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Abstract: Pitfall trapping is widely used for studying the abundance and diversity of ground-dwelling arthropods and small 
vertebrates. Meta-analysis is a powerful technique to synthesize information across studies, but it requires standardization 
to make study results comparable. It has never been studied how results of pitfall trapping should be standardized to obtain 
estimates of activity-density and diversity that are comparable across studies. We analysed samples of Carabidae 
(Coleoptera) from annual crops, reported in 104 publications from Europe and North-America, spanning a period of 
42 years, to find (i) a scaling for pitfall trapping effort to assess activity-density and diversity in pitfall catches across stud-
ies; and,  (ii)  to determine  the sources of variability  in  the catch per unit effort. The  total catch was proportional  to  the 
number of trap days, with a mean of 1.33 beetles/(trap days). The number of species was allometrically related to the trap-
ping effort defined as the product of the number of traps, their perimeter and the time of exposure in the field. The mean 
species richness was 7.15 species/(m days)0.25. The size of the catch and the number of species adjusted per unit effort were 
higher in crops with narrow as compared to wide rows. Other factors were explored but were not influential. There was no 
significant change in abundance or diversity of carabids in arable land over the 42 years covered. The results give insight 
in factors affecting carabid abundance and diversity in field studies and enable standardization of pitfall catches across the 
literature.
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1 Introduction

Pitfall traps are commonly used to sample ground-dwelling 
invertebrates  such  as  beetles  or  spiders  (e.g.  Luff  1975; 
Pekár 2002; Koivula et al. 2003; Hohbein & Conway 
2018), but also vertebrates such as terrestrial amphibians, 
reptiles and small mammals (e.g. Spence-Bailey et al. 
2010; Bovendorp et al. 2017). The traps are typically plas-
tic or glass containers sunk into the soil. Over 2,000 scien-
tific papers have  relied on  this method since 2010  (2.028 
publications,  Science  Citation  Index  Expanded,  Web  of 
Science, Clarivate Analytics, search string: “pitfall trap*” 
OR “pit-fall trap*”, period 2010–2020, search performed 
on 7.9.2020). The focus of studies that used pitfall traps is 
diverse and includes studies in environmental monitoring, 
habitat conservation and restoration, pest and weed control 

and other ecosystem services, effects of agricultural man-
agement on biodiversity, animal movement and population 
studies, etc. Thus, there is an enormous body of literature 
potentially available for systematic evaluation e.g. through 
meta-analysis.

Evidence synthesis of the pitfall trap data across multiple 
independent studies is only meaningful if these are standard-
ized for trapping effort,  i.e.,  the number and sizes of traps, 
and the duration of the catching period. Finding a way to 
effectively standardize for the effect of trapping effort on the 
catch would make comparison of pitfall catches across stud-
ies possible, thus rendering useful the enormous corpus of 
published information that is currently inaccessible to sys-
tematic comparison. We are aware of no previous papers on 
the topic of standardizing pitfall trap catches for trapping 
effort across studies. 20
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Pekár 2002; Koivula et al. 2003; Hohbein & Conway 
2018), but also vertebrates such as terrestrial amphibians, 
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tific papers have  relied on  this method since 2010  (2.028 
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on 7.9.2020). The focus of studies that used pitfall traps is 
diverse and includes studies in environmental monitoring, 
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and other ecosystem services, effects of agricultural man-
agement on biodiversity, animal movement and population 
studies, etc. Thus, there is an enormous body of literature 
potentially available for systematic evaluation e.g. through 
meta-analysis.

Evidence synthesis of the pitfall trap data across multiple 
independent studies is only meaningful if these are standard-
ized for trapping effort,  i.e.,  the number and sizes of traps, 
and the duration of the catching period. Finding a way to 
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There is a large body of work on rarefaction as a method 
to standardize results of studies or samples differing in sam-
ple  size  (Gotelli & Colwell 2001). This method  requires a 
full list of species and numbers caught, which is quite often 
not available in the published literature, and may be hard 
to obtain from the authors, especially for older studies. 
Therefore, rarefaction is difficult to use in a meta-analysis of 
factors  affecting  activity-density  and  diversity  of  carabids. 
While it seems evident that allowance should be made for 
the number of  traps and the  time of exposure,  it has never 
been explored systematically whether expressing  the catch 
per trap per time unit would result in comparable estimates 
across  the  literature,  and whether  the  effect  is not,  in  fact, 
non-linear, with the catch increasing less than proportional 
with the number of traps or less than proportional with the 
time of exposure when traps are exposed for a longer time 
in the field. Furthermore, Turin et al. (1991) have suggested 
that allowance should be made for the perimeter of traps. 
Likewise, traps can be equipped with funnels, they can con-
tain liquid preservatives that could be attractive or repellent, 
etc. (e.g. Hohbein and Conway 2018). Finally, studies on 
carabid activity density and diversity are done in widely dif-
ferent experimental designs, including replicated field trials 
with small plots (and potentially with interplot interference) 
or in whole fields. All these factors related to experimental 
techniques and designs could affect the catch per unit effort. 
We are not aware of any studies that systematically explore 
possible sources of variability on catches of epigaeic arthro-
pods in order to correct for  those effects before comparing 
results  of  different  studies  when  analysing  the  influence 
of  ecological  factors. Thus,  the  issue of  standardization of 
catches across studies is unresolved and understudied. We 
therefore conduct a meta-analysis of published literature, 
considering annual field crops, and explore possible proxies 
for trapping effort that have a good relationship to the size 
and diversity of the catch.

Meta-analysis requires that the possible sources of vari-
ability are accounted for in order to reveal the overarching 
patterns of interest (Makowski et al. 2019). In the case of pit-
fall trap studies, sources of variability not only originate from 
experimental design and design of  the  traps, but also from 
presentation factors, i.e. the way the data are aggregated in 
the publications (e.g. as totals per field, averages over plots 
with the same treatment in a field experiment, fields falling in 
the same grouping in designed experiments with the field as 
experimental unit, or data aggregated over multiple years of 
trapping). The question remains to be addressed how to best 
generalise  and  integrate  trapping  effort  in  a meta-analysis 
while allowing for possible specific attributes of the source 
studies related to experimenting and presenting.

We chose carabid beetles as a model group of organ-
isms because they are recognized as important biocontrol 
agents in agricultural crops, preying upon invertebrate pest 
species (Sunderland 2002) and eating and potentially regu-

lating seeds of arable weeds (Bohan et al. 2011; Frei et al. 
2019). Because of their important contribution to these eco-
logical services, conservation and augmentation of stocks 
of carabids in farmland is an agro-ecological management 
aim (Brooks et al. 2012). Carabids also represent an excel-
lent model for environmental monitoring and bio-indication 
because they respond to abiotic and biotic variation, and to 
disturbances and management (Kotze et al. 2011).

This paper  addresses  two aims. First, we aim  to define 
a method for estimating the effect of trapping effort on the 
size and species diversity of the pitfall catch. An ideal stan-
dardization would assure that the catch is proportional to 
the  trapping effort. Secondly, we explore here how factors 
related to experimenting and presentation affect the relation-
ship between the catch and trapping effort. In our study, we 
focus on carabid samples from annual field crops.

2 Materials and methods

2.1  Conceptualising the catch per unit effort of 
pitfall trapping

As a null model, we assume an allometric relationship 
between the pitfall catch size, C, and trapping effort, E:

log(𝐶𝐶) = 𝛽𝛽0 + 𝛽𝛽1 log(𝐸𝐸) ⟹  𝐶𝐶 = 𝑒𝑒𝛽𝛽0𝐸𝐸𝛽𝛽1  [1]

where C can represent the total number of individuals caught 
(total catch) and log is the natural logarithm. This null model 
also includes the possibility of a linear relationship between 
catch  and  trapping  effort  if β1 = 1. Eq. 1 is related to the 
relationship frequently used in fisheries to evaluate the fish 
stock: C = qEN (Harley et al. 2001; Martell 2008), in which 
C is the catch, N is the abundance of the individuals, E is 
the fishing effort and q is “catchability” related e.g. to ani-
mal behaviour and its spatial distribution. The catch per unit 
effort is then defined as: 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 =  𝐶𝐶

𝐶𝐶 , and is assumed to be 
proportional to population size (Harley et al. 2001; Martell 
2008). An equation analogous to eq. 1 can be constructed for 
the species richness in the catch, S:

log(𝑆𝑆) = 𝛽𝛽0 + 𝛽𝛽1 log(𝐸𝐸) ⟹  𝑆𝑆 = 𝑒𝑒𝛽𝛽0𝐸𝐸𝛽𝛽1  [2]

The constant e β0 in eq. 1 and 2 is the number of individuals 
or species caught per unit of effort E raised to a power β1, 
and represents in the case of eq. 1 the product of catchabil-
ity (or better trappability if pitfall traps are considered) and 
abundance (qN).

2.2 Search strategy
Searches were made in the Science Citation Index Expanded 
(SCI-E)  and  Scopus  for  the  years  1945–2018  (Appendix 
S1). Search #1 was made in SCI-E and covered the years of 
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1991–2018, and used the following search string: (carabid* 
OR “ground beetle*”) AND (field* OR crop*) AND (*icide* 
OR manag* OR control* OR organic* OR conventional* 
OR practice* OR cultivation OR till*) AND (“species rich-
ness” OR “number of species” OR diversity OR activity* 
OR abundan*) NOT (wood* OR forest* OR vineyard* OR 
olive* OR orchard* OR urban* OR wetland* OR high-
way*). Search #2 was also made in SCI-E. It covered the 
years 1945–1990 and was less restrictive, because abstracts 
were  not  available  for  articles  before  1991:  (carabid* OR 
“ground beetle*”) AND (*icide* OR manag* OR control* 
OR organic* OR conventional* OR practice* OR cultivation 
OR till*) NOT (wood* OR forest* OR vineyard* OR olive* 
OR orchard* OR urban* OR wetland* OR highway*). 
Search #3 was made using Scopus (Elsevier) and covered 
the years 1960–2018: (carabid* OR “ground beetle*”) AND 
(field* OR crop*) AND (*icide* OR manag* OR control* 
OR organic* OR conventional* OR practice* OR cultiva-
tion OR till*) AND (“species richness” OR “number of spe-
cies” OR diversity OR activity* OR abundan*) AND NOT 
(wood* OR forest* OR vineyard* OR olive* OR orchard* 
OR urban* OR wetland* OR highway*). After removal of 
duplicates,  this  search  resulted  in  648  publications.  Then, 
titles, keywords, abstracts and full text were screened retain-
ing only those papers containing primary data on pitfall 
trapping of carabid beetles and including information on 
field  and  crop management. The  final  database  comprised 

data  from  104  publications  (Appendix  S2)  and  810  data  
records.

3 Data

Information was aimed to be extracted from the source pub-
lications at the level of trapping season, experimental treat-
ment, crop and experimental unit  (i.e. plot or field), but  in 
practice the resolution of data records was variable due to 
factors of presentation in the source studies. To account for 
these  differences,  we  introduced  the  categorical  variables 
Unit and Season (Table 1). Unit has three levels to make dis-
tinction between (1) experiments conducted in a single field 
with treatments (e.g. tillage) applied to plots, and the results 
being presented per treatment, (2) studies that were con-
ducted in multiple fields, and where the publication reported 
data for each and every field separately, (3) studies that were 
conducted in multiple fields, but for which the data of indi-
vidual fields were not identifiable because the data were pre-
sented per groups of fields with one or more common factor 
levels (e.g. organic vs conventional). Season has two levels 
to make distinction between studies that (1) reported data 
extractable for each trapping year separately and (2) pooled 
data over multiple years (Table 1). Altogether, we thus con-
sidered six  levels of aggregation of  the data collected  in a 
single record when combining the information from these 

Table 1. Data extracted from publications.
Variable Definition Data type/Unit
TotalCatch (C) Total number of individuals caught Numerical
SpeciesRichness (S) Total number of recorded species Numerical
Study Unique study identifier. Different countries sampled in the same publication were 

considered as different studies
Categorical

Continent Continent where experiments were carried out Categorical
Country Country where experiments were carried out Categorical
Unit Aggregation over experimental unit (Plots/Single field/Multiple fields) Categorical
Season Aggregation over trapping years (Single year/Multiple years) Categorical
Year Year when the sampling was conducted. If data from multiple years were aggregated, the 

last one was recorded.
Numerical

CropSpecies Species of crop grown in the study season Categorical
RowWidth Interrow distance within the crop (Narrow: small grain cereals, oilseed rape and pea; 

Wide: all the other crops)
Categorical

TrapNumber (K) Number of traps used per record Numerical
TrapDiameter (d) Diameter of the pitfall trap used, if circular (m) Numerical
TrapSideLength (l) Length of trap side, if quadrate (m) Numerical
TrappingDays (X) Exposure time of traps (days) Numerical
Funnel Traps equipped with funnels or not. If not mentioned, it was assumed that funnels were 

not used.
Categorical

Fluid Collecting fluid used. Categorical
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two variables (Unit – three levels; Season – two levels) 
(Appendix S3).

For each record, we calculated the total number of cara-
bids caught over all pitfalls, and determined the total  trapping 
effort (see below) (Table 1). Information on the number of 
carabid beetles caught was available from 101 publications. 
For these studies, we calculated n = 792 values of the total 
number of carabids caught (C). The total number of species 
(S) was extracted from 49 publications with n = 335 values. 
We consider several possible proxy variables to characterize 
trapping effort E: number of traps (K) (Kotze et al. 2012), 
total trap perimeter (P) (Turin et al. 1991), duration of trap 
exposure (X) (Jung et al. 2019), trap-days (R) (Kromp 1989), 
and a new metric – perimeter-days (Q) (Table 1). The total 
trap perimeter was calculated as P = πdK for circular traps 
where d is trap diameter (m) or as P = 4lK for square traps 
where l was the side length. The number of trap-days (R) was 
calculated as R = XK, and perimeter-days (Q) were calcu-
lated as Q = XP. Variables related to experimental technique, 
study design  and  trapping  effort were  extracted  from each 
publication (Table 1).

3.1 Statistical analysis
In a first step of the analysis, we compared five different vari-
ables measuring  trapping  effort  (see  above)  to  standardize 
the total catch (C) and species richness (S). Based on a priori 
testing that included Gaussian, Poisson and negative bino-
mial distributions, we used the Gaussian error structure and 
identity link (having both dependent and independent vari-
ables on the log scale) for total catch and the Poisson error 
structure with  log-link  for  species  richness  (Appendix  S4, 
Table S1). Analyses used mixed effects models in which ran-
dom factors were included to account for effects of study and 
year of sampling within a study (models C1–25 and S1–25 
in Appendix S4, Table S1). We selected as the best proxy for 
trapping effort the measure that was the most closely related 
to the total catch or species richness, as assessed by informa-
tion criteria (AIC, BIC) and by the precision of the slope 
estimate of the model relating total catch or species rich-
ness to trapping effort. The best model was used to estimate 
the value of the slope parameter β1 in order to test the key 
assumption that its value is 1, i.e. proportionality between 
the catch or diversity and the effort without curvature (eqs. 
1–2). Independent variables were centred to remove corre-
lation between the slope and the intercept and to increase 
the  robustness  of  fitting  (models  C26–27  and  S26–27  in 
Appendix S4, Table S1). Since there was no measure of the 
variance available for the total catch or species richness in 
the source studies, we used as weights the measure of trap-
ping effort, log-transformed to get the weighting variables to 
the same scale with the fixed effects variables (models C27 
and S27 in Appendix S4, Table S1). The adequacy of includ-
ing weights in the preferred models was assessed with AIC 

and BIC. All  analyses were performed  in R 3.6.1  (R Core 
Team  2019),  and  mixed  effects  models  were  fitted  using 
lmer (total catch) or glmer (species richness) functions of the 
package lme4 (Bates et al. 2015).

In the second step of the analysis, we explored the effect 
of possible sources of variability on the catch per unit effort. 
We used as predictors the year of sampling (Year), continent 
(Continent), crops grouped in two categories according to 
row width (RowWidth), presence of a funnel (Funnel), type 
of  collecting  fluid  (Fluid) and level of aggregation over 
experimental  units  (Unit)  and  over  experimental  seasons 
(Season) (Table 1). The effect of these variables was tested 
one  by  one  by  linear mixed  effect models  (function  lmer) 
and generalized linear mixed effects model (function glmer). 
In order to take the effect of E into account, we included Eβ1 
as  an  offset  (Kotze  et al.  2012)  in  the models  relating  the 
observed values of C and S to the considered factors (mod-
els C28–35 and S28–35 in Appendix S4, Table S2). Because 
of missing data for RowWidth and Fluid in several records, 
we used a reduced data set in analyses including these vari-
ables (n = 721 for individuals and n = 305 for species). The 
effect of the categorical variables (Unit, Season, Continent, 
RowWidth, Funnel, Fluid) was further assessed by com-
paring  the  cumulative  distributions  of  the  effort-adjusted 

catch and species richness, log⁡(𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶) = log ( 𝐶𝐶
𝐶𝐶𝛽𝛽1)  and 

log⁡(𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑆𝑆) = log ( 𝑆𝑆
𝐶𝐶𝛽𝛽1) , respectively, for the groups  

of records using the Kolmogorov–Smirnov test.
As there was collinearity among predictor variables, we 

used multi-model inference (Burnham & Anderson 2002; 
Grueber et al. 2011) to obtain an overall assessment of the 
importance of predictors. We formulated global models; 
one for the number of individuals caught and one for the 
observed species richness (models C36 and S36 in Table S3 
in Appendix S4), and used the function dredge (R package 
MuMIn; Barton 2009)  to build simplified models by omit-
ting variables from these global models, and then rank the 
resulting set of models according to information criteria. 
Random  effects,  weights  and  error  structure  were  derived 
from the best models describing the relation between the 
catch  with  unit  effort,  including  an  offset  related  to  sam-
pling  effort  (defined  as  explained  above).  Fitted  models 
were automatically ranked according to AICc and BIC, and 
the set of top models was delineated by 6 units of AICc or 
BIC, respectively (Grueber et al. 2011). Model averaging 
revealed  the  relative  importance  of  explanatory  variables 
based on the top models, along with the relationship between 
response and explanatory variables  (Burnham & Anderson 
2002), and was performed using the function model.avg (R 
package MuMIn; Barton 2009). The parameters of the aver-
aged model and their standard errors were estimated using 
the zero-method which calculates the weighted mean coef-
ficient  estimates  over  the  selected  models  substituting  a 
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zero if a predictor was not selected in a model (Grueber et al. 
2011). Marginal R2 values indicate the amount of variation 
explained by fixed factors only, while conditional R2 values 
represent the variance explained by both fixed and random 
factors (Nakagawa & Schielzeth 2013); these metrics were 
calculated using the function r.squaredGLMM (R package 
MuMIn; Barton 2009).

3.2 Publication bias
Publication bias was assessed by constructing funnel plots 
for the log(CPUEC) and log(CPUES). We used the log of 
the optimal expression of Eβ1 as the measure of study preci-
sion  assuming  that  data  records with  exerted  greater  trap-
ping effort will provide more precise estimate of the CPUEC 
and CPUES. There is no publication bias if  the data points 
are symmetrically spread over the left and right side of the 
triangle. Points outside the funnel indicate possible outliers 
or heterogeneity in the data. Publication bias was assessed 
using all available data records.

4 Results

4.1 Descriptive analysis
Of the 104 studies, 68 originated from Europe and 36 from 
North America. Altogether the data came from 22 countries. 
Most publications came from the USA (28), Germany (21) 
and Canada (8).

Most records are based on sampling in a single season 
(n = 726); much fewer records were based on reporting over 
multiple seasons (n = 84) (Fig. 1a). There were slightly more 
records from Europe (n = 451) than from North America  
(n = 359). Most of the data records came from experiments 
with  treatments  applied  to  replicate  plots  (n  =  604),  and 
fewer records were based on reporting catches in single fields  
(n = 116) or over multiple fields (n = 90). Plot-based studies 
were relatively more frequent in North America (ca. 87 % of 
records) than in Europe (ca. 63 %) (Fig. 1a).

The experimental crops were unevenly represented in the 
data set (Fig. 1c), with C4 cereals (mostly maize) and C3 
cereals (mostly wheat or barley) dominating. Records for 
wide row crops were more frequent (n = 463) than for nar-
row row crops (n = 300). Crops with wide row spacing are 
more common in North American than in European studies 
(Fig. 1a). In Europe, wide row crops were more frequent in 
plot-based studies than in studies conducted at the level of 
whole fields (Fig. 1b).

Studies which used funnels in the traps were less fre-
quent (n = 140) than those without (n = 670). Funnels were 
more frequently used in North America (ca. 26 % of records) 
than in Europe (10 % of records) (Fig. 1d). Altogether 16 
different  collecting fluids were used  in  this data  set which 
were grouped in six categories (Fig. 1e). Traps to collect live 

beetles formed an additional category (Fig. 1e). The data set 
is dominated by fluids based on antifreeze compounds, fol-
lowed by formaldehyde and water (usually containing salt) 
(Fig. 1e). Funnels were used only in traps that contained 
antifreeze compounds, alcohols and a CuSO4 solution.

Data records originated from a period of sampling span-
ning 43 years, from 1973 to 2015 (Fig. 1f), but most records 
(n = 499) came  from studies conducted between  the years 
2000 and 2015.

Variability in continuous input variables related to trap-
ping  effort,  total  catch  and  observed  species  richness  is 
shown in Appendix S5.

4.2  Finding the optimal standardization of total 
catch and species richness per unit effort

The total catch significantly increased with all measures of 
trapping effort. Trap-days, R, was superior to all other alter-
native measures of  trapping effort  (Appendix S6). Each of 
the  criteria  used  for  model  comparison  identified  another 
model as best model. We chose a random intercept model 
(1|Study/Year; model C18 in Appendices S4 and S6) as our 
preferred model (Fig. 2a) because it estimated the slope 
parameter β1 with greater accuracy than the random slope 
and intercept model (1+log(R)|Study/Year; model C20 in 
Appendices S4 and S6). The final model  for  standardizing 
the catch per unit effort (model C27 in Appendices S4 and 
S6) differed from the model C18 by centring the trap-days 
R and using weights based on the trap-days (∆AIC = 16.8). 
The estimated slope value of this best model C27 was β1 = 
0.959 ± 0.056 which was not significantly different from 1 
(P = 0.471), indicating that the number of individuals caught 
is proportional to the trapping effort expressed as trap-days, 

and the effort-adjusted catch is equivalent to  𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 =
𝐶𝐶
𝑅𝑅 .  

The mean CPUEC across the entire data set was 1.33 ± 0.12 
individuals (trap days)-1,  with  95%  prediction  interval  of 
0.19–9.53 beetles (trap days)-1.

Species  richness  increased  significantly  with  all  mea-
sures of trapping effort, and total perimeter-days Q was the 
most  effective  measure  of  standardization  (Appendix  S6). 
A  random  intercept model was  identified  as  best  (1|Study/
Year; model  S23  in Appendices  S4  and  S6),  and was  fur-
ther improved by centring the perimeter-days Q (model 
S26  in Appendices  S4  and  S6);  adding weights  according 
to the perimeter-days was not justified (∆AIC = 573.8). The 
estimated  value  of  the  slope  parameter  in model  S26 was 
β1 = 0.257 ± 0.037, indicating that the number of recorded 
species increases substantially less than proportionally with 
Q (Fig. 2b–c). The effort-adjusted species richness is there-

fore equivalent to 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑆𝑆 =
𝑆𝑆

𝑄𝑄0.25 . Mean CPUES across the 

entire data set was 7.15 ± 0.37 species (m days)-0.25, with a 
95% prediction interval of 2.30–13.18 species (m days)-0.25.
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Fig. 1. Distribution of records in the data set with variables fundamental to the study design, sampling scheme and level of data 
aggregation in the source publications. (a) Number of data records according to aggregation over experimental units and sampling 
seasons. (b) Number of data records originating from North America and Europe, from crops with wide or narrow rows, and from plots, 
single fields, or multiple fields. (c) Number of data records related to experimental crops. C3 cereals include wheat (n = 141), barley 
(66), oats (3), triticale (2) and undefined cereals (10); C4 cereals include both sweet corn and corn for silage (260) and sorghum (2); 
legumes include pea (35), soybean (24), beans (18), lupin (6) and faba bean (4); root crops include potatoes (41), sugarbeet (31) and 
carrots (5); and vegetables consist of tomatoes (16), squash (10), melon (8), cauliflower (8), cabbage (7), zucchini (6) and onion (5). 
Cotton (6), oilseed rape (10) and sunflower (5) are single crop categories. (d) Number of data records based on trapping with or with-
out funnels, and originating from North America or Europe, and from crops with wide or narrow rows. (e) Number of data records 
related to the collecting fluid used. Antifreeze include ethylene glycol (236), propylene glycol (171) and unspecified antifreeze (14), 
water includes water with (66) or without (41) diluted salt, alcohols include ethanol (17) and iso-propyl alcohol (8), other include 
Na3PO4 (4), CuSO4 (12), natrium benzoate (2) and unspecified liquid (6), and acetic acid include mixtures that contain this ingredient 
(14). Formalin (144) and live traps without any collecting fluid (23) are single type categories; (f) Distribution of data records according 
to the year of sampling.
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4.3  Factors influencing effort-adjusted catch 
size and species richness

Models with single predictors indicated that effort-adjusted 
catch  was  significantly  affected  by  Continent, Unit, 
RowWidth and Fluid, but not by Season and Funnel (Fig. 3). 
The CPUEC was on average 65 % higher in Europe than in 
North America, and 32 % lower in crops with wide rows 
than in crops with narrow rows. Records from multiple 
fields and plots had lower CPUEC by 39 and 53 % than those 
from single fields. Live traps had 84 % lower catch per unit 

effort, CPUEC, than traps containing fluids based on acetic 
acid  (which  had  the  highest  catch  per  unit  effort),  and  43 
%  less  than  traps with  antifreeze-based  fluids.  The  effort-
adjusted  species  richness was  affected  significantly  by  the 
RowWidth, Season and Funnel, but not by Continent, Unit 
and Fluid (Fig. 4). Effort-adjusted species richness, CPUES, 
was reduced by 29 % in crops with wide rows compared to 
narrow rows, by 23 % if data were aggregated over multiple 
seasons, but increased by 90 % if funnels were used inside 
the traps. The analysis based on the comparison of the cumu-

Fig. 2. Dependency of carabid pitfall catch on trapping effort. (a) The effect of trap-days (R) [log(trap days)] on the total catch 
[log(individuals)] (model C18 in Appendix S6); (b) The effect of perimeter-days (Q) [log(m days)] on the observed species richness S 
[log(species)] (model S23 in Appendix S6); (c) same as (b) but on the natural scale.
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lative probability distributions of CPUEC and CPUES for the 
categorical  variables  provided  results  similar  to  the mixed 
models with single predictors (Appendix S7). Neither effort-
adjusted catch nor species richness showed a significant tem-
poral trend over the period covered by this study (Fig. 5).

Multi-model inference lowered the level of significance 
of  the  factors  influencing catch and number of  species per 

unit effort. RowWidth was the only variable that significantly 
affected  effort-adjusted  catch  in  the  averaged  top  models 
(Appendix S8), regardless of the information criterion used 
for model selection. The effect of other variables proposed 
by the single regression models (Fig. 3) cancelled each 
other out, probably due to correlations between inputs, but 
an important other explanation may be the reduced data set 

Fig. 3. Estimated mean effort-adjusted catch, CPUEC [individuals (trap days)-1], shown for variables potentially 
affecting the relationship with the pitfall catch and trapping effort. Size of the symbols are relative to sample 
size. Horizontal bars are 95% CI bootstrapped by the bootMer function (R package lme4, 200 simulations).
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used for multi-model inference as only data records with-
out missing data were included in this analysis. Using AICc, 
CPUEC was 30 % lower in crops with wide rows than in 
crops with narrow rows (z-value = 3.788, P < 0.001), which 
is consistent with results of the single variable models. The 
values estimated based on BIC weights were similar to those 
calculated with AICc weights.

Effort-adjusted species richness was significantly affected 
by RowWidth, Funnel and Season if the model selection was 
based on AICc, and only by RowWidth if the model selec-
tion was based on BIC. Crops with wide rows reduced the 
CPUES by 22 % (AICc; z-value = 3.564, P < 0.001; BIC-
based selection gave very similar values), the use of a fun-
nel increase the CPUES  by 66 %  (AICc;  z-value = 2.603, 

Fig. 4. Estimated mean effort-adjusted species richness, CPUES [species (m days)-0.25], shown for variables 
potentially affecting the relationship with the pitfall catch and trapping effort. Size of the symbols are relative  
to sample size. Horizontal bars are 95% CI bootstrapped by the bootMer function (R package lme4, 200 
simulations).
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P = 0.009),  and aggregation of data over multiple  seasons 
reduced the CPUES by 26 % (AICc; z-value = 2.075, P = 
0.038). These values are also close  to  the  results of  single 
variable regression models (see above).

4.4 Publication bias
Studies with  trapping effort of  less  than 20  trap days  (R = 
e3), or ca. 1.7 m d (Q = e0.5) were absent from the literature 
(Fig. 6). The variability in the log(CPUEC) or log(CPUES) 
did not change with trapping effort (Fig. 6), which suggests 

Fig. 5. Variation in the effort-adjusted catch, CPUEC [individuals (trap days)-1] (a), and effort-adjusted species richness, CPUES [spe-
cies (m days)-0.25] (b) over the years of sampling covered by the data set.

Fig. 6. Assessment of publication bias in the data included in the meta-analysis, using funnel plots of the effort-adjusted catch 
[log(individuals (trap days)-1)] against trapping effort as trap-days [log(trap days)] (a), and the effort-adjusted species richness 
[log(species (m days)-0.25)] against trapping effort as perimeter-days [log((m days)0.25)] (b). The vertical lines represent the overall 
means on the log scale, as predicted by the null models. Log is the natural logarithm.
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that the variability is unrelated to the study precision and 
represents biological variation.

5 Discussion

This  analysis  showed  that  trap days was  the most  suitable 
measure  for  expressing  trapping  effort when  analysing  the 
number of carabid beetles caught in pitfall traps. The expo-
nent of the allometric relationship was not significantly dif-
ferent from 1, indicating that the catch is proportional to 
trapping effort, without significant curvature or saturation in 
the relationship. The best measure to express trapping effort 
when analysing species diversity of the catch was the num-
ber of meter days to the power of 0.25, where the meters 
refer to total perimeter length of all traps while days refers 
to the time of trap exposure in the field. The exponent value 
of ca. 0.25 was significantly less than 1, indicating that the 
relationship between trapping effort and species diversity is 
strongly non-linear, with species diversity increasing quite 
slowly with increases in effort, as measured by the number 
of traps, their perimeter, and the time of exposure. The find-
ing of proportionality between the catch and effort in terms 
of trap-days validates the frequently-made presumption that 
the  efficiency  of  trapping  does  not  diminish  with  greater 
density of traps or longer time in the field. This conclusion 
is of course limited to the range of trap numbers and trap-
ping durations commonly considered in this field of research 
and  it  is  not  implied  that  trapping  efficiency  could  not  be 
affected,  e.g.  when  excessive  numbers  of  traps  are  used. 
Also, the result is consistent over carabid communities that 
greatly differed in their composition.

We also found large heterogeneity across the records, 
demonstrating the importance of the local conditions for 
determination of  the actual effort-corrected catch and rich-
ness, and this is largely captured by the random terms of the 
models. Large heterogeneity across the records would also 
suggest that to obtain more information about arthropod 
communities in arable land, it is of greater importance to 
sample more locations and more different conditions, than to 
expend additional trapping effort in any particular location or 
condition. The number of traps and fields in a sample should 
be determined by the question and the effect size researchers 
wish to detect, using power analyses (e.g. Perry et al. 2003; 
Bolker, 2008).

Although the single variable regression models identified 
multiple  variables  that  were  related  to  the  effort-adjusted 
catch and species richness, model averaging indicated that 
the contrast between wide and narrow row crops was the 
major factor while other variables did not have an identifi-
able contribution to the catch or diversity in an overarching 
multi-variable  analysis. This  discrepancy  between  the  two 
approaches may be due to the fact that the influence of par-
ticular factors, though locally important, were confounded 
and thus cancel each other out in a global analysis. Lower 

power of the model averaging may also contribute to less 
significant results as this analysis was based only on ca. 90 
% of the records. Single variable analyses can use all the 
data that have the results for the studied independent variable 
whereas the model averaging requires information on all the 
independent variables. Based on both analyses, we conclude 
that no concern is needed in a future (meta-) analysis about 
the  variability  in  experimental  design,  presentation,  trap 
design or other factors varying across source studies when 
conducting meta-analyses on carabid activity-density and 
diversity. Nevertheless, standardization of the pitfall catch 
for effort is still needed to make comparison across studies 
possible.

Crops with wide or narrow rows differ  in structure and 
phenology. Crops with wider rows (e.g. corn) constitute a 
less favourable environment, because there is greater pro-
portion of bare soil that needs longer time to reach a closed 
canopy. Bare soil is unfavourable for many carabid species 
since  exposure  increases  the  risk  of  predation  (Eyre  et al. 
2013; Seidl et al. 2020), and diurnal changes in microcli-
mate are more prominent in wide row crops than under a 
more closed crop canopy (Rosenberg et al. 1983; Krédl et al. 
2013). Crops with wider rows also allow crop management, 
such as mechanical weed control, which may be more inten-
sive and extend longer over the season, potentially disturb-
ing development stages of carabids present in soil.

The effort-adjusted species richness was affected by the 
level of data aggregation over trapping years (i.e. single year 
vs. multiple years) and the use of funnels inside the traps. 
The  former  can  readily be  explained by  the  fact  that  even 
though the local populations of carabids species show asyn-
chronous fluctuations between seasons  (Kotze et al. 2011), 
which results in a change in the relative contribution of 
particular species to the catch between years (e.g. Veselý & 
Sarapatka 2008), the number of newly recorded species per 
year on sites sampled for multiple seasons is low. Increasing 
the trapping effort over more seasons on the same site brings 
disproportionately fewer new species recorded than adding 
a new site,  sampled with  the  same effort. The presence of 
funnels increased observed species richness, which may be 
associated with a reduction in the probability of escaping 
from the traps (Obrist & Duelli 1996). Interestingly, the use 
of funnels did not affect the number of individuals caught.

We were unable to detect trends in CPUEC or CPUES 
over the 43 years covered by the data set, suggesting that 
carabid populations have not declined in abundance or 
diversity  in  arable  fields  on  a  broader  geographical  scale 
over this period. This result was remarkable and in contrast 
to the monitoring programmes on local (Pozsgai et al. 2016; 
van Noordwijk et al. 2017) or national scales (Brooks et al. 
2012; Ewald et al. 2015), which have found carabid popu-
lations to have declined over time, as well as with general 
perception that insect populations decline in terrestrial eco-
systems (Eggleton 2020; van Klink et al. 2020). Since the 
present data set originates from many local independent 
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studies performed in different years, it may be less sensitive 
to site-specific inter-annual fluctuations (Kotze et al. 2011). 
A biological explanation for the lack of any trend might be 
that  species  inhabiting  annual  arable  fields  are  adapted  to 
early successional stages of vegetation development that 
arable fields are in fact representing, and to periodical distur-
bances due to management measures within the fields. Given 
that local declines of carabids, as well as other insects, have 
been observed in non-crop semi-natural habitats (Brooks 
et al. 2012; Poszgai et al. 2016; Hallmann et al. 2017) a rea-
sonable expectation would be  that  this decline should spill 
over  into  arable  fields  as many  carabid  species  recolonize 
fields from these non-crop habitats (Tscharntke et al. 2005). 
The present data, however, do not provide support  for  this 
assumption. Evaluating whether the community composition 
of the study group had changed in arable fields over the years 
was not, however, possible for our data because this evalua-
tion would require different data extraction procedures than 
we have employed.

Pitfall catches cannot be directly interpreted as abun-
dance estimates because the number of trapped individuals 
depends not only on their population density but also on 
their activity (particularly movement speed) and behaviour 
(Heydemann 1957; Adis 1979; Mols 1993; Wallin & Ekbom 
1994; Saska et al. 2013; Engel et al. 2017). Our  results do 
beg the question: “Can the newly established relationships 
for CPUE help us to relate the size of the pitfall catch to 
the real densities or diversity of carabid population in the 
field?” Not on its own, but since we resolved one of variables 
from the relationship between the catch size and density, 
C = qEN, (Harley et al. 2001; Martell 2008), i.e. trapping 
effort  (E), we  have  advanced  closer  to  a  reliable  approxi-
mation  of  the  field  densities  and  diversity  from  the  pitfall 
trap catches. What remains to be investigated is the quanti-
fication of trappability coefficients q for a range of species, 
because the likelihood of being trapped is likely to be species 
specific and size dependent (Halsall & Wratten 1988; Engel 
et al. 2017). Thus, eq. 1 can be further extended to consider 
species specific trappability coefficient qi. A relationship for 
CPUEC, with species-specific catches Ci and trapping effort 
expressed as trap-days R would be:

log (
∑𝐶𝐶𝑖𝑖
𝑅𝑅 ) = log (∑𝑞𝑞𝑖𝑖𝑁𝑁𝑖𝑖)  [3]

Trappability coefficients qi can be obtained by trapping bee-
tles in enclosures with natural or manipulated densities, in 
various environments and in different abiotic conditions.

In this paper we establish relationships for the catch of 
carabid beetles, expressed as the number of individuals and 
the number of species, as a function of the pitfall trapping 
effort.

This  method  could  be  very  useful  for  revealing  the 
effects on carabid communities of other variables of inter-

est related to agricultural management, such as pesticide 
and herbicide use, tillage, fertilization, crop seasonality 
and crop rotations  that potentially affect carabid diversity 
and  ecosystem  functions. These will  be  investigated  in  a 
follow-up study.

This method applied here to carabid beetles could simi-
larly be applied to other taxa with similar ecology, trapped 
using pitfalls, including ectothermic vertebrates or small 
mammals, or for other trapping devices that give activity-
density estimates, such as window or suction traps used for 
collecting flying insects. Standardization of the pitfall catch 
for  trapping effort will  be very useful  in  future  systematic 
comparisons of multiple independent catches, since the data 
collected in various conditions are thus made more compa-
rable. This approach removes one of the obstacles that has 
hampered meta-analyses of pitfall trap data.
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There is a large body of work on rarefaction as a method 
to standardize results of studies or samples differing in sam-
ple  size  (Gotelli & Colwell 2001). This method  requires a 
full list of species and numbers caught, which is quite often 
not available in the published literature, and may be hard 
to obtain from the authors, especially for older studies. 
Therefore, rarefaction is difficult to use in a meta-analysis of 
factors  affecting  activity-density  and  diversity  of  carabids. 
While it seems evident that allowance should be made for 
the number of  traps and the  time of exposure,  it has never 
been explored systematically whether expressing  the catch 
per trap per time unit would result in comparable estimates 
across  the  literature,  and whether  the  effect  is not,  in  fact, 
non-linear, with the catch increasing less than proportional 
with the number of traps or less than proportional with the 
time of exposure when traps are exposed for a longer time 
in the field. Furthermore, Turin et al. (1991) have suggested 
that allowance should be made for the perimeter of traps. 
Likewise, traps can be equipped with funnels, they can con-
tain liquid preservatives that could be attractive or repellent, 
etc. (e.g. Hohbein and Conway 2018). Finally, studies on 
carabid activity density and diversity are done in widely dif-
ferent experimental designs, including replicated field trials 
with small plots (and potentially with interplot interference) 
or in whole fields. All these factors related to experimental 
techniques and designs could affect the catch per unit effort. 
We are not aware of any studies that systematically explore 
possible sources of variability on catches of epigaeic arthro-
pods in order to correct for  those effects before comparing 
results  of  different  studies  when  analysing  the  influence 
of  ecological  factors. Thus,  the  issue of  standardization of 
catches across studies is unresolved and understudied. We 
therefore conduct a meta-analysis of published literature, 
considering annual field crops, and explore possible proxies 
for trapping effort that have a good relationship to the size 
and diversity of the catch.

Meta-analysis requires that the possible sources of vari-
ability are accounted for in order to reveal the overarching 
patterns of interest (Makowski et al. 2019). In the case of pit-
fall trap studies, sources of variability not only originate from 
experimental design and design of  the  traps, but also from 
presentation factors, i.e. the way the data are aggregated in 
the publications (e.g. as totals per field, averages over plots 
with the same treatment in a field experiment, fields falling in 
the same grouping in designed experiments with the field as 
experimental unit, or data aggregated over multiple years of 
trapping). The question remains to be addressed how to best 
generalise  and  integrate  trapping  effort  in  a meta-analysis 
while allowing for possible specific attributes of the source 
studies related to experimenting and presenting.

We chose carabid beetles as a model group of organ-
isms because they are recognized as important biocontrol 
agents in agricultural crops, preying upon invertebrate pest 
species (Sunderland 2002) and eating and potentially regu-

lating seeds of arable weeds (Bohan et al. 2011; Frei et al. 
2019). Because of their important contribution to these eco-
logical services, conservation and augmentation of stocks 
of carabids in farmland is an agro-ecological management 
aim (Brooks et al. 2012). Carabids also represent an excel-
lent model for environmental monitoring and bio-indication 
because they respond to abiotic and biotic variation, and to 
disturbances and management (Kotze et al. 2011).

This paper  addresses  two aims. First, we aim  to define 
a method for estimating the effect of trapping effort on the 
size and species diversity of the pitfall catch. An ideal stan-
dardization would assure that the catch is proportional to 
the  trapping effort. Secondly, we explore here how factors 
related to experimenting and presentation affect the relation-
ship between the catch and trapping effort. In our study, we 
focus on carabid samples from annual field crops.

2 Materials and methods

2.1  Conceptualising the catch per unit effort of 
pitfall trapping

As a null model, we assume an allometric relationship 
between the pitfall catch size, C, and trapping effort, E:

log(𝐶𝐶) = 𝛽𝛽0 + 𝛽𝛽1 log(𝐸𝐸) ⟹  𝐶𝐶 = 𝑒𝑒𝛽𝛽0𝐸𝐸𝛽𝛽1  [1]

where C can represent the total number of individuals caught 
(total catch) and log is the natural logarithm. This null model 
also includes the possibility of a linear relationship between 
catch  and  trapping  effort  if β1 = 1. Eq. 1 is related to the 
relationship frequently used in fisheries to evaluate the fish 
stock: C = qEN (Harley et al. 2001; Martell 2008), in which 
C is the catch, N is the abundance of the individuals, E is 
the fishing effort and q is “catchability” related e.g. to ani-
mal behaviour and its spatial distribution. The catch per unit 
effort is then defined as: 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 =  𝐶𝐶

𝐶𝐶 , and is assumed to be 
proportional to population size (Harley et al. 2001; Martell 
2008). An equation analogous to eq. 1 can be constructed for 
the species richness in the catch, S:

log(𝑆𝑆) = 𝛽𝛽0 + 𝛽𝛽1 log(𝐸𝐸) ⟹  𝑆𝑆 = 𝑒𝑒𝛽𝛽0𝐸𝐸𝛽𝛽1  [2]

The constant e β0 in eq. 1 and 2 is the number of individuals 
or species caught per unit of effort E raised to a power β1, 
and represents in the case of eq. 1 the product of catchabil-
ity (or better trappability if pitfall traps are considered) and 
abundance (qN).

2.2 Search strategy
Searches were made in the Science Citation Index Expanded 
(SCI-E)  and  Scopus  for  the  years  1945–2018  (Appendix 
S1). Search #1 was made in SCI-E and covered the years of 

20
21

12
28

-0
92

11
6

A
17

97
6/

62
60

6/
89

E
00

82
A



 Standardizing pitfall catches for trapping effort    555

1991–2018, and used the following search string: (carabid* 
OR “ground beetle*”) AND (field* OR crop*) AND (*icide* 
OR manag* OR control* OR organic* OR conventional* 
OR practice* OR cultivation OR till*) AND (“species rich-
ness” OR “number of species” OR diversity OR activity* 
OR abundan*) NOT (wood* OR forest* OR vineyard* OR 
olive* OR orchard* OR urban* OR wetland* OR high-
way*). Search #2 was also made in SCI-E. It covered the 
years 1945–1990 and was less restrictive, because abstracts 
were  not  available  for  articles  before  1991:  (carabid* OR 
“ground beetle*”) AND (*icide* OR manag* OR control* 
OR organic* OR conventional* OR practice* OR cultivation 
OR till*) NOT (wood* OR forest* OR vineyard* OR olive* 
OR orchard* OR urban* OR wetland* OR highway*). 
Search #3 was made using Scopus (Elsevier) and covered 
the years 1960–2018: (carabid* OR “ground beetle*”) AND 
(field* OR crop*) AND (*icide* OR manag* OR control* 
OR organic* OR conventional* OR practice* OR cultiva-
tion OR till*) AND (“species richness” OR “number of spe-
cies” OR diversity OR activity* OR abundan*) AND NOT 
(wood* OR forest* OR vineyard* OR olive* OR orchard* 
OR urban* OR wetland* OR highway*). After removal of 
duplicates,  this  search  resulted  in  648  publications.  Then, 
titles, keywords, abstracts and full text were screened retain-
ing only those papers containing primary data on pitfall 
trapping of carabid beetles and including information on 
field  and  crop management. The  final  database  comprised 

data  from  104  publications  (Appendix  S2)  and  810  data  
records.

3 Data

Information was aimed to be extracted from the source pub-
lications at the level of trapping season, experimental treat-
ment, crop and experimental unit  (i.e. plot or field), but  in 
practice the resolution of data records was variable due to 
factors of presentation in the source studies. To account for 
these  differences,  we  introduced  the  categorical  variables 
Unit and Season (Table 1). Unit has three levels to make dis-
tinction between (1) experiments conducted in a single field 
with treatments (e.g. tillage) applied to plots, and the results 
being presented per treatment, (2) studies that were con-
ducted in multiple fields, and where the publication reported 
data for each and every field separately, (3) studies that were 
conducted in multiple fields, but for which the data of indi-
vidual fields were not identifiable because the data were pre-
sented per groups of fields with one or more common factor 
levels (e.g. organic vs conventional). Season has two levels 
to make distinction between studies that (1) reported data 
extractable for each trapping year separately and (2) pooled 
data over multiple years (Table 1). Altogether, we thus con-
sidered six  levels of aggregation of  the data collected  in a 
single record when combining the information from these 

Table 1. Data extracted from publications.
Variable Definition Data type/Unit
TotalCatch (C) Total number of individuals caught Numerical
SpeciesRichness (S) Total number of recorded species Numerical
Study Unique study identifier. Different countries sampled in the same publication were 

considered as different studies
Categorical

Continent Continent where experiments were carried out Categorical
Country Country where experiments were carried out Categorical
Unit Aggregation over experimental unit (Plots/Single field/Multiple fields) Categorical
Season Aggregation over trapping years (Single year/Multiple years) Categorical
Year Year when the sampling was conducted. If data from multiple years were aggregated, the 

last one was recorded.
Numerical

CropSpecies Species of crop grown in the study season Categorical
RowWidth Interrow distance within the crop (Narrow: small grain cereals, oilseed rape and pea; 

Wide: all the other crops)
Categorical

TrapNumber (K) Number of traps used per record Numerical
TrapDiameter (d) Diameter of the pitfall trap used, if circular (m) Numerical
TrapSideLength (l) Length of trap side, if quadrate (m) Numerical
TrappingDays (X) Exposure time of traps (days) Numerical
Funnel Traps equipped with funnels or not. If not mentioned, it was assumed that funnels were 

not used.
Categorical

Fluid Collecting fluid used. Categorical
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two variables (Unit – three levels; Season – two levels) 
(Appendix S3).

For each record, we calculated the total number of cara-
bids caught over all pitfalls, and determined the total  trapping 
effort (see below) (Table 1). Information on the number of 
carabid beetles caught was available from 101 publications. 
For these studies, we calculated n = 792 values of the total 
number of carabids caught (C). The total number of species 
(S) was extracted from 49 publications with n = 335 values. 
We consider several possible proxy variables to characterize 
trapping effort E: number of traps (K) (Kotze et al. 2012), 
total trap perimeter (P) (Turin et al. 1991), duration of trap 
exposure (X) (Jung et al. 2019), trap-days (R) (Kromp 1989), 
and a new metric – perimeter-days (Q) (Table 1). The total 
trap perimeter was calculated as P = πdK for circular traps 
where d is trap diameter (m) or as P = 4lK for square traps 
where l was the side length. The number of trap-days (R) was 
calculated as R = XK, and perimeter-days (Q) were calcu-
lated as Q = XP. Variables related to experimental technique, 
study design  and  trapping  effort were  extracted  from each 
publication (Table 1).

3.1 Statistical analysis
In a first step of the analysis, we compared five different vari-
ables measuring  trapping  effort  (see  above)  to  standardize 
the total catch (C) and species richness (S). Based on a priori 
testing that included Gaussian, Poisson and negative bino-
mial distributions, we used the Gaussian error structure and 
identity link (having both dependent and independent vari-
ables on the log scale) for total catch and the Poisson error 
structure with  log-link  for  species  richness  (Appendix  S4, 
Table S1). Analyses used mixed effects models in which ran-
dom factors were included to account for effects of study and 
year of sampling within a study (models C1–25 and S1–25 
in Appendix S4, Table S1). We selected as the best proxy for 
trapping effort the measure that was the most closely related 
to the total catch or species richness, as assessed by informa-
tion criteria (AIC, BIC) and by the precision of the slope 
estimate of the model relating total catch or species rich-
ness to trapping effort. The best model was used to estimate 
the value of the slope parameter β1 in order to test the key 
assumption that its value is 1, i.e. proportionality between 
the catch or diversity and the effort without curvature (eqs. 
1–2). Independent variables were centred to remove corre-
lation between the slope and the intercept and to increase 
the  robustness  of  fitting  (models  C26–27  and  S26–27  in 
Appendix S4, Table S1). Since there was no measure of the 
variance available for the total catch or species richness in 
the source studies, we used as weights the measure of trap-
ping effort, log-transformed to get the weighting variables to 
the same scale with the fixed effects variables (models C27 
and S27 in Appendix S4, Table S1). The adequacy of includ-
ing weights in the preferred models was assessed with AIC 

and BIC. All  analyses were performed  in R 3.6.1  (R Core 
Team  2019),  and  mixed  effects  models  were  fitted  using 
lmer (total catch) or glmer (species richness) functions of the 
package lme4 (Bates et al. 2015).

In the second step of the analysis, we explored the effect 
of possible sources of variability on the catch per unit effort. 
We used as predictors the year of sampling (Year), continent 
(Continent), crops grouped in two categories according to 
row width (RowWidth), presence of a funnel (Funnel), type 
of  collecting  fluid  (Fluid) and level of aggregation over 
experimental  units  (Unit)  and  over  experimental  seasons 
(Season) (Table 1). The effect of these variables was tested 
one  by  one  by  linear mixed  effect models  (function  lmer) 
and generalized linear mixed effects model (function glmer). 
In order to take the effect of E into account, we included Eβ1 
as  an  offset  (Kotze  et al.  2012)  in  the models  relating  the 
observed values of C and S to the considered factors (mod-
els C28–35 and S28–35 in Appendix S4, Table S2). Because 
of missing data for RowWidth and Fluid in several records, 
we used a reduced data set in analyses including these vari-
ables (n = 721 for individuals and n = 305 for species). The 
effect of the categorical variables (Unit, Season, Continent, 
RowWidth, Funnel, Fluid) was further assessed by com-
paring  the  cumulative  distributions  of  the  effort-adjusted 

catch and species richness, log⁡(𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶) = log ( 𝐶𝐶
𝐶𝐶𝛽𝛽1)  and 

log⁡(𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑆𝑆) = log ( 𝑆𝑆
𝐶𝐶𝛽𝛽1) , respectively, for the groups  

of records using the Kolmogorov–Smirnov test.
As there was collinearity among predictor variables, we 

used multi-model inference (Burnham & Anderson 2002; 
Grueber et al. 2011) to obtain an overall assessment of the 
importance of predictors. We formulated global models; 
one for the number of individuals caught and one for the 
observed species richness (models C36 and S36 in Table S3 
in Appendix S4), and used the function dredge (R package 
MuMIn; Barton 2009)  to build simplified models by omit-
ting variables from these global models, and then rank the 
resulting set of models according to information criteria. 
Random  effects,  weights  and  error  structure  were  derived 
from the best models describing the relation between the 
catch  with  unit  effort,  including  an  offset  related  to  sam-
pling  effort  (defined  as  explained  above).  Fitted  models 
were automatically ranked according to AICc and BIC, and 
the set of top models was delineated by 6 units of AICc or 
BIC, respectively (Grueber et al. 2011). Model averaging 
revealed  the  relative  importance  of  explanatory  variables 
based on the top models, along with the relationship between 
response and explanatory variables  (Burnham & Anderson 
2002), and was performed using the function model.avg (R 
package MuMIn; Barton 2009). The parameters of the aver-
aged model and their standard errors were estimated using 
the zero-method which calculates the weighted mean coef-
ficient  estimates  over  the  selected  models  substituting  a 
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zero if a predictor was not selected in a model (Grueber et al. 
2011). Marginal R2 values indicate the amount of variation 
explained by fixed factors only, while conditional R2 values 
represent the variance explained by both fixed and random 
factors (Nakagawa & Schielzeth 2013); these metrics were 
calculated using the function r.squaredGLMM (R package 
MuMIn; Barton 2009).

3.2 Publication bias
Publication bias was assessed by constructing funnel plots 
for the log(CPUEC) and log(CPUES). We used the log of 
the optimal expression of Eβ1 as the measure of study preci-
sion  assuming  that  data  records with  exerted  greater  trap-
ping effort will provide more precise estimate of the CPUEC 
and CPUES. There is no publication bias if  the data points 
are symmetrically spread over the left and right side of the 
triangle. Points outside the funnel indicate possible outliers 
or heterogeneity in the data. Publication bias was assessed 
using all available data records.

4 Results

4.1 Descriptive analysis
Of the 104 studies, 68 originated from Europe and 36 from 
North America. Altogether the data came from 22 countries. 
Most publications came from the USA (28), Germany (21) 
and Canada (8).

Most records are based on sampling in a single season 
(n = 726); much fewer records were based on reporting over 
multiple seasons (n = 84) (Fig. 1a). There were slightly more 
records from Europe (n = 451) than from North America  
(n = 359). Most of the data records came from experiments 
with  treatments  applied  to  replicate  plots  (n  =  604),  and 
fewer records were based on reporting catches in single fields  
(n = 116) or over multiple fields (n = 90). Plot-based studies 
were relatively more frequent in North America (ca. 87 % of 
records) than in Europe (ca. 63 %) (Fig. 1a).

The experimental crops were unevenly represented in the 
data set (Fig. 1c), with C4 cereals (mostly maize) and C3 
cereals (mostly wheat or barley) dominating. Records for 
wide row crops were more frequent (n = 463) than for nar-
row row crops (n = 300). Crops with wide row spacing are 
more common in North American than in European studies 
(Fig. 1a). In Europe, wide row crops were more frequent in 
plot-based studies than in studies conducted at the level of 
whole fields (Fig. 1b).

Studies which used funnels in the traps were less fre-
quent (n = 140) than those without (n = 670). Funnels were 
more frequently used in North America (ca. 26 % of records) 
than in Europe (10 % of records) (Fig. 1d). Altogether 16 
different  collecting fluids were used  in  this data  set which 
were grouped in six categories (Fig. 1e). Traps to collect live 

beetles formed an additional category (Fig. 1e). The data set 
is dominated by fluids based on antifreeze compounds, fol-
lowed by formaldehyde and water (usually containing salt) 
(Fig. 1e). Funnels were used only in traps that contained 
antifreeze compounds, alcohols and a CuSO4 solution.

Data records originated from a period of sampling span-
ning 43 years, from 1973 to 2015 (Fig. 1f), but most records 
(n = 499) came  from studies conducted between  the years 
2000 and 2015.

Variability in continuous input variables related to trap-
ping  effort,  total  catch  and  observed  species  richness  is 
shown in Appendix S5.

4.2  Finding the optimal standardization of total 
catch and species richness per unit effort

The total catch significantly increased with all measures of 
trapping effort. Trap-days, R, was superior to all other alter-
native measures of  trapping effort  (Appendix S6). Each of 
the  criteria  used  for  model  comparison  identified  another 
model as best model. We chose a random intercept model 
(1|Study/Year; model C18 in Appendices S4 and S6) as our 
preferred model (Fig. 2a) because it estimated the slope 
parameter β1 with greater accuracy than the random slope 
and intercept model (1+log(R)|Study/Year; model C20 in 
Appendices S4 and S6). The final model  for  standardizing 
the catch per unit effort (model C27 in Appendices S4 and 
S6) differed from the model C18 by centring the trap-days 
R and using weights based on the trap-days (∆AIC = 16.8). 
The estimated slope value of this best model C27 was β1 = 
0.959 ± 0.056 which was not significantly different from 1 
(P = 0.471), indicating that the number of individuals caught 
is proportional to the trapping effort expressed as trap-days, 

and the effort-adjusted catch is equivalent to  𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 =
𝐶𝐶
𝑅𝑅 .  

The mean CPUEC across the entire data set was 1.33 ± 0.12 
individuals (trap days)-1,  with  95%  prediction  interval  of 
0.19–9.53 beetles (trap days)-1.

Species  richness  increased  significantly  with  all  mea-
sures of trapping effort, and total perimeter-days Q was the 
most  effective  measure  of  standardization  (Appendix  S6). 
A  random  intercept model was  identified  as  best  (1|Study/
Year; model  S23  in Appendices  S4  and  S6),  and was  fur-
ther improved by centring the perimeter-days Q (model 
S26  in Appendices  S4  and  S6);  adding weights  according 
to the perimeter-days was not justified (∆AIC = 573.8). The 
estimated  value  of  the  slope  parameter  in model  S26 was 
β1 = 0.257 ± 0.037, indicating that the number of recorded 
species increases substantially less than proportionally with 
Q (Fig. 2b–c). The effort-adjusted species richness is there-

fore equivalent to 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑆𝑆 =
𝑆𝑆

𝑄𝑄0.25 . Mean CPUES across the 

entire data set was 7.15 ± 0.37 species (m days)-0.25, with a 
95% prediction interval of 2.30–13.18 species (m days)-0.25.
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Fig. 1. Distribution of records in the data set with variables fundamental to the study design, sampling scheme and level of data 
aggregation in the source publications. (a) Number of data records according to aggregation over experimental units and sampling 
seasons. (b) Number of data records originating from North America and Europe, from crops with wide or narrow rows, and from plots, 
single fields, or multiple fields. (c) Number of data records related to experimental crops. C3 cereals include wheat (n = 141), barley 
(66), oats (3), triticale (2) and undefined cereals (10); C4 cereals include both sweet corn and corn for silage (260) and sorghum (2); 
legumes include pea (35), soybean (24), beans (18), lupin (6) and faba bean (4); root crops include potatoes (41), sugarbeet (31) and 
carrots (5); and vegetables consist of tomatoes (16), squash (10), melon (8), cauliflower (8), cabbage (7), zucchini (6) and onion (5). 
Cotton (6), oilseed rape (10) and sunflower (5) are single crop categories. (d) Number of data records based on trapping with or with-
out funnels, and originating from North America or Europe, and from crops with wide or narrow rows. (e) Number of data records 
related to the collecting fluid used. Antifreeze include ethylene glycol (236), propylene glycol (171) and unspecified antifreeze (14), 
water includes water with (66) or without (41) diluted salt, alcohols include ethanol (17) and iso-propyl alcohol (8), other include 
Na3PO4 (4), CuSO4 (12), natrium benzoate (2) and unspecified liquid (6), and acetic acid include mixtures that contain this ingredient 
(14). Formalin (144) and live traps without any collecting fluid (23) are single type categories; (f) Distribution of data records according 
to the year of sampling.
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4.3  Factors influencing effort-adjusted catch 
size and species richness

Models with single predictors indicated that effort-adjusted 
catch  was  significantly  affected  by  Continent, Unit, 
RowWidth and Fluid, but not by Season and Funnel (Fig. 3). 
The CPUEC was on average 65 % higher in Europe than in 
North America, and 32 % lower in crops with wide rows 
than in crops with narrow rows. Records from multiple 
fields and plots had lower CPUEC by 39 and 53 % than those 
from single fields. Live traps had 84 % lower catch per unit 

effort, CPUEC, than traps containing fluids based on acetic 
acid  (which  had  the  highest  catch  per  unit  effort),  and  43 
%  less  than  traps with  antifreeze-based  fluids.  The  effort-
adjusted  species  richness was  affected  significantly  by  the 
RowWidth, Season and Funnel, but not by Continent, Unit 
and Fluid (Fig. 4). Effort-adjusted species richness, CPUES, 
was reduced by 29 % in crops with wide rows compared to 
narrow rows, by 23 % if data were aggregated over multiple 
seasons, but increased by 90 % if funnels were used inside 
the traps. The analysis based on the comparison of the cumu-

Fig. 2. Dependency of carabid pitfall catch on trapping effort. (a) The effect of trap-days (R) [log(trap days)] on the total catch 
[log(individuals)] (model C18 in Appendix S6); (b) The effect of perimeter-days (Q) [log(m days)] on the observed species richness S 
[log(species)] (model S23 in Appendix S6); (c) same as (b) but on the natural scale.
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lative probability distributions of CPUEC and CPUES for the 
categorical  variables  provided  results  similar  to  the mixed 
models with single predictors (Appendix S7). Neither effort-
adjusted catch nor species richness showed a significant tem-
poral trend over the period covered by this study (Fig. 5).

Multi-model inference lowered the level of significance 
of  the  factors  influencing catch and number of  species per 

unit effort. RowWidth was the only variable that significantly 
affected  effort-adjusted  catch  in  the  averaged  top  models 
(Appendix S8), regardless of the information criterion used 
for model selection. The effect of other variables proposed 
by the single regression models (Fig. 3) cancelled each 
other out, probably due to correlations between inputs, but 
an important other explanation may be the reduced data set 

Fig. 3. Estimated mean effort-adjusted catch, CPUEC [individuals (trap days)-1], shown for variables potentially 
affecting the relationship with the pitfall catch and trapping effort. Size of the symbols are relative to sample 
size. Horizontal bars are 95% CI bootstrapped by the bootMer function (R package lme4, 200 simulations).
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used for multi-model inference as only data records with-
out missing data were included in this analysis. Using AICc, 
CPUEC was 30 % lower in crops with wide rows than in 
crops with narrow rows (z-value = 3.788, P < 0.001), which 
is consistent with results of the single variable models. The 
values estimated based on BIC weights were similar to those 
calculated with AICc weights.

Effort-adjusted species richness was significantly affected 
by RowWidth, Funnel and Season if the model selection was 
based on AICc, and only by RowWidth if the model selec-
tion was based on BIC. Crops with wide rows reduced the 
CPUES by 22 % (AICc; z-value = 3.564, P < 0.001; BIC-
based selection gave very similar values), the use of a fun-
nel increase the CPUES  by 66 %  (AICc;  z-value = 2.603, 

Fig. 4. Estimated mean effort-adjusted species richness, CPUES [species (m days)-0.25], shown for variables 
potentially affecting the relationship with the pitfall catch and trapping effort. Size of the symbols are relative  
to sample size. Horizontal bars are 95% CI bootstrapped by the bootMer function (R package lme4, 200 
simulations).
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P = 0.009),  and aggregation of data over multiple  seasons 
reduced the CPUES by 26 % (AICc; z-value = 2.075, P = 
0.038). These values are also close  to  the  results of  single 
variable regression models (see above).

4.4 Publication bias
Studies with  trapping effort of  less  than 20  trap days  (R = 
e3), or ca. 1.7 m d (Q = e0.5) were absent from the literature 
(Fig. 6). The variability in the log(CPUEC) or log(CPUES) 
did not change with trapping effort (Fig. 6), which suggests 

Fig. 5. Variation in the effort-adjusted catch, CPUEC [individuals (trap days)-1] (a), and effort-adjusted species richness, CPUES [spe-
cies (m days)-0.25] (b) over the years of sampling covered by the data set.

Fig. 6. Assessment of publication bias in the data included in the meta-analysis, using funnel plots of the effort-adjusted catch 
[log(individuals (trap days)-1)] against trapping effort as trap-days [log(trap days)] (a), and the effort-adjusted species richness 
[log(species (m days)-0.25)] against trapping effort as perimeter-days [log((m days)0.25)] (b). The vertical lines represent the overall 
means on the log scale, as predicted by the null models. Log is the natural logarithm.

20
21

12
28

-0
92

11
6

A
17

97
6/

62
60

6/
89

E
00

82
A



 Standardizing pitfall catches for trapping effort    563

that the variability is unrelated to the study precision and 
represents biological variation.

5 Discussion

This  analysis  showed  that  trap days was  the most  suitable 
measure  for  expressing  trapping  effort when  analysing  the 
number of carabid beetles caught in pitfall traps. The expo-
nent of the allometric relationship was not significantly dif-
ferent from 1, indicating that the catch is proportional to 
trapping effort, without significant curvature or saturation in 
the relationship. The best measure to express trapping effort 
when analysing species diversity of the catch was the num-
ber of meter days to the power of 0.25, where the meters 
refer to total perimeter length of all traps while days refers 
to the time of trap exposure in the field. The exponent value 
of ca. 0.25 was significantly less than 1, indicating that the 
relationship between trapping effort and species diversity is 
strongly non-linear, with species diversity increasing quite 
slowly with increases in effort, as measured by the number 
of traps, their perimeter, and the time of exposure. The find-
ing of proportionality between the catch and effort in terms 
of trap-days validates the frequently-made presumption that 
the  efficiency  of  trapping  does  not  diminish  with  greater 
density of traps or longer time in the field. This conclusion 
is of course limited to the range of trap numbers and trap-
ping durations commonly considered in this field of research 
and  it  is  not  implied  that  trapping  efficiency  could  not  be 
affected,  e.g.  when  excessive  numbers  of  traps  are  used. 
Also, the result is consistent over carabid communities that 
greatly differed in their composition.

We also found large heterogeneity across the records, 
demonstrating the importance of the local conditions for 
determination of  the actual effort-corrected catch and rich-
ness, and this is largely captured by the random terms of the 
models. Large heterogeneity across the records would also 
suggest that to obtain more information about arthropod 
communities in arable land, it is of greater importance to 
sample more locations and more different conditions, than to 
expend additional trapping effort in any particular location or 
condition. The number of traps and fields in a sample should 
be determined by the question and the effect size researchers 
wish to detect, using power analyses (e.g. Perry et al. 2003; 
Bolker, 2008).

Although the single variable regression models identified 
multiple  variables  that  were  related  to  the  effort-adjusted 
catch and species richness, model averaging indicated that 
the contrast between wide and narrow row crops was the 
major factor while other variables did not have an identifi-
able contribution to the catch or diversity in an overarching 
multi-variable  analysis. This  discrepancy  between  the  two 
approaches may be due to the fact that the influence of par-
ticular factors, though locally important, were confounded 
and thus cancel each other out in a global analysis. Lower 

power of the model averaging may also contribute to less 
significant results as this analysis was based only on ca. 90 
% of the records. Single variable analyses can use all the 
data that have the results for the studied independent variable 
whereas the model averaging requires information on all the 
independent variables. Based on both analyses, we conclude 
that no concern is needed in a future (meta-) analysis about 
the  variability  in  experimental  design,  presentation,  trap 
design or other factors varying across source studies when 
conducting meta-analyses on carabid activity-density and 
diversity. Nevertheless, standardization of the pitfall catch 
for effort is still needed to make comparison across studies 
possible.

Crops with wide or narrow rows differ  in structure and 
phenology. Crops with wider rows (e.g. corn) constitute a 
less favourable environment, because there is greater pro-
portion of bare soil that needs longer time to reach a closed 
canopy. Bare soil is unfavourable for many carabid species 
since  exposure  increases  the  risk  of  predation  (Eyre  et al. 
2013; Seidl et al. 2020), and diurnal changes in microcli-
mate are more prominent in wide row crops than under a 
more closed crop canopy (Rosenberg et al. 1983; Krédl et al. 
2013). Crops with wider rows also allow crop management, 
such as mechanical weed control, which may be more inten-
sive and extend longer over the season, potentially disturb-
ing development stages of carabids present in soil.

The effort-adjusted species richness was affected by the 
level of data aggregation over trapping years (i.e. single year 
vs. multiple years) and the use of funnels inside the traps. 
The  former  can  readily be  explained by  the  fact  that  even 
though the local populations of carabids species show asyn-
chronous fluctuations between seasons  (Kotze et al. 2011), 
which results in a change in the relative contribution of 
particular species to the catch between years (e.g. Veselý & 
Sarapatka 2008), the number of newly recorded species per 
year on sites sampled for multiple seasons is low. Increasing 
the trapping effort over more seasons on the same site brings 
disproportionately fewer new species recorded than adding 
a new site,  sampled with  the  same effort. The presence of 
funnels increased observed species richness, which may be 
associated with a reduction in the probability of escaping 
from the traps (Obrist & Duelli 1996). Interestingly, the use 
of funnels did not affect the number of individuals caught.

We were unable to detect trends in CPUEC or CPUES 
over the 43 years covered by the data set, suggesting that 
carabid populations have not declined in abundance or 
diversity  in  arable  fields  on  a  broader  geographical  scale 
over this period. This result was remarkable and in contrast 
to the monitoring programmes on local (Pozsgai et al. 2016; 
van Noordwijk et al. 2017) or national scales (Brooks et al. 
2012; Ewald et al. 2015), which have found carabid popu-
lations to have declined over time, as well as with general 
perception that insect populations decline in terrestrial eco-
systems (Eggleton 2020; van Klink et al. 2020). Since the 
present data set originates from many local independent 
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studies performed in different years, it may be less sensitive 
to site-specific inter-annual fluctuations (Kotze et al. 2011). 
A biological explanation for the lack of any trend might be 
that  species  inhabiting  annual  arable  fields  are  adapted  to 
early successional stages of vegetation development that 
arable fields are in fact representing, and to periodical distur-
bances due to management measures within the fields. Given 
that local declines of carabids, as well as other insects, have 
been observed in non-crop semi-natural habitats (Brooks 
et al. 2012; Poszgai et al. 2016; Hallmann et al. 2017) a rea-
sonable expectation would be  that  this decline should spill 
over  into  arable  fields  as many  carabid  species  recolonize 
fields from these non-crop habitats (Tscharntke et al. 2005). 
The present data, however, do not provide support  for  this 
assumption. Evaluating whether the community composition 
of the study group had changed in arable fields over the years 
was not, however, possible for our data because this evalua-
tion would require different data extraction procedures than 
we have employed.

Pitfall catches cannot be directly interpreted as abun-
dance estimates because the number of trapped individuals 
depends not only on their population density but also on 
their activity (particularly movement speed) and behaviour 
(Heydemann 1957; Adis 1979; Mols 1993; Wallin & Ekbom 
1994; Saska et al. 2013; Engel et al. 2017). Our  results do 
beg the question: “Can the newly established relationships 
for CPUE help us to relate the size of the pitfall catch to 
the real densities or diversity of carabid population in the 
field?” Not on its own, but since we resolved one of variables 
from the relationship between the catch size and density, 
C = qEN, (Harley et al. 2001; Martell 2008), i.e. trapping 
effort  (E), we  have  advanced  closer  to  a  reliable  approxi-
mation  of  the  field  densities  and  diversity  from  the  pitfall 
trap catches. What remains to be investigated is the quanti-
fication of trappability coefficients q for a range of species, 
because the likelihood of being trapped is likely to be species 
specific and size dependent (Halsall & Wratten 1988; Engel 
et al. 2017). Thus, eq. 1 can be further extended to consider 
species specific trappability coefficient qi. A relationship for 
CPUEC, with species-specific catches Ci and trapping effort 
expressed as trap-days R would be:

log (
∑𝐶𝐶𝑖𝑖
𝑅𝑅 ) = log (∑𝑞𝑞𝑖𝑖𝑁𝑁𝑖𝑖)  [3]

Trappability coefficients qi can be obtained by trapping bee-
tles in enclosures with natural or manipulated densities, in 
various environments and in different abiotic conditions.

In this paper we establish relationships for the catch of 
carabid beetles, expressed as the number of individuals and 
the number of species, as a function of the pitfall trapping 
effort.

This  method  could  be  very  useful  for  revealing  the 
effects on carabid communities of other variables of inter-

est related to agricultural management, such as pesticide 
and herbicide use, tillage, fertilization, crop seasonality 
and crop rotations  that potentially affect carabid diversity 
and  ecosystem  functions. These will  be  investigated  in  a 
follow-up study.

This method applied here to carabid beetles could simi-
larly be applied to other taxa with similar ecology, trapped 
using pitfalls, including ectothermic vertebrates or small 
mammals, or for other trapping devices that give activity-
density estimates, such as window or suction traps used for 
collecting flying insects. Standardization of the pitfall catch 
for  trapping effort will  be very useful  in  future  systematic 
comparisons of multiple independent catches, since the data 
collected in various conditions are thus made more compa-
rable. This approach removes one of the obstacles that has 
hampered meta-analyses of pitfall trap data.
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Appendix S1 


Literature search and article selection 


Three literature searches were made (Figure S1a). Two searches were conducted using as a database the 


Science Citation Index Expanded (SCI-E) through Web of Science (Clarivate). Search #1 covered the years 


of 1991-2018 (Figure S1a). Search #2 covered the years 1945-1990 and was less restrictive, because 


abstracts were not available for articles before 1991 in SCI-E (Figure S1a). Search #3 was made using 


Scopus (Elsevier) and covered the years 1960-2018 (Figure S1a). All searches were last updated on 


December 10, 2018. From the results of each search, reviews and studies outside the delimited geographical 


area (see below) were excluded. The results of the three searches were combined in EndNote v. 7. 


Duplicated publications were removed. The resulting pool of papers consisted of 648 publications (Figure 


S1b).  


Article selection was done in two steps: (i) title and abstract screening; and, (ii) full text assessment (Figure 


S1b). The inclusion criteria applied to select the papers were: 


• Data were based on pitfall traps, and carabid activity densities, species richness or both were 


provided for the entire community. 


• We only included studies from annual field crops. These undergo periodical disturbances caused by 


field and crop management.  


• Variation in field and crop management practices was addressed. The possible practices may include 


tillage, fertilization, crop rotation, cover crops, intercropping, weed control measures, use of 


pesticides and adoption of GM crops. Studies that focused on comparing farming systems (typically, 


organic vs. conventional) were also included.  


• A geographical restriction was set to North America and Europe (i.e. including Russia west of the 


Ural). 


Altogether, 544 articles were excluded since they did not satisfy these criteria or data could not be extracted 


(Figure S1b). At the end, 104 papers were retained and these formed the pool of publications for data 


extraction. The source publications are referenced in Appendix S2. 


Data (n records = 810) were extracted from the main body of the paper, from tables, figures (using 


PlotDigitizer v. 2.6.8; Huwaldt & Steinhorst 2015) or from the supplementary materials associated with the 


publications on journals’ web pages. Authors of the original publications were contacted, if necessary, to 


clarify the sampling design or data presentation.  


References 


Huwaldt, J. A. & Steinhorst, S. (2015). PlotDigitizer, available at: http://plotdigitizer.sourceforge.net/  
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Figure S1. Description of literature search and article selection process. a) Search strings used to identify literature potentially useful for meta-


analysis focused on the effect of field and crop management on carabid beetles. b) The PRISMA flow diagram showing the procedure used for 


selection of studies used in this study.  
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Appendix S3 


Frequency of studies and associated records according to data aggregation 


Table S1 Number of studies and number of data records for each of six types of data aggregation  


 


Type of experiment Presentation Number of 


studies  


Number of 


records 


 Aggregation over 


replicates 


Aggregation over 


years of trapping 


  


Field experiments with 


replicate plots 


Means or totals per treatment Per each year 50 536 


 Over multiple years 13 68 


Whole field 


experiments 


Means or totals per treatment  Per each year 19 78 


 Over multiple years 4 12 


Observations in each field Per each year 16 112 


 Over multiple years 2 4 
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Appendix S4 


Overview of models fitted in this study 


Table S1. List of fitted models that were compared in order to find the optimal standardization of the pitfall 


catch for unit effort of trapping. The random and error terms are assumed to be normally distributed. 


Weights w in model C27 were defined as log(R), and in model S27 as log(Q0.25). 


C – number of individuals caught; S – observed species richness; K – number traps used; P – total perimeter 


of traps used; X – duration of trap exposure; R – trap-days, i.e. ��; Q – perimeter-days, i.e. ��; i – 


independent study; j – year of sampling; k – record; ai or a0i – random intercept for a study i; bij or b0ij – 


random intercept for the year of sampling j nested within a study i; a1i – random slope for a study i; b1ij – 


random slope for the year of sampling j nested within a study i; � – error.  


 


# Total catch w 


C1 log�	
� = 
� + 
�log��
� + �
 No 


C2 log�	�
� = 
� + 
�log���
� + �� + ��
 No 


C3 log�	��
� = 
� + 
�log����
� + �� + ��� + ���
 No 


C4 log�	�
� = �
� + ���� + �
� + ����log���
� + ��
 No 


C5 log�	��
� = �
� + ��� + ����� + �
� + ��� + �����log����
� + ���
 No 


C6 log�	
� = 
� + 
�log��
� + �
 No 


C7 log�	�
� = 
� + 
�log���
� + �� + ��
 No 


C8 log�	��
� = 
� + 
�log����
� + �� + ��� + ���
 No 


C9 log�	�
� = �
� + ���� + �
� + ����log���
� + ��
 No 


C10 log�	��
� = �
� + ��� + ����� + �
� + ��� + �����log����
� + ���
 No 


C11 log�	
� = 
� + 
�log��
� + �
 No 


C12 log�	�
� = 
� + 
�log���
� + �� + ��
 No 


C13 log�	��
� = 
� + 
�log����
� + �� + ��� + ���
 No 


C14 log�	�
� = �
� + ���� + �
� + ����log���
� + ��
 No 


C15 log�	��
� = �
� + ��� + ����� + �
� + ��� + �����log����
� + ���
 No 


C16 log�	
� = 
� + 
�log��
� + �
 No 


C17 log�	�
� = 
� + 
�log���
� + �� + ��
 No 


C18 log�	��
� = 
� + 
�log����
� + �� + ��� + ���
 No 


C19 log�	�
� = �
� + ���� + �
� + ����log���
� + ��
 No 


C20 log�	��
� = �
� + ��� + ����� + �
� + ��� + �����log����
� + ���
 No 


C21 log�	
� = 
� + 
�log��
� + �
 No 


C22 log�	�
� = 
� + 
�log���
� + �� + ��
 No 


C23 log�	��
� = 
� + 
�log����
� + �� + ��� + ���
 No 


C23 log�	�
� = �
� + ���� + �
� + ����log���
� + ��
 No 


C25 log�	��
� = �
� + ��� + ����� + �
� + ��� + �����log����
� + ���
 No 


C26 log�	��
� = 
� + 
��log����
� − log����� + �� + ��� + ���
 No 


C27 log�	��
� = 
� + 
��log����
� − log����� + �� + ��� + ���
 Yes 
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 Species richness   


S1 �
~������ �!
�, log�!
� = 
� + 
�log��
� No 


S2 ��
~������ �!�
�, log�!�
� = 
� + 
�log���
� + �� No 


S3 ���
~������ �!��
�, log�!��
� = 
� + 
�log����
� + �� + ��� No 


S4 ��
~������ �!�
�, log�!�
� = �
� + ���� + �
� + ����log���
� No 


S5 ���
~������ �!��
�, log�!��
� = �
� + ��� + ����� + �
� + ��� + �����log����
� No 


S6 �
~������ �!
�, log�!
� = 
� + 
�log��
� No 


S7 ��
~������ �!�
�, log�!�
� = 
� + 
�log���
� + �� No 


S8 ���
~������ �!��
�, log�!��
� = 
� + 
�log����
� + �� + ��� No 


S9 ��
~������ �!�
�, log�!�
� = �
� + ���� + �
� + ����log���
� No 


S10 ���
~������ �!��
�, log�!��
� = �
� + ��� + ����� + �
� + ��� + �����log����
� No 


S11 �
~������ �!
�, log�!
� = 
� + 
�log��
� No 


S12 ��
~������ �!�
�, log�!�
� = 
� + 
�log���
� + �� No 


S13 ���
~������ �!��
�, log�!��
� = 
� + 
�log����
� + �� + ��� No 


S14 ��
~������ �!�
�, log�!�
� = �
� + ���� + �
� + ����log���
� No 


S15 ���
~������ �!��
�, log�!��
� = �
� + ��� + ����� + �
� + ��� + �����log����
� No 


S16 �
~������ �!
�, log�!
� = 
� + 
�log��
� No 


S17 ��
~������ �!�
�, log�!�
� = 
� + 
�log���
� + �� No 


S18 ���
~������ �!��
�, log�!��
� = 
� + 
�log����
� + �� + ��� No 


S19 ��
~������ �!�
�, log�!�
� = �
� + ���� + �
� + ����log���
� No 


S20 ���
~������ �!��
�, log�!��
� = �
� + ��� + ����� + �
� + ��� + �����log����
� No 


S21 �
~������ �!
�, log�!
� = 
� + 
�log��
� No 


S22 ��
~������ �!�
�, log�!�
� = 
� + 
�log���
� + �� No 


S23 ���
~������ �!��
�, log�!��
� = 
� + 
�log����
� + �� + ��� No 


S24 ��
~������ �!�
�, log�!�
� = �
� + ���� + �
� + ����log���
� No 


S25 ���
~������ �!��
�, log�!��
� = �
� + ��� + ����� + �
� + ��� + �����log����
� No 


S26 ���
~������ �!��
�, log�!��
� = 
� + 
��log����
� − log����� + �� + ��� No 


S27 ���
~������ �!��
�, log�!��
� = 
� + 
��log����
� − log����� + �� + ��� Yes 
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Table S2 List of models fitted to explore which variables fundamental to the design and level of data 


aggregation in source publications affect the total catch size per unit effort, and recorded species richness 


per unit effort. Variables Continent, Unit, RowWidth, Season, Fluid, Funnel are categorical, Year is 


continuous. The random and error terms are assumed to be normally distributed. Weights w in models for C 


were defined as log(R). 


C – number of individuals caught; S – observed species richness; R – trap-days; Q – perimeter-days; i – 


independent study; j – year of sampling; k – record; #��
 – offset defined as Rijk for catch size and as ���

�.%& 


for species richness; ai – random intercept for a study i; bij – random intercept for the year of sampling j 


nested within a study i; � – error. 


 


# Total catch w 


C28 log�	��
/#��
� = 
� + 	� (� ) (��
 + �� + ��� + ���
 Yes 


C29 log�	��
/#��
� = 
� + * �(��
 + �� + ��� + ���
 Yes 


C30 log�	��
/#��
� = 
� + ��+,�-(ℎ��
 + �� + ��� + ���
 Yes 


C31 log�	��
/#��
� = 
� +  �)��� ��
 + �� + ��� + ���
 Yes 


C32 log�	��
/#��
� = 
� + 01  )2��
 + �� + ��� + ���
 Yes 


C34 log�	��
/#��
� = 
� + 021�-��
 + �� + ��� + ���
 Yes 


C35 log�	��
/#��
� = 
� + 
� 3)�4��
 + �� + ��� + ���
 Yes 


 Species richness  


S28 ���
~������ �!��
/#��
�, log�!��
/#��
� = 
� + 	� (� ) (��
 + �� + ��� No 


S29 ���
~������ �!��
/#��
�, log�!��
/#��
� = 
� + * �(��
 + �� + ��� No 


S30 ���
~������ �!��
/#��
�, log�!��
/#��
� = 
� + ��+,�-(ℎ��
 + �� + ��� No 


S31 ���
~������ �!��
/#��
�, log�!��
/#��
� = 
� + �)��� ��
 + �� + ��� No 


S32 ���
~������ �!��
/#��
�, log�!��
/#��
� = 
� + 01  )2��
 + �� + ��� No 


S34 ���
~������ �!��
/#��
�, log�!��
/#��
� = 
� + 021�-��
 + �� + ��� No 


S35 ���
~������ �!��
/#��
�, log�!��
/#��
� = 
� + 
� 3)�4��
 + �� + ��� No 
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Table S3. List of models that were fitted in order to explore the importance of variables fundamental to the 


design and level of data aggregation in source publications for noise they presumably systematically 


introduce to the relationships of the pitfall catch size with unit effort of pitfall trapping. Variables Fluid, 


Funnel, Continent, Unit, RowWidth and Season are categorical, Year is continuous. The random and error 


terms are assumed to be normally distributed. Weights w in models for C were defined as log(R). 


C – number of individuals caught; S – observed species richness; R – trap-days; Q – perimeter-days; i – 


independent study; j – year of sampling; k – record; #��
 – offset defined as Rijk for catch size and as ���

�.%& 


for species richness; ai – random intercept for a study i; bij – random intercept for the year of sampling j 


nested within a study i; � – error;  


 


# Total catch w 


C36 log�5��
/#��
� = 6� + 	� (� ) (��
 + * �(��
 + ��+,�-(ℎ��
 +  �)��� ��
 + 01  )2��



+ 021�-��
 + 6� 3)�4��
 + �� + ��� + ���
 


Yes 


 Species richness  


S36 ���
~������ �!��
/#��
�, log�!��
/#��
�


= 6� + 	� (� ) (��
 + * �(��
 + ��+,�-(ℎ��
 +  �)��� ��
 +  01  )2��



+ 021�-��
 + 6� 3)�4��
 + �� + ��� 


No 
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Appendix S5 


Variation in continuous input variables related to trapping effort and carabid catch. 


Table S1 Variation in continuous input variables related to trapping effort and carabid catch 


K – number of traps used; d – perimeter of the circular traps used; l – length of the square traps used; P – 


total perimeter of the traps used calculated as � = �7- for circular traps or as � = 4�2 for quadratic traps; 


X – exposure time of the traps; R – trap-days calculated as � = ��; Q – perimeter-days calculated as � =


��; I – number of individuals collected; S – observed species richness.  


Variable Unit n records mean min max median 


K [trap] 810 17.1 3 540 10 


d [m] 804 0.097 0.056 0.125 0.10 


l [m] 6 0.106    


P [m] 810 5.0 0.8 118.8 3.1 


X [days] 810 74.1 2 420 58 


R [trap days] 810 944.3 20 15120 525 


Q [m days] 810 268.7 6.3 3845.3 159.4 


C [individuals] 792 1898.7 21 47424 652 


S [species] 335 27.1 5 69 26 
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Appendix S6  


Overview of the fitted models to find the best standardization 


Table S1 Overview of model fits for catch per unit effort relationships for total catch (C) and species 


richness of the catch (S). Models differ in the measure of trapping effort (K: models C1-5 and S1-5; P: 


models C6-10 and S6-10; t: models C11-15 and S11-15; R: models C16-20 and S16-20; Q: models C21-25 


and S21-25) and in the structure of the random effects (Appendix S4, Table 1). Akaike’s Information 


Criterion (AIC) and Bayesian Information Criterion (BIC) were estimated using maximum likelihood. 


Slopes and their s.e. are given as estimated from the models. All slopes are significantly different from 0 at 


α<0.001. The best model has a ΔAIC or ΔBIC of zero. The preferred models are highlighted in bold. 


Total catch  Species richness 


Model ΔAIC ΔBIC β1 s.e. Model ΔAIC ΔBIC β1 s.e. 
C1 1287.9 1268.6 0.462 0.06 S1 964.2 956.6 0.303 0.012 


C2 333 318.4 0.638 0.091 S2 62.1 58.3 0.281 0.048 


C3 151.9 141.9 0.726 0.082 S3 13.7 13.7 0.284 0.05 


C4 329.4 324.1 0.566 0.123 S4 65.8 69.6 0.289 0.054 


C5 c 145.6 154.4 0.588 0.127 S5 s 18.6 33.9 0.292 0.059 


C6 1308.2 1288.9 0.375 0.06 S6 973.1 965.5 0.303 0.012 


C7 335.3 320.7 0.629 0.092 S7 52.8 49 0.319 0.05 


C8 157.8 147.8 0.706 0.083 S8 11.9 11.9 0.295 0.051 


C9 326.4 321.2 0.464 0.148 S9 42.6 46.4 0.324 0.087 


C10 c 150.6 159.4 0.522 0.134 S10 s 17.1 32.3 0.302 0.059 


C11 1093.4 1074.1 0.723 0.042 S11 1515.9 1508.2 0.06 0.01 


C12 247.9 233.3 0.893 0.074 S12 78.5 74.7 0.168 0.046 


C13 140.7 130.7 0.837 0.086 S13  36.7 36.7 0.131 0.053 


C14 c 239 233.7 0.914 0.115 S14 82.4 86.2 0.163 0.063 


C15 c 144.2 153 0.833 0.098 S15 s 41.4 56.6 0.137 0.055 


C16 751 731.7 0.995 0.033 S16 993.8 986.1 0.222 0.01 


C17 136.9 122.3 0.953 0.054 S17 c 42.7 38.9 0.247 0.033 


C18 9.9 0 0.938 0.056 S18  3.4 3.4 0.249 0.037 


C19  114.1 108.9 1.024 0.09 S19 46.7 50.5 0.248 0.037 


C20 c 0 8.8 0.996 0.087 S20 s 4.3 19.6 0.266 0.044 


C21 766.1 746.8 1.033 0.035 S21 953.9 946.3 0.24 0.01 


C22 134.2 119.6 0.982 0.055 S22  33.1 29.3 0.272 0.034 


C23 14.3 4.3 0.954 0.058 S23 0 0 0.264 0.038 


C24  101.8 96.5 1.084 0.101 S24  30.1 33.9 0.302 0.057 


C25 c 8.3 17.1 1.028 0.094 S25 s 1.6 16.9 0.266 0.039 
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c models failed to converge; s singular fit 
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Appendix S7 


Comparing the cumulative distribution function of subsets of data  


Cumulative distributions of effort-adjusted catch, log(CPUEC) [log(individual (trap days)-1)], and effort-


adjusted species richness, log(CPUES) [log(species (m days)-0.25)], for categorical variables (Unit, Season, 


Continent, RowWidth, Funnel, Fluid) were compared between the groups of records using the Kolmogorov–


Smirnov test. 


 


Figure S1 Cumulative distribution functions for subsets of data according to the level of data aggregation 


over experimental season (single season vs. multiple seasons). (a) log(CPUEC): D = 0.077, P = 0.761; (b) 


log(CPUES): D = 0.328, P = 0.011.    


 


 


Figure S2 Cumulative distribution functions for subsets of data according to continent of data origin (North 


America vs. Europe). a) log(CPUEC): D = 0.269, P < 0.001; (b) log(CPUES): D = 0.142, P = 0.103.  
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Figure S3 Cumulative distribution functions for subsets of data according to level of data aggregation over 


experimental units (plots, single field, multiple fields). a) log(CPUEC) - plots vs single field: D = 0.347, P < 


0.001; plots vs multiple fields: D = 0.282, P < 0.001; single vs. multiple fields: D = 0.259, P = 0.003; (b) 


log(CPUES) - plots vs single field: D = 0.130, P = 0.304; plots vs multiple fields: D = 0.304, P = 0.009; 


single vs. multiple fields: D = 0.405, P = 0.001.  


 


 


Figure S4 Cumulative distribution functions for subsets of data according to row width (crops with narrow 


vs. wide rows). a) log(CPUEC): D = 0.097, P = 0.067; (b) log(CPUES): D = 0.322, P < 0.001.   
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Figure S5 Cumulative distribution functions for subsets of data according to the collecting fluid used in the 


traps. a) log(CPUEC); (b) log(CPUES). Black - antifreeze; red – acetic acid; blue - alcohols; green - 


formalin; dark green – live traps; violet – water; brown – other fluids. Differences between the distribution 


functions are shown in Table S1. 


 


Table S1 Differences between the cumulative distribution functions for subsets of data according to the 


collecting fluid used in the traps compared by a Kolmogorov-Smirnov test. a) log(CPUEC); (b) log(CPUES). 


Above the diagonal – criterion D, below the diagonal – P-value. 
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Antifreeze  - 0.528 0.410 0.326 0.268 0.114 0.443 


Acetic acid 0.001 - 0.320 0.244 0.742 0.589 0.667 


Alcohols <0.001 0.317 - 0.275 0.640 0.472 0.515 


Formaldehyde <0.001 0.433 0.079 - 0.529 0.381 0.528 


Live 0.087 <0.001 <0.001 <0.001 - 0.246 0.364 


Water 0.223 <0.001 <0.001 <0.001 0.201 - 0.438 


Other  <0.001 <0.001 0.003 <0.001 0.089 0.001 - 
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Antifreeze - 0.552 - 0.354 0.291 0.218 0.457 


Acetic acid <0.001 - - 0.755 0.603 0.560 0.446 


Alcohols - - - - - - - 


Formaldehyde <0.001 <0.001 - - 0.555 0.523 0.755 


Live 0.466 0.037 - 0.012 - 0.194 0.431 


Water 0.662 0.035 - 0.005 0.990 - 0.500 


Other  0.083 0.262 - <0.001 0.412 0.181 - 


 


 


Figure S6 Cumulative distribution functions of CPUE for subsets of data according to the use of funnel 


inside the trap (with or without a funnel). a) CPUEC: D = 0.091, P = 0.302; (b) CPUES: D = 0.934, P < 


0.001.    
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Appendix S8 


The lists of top models used for model averaging 


Table S1 List of top models from model comparison based on ΔAICc and using dredge function of the R package MuMIn. Only models with ΔAICc < 6 were 


included. Global models, C36 and S36, for model averaging are defined in Appendix S4, Table S3.  


Fixed effects df LL AICc ΔAICc weights Marginal R2 Conditional R2 


Individuals        


RowWidth + Fluid 11 -621.05 1264.47 0 0.275 0.0734 0.4451 


RowWidth + Unit 7 -626.17 1266.50 2.03 0.100 0.0499 0.4414 


RowWidth + Fluid + Funnel 12 -621.13 1266.70 2.23 0.090 0.0765 0.4483 


RowWidth + Fluid + Unit 13 -620.41 1267.33 2.86 0.066 0.0915 0.4539 


RowWidth + Fluid + Season 12 -621.47 1267.39 2.92 0.064 0.0753 0.4462 


Continent + RowWidth + Fluid 12 -621.64 1267.73 3.26 0.054 0.0742 0.4478 


RowWidth 5 -629.18 1268.44 3.97 0.038 0.0162 0.4404 


Continent + RowWidth + Unit 8 -626.24 1268.68 4.21 0.033 0.0560 0.4446 


RowWidth + Funnel + Unit 8 -626.43 1269.07 4.60 0.028 0.0523 0.4452 


RowWidth + Fluid + Funnel + Unit 14 -620.42 1269.44 4.97 0.023 0.0963 0.4579 


Continent + RowWidth 6 -628.67 1269.46 4.99 0.023 0.0268 0.4420 


RowWidth + Fluid + Funnel + Season 13 -621.48 1269.47 5.00 0.023 0.0793 0.4495 


RowWidth + Season + Unit 8 -626.77 1269.73 5.26 0.020 0.0506 0.4425 


Continent + RowWidth + Fluid + Funnel 13 -621.70 1269.91 5.44 0.018 0.0775 0.4512 


RowWidth + Fluid + Season + Unit 14 -620.74 1270.08 5.61 0.017 0.0947 0.4551 


Species richness        


RowWidth 5 -629.18 1291.26 0 0.826 0.0162 0.4404 


Continent + RowWidth 6 -628.67 1296.83 5.57 0.051 0.0268 0.4420 
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Table S2 List of top models from model comparison based on ΔBIC and using dredge function of the R package MuMIn. Only models with ΔBIC < 6 were 


included. Global model for model averaging are listed in Appendix S4, Table S3.  


Fixed effects df LL BIC ΔBIC weights Marginal R2 Conditional R2 


Individuals        


RowWidth + Fluid + Funnel + Season 11 -952.63 1928.17 0 0.226 0.2122 0.4884 


Continent + RowWidth + Fluid + Funnel + Season 12 -952.34 1929.74 1.57 0.103 0.2150 0.4875 


RowWidth + Funnel + Season 6 -958.87 1930.03 1.86 0.089 0.1516 0.5061 


Continent + RowWidth + Funnel + Season 7 -957.85 1930.09 1.92 0.087 0.1668 0.5056 


RowWidth + Fluid + Funnel + Season + Year 12 -952.63 1930.34 2.17 0.076 0.2122 0.4884 


RowWidth + Fluid + Funnel + Season + Unit 13 -951.84 1930.94 2.77 0.057 0.2189 0.4864 


Continent + RowWidth + Fluid + Funnel + Season + Year 13 -952.33 1931.90 3.73 0.035 0.2153 0.4873 


RowWidth + Funnel + Season + Year 7 -958.87 1932.12 3.95 0.031 0.1516 0.5061 


Continent + RowWidth + Funnel + Season + Year 8 -957.85 1932.19 4.02 0.030 0.1669 0.5056 


RowWidth + Funnel 5 -961.14 1932.48 4.31 0.026 0.1385 0.5266 


Continent + RowWidth + Funnel 6 -960.34 1932.96 4.79 0.021 0.1502 0.5250 


Continent + RowWidth + Fluid + Funnel + Season 14 -951.78 1933.01 4.84 0.020 0.2193 0.4859 


RowWidth + Fluid + Funnel + Season + Unit + Year 14 -951.84 1933.13 4.96 0.019 0.219 0.4866 


RowWidth + Season 5 -961.67 1933.54 5.37 0.015 0.0883 0.4976 


RowWidth + Funnel + Season + Unit 8 -958.68 1933.85 5.68 0.013 0.1531 0.5044 


RowWidth + Fluid + Funnel 10 -956.62 1933.99 5.82 0.012 0.1991 0.5231 


Continent + RowWidth + Funnel + Season + Unit 9 -957.77 1934.15 5.98 0.011 0.1677 0.5050 


Species richness        


RowWidth 4 -963.96 1950.80 0 0.268 0.0721 0.5211 


RowWidth +Funnel 5 -961.14 1950.88 0.09 0.257 0.1385 0.5266 


RowWidth + Season 5 -961.67 1951.94 1.14 0.151 0.0883 0.4976 
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RowWidth + Funnel + Season 6 -958.87 1952.07 1.27 0.142 0.1516 0.5061 


Continent + RowWidth + Funnel 6 -960.34 1955.00 4.20 0.033 0.1502 0.5250 


Continent + RowWidth 5 -963.49 1955.59 4.79 0.024 0.0854 0.5232 


Continent + RowWidth + Funnel + Season 7 -957.85 1955.75 4.95 0.023 0.1668 0.5056 


RowWidth + Year 5 -963.87 1956.34 5.55 0.017 0.0734 0.5220 


Continent + RowWidth + Season 6 -961.04 1956.40 5.60 0.016 0.1054 0.5009 


RowWidth + Funnel + Year 6 -961.13 1956.59 5.79 0.015 0.1389 0.5264 


 


 


 







