenses associated with field 
and laboratory materials, field sampling, and the salary of 
team members. To calculate the salaries expense and the 
time consumed, we include the duration of activities in the 
field and the laboratory. We measured all costs (time and 
financial) for the complete matrix and reduced matrices, and 
the salary and scholarships were based on current Brazilian 
Federal Government payments. To estimate the costs in US 
dollars, we used the average value of the currency conver-
sion rates for Brazilian currency (Real = R$), which was US 
$ 1 = R$ 2.61 (average annual resources from 2006 to 2020; 
source: Central Bank of Brazil). Costs of laboratory equip-
ment and accommodation buildings for field staff were not 

included, as there was no qualitative difference in total cost 
(Gardner et al. 2008).

Results

For three sampling events (2006, 2012 and 2014), 16,090 
ants distributed in 11 subfamilies, 57 genera and 292 species 
were collected, 161 were formally described and 131 were 
morphospecies (Table S1). In all sampled years, Pheidole 
was the most species-rich genus, with registers of 50, 55 
and 26 species in 2006, 2012 and 2014 respectively. Sixty 
species (20.55%) were found in all years, 76 species were 
collected exclusively in 2006, 71 species only in 2012 and 
30 only in 2014 (Table S1). The number of singletons was 
63 for 2006, 68 for 2012 and 40 for 2014, while the number 
of doubletons was 27 for 2006, 26 for 2012 and 22 for 2014 
(Table S1).

The species with the highest number of occurrences on 
300 pitfalls installed in 2006 was Crematogaster tenuic-
ula Forel, 1904 (96.7%), followed by Trachymyrmex sp. 5 
(76.7%) and Ectatomma lugens Emery, 1894 (70%). In 2012, 
the species with the highest occurrences were C. tenuicula 
(93.3%), Strumigenys denticulata Mayr, 1887 (86.7%) and 
Pheidole fracticeps Wilson, 2003 (83.3%). In 2014, Phei-
dole biconstricta Mayr, 1870 (86.7%), Pheidole cataractae 
Wheeler, 1916 (80%) and Solenopsis clytemnestra Emery, 
1896 (76.7%) showed the highest occurrences (Table S1).

In all sampling events, the reduced matrices retaining a 
subset of common species were able to predict the spatial 
pattern of composition observed (Fig. 1). The minimum 
number of common species capable of recovering a statis-
tically significant amount of (albeit low) information for 
all species was three in 2006 (r = 0.379, P = 0.019, Fig. 1a, 
Table S3), seven in 2012 (r = 0.523, P = 0.001, Fig. 1b, 
Table S3) and three in 2014 (r = 0.471, P = 0.001, Fig. 1c, 
Table S3); however, low congruence values were associ-
ated with the complete matrix for these subsamples. The 
minimum number of species required to achieve a ‘good’ 
congruence rating (Procrustes correlation > 0.7), was 20 spe-
cies in 2006, and 2012 and nine species in 2014 (Table S3).

Overall, we observed a significant association between 
common species composition and environmental gradients, 
although this relationship varied across different years. 
Specifically, during the first two collection events in 2006 
and 2012, a reduction to fewer than 10 common species 
resulted in non-significant associations (see Fig. 2a, b). 
Similarly, in 2014, the threshold for non-significant rela-
tionships occurred when the number of common species 
dropped below 25. (Fig. 2c). Twenty-five common species 
are enough to have significant results of ant associations 
with environmental gradients in the three periods studied 
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(Table S3), achieving a ‘good’ or ‘excellent’ congruence 
rating (Procrustes correlation > 0.7).

Common species in the simulated data had a similar 
result to that observed in the empirical data. However, the 
minimum number of species required to maintain a reason-
able congruence between the complete and reduced matri-
ces (in addition to detecting environmental effects) was 45 
(Fig. 3a, b). Further, with increasing mean probability of 
detection, fewer species were needed to reach the established 

criterion of a Procrustes correlation equal to or large than 
0.7  (R2 = 0.372, P = 0.001, Fig. 4a). By contrast, as the 
mean probability of detection increased, more species were 
needed to detect the influences of environmental variables 
 (R2 = 0.433, P = 0.001, Fig. 4b), although statistical signifi-
cance also became variable (Fig. 4b).

Using the observed data, the minimum number of 
common species required to significantly recover the 
overall spatial pattern of species composition and its 
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Fig. 1  Procrustes correlation coefficients between the complete matrix and the reduced matrices of ant species composition in the years 2006 
(a), 2012 (b) and 2014 (c). Black symbols indicate significant values for an alpha ≤ 0.05; white symbols indicate non-significant values

0 50 100 150 200

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

Number of retained species in 2006

d
b

R
D
A
p

v
al
u
es

(a)

0 50 100 150 200

0.0

0.2

0.4

0.6

0.8

1.0

Number of retained species in 2012

(b)

0 20 40 60 80 100 120 140

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

Number of retained species in 2014

(c)

Fig. 2  P values of the partial RDA for the effect of environmental 
variables on the number of retained species in 2006 (a), 2012 (b), 
and 2014 (c). The dashed line indicates the significance limit of the P 

value, defined a priori (0.05). Black symbols indicate significant val-
ues for an alpha ≤ 0.05; white symbols indicate non-significant values
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environmental response was 25, contributing to estimated 
savings in time and monetary cost of 20–40% (Table 1; 
S4). Based on the simulated data, the minimum number of 
species should be on average 57 (Table S3), which would 
lead to savings up to 50% (Table 1 and S4). The savings 
in time in the field and laboratory and the total monetary 

cost were similar in the years 2006 and 2012. The sav-
ings in 2014 were lower compared to previous years when 
the limit of 57 common species was applied (Table 1 and 
S4). Using 57 common species as a minimum threshold, 
in addition to saving time and money, we also maintain 
associations between common species and total species, in 
addition to recovering significant environmental responses, 
achieving an ‘excellent’ congruence rating (Table S3).

Fig. 3  Procrustes correlation coefficients between the complete 
matrix and the reduced matrices of ant species composition using 
simulated data (a). P values of the partial RDA for the effect of envi-
ronmental variables on the complete species matrix and the reduced 

matrices of ant species composition using simulated data (b). For 
the best P values visualization, the y-axis was transformed into a log 
scale

Fig. 4  Mean detection probability of species retained in associations classified as good (Procrustes > 0.7) between common species and the total 
species composition (a). Mean detection probability of species retained in associations with environmental gradient (dbRDA P value ≤ 0.05) (b)
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Discussion

This study reports for the first time the use of common 
ground-dwelling ant species as predictors of species com-
position patterns of the total ant assemblage over time. It 
also indicates that the common species of ants have a similar 
ecological response to those detected using the complete 
species composition, regardless of the studied year. Addi-
tionally, the primary utility of employing common species 
may lie in longitudinal monitoring of the same location, 
proving valuable amid swift global environmental changes 
for understanding real-time community dynamics at minimal 
cost. The simulated data revealed similar patterns, although 
they were more conservative regarding the minimum num-
ber of common species required to recover the full pattern. 
Importantly, imperfect detection eroded the information 

contained by common species data on spatial variation 
in species composition and its response to environmental 
factors, but surprisingly decreased the number of species 
required to detect ecological relationships, suggesting a 
trade-off between these abilities. These results are consist-
ent with previous findings that dominant species (i.e. most 
abundant species) can be reliably used to infer patterns of 
compositional dissimilarity (Roden et al. 2018), but high-
light how imperfect detection can modify this ability. These 
results are of great importance since any reduction in effort 
must be accompanied by maintenance of the quality of infer-
ences on taxonomic and ecological responses so that the 
protocol can be considered efficient (Magnusson et al. 2013; 
Souza et al. 2016; Graça et al. 2017).

The congruence detected between the complete and the 
reduced matrices indicates that common ground-dwelling 

Table 1  Summary of the relative effort (cost and time) required for each group of common ant species sampled in 30 plots of the Ducke Reserve 
in the years 2006, 2012, and 2014 in addition to the simulated data

2006 2012 2014 Simulated data

Species 
retained

Time (%) Cost (%) Species 
retained

Time (%) Cost (%) Species 
retained

Time (%) Cost (%) Species 
retained (aver-
age)

Time (%) Cost (%)

194 100 100 188 100 100 124 100 100 200 100 100
131 96.91 100 120 96.91 100 83 96.91 100 169 96.91 100
104 93.83 100 93 93.83 100 60 93.83 100 157 93.83 100
83 90.74 100 82 90.74 100 53 90.74 100 147 90.74 100
67 87.65 100 70 87.65 100 42 87.65 100 137 87.65 100
59 83.33 96.12 60 83.33 96.12 34 83.33 96.12 128 83.33 96.12
46 80.25 82.15 51 80.25 82.15 28 80.25 82.15 119 80.25 82.15
42 77.16 82.15 47 77.16 82.15 26 77.16 82.15 111 77.16 82.15
36 74.07 82.15 42 74.07 82.15 22 74.07 82.15 103 74.07 82.15
32 70.99 82.15 38 70.99 82.15 18 70.99 82.15 96 70.99 82.15
31 66.67 78.28 35 66.67 78.28 16 66.67 78.28 88 66.67 78.28
29 63.58 78.28 30 63.58 78.28 14 63.58 78.28 82 63.58 78.28
27 60.49 64.31 25 60.49 64.31 12 60.49 64.31 76 60.49 64.31
24 57.41 64.31 23 57.41 64.31 9 57.41 64.31 70 57.41 64.31
21 54.32 64.31 21 54.32 64.31 7 54.32 64.31 64 54.32 64.31
20 50 60.44 20 50 60.44 6 50 60.44 59 50 60.44
15 46.91 60.44 18 46.91 60.44 5 46.91 60.44 54 46.91 60.44
10 43.83 60.44 15 43.83 60.44 4 40.74 46.47 51 43.83 60.44
4 40.74 46.47 13 40.74 46.47 3 30.25 46.47 47 40.74 46.47
3 37.65 46.47 11 37.65 46.47 2 24.07 43.74 42 37.65 46.47
2 30.25 43.74 9 33.33 43.74 39 33.33 43.74

7 30.25 43.74 32 27.16 43.74
4 27.16 43.74 29 24.07 43.74
3 20.99 29.78 25 20.99 29.78
2 17.29 19.33 22 17.28 25.67

18 14.20 25.67
15 11.11 19.33
12 8.02 19.33
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ant species can adequately predict variation in ant spe-
cies composition over time (2006–2014). A similar result 
occurred in the analyses of ecological predictors, with the 
responses of common species being close to that detected 
using the complete matrix. This was true even when using 
a small number of common species in all years studied. If 
we used at least 25 common ant species, we could repro-
duce all the results found with the complete matrix of 292 
species in all studied periods, saving up to 50% of the time 
and monetary costs of the initial sampling protocol. From 
a biomonitoring perspective, this is useful as most of these 
species have not yet been described (Lewinsohn and Prado 
2005). Although our study focused on ants, common spe-
cies may be suitable surrogates in other species-rich groups 
(e.g. megadiverse groups like Coleoptera, Diptera, Lepidop-
tera, and other social Hymenoptera), especially those with 
a restricted group of frequent species and a large group of 
rare species.

In tropical environments, a large number of rare species is 
a typical pattern (Hubbell 2001). A possible cause of a large 
number of singletons is that these may be passerby species 
or specialists with a low population density (Novotný and 
Basset 2000), or rare species have different niches relative 
to common species (Brasil et al. 2020), highlighting the 
importance of rare species in ecological processes (Gaston 
2012; Leitão et al. 2016). Alternatively, they may be simply 
poorly detected (see below).Surveys of invertebrates as well 
as vertebrate communities are most often biased by imper-
fect detection (Yoccoz et al. 2001; Yamaura et al. 2019). 
There is likely an excess of singleton species in empirical 
datasets due to under sampling bias, especially for species-
rich groups such as tropical invertebrates (Coddington et al. 
2009; Chao et al. 2017). For instance, species density can 
be expected to be a strong predictor of detection probability 
regardless of environmental conditions, as it is easier find 
species with more individuals. Furthermore, environmental 
conditions can also affect detection, which may confound 
environmental responses. This creates uncertainty about the 
extent to which rare species provide meaningful information 
on species composition patterns: seemingly rare species may 
be truly rare and thus provide reliable information on com-
munity patterns, or they may be artifacts of imperfect detec-
tion and provide no relevant information (statistical noise) or 
even bias community patterns, e.g. if such species respond 
differently to environmental conditions compared to those 
which are easier to detect but this pattern cannot be detected 
due to imperfect detection.

Our simulation revealed that imperfect detection 
increased the number of more common species necessary 
to adequately represent broader patterns of spatial varia-
tion in species composition, but decreased the number of 
species required to adequately represent environmental 
relationships. For instance, with imperfect detection, it 

would take 50 common species to reproduce all the results 
detected with the complete assemblage, saving between 10 
and 20% in the analyzed period vs. 25 species and 50% sav-
ing with perfect detection. This result was consistent with 
our hypothesis that imperfect detection should erode infor-
mation of species composition patterns. In particular, the 
number of required species was roughly constant as mean 
detection probability decreased to ca. 0.4 and then became 
highly variable, suggesting relative robustness to imperfect 
detection when detection probability is > 0.4. However, the 
second result was unexpected, as it suggested that imper-
fect detection actually facilitated detecting environmental 
relationships. We suggest this occurred because, for a given 
detection probability, rarer species should be naturally less 
observed. Hence, their occurrence patterns are more prone 
to sampling bias and noise than those of common species. 
This way, excluding rarer species from the analysis increases 
the amount of information about the true patten, allowing for 
the exclusion of most species.

In this light, there would be a trade-off between detect-
ing spatial patterns in species composition and detecting 
community environmental responses from common species 
distributions, even though mean detection probability had 
a stronger effect on the latter than on the former. It should 
also be noted that P values became increasingly variable 
(i.e. more different values at each simulation) as the com-
munity dataset was reduced. Thus, whereas fewer species 
were required to detect environmental responses on average, 
the uncertainty about this inference increased. Overall, our 
simulation suggested that, under constant imperfect detec-
tion, ignoring the species expected to be rarest in a given 
sampling protocol (e.g. singletons and doubletons) had lit-
tle impact on species composition inferences, and known 
patterns can be depicted similarly well if only a relatively 
small fraction of the species in a community is considered. 
However, further reductions could have undesired effects, 
such as imprecise estimates of community environmental 
responses (Roden et al. 2018).

Any way of saving time or funding in monitoring biodiver-
sity is desirable. This is especially important in regions with 
mega diversity (Magnusson et al. 2013), or in situations where 
science has been suffering several funding cuts (Escobar 2015; 
Angelo 2017; Magnusson et al. 2018; Kowaltowski 2021), or 
even where the environment has undergone anthropic pressure 
over the years, resulting in the suppression of local biodiversity 
(Costa et al. 2020), where time for a complete inventory, even 
with low diversity, can be a crucial constraint, as is the case 
of the Brazilian Amazon. Our results using common species 
suggest time and money savings of 20 to 50% compared to 
monitoring using the total ground-dwelling ant assemblage. 
These savings could be used in future collections or in expand-
ing the sampling area (Costa and Magnusson 2010; Souza 
et al. 2016). Yet, although these results here are promising, 
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generalizations require caution, as imperfect detection has 
been shown decrease the ability to infer compositional dissimi-
larity patterns while increase that ability to detect ecological 
relationships under the conditions simulate here. This suggests 
that the cost of ignoring imperfect detection depends on the 
research goal. Nonetheless, if researchers are more interested 
in detecting ecological responses rather than in accurately 
describing compositional dissimilarity on its own and need 
to reduce costs or reallocate sampling effort, using common 
species as surrogates is a reasonable option.

More generally, the utility of surrogates in ecology and 
conservation biology is known to depend on some factors, as 
indicated by meta-analyses. One the one hand, using one taxon 
to predict species distribution patterns of another taxon (cross-
taxon surrogates) is generally of little or no use (Rodrigues and 
Brooks 2007; Westgate et al. 2014). On the other hand, using 
higher-level taxa to predict species-level distribution patterns 
is generally informative, especially as higher-taxa-to-species 
ratio increases and evenness of species abundances decreases 
(Neeson et al. 2013, de Oliveira Jr. et al. 2020). The utility 
of common or dominant species has received less attention 
compared to those other approaches. However, simulations and 
data also suggest that relatively few dominant species are use-
ful in recovering compositional dissimilarity patterns of entire 
communities of a given taxon, again with increasing utility as 
species abundance evenness decreases (Roden et al. 2018). In 
this light, our results based on common or more widespread 
species support the latter findings, as species with higher local 
abundance also tend to occur across more sites (Borregaard 
and Rahbek 2010). Importantly, we showed that the usefulness 
of common ant species as surrogates for the total assemblage 
is maintained over time, and this is possibly one of the greatest 
applicability of this type of approach. Furthermore, this feature 
is suited to long-term ecological research or environmental 
monitoring programs. We currently experience frequent envi-
ronmental changes, which undoubtedly lead to the suppression 
of biodiversity (Ripple et al. 2021; Caro et al. 2022), and the 
common species can be a relevant strategy to get some idea 
of how communities are changing in “real-time” at as little 
cost as possible. The alternative of not using surrogates for 
biodiversity (or some equivalent approach), not having enough 
information (or not being fast enough), and therefore being 
thoroughly in the dark about what is going on does not seem 
to be the best choice for the environment (Bergallo et al. 2023; 
Souza 2023).

Conclusions

In this study, common ant species (approximately 1/4 
of the total assemblage) were efficient in predicting 
overall species composition in the studied Amazonian 
ground-dwelling ants, as well as in detecting the effects 

of environmental variables on overall species composi-
tion. These results held in three different years spanning 
a decade, suggesting consistency over time. Simulations 
indicated that these findings were relatively robust to 
imperfect detection, although very low detection probabil-
ity limited the utility of using only the most common spe-
cies, by reducing the precision of estimates of community 
environmental responses. Our simulation was limited to a 
relatively simple scenario, i.e. constant imperfect detec-
tion (Yamaura et al. 2019). Further study is warranted in 
more complex circumstances, such as counting data under 
environment-dependent imperfect detection. The common 
species as indicators of species composition patterns of the 
total assemblage may also be profitable for other megad-
iverse biological groups (i.e., high species richness and 
abundance) in localities with vegetation types similar to 
this study and when the objective is to infer community 
environmental responses. Nonetheless, our results reiter-
ate the importance of creating and establishing programs 
that support studies of this scope to develop reliable and 
efficient shortcuts for assessing biodiversity, allowing 
a reduction of expenses in future long-term ecological 
research or environmental monitoring programs and also 
promoting management efforts.
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