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Abstract
Implementation of conservation planning and management strategies for threatened dung beetle species
have been hampered by lack of reliable information about temporal and spatial patterns in abundance.
Distinguishing “real” patterns responding to ecological processes, from “artifacts” created by sampling
limitations, is not a simple task. Pitfall trap data from NeoMaps standardized surveys (2006 and 2009)
were combined with environmental variables from remote sensors, and used N-mixture models to
evaluate how observed changes in detection and abundance of Eurysternus impressicollis, a Vulnerable
dung beetle species in northwestern Venezuela, could be attributable to differences in sampling effort or
changing conditions in habitat across time. Minor temporal changes in detectability had a positive
relationship with sampling effort, but a negative relationship with evapotranspiration. Sampling effort
was enough to detect the species where it was present, so lack of detection in other transects are likely to
represent true absences. Temporal change in abundance was explained by vegetation condition and
temperature so, the low abundance recorded in 2009 were not a sampling artifact, but were likely to
reflect multi-year fluctuations in environmental conditions. Also, the model allowed to explain landscape
variation in abundance, being more abundant in localities with denser, more humid forest. This approach
could be widely applied to pitfall data from other dung beetle monitoring programs across the world to
inform conservation status assessment and guide future studies on the distribution and ecology of dung
beetle threatened species.

Introduction
The modern day biodiversity crisis is most often portrayed in terms of vertebrate and plants, yet it is
overwhelmingly a loss of invertebrate life (Hallmann et al. 2017). Particularly, invertebrate species with
restricted range, or dependency to specific habitats or vegetation types facing a high risk of
transformation (Dunn 2005). 

Invertebrates groups species like dung beetles (Coleoptera: Scarabaeidae: Scarabaeinae) have been
extensively used to characterize, and to monitor changes in habitat due their sensitivity to alterations in
habitat structure and quality (Gardner et al. 2008; Nichols et al. 2008). Thus, research in tropical dung
beetles has focused in understanding how community composition responds to habitat changes
(Davis and Scholtz 2001; Scheffler 2005; Spector et al. 2008) while species level ecological studies are
much less frequent (Ferrer-Paris et al. 2016). Beside their usefulness as indicators, Scarabaeidae species,
including dung beetles, are of conservation concern themselves. Of the 6,837 Scarabaeinae species
(Schoolmeesters 2023), only 300 have conservation status assessments (IUCN 2021). Equally worrying
as the 20% of species currently threatened (from Critically Endangered to Vulnerable IUCN categories), is
the overwhelming 40% of species classified as Data Deficient. Ecosystems modifications is the main
threat faced by dung beetle species (IUCN 2021), and most of them are known to be extremely range
restricted, or are often limited to areas of high forest biomass subject to logging or charcoal production
(Spector 2006).
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Implementation of conservation planning and management strategies for threatened dung beetles
species have been hampered by lack of reliable information about patterns in occurrence and abundance
across time and landscape (Koch et al. 2000). However, distinguishing “real” patterns responding to
ecological process, from “artifacts” created by sampling limitations, is not a simple task (Bates et al.
2015; Dénes et al. 2015a). Temporal pattern in detectability could be affected by factors related with
sampling strategies like, low effectiveness of sampling methods, insufficient sampling effort or
modifications in sampling methods. In those cases, lack of detection, does not necessarily means a true
absence (Kéry and Schmidt 2008). On the other hand, lack of detection as well as, temporal and
landscape patterns in abundance, could be explained by ecological processes, like presence of historical
barriers, displacement by more competitive and widespread species, or low tolerance to anthropogenic
disturbance (Joseph et al. 2009).

Multiple approaches have been developed to estimate the true number of individuals in a population from
field samples. For example, using removal sampling which requires the systematic capture and removal
of individuals (Brown and Matthews 2016), the population size can be estimated on the basis of the
decline in catch size during sequential capture sessions. The repeated catch size in a given site are then
used to jointly estimate the detectability of individuals and population size based on N-mixture models.
N-mixture models accounts for the simultaneous estimation of detection rates and abundance, and allow
modelling the confounding effect of sampling effort and ecological variables  (Royle 2004). Despite the
fact that removal sampling (pitfall traps) is the most common sampling method for dung beetles, we are
not aware of any   application of the N-mixture models to estimate abundance of tropical Scarabaeinae.

Here, pitfall trap data from standardized surveys for a threatened dung beetle species, were combined
with environmental variables from remote sensors, and multinomial-Poisson mixture models
(Kéry and Royle 2016) to evaluate how much of observed changes in detection and abundance of this
species could be attributable to differences in sampling effort or differences in habitat conditions across
time. This study focuses on Eurysternus impressicollis Castelnau 1840, which inhabits dry forests in
northern South America, and is classified as Vulnerable in Venezuela, due to its restricted distribution and
habitat lost (Rodríguez et al. 2015). This species is endemic to the Maracaibo biogeographical province,
sensu Morrone et al. (2022; see also Rubio & Lobo 2010), with most records from Colombian (Génier
2009), and recent reports from a couple of localities in the Sierra de Perijá in western Venezuela (Lozano
2010; Ferrer-Paris et al. 2013; Figure 1). Here, pitfall-trap data from a national dung beetle sampling
program (NeoMaps; Ferrer-Paris et al. 2013) in Rosario de Perijá in 2006 and 2009 were analyzed to
estimate abundance and detectability of E. impressicollis using a removal-design. Here the hypothesis
that temporal changes in detectability is affected by factors related with the sampling effort and
environmental condition during the period of sampling was tested, while changes in abundance is better
explained by vegetation and climatic conditions affecting the life cycle and population dynamic of the
species.

Materials And Methods
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Field sampling

NeoMaps proposes a cost-effective, systematic monitoring program for the assessment of  biodiversity in
Venezuela (Rodríguez and Sharpe 2002). Sampling regions were selected across the country according to
a stratified sampling design, and within each region, a 40-km road route was identified in order to account
for the largest possible gradient in environmental variation. Sampling sites were located along these
‘gradsects’ and spaced ca. 5 – 7 km apart to minimize spatial  autocorrelation (Ferrer-Paris et al. 2013). 

The Rosario de Perijá gradsect (code NM05) is located in Zulia state in northwestern Venezuela (Figure
1), covering an elevation gradient from 81 – 229 m. Across the gradsect, segments of dry forest were
present at both extremes, which represents remaining natural vegetation, while in the middle part of the
gradsect, mosaic of forest patches, isolated trees and pastures were the most dominant vegetation type.
Minimum monthly temperature vary between 6.9 – 23.4 °C, while maximum monthly temperature vary
between 17.9 – 33.4 °C. Annual precipitation are between 1,228 – 2,151 mm, being September through
November the period with maximum precipitation, and January to March the driest.

Dung beetle sampling protocol was calibrated between 2005 and 2006, and surveys were performed in
August 2006 and September 2009. Different sampling protocols were used in each year. In 2006 seven
groups (G01 – G07) containing seven to nine traps were placed, totaling 60 dung baited traps. Samples
were taken once daily during four consecutive days (i.e. four visits). In 2009, five groups of 14 traps were
placed, totaling 70 baited traps: 25 with dung, and 45 were baited with carrion. Three groups matched
locations already sampled in 2006 (G02, G04 and G06) while two groups represent new locations (G08
and G09). In this case, samples were taken once daily for three consecutive days (i.e. three visits). Carrion
baits were not considered in the analysis because they are not effective for sampling the two Eurysternus
species expected in the area, thus total effective sampling effort in 2006 was 5,258.52 trap * hours, while
in 2009 it was only 1,842.12 trap * hours. With this effort, only two species of Eurysternus were collected
during the 2006 and 2009 surveys. E impressicollis and E. mexicanus, Harold 1869. This last species was
the more abundant and widespread Eurysternus species across NeoMap surveys, detected in 17 of 31
gradsect, being more abundant in El Manteco (NM22; 346 individuals), Anacoco (NM93; 97 ind.),
Coromoto (NM55; 102 ind.) and Rosario de Perijá (NM05; 79 ind.). E. impresicollis, on the other hand was
only detected in Rosario de Perijá (NM05; 145 ind).

Abundance estimation

Hierarchical models handle variation in the observed data as a result of explicit “observation” and “state
process” components (Kery and Dorazio 2008). Detection error is incorporated in the observation
component, while the state process component incorporates the underlying ecological process (i.e.
abundance or occupancy; Dénes et al. 2015b). Assuming abundance varies among sites, one can expect
local variation in the site-level detection probability (p) because sites with higher abundance yield more
‘net’ detections and vice versa. In the N-mixture model, counts at site i are defined as the number of
individuals of a given species detected in the repeated j samples (i.e. the observation process), and are
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assumed to follow a binomial distribution with number of trials equal to j and probability pi, which in turn
depends on the unknown abundance Ni, (i.e. the underlying state process), modeled as a random variable
with a Poisson distribution. The method generates parameter estimates of the abundance distribution
across sites (λ) that allow evaluation of temporal changes or geographic comparisons. Measurable
variables that are thought to influence detection at the site level and abundance were added to the model
as covariates using a link function. The model assumes that the population sampled is closed during the
sampling period with respect to mortality, recruitment and movement. It also assumes that detections at
a site are independent, and that all individuals recorded at a given site, and time have the same detection
probability (Dénes et al. 2015b).

Here, each trap was considered a site (i = 1, ... , i) for the purpose of modelling, assuming that intertrap
distance within a group (>50m) was enough to avoid autocorrelation (Ferrer-Paris et al. 2013), but data
from each group of traps was aggregated in order to summarize results. Each site was independently
surveyed on j sampling occasions (i.e. visits), For each site i and sampling occasion j, the total observed
count, was recorded, giving a matrix of observed point counts, denoted {nij}. A latent Poisson distribution
was assumed for species abundance at each site, and a multinomial distribution for the observation
state or detection process.

Covariates for p were sampling effort (E) and evotranspitation (ETs) during sampling period.  Sampling
effort for each visit j was measured as the number of hours between visits (Emean = 22.28 ± 2.58 hours
per visit in 2006, and Emean = 25.94 ± 3.73 hours per visit in 2009). In order to get representative data on
climatic condition at the time of the survey, the location and date of each observations were matched
with point estimates of Evapotranspiration (ETs; MOD16A2, version 6, 1 km resolution; Running et al.
2017) derived from the Moderate Resolution Radio Spectrometer (MODIS) sensors in Terra-Satellites
(Funk et al. 2015). 

Five covariates were tested as explanatory variables of abundance. The representative value of each
covariates for the year prior to the sampling time (approx. August 2005 – August 2006) was calculated:
1) the total annual precipitation (PREC; CHIRPS database, (Funk et al. 2015); and 2) the total
accumulated Evapotranspiration (ET; MOD16A2, version 5, 1 km resolution; Running et al. 2017) as
proxies of water balance; 3) the average of day and night Land Surface Temperature  (LST; MOD11A2,
version 5, 1 km spatial resolution) as a measure of local temperature (Wan et al. 2015); 4) the Enhanced
Vegetation Index (EVI; MOD13Q1, version 5, 250 m;  Huete et al. 2002), and 5) the mean Leaf Area Index
(LAI; MOD15A2 version 5, 1km; (Myneni et al. 2015; Yang et al. 2006) as proxies of vegetation condition.
Variables were standardized before analysis to zero mean and unit standard deviation.  

For both species a multinomial-Poisson mixture model was fitted using package unmarked in R (Royle et
al. 2006; Fiske and Chandler 2011) using the built-in removal multinomial cell probability function. The
models were fitted using data from 2006 surveys only. For E. impresicollis, models were fitted using data
from 60 sites corresponding to gradsect NM05 were the species was detected. For E. mexicanus, models
were fitted with data from 384 sites, which include 17 NeoMaps gradsects surveyed in 2006 where the
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species was detected at least once. The model included a linear combination of ET, LAI, EVI, LST and
PREC as covariates of abundance, for E. impresicollis the model considered sampling effort and ETs as
covariates of detection probability, while for E. mexicanus only sampling effort as covariate of detection
probability was included (Table 1). Alternative models with different variable combinations were tested,
but were discarded due to poorer fit (higher value of Akaike Information Criterion), overfitting of
parameters (extreme estimates or standard errors), and/or poor predictive performance (higher bias in
parametric bootstrapping tests with data for 2006 and 2009; Royle 2004). For both species the selected
model explained more than half of the residual deviance when compared with a null model with sampling
effort as covariate of detection probability and group of traps as covariate of abundance (Royle 2004).

Then, fitted models for each species were used to estimate posterior distribution of abundance
conditioned on observed sampling effort in the localities sampled in 2006 and 2009 using empirical
Bayes methods (Kery and Dorazio 2008). In order to rule out the effect of different sampling locations
and effort between years, we also predicted temporal patterns in expected (unconditional) abundance in
the group of 60 traps sampled in 2006 using time series of the covariates between 2004 and 2010. 

Results
For E. impresicollis variables related with vegetation conditions (EVI and LAI) and temperature (LST) were
the most important to explain the observed abundance which was higher in forested and hottest localities
(Table 1).  As expected, detectability of E. impresicollis had a positive relationship with sampling effort,
but  a negative relationship with evotranspiration (Table 1).

Abundance of E. mexicanus had a negative association with vegetation conditions (LAI) and precipitation
(PREC), and a positive association with evotranspiration (ET) (Table 1). Sampling effort had a positive
but not significant effect on detectability of E. mexicanus  (Table 1).

The estimated posterior distribution of the latent abundance suggests significant differences in overall
abundances between species during 2006: Estimated abundance and 95% CI was 265 (192 – 395) for E.
impressicollis and 88 (79 – 158) for E. mexicanus. This can be largely attributed to differences in the first
group of traps (Figure 2). E. impressicollis was significantly more abundant in G01 at the extreme north
of the gradsect, while both species had similar high abundances in G07 at the extreme south of the
gradsect. Both species were predicted to be absent or have low abundances in the intermediate groups of
traps. 

The prediction for the localities sampled in 2009 suggest lower abundance with similar levels of
variations across group of traps, but observed differences between species are not significant: 35 (31 –
35) for E. impresicollis and 41 (20 – 64)   for E. mexicanus  (Figure 2).

The differences between years is congruent with predicted fluctuations in abundance based on time
series of the covariates. For example,  precipitation showed a regular pattern between 2004 to 2006, but
high precipitation in 2007 was followed by extended dry seasons in 2008 and 2009 (Figures 3a), and
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resulted in longer seasons with low values of the Leaf Area Index (Figure 3b).   The fitted model predicts a
sharp decline in the abundance of E. impressicollis in 2008 with a slow recovery afterward (Figure 3c),
but E. mexicanus show less extreme fluctuations throughout this period (Figure 3d).

Discussion
Variability in sampling methods, including variation in sampling design and effort might affect the ability
to detect target species, confounding the perceived patterns of species presence across the landscape.
NeoMaps sampling methods, as in other biodiversity monitoring schemes, have been repeatedly tested
and modified to improve their effectiveness in estimating richness and abundance patterns (Ferrer-Paris
et al. 2013). These modification however, hamper the direct comparison of count data from different
years and localities. The approach used here solved these limitations and allowed to: 1) discriminate
between the confounding effect of variability in detection across a wide range of survey conditions, 2) get
reliable abundance estimates for two Eurysternus species, and 3) describe the local pattern in abundance
as response to climatic and environmental factors. 

Variability in detection

Fitted models support the hypothesis that temporal changes in the detectability of E. impressicollis
respond to sampling effort and environmental conditions during sampling (Camero-Rubio and Lobo
2012), the high estimates of detectability reported here, suggest that NeoMaps sampling effort in 2006
and 2009 was enough to detect this species where it was present, and thus lack of detection in other
transects are likely to represent true absences or very low abundances. Environmental conditions were
assumed to be related to species activity during the surveys. The relationship of daily activity pattern with
ground temperature and time of day have been studied for species of the tribe Eucraniini, and different
responses seems to be associated to the thermal tolerance of each species (Giménez-Gómez et al. 2017).
Studies on eco-physiology for Eurysternus species are needed in order to correctly interpret the observed
relationship between evapotranspiration and detectability for E. impressicollis, but the predicted
accumulated probability of detection was high enough to guarantee an effective sampling with the
NeoMaps sampling protocol in 2006 and 2009.

Although records from literature and collections have suggested that E. impresicollis could have a wider
ecological niche and extensive potential distribution in northern Venezuela (Camero-Rubio and Lobo
2012), the lack of detection in other NeoMaps gradsects are likely to represent true absences or very low
abundances. Thus, the evidence suggest that E. impresicollis is truly restricted to the Maracaibo Province
sensu Morrone et al. (2022), with confirmed presence records in the Sierra de Perijá in Venezuela, and
apparent absence south of Lake Maracaibo (NeoMaps gradsects NM07 and NM26; Ferrer-Paris et al.
2013). Future surveys should be directed to the east of Lake Maracaibo and in the Guajira Peninsula to
determine its true distribution limits.

Temporal and spatial patterns of abundance
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The temporal variation in abundance of Eurysternus beetles in Rosario de Perijá between 2006 and 2009
was satisfactorily explained by changes in environmental conditions. That is, the low numbers of
Eurysternus sampled in 2009 were not a sampling artifact, but were likely to reflect a real reduction of
dung beetle abundance due to changes in vegetation and climatic conditions. 

Vegetation condition was the most important variable to explain abundance in both species, while
climatic conditions played a secondary role. Both species were positively related to high values of the
enhanced vegetation indices, but differ in their relationship with leaf area index and climatic variables
such as precipitation or temperature (Table 1). Both species have been reported in landscapes with
forest/pasture mosaics (Lozano 2010), but quantitative data suggests higher abundance in dry forest
and during rainy seasons than in pasture or during dry seasons (Navarro et al. 2011). 

In the sampling area E. impressicolis was more abundant in localities with higher vegetation cover
(denser, more humid forest), while E. mexicanus seems to prefer more deciduous, drier or fragmented
forest, although this last species can also be found in a wide range of conditions across the country
(Navarro et al. 2011). Also, the three known collection localities in Venezuela of E. impresicollis are
located in more densely forested areas in Perijá. However, for E. mexicanus previous evidence (Navarro et
al. 2011) suggest higher abundance in forested areas, which contrast with results presented here. The
pattern reported here for E. mexicanus is more reliable because model was based in a higher number of
data, and covering wider environmental conditions across the country.

Although we did not monitor species abundance through time, the models fitted with data from the 2006
survey had a good predictive performance when extrapolated to 2009 (Figure 2), when conditions were
drier and vegetation was in poorer condition (Figures 3a – 3b). If the modeled relationship holds true, we
would expect interannual and multiannual fluctuations in the abundance of these species reflecting the
changes in these variables (Figures 3c – 3d). Again, these results agree with previous studies reporting
fluctuations in abundance between rainy and dry seasons (Navarro et al. 2011), but a multi-season, and
multi-year sampling program would be needed to prove the reliability of these predictions and to detect
long term trends in their abundance.

Temporal and spatial variations in abundance, might reflect different preferences of the species or the
result of interspecific competition. Both species seem to be more or less limited to forest vegetation and
are less abundant or absent in less forested areas in the middle part of the gradsect. However, the fact
that E. impresicollis was significantly more abundant than E. mexicanus in the extreme north of the
gradsect, located in a less fragmented landscape than the extreme south which was a more perturbed
area, suggest that E. impresicollis could be more competitive than E. mexicanus when habitat and
climatic conditions are favorable. Clearly a more detailed study covering a wider range of forest densities
is required to confirm this idea. Sampling did not include localities inside the more densely forested area,
and patterns in more intact habitat might be different (Rangel- Acosta et al. 2016). Competitive exclusion
can not be confirmed or ruled out with the baited trap method, because the interaction of the species
within the individual dung-piles can not be observed.   For example, both species were collected together
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in many traps, but E. mexicanus was more often collected in the first 48 hours of sampling, while E.
impressicollis was more often collected between 24 and 72 hours of sampling (data not shown). Future
studies should test whether E. impressicollis can feed and breed in dungpiles already colonized by E.
mexicanus.

These results provide a first quantitative account of one population of E. impressicollis in Venezuela.
These results can inform future assessments of the conservation status of this species, and our
recommendations could help guide future studies on the distribution and ecology of this species for
monitoring and conservation. Additionally, the approach used here can be applied to analyze the
impressive occurrence and count data accumulated in years of dung beetle monitoring across the world.
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Table 1
Table 1: Model predictions for E. impresicollis and E. mexicanus. Akaike Information Criterion (AIC)
Nagelkerke's coefficient of determination (R2

nag) and number of locations used to fit models is shown.
PREC = total annual precipitation. LST =  mean annual value of Land Surface Temperature. EVI = mean
annual value of Enhanced Vegetation Index. LAI = mean annual value Leaf Area Index. ET = total annual
value of  Evapotranspiration. E = Sampling effort;  ETs = Evapotranspirantion  value during sampling
period. 
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E. impresicollis

λ (LAI + EVI + ET + LST + PREC) d(E + ETs)
AIC = 439.182; R2

nag = 0.50
 Number of sites = 60 

 

Abundance      

Parameter Estimate SE Z value

Intercept -1.12 0.443 -2.54

LAI 1.15 0.226 5.11

EVI 2.93 0.367 8.00

ET 1.42 0.459 3.10

LST 2.14 0.488 4.40

PREC 0.96 0.244 3.93

       

Detection      

Intercept -9.55 1.611 -5.92

E 8.68 1.834 4.73

ETs -1.17 0.562 -2.08

       

E. mexicanus

λ (LAI + EVI + ET + LST + PREC) d(E)
AIC = 2119.734; R2

nag = 0.56
 Number of sites = 384 

 

Abundance      

Parameter Estimate SE Z value

Intercept -0.771 0.2306 -3.34

LAI -0.857 0.0672 -12.76

EVI 0.547 0.0694 7.88

ET 0.790 0.0650 12.15

LST -0.373 0.0713 -5.24 

PREC -0.381 0.0420 -9.07
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Detection      

Intercept -1.388 0.229 -6.053

E 0.131 0.201 0.652

 

Figures
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Figure 1

Study area. a) Known and expected distribution of E. impresicollis.  The gray polygon represents the
Maracaibo Province sensuMorrone et al. (2022) between Colombia and Venezuela. Circles indicate
presence points recorded from literature, collections and NeoMaps surveys. Insets show percentage
forest cover in the Rosario de Perijá (NM05) region and locations of groups of trap during surveys in 2006
(b) and 2009 (c).

Figure 2
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Observed and predicted abundance by group of traps for E. impresicollis (gray) and E. mexicanus (red).
Open circles indicates observed counts, while close circles indicate the mean posterior abundance
conditioned on observed sampling effort. Boxes show the 95% confidence intervals in predictions.

Figure 3

Time series of variables derived from remote sensors at 60 localities sampled in 2006, and model
predictions of total abundance in these localities. For the covariate measurements, the lines indicate
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median values and gray areas indicate minimum and maximum values of the sampled localities. For
predictions of abundance, the lines represent the estimated total and the gray areas the approximate 95%
confidence intervals of the predictions. (a) Precipitation (PREC); (b) Leaf Area Index (LAI); (c) abundance
(λ) of E. impresicollis; and (d) abundance of E. mexicanus. Dotted lines indicated the date of NeoMaps
surveys in 2006 and 2009.


