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Abstract: During the last two decades there has been growing recognition of the importance of Allee effects in population 
dynamics and applied ecology. The Allee effect, that is decreased fitness at lower population densities, has been recognized 
as potentially playing an important role in the conservation of endangered species, in the practice of biological control, and 
the eradication of invasive species. Although a number of theoretical studies have been devoted to the role of Allee effects 
in the population dynamics of insects and other terrestrial arthropods, experimental evidence documenting Allee effects is 
still scarce. Here, we reviewed the literature reporting on density-dependent relationships in low-density populations and 
conducted a meta-analysis of 191 case studies to identify the occurrence of Allee effects and associated species traits. Allee 
effects are not rare in terrestrial arthropods, as they were reported in 47% of the cases we reviewed, comprising 46 out of 68 
species. Ample examples exist for both demographic Allee effects (28 out of 74 cases cases), and component Allee effects 
(61 out of 117 cases). Insufficient mating success, cooperative feeding, and enemy escape were the three main mechanisms 
associated with Allee effects in terrestrial arthropods. Insufficient reproductive success was the mechanism with the high-
est proportion of related Allee effects (71%). Voltinism and host specialization were common species traits behind demo-
graphic Allee effects. Host specialists with univoltine life cycles tended to have stronger Allee effects. The high frequency 
of Allee effects in terrestrial arthropods reported here and the identified mechanisms behind them have important implica-
tions for the selection of management strategies.

Keywords: Biological control; demography; eradication; extinction; fitness; growth rate; insect decline; specialization; 
species traits; voltinism

1	 Introduction

The concept of an Allee effect refers to a decrease in the fitness 
of individuals, such as survival or fecundity, with decreas-
ing population size (Drake & Kramer 2011). Conversely, 
this leads to a positive density-dependent relationship of 
increased population growth as population density increases. 
However, this effect only persists until reaching a particular 
upper threshold. Beyond this threshold, the positive effects 
of increasing density diminish, and the negative effects due 
to competition take over. Consequently, Allee effects mani-
fest primarily at low population densities. As a consequence, 
instead of a monotonic decrease in growth rate with popu-
lation density, as expected from the logistic growth model, 
growth rates are typically hump-shaped (Fig. 1). Allee and 

co-authors (1949) were the first to report growth rates exhib-
iting a hump-shape as a function of population density, in 
a laboratory population of the flour beetle Tribolium confu-
sum. There is a further distinction between strong and weak 
Allee effects. In the case of strong Allee effects, a negative 
growth rate is observed below a certain threshold, whereas 
weak Allee effects generally indicate a gradual reduction in 
individual fitness and population growth as population den-
sity decreases, yet without reaching negative values (Fig. 1). 
Strong Allee effects can have important consequences in 
population dynamics because they lead to a critical popula-
tion size, the “Allee threshold”, below which a population 
may not be able to sustain itself and thus collapses eventu-
ally. Nevertheless, even a weak Allee effect, when coupled 
with high or moderate environmental stochasticity increases 

Entomologia Generalis, Vol. 44 (2024), Issue 4, 765–778� Open Access
Published online August 7, 2024﻿﻿

	 © 2024 The authors
DOI: 10.1127/entomologia/2024/2377	 E. Schweizerbart’sche Verlagsbuchhandlung, 70176 Stuttgart, Germany, www.schweizerbart.de

Review Article

mailto:mrbranco@isa.ulisboa.pt


probability of extinction, which can pose a threat to popula-
tions of small sizes (Dennis 2002).

Allee effects can be further categorized as follows (Drake 
& Kramer 2011): 1) ‘component Allee effects’ expressed by 
a positive association between some component of fitness 
(e.g., mating success, juvenile survivorship, fecundity) and 
population size; 2) ‘demographic Allee effects’ expressed by 
a positive association between population size and popula-
tion growth rate.

Component Allee effects may be associated with a num-
ber of different population processes. In arthropod popu-
lations, the best-known components are those related to 
mating success, several forms of cooperation (e.g., coopera-
tive feeding enabling avoidance of host plant defenses, habi-
tat modification, cooperative defence against predators), or 
escape from top-down regulation by satiation of natural ene-
mies (Gascoigne et al. 2009; Kramer et al. 2009; Yamanaka 
& Liebhold 2009; Fauvergue 2013). The existence of one 
or multiple component Allee effects may result in a demo-
graphic Allee effect. A strong Allee effect can eventually lead 
to the extinction of small populations, unless immigrants can 
‘rescue’ population levels above the Allee threshold. Low-
density populations may also go extinct due to stochastic 
events, even if growth rates are positive, which should not 
be confused with an Allee effect, but may act in conjunction 
with Allee effects in contributing to local population extinc-
tion (Lande 1987; Liebhold & Bascompte 2003).

Allee effects have been observed in virtually all major 
plant and animal taxonomic groups. In the present study, we 
are specifically interested in the occurrence of Allee effects 
in terrestrial arthropods, mostly insects. A previous review 

on the ubiquity of Allee effects in animals by Kramer et al. 
(2009) reported the predominance of studies on vertebrates 
(birds, mammals, and fishes) compared with terrestrial 
arthropods. Arthropods, and particularly insects, might be 
expected to be less prone to Allee effects because of their 
efficient mate finding strategies and reproductive systems 
which, in some species, include facultative or obligate par-
thenogenesis (Vershinina & Kuznetsova 2016). In addition, 
the majority of arthropods have a high potential for recolo-
nisation after local extinction events, due to their good flight 
or passive dispersal abilities, which could compensate for 
the reduction in population density levels as a result of Allee 
effects Still, Allee effects were reported in 77% (17 out of 22 
cases) of the terrestrial arthropod study cases reviewed by 
Kramer et al. (2009) and in 52 cases of terrestrial inverte-
brates reported by Muir et al. (2024).

The relevance of Allee effects to the conservation of 
threatened arthropods received particular attention in recent 
years (Courchamp et al. 2008), especially with the increasing 
concern about the global decline in insect populations and 
the need to conserve endangered species when their popula-
tions reach low densities (Jactel et  al. 2021; Wagner et  al. 
2021).

Another relevant research domain concerning the appli-
cation of Allee effects in arthropods pertains to the man-
agement of invasive species. Recently, several studies 
recognized the importance of Allee effects in the ecology 
and management of invasive species (Liebhold & Tobin 
2008). Non-native species are increasing globally and there 
is no sign of saturation (Seebens et  al. 2017). Terrestrial 
arthropods, in particular insects, account for the majority 
of non-native animal species (Seebens et  al. 2017). When 
non-native insect species successfully established in the 
introduced range, they typically spread into nearby suit-
able habitats. Many of these species become agricultural or 
forest pests or cause human health concerns in the invaded 
range, all of which are issues of global concern (Pimentel 
et al. 2001). However, only a minority of arriving popula-
tions of non-native species become established. Many intro-
ductions into a new environment do not result in established 
populations, primarily because of unfavorable environmen-
tal conditions, such as inadequate climate or lack of food 
resources. However, even if these conditions are appropriate, 
the existence of an Allee effect along with stochastic events 
can hinder the establishment of a founder population if it is 
too small in size (Liebhold & Bascompte 2003; Liebhold & 
Tobin 2008). To predict the likelihood of establishment, it 
is therefore important to know the relationship between the 
number of propagules and the probability of survival of a 
newly arrived insect population (Stringham & Lockwood 
2021). Still, there are examples of terrestrial arthropods 
that become established at very low numbers and densities, 
suggesting the lack of Allee thresholds in some cases. For 
example, in Vespa velutina Lep. genetic studies of its inva-
sion history indicate that the non-native population currently 

Fig. 1.  The relationship of growth rate with population density 
when no demographic Allee effect is observed (linear response 
under a logistic growth model) and for a weak and strong demo-
graphic Allee effects as modeled in Amarasekare (1998). In 
the case of a strong Allee effect growth rates are negative for 
low population densities. The arrow indicates the Allee thresh-
old below which a population will decline and collapse, given a 
strong Allee effect.
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established in France was founded by a single multi-mated 
female (Arca et al. 2015).

One area where knowledge about Allee effects has 
provided practical insight is the selection of strategies for 
eradicating invading populations. Eradication refers to the 
total elimination of all individuals of a species from a given 
area. While this may seem like a daunting task, reducing 
populations density below the Allee threshold would drive 
populations to extinction with no need to kill all individuals 
(Liebhold & Tobin 2008; Liebhold et  al. 2016). However, 
when eradication targets a new species about which little 
information is available, it may be difficult to determine 
whether a strong Allee effect may exist and what the value 
of its Allee threshold is. Furthermore, certain management 
tactics may be available for increasing the density thresh-
old at which populations become extinct due to a demo-
graphic Allee effect (Liebhold & Tobin 2008) and this may 
facilitate eradication. Such tactics include mating disruption, 
improving host plant resistance, or increasing populations of 
generalist natural enemies (see Tobin et al. (2011) for a com-
prehensive analysis of these opportunities).

Knowledge about demographic and component Allee 
effect can also be useful for improving the efficiency of 
importation (=classic) biological control targeting both 
non-native plant pests and invasive plants as reviewed by 
Fauvergue et al. (2012). In this practice, natural enemies are 
imported from the pest or invasive plant’s native range and 
released for the purpose of establishing a new population 
in the invaded environment. Globally, the success of clas-
sic biological control remains modest, at about 18%, which 
is partly explained by the relatively low success of biocon-
trol agent establishment, about 32% (Seehausen et al. 2021). 
There are several reasons for these failures, but one is when 
numbers of individuals released are insufficient to lead to 
successful establishment of a biological control agent. When 
information about Allee effects is available, this can help 
guide the identification of release sizes; presumably, it is 
necessary to exceed the Allee threshold in order to achieve 
establishment (Grevstad 1999; Williams et al. 2021).

Here, we focus particularly on insects. Although there is 
a considerable body of theoretical work considering the role 
of Allee effects on the population ecology of invading arthro-
pod populations (e.g., Berec et al. 2001; Ryder et al. 2007; 
Goodsman et al. 2016), only a few experimental studies were 
found by a review by Kramer et al. (2009). There is also a 
lack of a clear and consistent understanding of which species 
traits best explain the existence of Allee effects. The purpose 
of this study is therefore to review the empirical evidence for 
Allee effect in insect species and other terrestrial arthropods. 
By performing a systematic review and a meta-analysis, 
our objective was to answer the following two questions:  
1) How frequent and strong are Allee effects in insect spe-
cies? 2) What are the most relevant population mechanisms 
(e.g. mating success, cooperation for habitat modification, 
etc.) or species traits explaining Allee effects?

2	 Material and methods

2.1	 Data acquisition

2.1.1	 Literature search
Using ScienceDirect and Google Scholar, we searched the 
published scientific literature (published in English) for 
studies of insect populations on density dependent popula-
tion growth or other population processes that could poten-
tially provide empirical data on component or demographic 
Allee effects. We used the following keywords: “positive 
density-dependent” or “inverse density-dependent” or “den-
sity-dependent” and “insect” or “arthropod” in different com-
binations with one or more of the following words related 
to possible Allee components or demographic Allee effect: 
“mating”, “reproduction”, “fecundity”, “survival”, “winter 
survival”, “predator”, “parasit”, “cooperation”, “coopera-
tive”, “population growth”, “resource exploitation”, “low 
density”, “Allee threshold”, “biological control”, “conserva-
tion”. We used combinations of different key words in order 
to avoid missing relevant studies. Also, we did not use the 
term “Allee” in all of the combinations to avoid biased sam-
pling. In total, 19 combinations of keywords were used, in 
all cases combined with “insect or arthropod” AND other 
keywords (see Suppl. Table S1 for a complete list). For each 
combination of keywords, the first 100 listed papers, sorted 
by relevance, were retrieved. The search was conducted up 
to the end of 2021 with no publication date restriction. We 
further used cross-references – i.e., those retrieved from 
selected relevant papers, combining systematic literature 
review with a snowballing approach which increases the effi-
ciency and can be more reliable than a database search alone 
(Badampudi et al. 2015).

Using the ScienceDirect database we also retrieved the 
number of all published research papers from 1949 up to 
2022 using the key words “arthropods” or “insects”. This was 
used to estimate the proportion of research papers concerned 
with the analysis of Allee effects in the field of entomology.

2.1.2	 Inclusion – exclusion criteria
We were particularly interested in studies using field, 
microcosm, mesocosm or laboratory experiments that 
analyzed density-dependent effects on arthropod popula-
tion parameters. Theoretical and modeling studies were 
thus excluded. Review studies were only used for obtain-
ing cross-references. Our aim was to take into account any 
positive relationship with population density, irrespective of 
the scale at which the population was studied. This included 
observations in Petri dishes, on groups of individuals (even 
siblings), in extended field samplings, or up to the meta-
population level.

Because we were searching for evidence of Allee effects, 
we focused on studies with low population levels. Therefore, 
any studies of density-dependent relationships conducted 
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only at high-density populations (including outbreak events) 
were excluded. Among the retrieved papers, we selected 
reports from studies conducted on a gradient of at least 4 
population densities to be able to perform linear regressions 
between a component (e.g. survival, body weight) or demo-
graphic parameter (e.g. net growth rate) and populations 
density. All other studies were excluded, including those 
indicating a potential Allee effect but lacking sufficient data 
to corroborate its presence.

Several papers presented more than one experiment, 
targeting different species or studying different Allee com-
ponents, or using different experimental conditions. In such 
cases, each experiment was analyzed separately, as a separate 
case study. A total of 1610 article abstracts were screened, 
of which 227 full texts were read for eligibility and n = 75 
were eventually kept, providing k = 191 eligible case studies 
according to our criteria (Fig. 2. PRISMA diagram).

A demographic Allee effect was considered to exist 
when, for the lowest densities sampled, a statistically signifi-
cant increase (P < 0.05) in individual fitness or population 
growth rate was observed increasing with population density 
(Fig. 3).

Because most Allee effects occur at low densities, we 
only used data from low population levels, stopping when 

the response curve reached a minimum or a maximum such 
as when it exhibited a parabola or dome shape (Fig. 3). The 
density cutoff was determined visually, if it was clear and 
unambiguous when only a few data points were available. 
Otherwise, when the inflection point of the response curve 
could correspond to 2 to 3 close densities, such as in Fig. 2, 
the cut-off was defined as the one that yielded the highest 
linear regression coefficient of determination r².

With regards to demographic Allee effects, we further 
distinguished studies showing a strong Allee effect, i.e. 
reporting negative growth rates in the lowest density range 
surveyed, from those showing a weak Allee effect, where 
growth rate was always ≥ 0 (Fig. 1).

2.1.3	 Calculating effect size
To estimate the magnitude of the effect of arthropod popu-
lation density on demographic components (e.g., survival, 
fecundity, mating probability or body condition; example in 
Fig. 3), we extracted the Pearson’s coefficient of correlation 
(r) and the sample size (n) of their linear regression, which 
we used to calculate the Fisher’s Z-score Z = ½ ln((1+r)/
(1-r)), and its variance v(Z) = 1/(n-3). For the sake of con-
venience, we back-transformed z values to obtain correla-
tion coefficients (r). Raw data were retrieved from tables or 

Fig. 2.  PRISMA diagram (Preferred Reporting Items for Systematic Reviews and Meta-analyses) illustrating study cases selection 
process (O’Dea et al. 2021).
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graphs using WebPlotDigitizer (Rohatgi 2022). It should be 
noted that in the studies we considered, population density 
was expressed in several ways, such as average number per 
habitat (e.g., per plant, per leaf), average number of individ-
uals per day of trapping, etc., over gradients of varying dura-
tion. Similarly, the response variable could take on various 
values and units, for example for the fitness of individuals 
or the growth of a population. Therefore, we did not attempt 
to carry out a meta-analysis of the values of the regression 
slopes, as this would have little meaning. However, it was 
possible to combine the values of the correlation coefficients, 
which are unitless and all vary from -1 to 1.

2.1.4	 Moderators
For each case study, we extracted the following modera-
tors, i.e., the covariates that might influence the relationship 
between population density and components of the Allee 
effect: i) type of Allee effect, i.e. demographic (population 
growth rate or probability of persistence) vs component 
(adult body size/weight, larval body size/weight, female 
fecundity, egg survival, larval survival, adult survival, fitness 
or mating success); ii) species voltinism (number of genera-
tions per year, which we then separated into either univoltine 
(which merges univoltine and semi-voltine) vs. multivol-
tine), and iii) the degree of host specialization (specialist, 
that is feeding on a single genus or family vs. generalist, 
feeding on species from several families). We also collected 
information about the feeding guild (folivorous, second 
order consumer [hereafter considered predators sensu lato], 
fruit- or seed-feeding consumer, detritivore, bark & wood 
borer, sap feeder, gall maker, root borer); main reproductive 
mode (parthenogenetic, sexual); type of study (laboratory, 
field sampling, field manipulative); and habitat (forest, agri-
culture, other) (Appendix S1). However, the low number of 
cases for some classes prevented us from testing all of these 

moderators (see below regarding the need to follow a hierar-
chical approach of moderators’ effects).

In addition to moderators, each study case was attributed 
a single identifier (Case ID) and assigned to one original 
paper (Paper ID).

2.2	 Statistical analyses
We estimated the grand mean effect size using the com-
plete data set to assess whether there was an overall effect 
of increasing population density on Allee effect components 
(demographic of fitness response variables). This effect was 
considered significant if the 95% confidence interval around 
the grand mean effect size did not include zero. We calcu-
lated the between-study heterogeneity (τ²) (i.e., how stud-
ies were distributed around the grand mean effect size), and 
the standardized estimate of total heterogeneity (I²) ranging 
from 0 to 1, indicating how much of the variation in effect 
sizes was due to the between-study variance (τ²) (Koricheva 
et  al. 2013; Nakagawa et  al. 2017). Total heterogeneity 
around the grand mean effect size was addressed by testing 
the effect of moderators on individual effect sizes in a second 
step. To avoid confounding factors, moderators were tested 
using a hierarchical approach (Castagneyrol & Jactel 2012; 
Ferreira et al. 2015). Thus, the effect of the second modera-
tor on effect sizes was tested in each of the categories of 
the first moderator analyzed (and so on), taking care that it 
was well distributed in terms of the number of case studies 
between the different modalities of the different moderators 
(see Fig. 6 for the structure of the database used to test the 
three moderators of interest).

For each model, we used Case ID nested within Study ID 
as random factor to account for correlation among multiple 
case studies within the same article (primary study). We ran 
each model using the rma.mv function of the “metafor” pack-
age in R (Viechtbauer 2010). Finally, we used complemen-
tary analyses to evaluate the sensitivity and robustness of our 
results to several sources of bias, such as the Funnel plot of 
the grand mean effect size, and calculation of Rosenthal’s 
fail-safe number (see details in Appendix A2). To assess the 
robustness of our findings, we selected only one case study 
per article and used this selection to run a meta-analysis. We 
then re-ran the selection 100 times, since some studies had 
more than one case study and evaluate the mean grand mean 
effect size ± 95 % CI. We used the same approach to account 
for unequal numbers of articles (studies) per insect species. 
We randomly selected a single study for each of the 69 spe-
cies and performed the meta-analysis on these 69 studies. We 
repeated the selection 2000 times. In addition, as Lymantria 
dispar (L.) was the most frequent species in our dataset (11% 
of case studies), we tested the effect of removing all data 
based on this particular species on the analysis. We reapplied 
the same models to estimate the magnitude of effect sizes 
and the effect of moderators on this subset of the data. All 
statistical analyses were performed using the R software, 
version 4.2.0 (R Core Team 2022).

Fig. 3.  Example of a study case with a density-dependent 
hump-shape (data from Vercken et al. 2021). The grey area cor-
responds to the data retrieved in this study for the meta-analysis.
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3	 Results

3.1	 Allee effects reported in the literature
From the literature search, we retrieved 75 papers that ful-
filled the criteria. They produced 191 case studies included 
in the meta-analysis, which involved 68 different species 
of arthropods, 66 were hexapods, one mite and one spider 
(Suppl. Table S2).

Overall, an Allee effect was found in at least one case 
study in 47% of the cases. During the last three decades, the 
proportion of case studies showing an Allee effect has been 
fairly constant at around 50% (Fig. 4). In 32% of the papers, 
some type of Allee effect could be observed for some case 
studies, such as specific component Allee effects or under 
certain conditions (e.g., certain habitats, host plants, etc.), 
but not for other conditions or for other types of Allee effects.

In most of the retrieved papers (48 papers, 64%), the 
scope of the study did not specifically include a search for an 
Allee effect. However, the number of publications explicitly 
dealing with Allee effects consistently increased during the 
last decades (Fig. 4).

Allee effects were observed in 46 out of the 68 species 
identified. However, in 25 of these 46 species, Allee effects 
were evident in certain experiments or parameters but not 
in others. These effects were found across various orders, 
including Lepidoptera, Hymenoptera, Diptera, Coleoptera, 
and Hemiptera, and were found in different families within 
each order (Suppl. Table S2). The presence of Allee effects 
could be observed in all feeding guilds (Fig. 5). However, 
the proportion of papers reporting an Allee effect was highest 
for bark and wood borers, folivorous species and sap feed-
ers (73%, 62% and 53%, respectively). The proportion was 

lower, for species feeding internally on fruit, seeds and in 
galls (37%). For predators (sensu lato) and decomposers, 
this proportion decreased to 19% and 25%, respectively. 
The remaining guilds were represented by only a few studies 
which prevented drawing definitive conclusions.

From the 191 case studies, 111 were field studies (includ-
ing field observations, field manipulative experiments, and 
releases of natural enemies). The other 80 case studies 
were laboratory or mesocosm experiments. In 71 studies, a 
demographic parameter, population growth, or population 
establishment success were analyzed and potentially indica-
tive of a demographic Allee effect, whereas in 120 studies 
individual fitness components were recorded which would 
potentially be indicative of component Allee effects. The 
proportion of studies documenting a component Allee effect 
was higher (52%, 61 out of 117) than the proportion of those 
reporting a demographic effect (38%, 28 out of 74). Where a 
demographic Allee effect was detected, strong Allee effects 
were about 4.6 times more prevalent than weak Allee effect.

Parameters measuring components of individual fitness 
were highly variable, but can be categorized into three main 
groups: i) physic or physiological condition (including body 
size, body weight, physiological resistance, development 
time), ii) survival rate (egg or larval), and iii) reproduc-
tive success (e.g., mating probability, fecundity, number of 
brood galleries). The individual components of fitness most 
frequently identified were mating, cooperative feeding, and 
enemy escape by predator/parasitoid satiation (Suppl. Table 
S3). Mating type was investigated in papers reporting repro-
ductive success or a demographic Allee effect. Cooperative 
feeding was related to individual survival and body size. 
Enemy escape was related mainly to the survival component 

Fig. 4.  Number of case studies from 1949 to 2021 in which an 
Allee effect was detected (Yes) or not (No). The line indicates 
the percentage of research papers (out of all published research 
papers on arthropods or insects) that were experimentally 
searching for the existence of an Allee effect.

Fig. 5.  Number of case studies retrieved in which an Allee effect 
was detected (Yes) or not (No), per feeding guild. The “Predator” 
guild includes predators and parasitoids. Triangles correspond 
to the proportion of studies in which an Allee effect was present 
in each guild.
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of Allee effects. In many cases the mechanisms associated 
with a demographic Allee effect were unknown or there were 
multiple mechanisms (Suppl. Table S3).

Some of the reviewed studies reported on laboratory 
experiments in which a fixed number of individuals could be 
controlled, while other studies were based on field sampling. 
In the field surveys, the variety of sampling methods, as well 
as the metrics used, were large. The most common metrics 
were density expressed per unit area, per unit of habitat (e.g., 
per tree, twig, leaf, plot, bud, fruit), per unit of observation 
period, and the number of catches per trap (Suppl. Table 
S2). The presence of an Allee effect was significantly higher 
when pheromone traps were used, observed in 20 out of 22 
cases (91%), in comparison with other density metrics, in 
which an Allee effect was observed only in 69 out of 169 of 
the cases (41%) (Chi2 = 5.713, p-value = 0.016).

3.2	 Meta-analysis
The grand mean effect size calculated with the full data set  
(k = 191) was significantly positive and equaled r = 0.39 
(confidence interval 0.26 to 0.50) (Fig. 6), indicating a posi-
tive correlation between component or demographic Allee 
effects and insect population density, or reciprocally that 
these variables significantly decrease as populations decrease 
to low densities, towards near zero values.

The robustness analysis, based on selection of only one 
case study per article, showed that the result was still posi-
tively significant (confidence interval does not bracket zero, 
Suppl. Fig. S4.1). Also, when using the classical “leave one 
out” approach, where we removed one paper at a time (Willis 
& Riley 2017), the mean effect size was still significantly 
positive (Suppl. Fig. S4.2). When we randomly selected only 
one paper per species, we still found a significantly positive 
grand mean effect size, indicating that the unbalanced num-
ber of reported studies per species did not affect the results of 
the meta-analysis (Suppl. Fig. S4.3). Furthermore, when we 
removed all data from studies on L. dispar, we found similar 
outcomes of the models as with the full dataset, indicating 
that the over-representation of this species did not bias our 
results (Suppl. Table S5).

The funnel plot was roughly symmetrical and most 
of the points fell on the pseudo-confidence region (Suppl. 
Fig. S4.4). The cumulative meta-analysis also showed that 
the mean effect size stabilized from the 2000s onwards. 
(Suppl. Fig. S4.5). Publication bias was thus unlikely. The 
Rosenthal’s fail-safe number to change our result would have 
been 12,218, much larger than the threshold of 5n+10=965 
case studies.

Total heterogeneity was high (τ² = 0.84, I² = 0.40) sug-
gesting that covariates (moderators) could explain much of 
the variance. We thus successively tested individual mod-
erators. The effect of voltinism on effect sizes (correlations 
between an Allee effect component or demographic and pop-
ulation density) was significant (QB = 8.60, p-value = 0.003) 
with a higher magnitude of the Allee effect for univoltine 

insect species (Suppl. Fig. S4.6). There was no effect of host 
specialization on effect sizes (QB = 0.30, p-value = 0.58), 
with significantly positive Allee effects for both specialists 
and generalists. There was no significant difference between 
mean Allee demographic and component effects (QB = 
0.14, p-value = 0.71), which were both significantly posi-
tive (Suppl. Fig. S4.7). Finally, we found a significant Allee 
effect for species with sexual reproductive system whereas 
the effect was non-significant for parthenogenetic species 
(QB = 7.58, p-value = 0.006) (Suppl. Fig. S4.8). However, 
we also found significant interactions between voltinism and 
host specialization (QB = 39.69, p-value < 0.0001), voltinism 
and Allee effect component (QB = 35.20, p-value < 0.0001), 
reproduction type and host specialization (QB = 32.12, 
p-value < 0.0001) but not between component and host spe-
cialization (QB = 0.85, p-value = 0.84).

We therefore calculated mean effect sizes according to 
a hierarchical structure of three moderators, type of Allee 
effect, host specialization and voltinism (Fig. 6). We had 
no enough data to add the effect of the reproduction type. 
This analysis confirmed that Allee effects were more detect-
able in univoltine than multivoltine insects. Generalist spe-
cies also had more detectable Allee effects than specialists 
among univoltine species, while the opposite was true for 
multivoltine species. The magnitude of Allee effects did not 
differ between component and demographic Allee effects but 
in multivoltine generalist species. For the multivoltine gen-
eralist species the regression was in fact negative, suggesting 
non-existence of an Allee effect but, instead, a negative den-
sity-dependent shape as in the logistic curve. The group of 
multivoltine species mostly included small sized arthropods 
with short generations from different guilds such as detri-
titivorous collembola (Folsomia candida), aphids (Aphis 
glycines), parasitoid wasps (Trichogramma spp.) and mites 
(Tetranychus urticae). Finally, the largest (highest r2) Allee 
effect was found among demographic effects of univoltine, 
generalist insects (r = 0.95). These were mainly represented 
by forest defoliating Lepidoptera, sampled with pheromone 
traps, such as the spongy moth L. dispar.

4	 Discussion

4.1	� How common is the Allee effect in terrestrial 
arthropods and why is it important?

More than 70 years after the first description of an Allee 
effect, it is still unclear how ubiquitous Allee effects are in 
populations of terrestrial arthropods, particularly insects. 
Previous studies reported a scarcity of experimental studies 
addressing this phenomenon, especially in terrestrial inver-
tebrates (Kramer et al. 2009).

Based on an extensive literature review, we compiled 
191 study cases on insects, spiders and mites from which 
an Allee effect was demonstrated in 89 cases (47%), mainly 
with insects. Allee effects were observed in 46 out of the 
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68 species that were studied. It is also worth noting that 
these effects covered five orders and were found in differ-
ent families within each order. These results show that Allee 
effects are widespread in insect populations and also occur 
in other terrestrial arthropods. The number of experimental 
studies demonstrating the existence of Allee effects in ter-
restrial arthropods has increased significantly over the last 
two decades being observed about 20 in the last decades. 
This in part justifies the increasing number of cases from 17 
(in Kramer et al. 2009) to 89 (in this review). Although we 
included multiple case studies from the same paper in sev-
eral instances (a practice not adopted by Kramer et al. 2009), 
our selection process was generally more rigorous. We only 
selected cases that provided density-dependent data and 
had at least four observation points for regression analysis, 
with the magnitude of effect determined by the regression 
coefficients. Because of this selection process, we excluded 
some cases that showed an Allee effect but did not meet our 
criteria, including some highlighted by Kramer et al. 2009. 
In a recent study from Muir et al. (2024), Allee effect were 
reported in 52 experimental cases of terrestrial invertebrates, 
corroborating the fact that Allee effects are widespread 
in this group. Component Allee effects were detected in a 
higher number of cases (61) than demographic Allee effects 
(28). Nevertheless, a strong demographic Allee effect was 
evidenced in a number of cases (25), indicating that these 

species would become extinct or not established below a 
minimum threshold of population density.

The impact of a demographic Allee effect on the local 
extinction of small populations and its importance for the 
conservation of threatened populations has been widely 
emphasized (Stephens & Sutherland 1999). The focus on 
the role of Allee effects on endangered organisms has his-
torically been on large mammals and plants (Kramer et al. 
2009). Because most insects have short life cycles and high 
fecundities, it can be expected that they have rapid growth 
rates, which, combined with efficient mate finding systems, 
would make them less vulnerable to extinction than larger 
animals. However, in the last few decades, many studies have 
reported a decline in insect populations globally (Simmons 
et  al. 2019; Wagner et  al. 2021) which elevated concerns 
about insect extinctions. Connections between insect extinc-
tions and Allee effects are rarely suggested (2021). In the 
present review, although we found an increasing number 
of studies reporting Allee effects, none of them specifically 
addressed conservation objectives.

A few of the studies covered by our analysis mentioned 
implications of Allee effects on importation biological con-
trol, in which establishment success may be limited by small 
initial population sizes of released organisms (Hopper & 
Roush 1993; Grevstad 1999). On the other hand, there were 
a larger number of studies (more than 15) concerning non-

Fig. 6.  Summary of meta-analysis outcomes with the hierarchical structure of the tests where voltinism, diet breadth and Allee effect 
components were successively tested. r values were obtained by the back transformation of Z-scores. CI = 95% Confidence Interval. 
The variable n is the sample size.
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native insect species. Indeed, several reviews and theoreti-
cal studies have considered how a demographic Allee effects 
may be exploited for the eradication of invasive insect pests 
(Liebhold & Bascompte 2003; Liebhold et al. 2016; Tobin 
et al. 2011; Barron et al. 2020).

4.2	 Allee components in terrestrial arthropods
Which Allee effect components are mostly found in terres-
trial arthropods is a relevant question for practical applica-
tions. Three main components emerged in our review as the 
most important for the existence of an Allee effect in terres-
trial arthropods: mating success (31%), enemy escape (25%) 
and cooperative feeding (19%). Other known factors were of 
minor relevance. In 23% of the cases, the Allee component 
was unknown – i.e., in studies where only population growth 
was quantified. Also, in some of these cases, multiple Allee 
components were found acting in synergy (Berec et al. 2007; 
Gascoigne et al. 2009).

Mating success was the most relevant component 
recorded. Furthermore, a demographic or component Allee 
effect was found in 67% (28 out of 42) of the studies mea-
suring density-dependent mating success. Many other stud-
ies have shown that mating success is the most important 
Allee component for insect populations, as reviewed by 
Gascoigne et  al. (2009) and Rhainds (2019). Mate limita-
tion was also one of the most common Allee mechanisms 
reported by Muir et al. (2024). Therefore, the reproductive 
system (sexual vs parthenogenesis) can be expected to have 
a large impact on the existence of demographic Allee effects 
(Queffelec et al. 2021). For example, it was found that the 
establishment of invading populations was facilitated in 
species with inbreeding mating systems, such as some bark 
and ambrosia beetle species (Kirkendall & Faccoli 2010; 
Lantschner et al. 2020). In our study, species that reproduce 
both sexually and parthenogenetically were less suscepti-
ble to Allee effect than those that reproduce only sexually. 
Among the species with both modes of reproduction, an 
Allee effect was detected in only three species out of ten, 
and even then, it was observed in only a small number of 
cases for each of the three species.

Cooperative feeding was found in 19% of the observed 
Allee effects. This mechanism could affect individual fitness, 
reproductive success, or survival. Cooperative feeding was 
observed in insect guilds where the presence of conspecif-
ics facilitated feeding activity, via overcoming interspecific 
competition, facilitation of pre-ingestive enzymatic activity, 
or overcoming host plant defense. This component has been 
reported in fruit flies (e.g., Rohlfs et  al. 2005), in decom-
posers such as blowflies (Saunders & Bee 2013), in defo-
liators (Nahrung et  al. 2001; Hambäck 2010), and in bark 
beetles (e.g., Friedenberg et al. 2007; Chase et al. 2023). For 
many bark beetle species, it is well known that a minimum 
population attack threshold per tree is needed to overcome 
tree defense and become established. This can generate an 
Allee effect and, therefore, pressure load is important for 

their establishment in a new location (Goodsman et al. 2016; 
Lantschner et al. 2020).

Enemy satiation emerged as a frequent Allee component 
(25% of the cases). It was found in almost half of the cases 
(20 out of 43) in which a predator/parasitoid density-depen-
dent response was studied. This result seems to contradict 
previous studies on predator/parasitoid density-dependent 
response. In a review, Walde & Murdoch (1988) found that 
most parasitoids responded in a positive density-dependent 
fashion, i.e., a positive correlation between host density and 
parasitism rate. Also, in a meta-analysis on the response of 
parasitism rates to host densities, Gunton & Pöyr (2016) 
found a positive density-dependent relationship, that is 
increasing parasitism rates with host population density, in 
59% of cases (151), whereas negative density-dependent 
parasitism, which would cause an Allee effect, was observed 
in only 13% of cases. This figure contrasts with our results, 
in which a decrease in parasitism rates with increasing host 
density causing an Allee effect was observed in 47% of the 
cases. The discrepancy between our results and previous 
studies may be explained by the fact that we focused on data 
ranges for the lowest population densities (see Fig. 2), where 
Allee effects are noticeable.

Generalist predators are more likely to cause Allee effect 
because their growth rate is not dependent on a particular 
prey species. An example from the cases found in our review 
is the inverse density-dependent predation rate by small 
mammals on L. dispar pupae (Elkinton et al. 2004). Due to 
this mechanism, generalist natural enemies introduced in a 
new range may contribute to the extinction of local, non-
target prey species (Tobin et al. 2009). Another example is 
provided by the generalist parasitoid Compsilura concinnata 
(Meigen) introduced to control the non-native moth L. dis-
par, but then also attacked brown-tail moth Euproctis chrys-
orrhoea (L.)., with a greater impact on the later. Introduction 
of this parasitoid was considered responsible for the popu-
lation decline of E. chrysorrhoea leading to its substantial 
range retraction and local extinction (Elkinton et al. 2006). 
The same parasitoid is also affecting north American native 
Lepidoptera (Elkinton et al. 2012). The introduction of inva-
sive generalist predators or parasitoids can thus lead to Allee 
effects, which potentially risk for the conservation of native 
endangered species.

Other Allee components, such as habitat conditioning, 
inverse density-dependent dispersal, and immuno-resistance, 
were less well represented. For social and gregarious insects, 
the presence of conspecifics is necessary for development 
and survival (Angulo et al. 2018). This was reported in two 
studies on two pine processionary moths, Thaumetopoea 
pityocampa and Thaumetopoea pinivora. For both species, 
individual fitness increased with population density (Ronnås 
et  al. 2010; Pérez-Contreras et  al. 2003), and for T. pityo-
campa an increase in larval survival was further observed 
(Pérez-Contreras et  al. 2003; Aimi et  al. 2008). This is a 
result of their ability to modify the quality of the habitat 
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through the collective construction of silky tents, which 
protects these species from adverse weather conditions and 
predators (Poitou et al. 2021).

Density-dependent dispersal is a biological phenom-
enon in which individuals change their dispersal patterns in 
response to the density of conspecifics. In most cases, indi-
viduals tend to disperse when population density is high, 
thereby reducing competition for resources (Harman et  al. 
2020). Inverse density-dependent dispersal (IDD) is consid-
ered a relatively rare phenomenon in which individuals dis-
perse from areas with low population density to areas with 
high density. In these cases, IDD can trigger an Allee effect. 
In a review, Harman et al., (2020) found 9 cases of IDD out 
of 55 cases in terrestrial arthropods, suggesting that IDD is 
far less common than positive density-dependent disper-
sal. Finally, one case of increasing immune-resistance with 
increasing larval density, through the phenomenon termed 
“density-dependent prophylaxis”, was reported for the lar-
vae of Plutella xylostella reared in laboratory conditions 
(Kong et al. 2020).

Interestingly, differences could be observed between 
populations of the same species. In an experimental study 
by Vercken et  al. (2021) analyzing the growth rate of 
Trichogramma ssp. populations reared on Ephestia kuehni-
ella eggs, a demographic Allee effect was found in only 8 of 
the 30 populations. Populations with an Allee effect com-
pared to those without an Allee effect were characterized by 
lower per capita growth rates and lower maximum popula-
tion size, demonstrating a correlation between the presence 
of an Allee effect and reduced demographic performance.

4.3	� Meta-analysis of species traits most 
associated with Allee effects

With the meta-analysis, we were able to show that the main 
factor explaining the occurrence of an Allee effect in arthro-
pods is their degree of voltinism, with on average a strong 
dependence of fitness or demographic components on popu-
lation density in univoltine species but no such correlation in 
multivoltine species. Overall, the ability of species to better 
exploit resources or adapt to a changing environment may 
be facilitated by increased voltinism, since the succession of 
generations in a single year increases the chances that at least 
one of them will benefit from favorable weather conditions 
or abundant food resources as long as these resources are 
still available (Altermatt 2010).

Asynchrony or phenological mismatch in biotic interac-
tions is more likely in univoltine species than in multivoltine 
species, particularly those with overlapping generations such 
as is the case with several bark beetle species (Friedenberg 
et al. 2007). In addition, it has also been suggested that mul-
tivoltine species are more resistant to phenological shifts and 
adapt better to changes in seasonality (Shama et al. 2011), 
because of the reconstitution of population size and genetic 
diversity after each mismatch event (Knell et al. 2016). Yet, 

asynchrony in the life cycle, such as during adult emergence, 
can lead to a reduction in mating success, thus reinforcing 
the Allee effect (Robinet et  al. 2007). Reproductive stages 
are present for only a brief period in most univoltine insects, 
but they are typically present for longer periods in multivol-
tine insects; as such, developmental synchronization is much 
more important to mating success in univoltine insects and 
populations may be more likely limited by mating success 
(Yamanaka & Liebhold 2009).

The second most important driver of an Allee effect was 
diet breadth, with overall stronger evidence for a demo-
graphic or component Allee effect in low population densi-
ties of host specialists. As with multivoltinism, a broad diet 
range offers more opportunities to escape quantitative or 
temporal constraints requiring cooperation for the availabil-
ity of food resources which would lead to Allee effects. For 
example, the need for cooperative feeding that allows some 
species to overcome host plant defenses can be expected to 
be more common for host specialist than generalist herbi-
vores. However, this could interfere with the spatial distri-
bution of organisms and their resources. Generalist insects, 
which have a wider choice of hosts, could be less spatially 
concentrated, leading to an increase in mate-finding fail-
ures and therefore a greater risk of being affected by Allee 
effects (Robinet et  al. 2008). Specialists might have more 
difficulty finding isolated resources, but once these resources 
have been colonized, they would be closer to their conspe-
cifics, increasing the chances of mating (Tobin et al. 2009). 
These complex and probably species-specific effects would 
explain why the influence of specialization on the intensity 
of the Allee effect varies between univoltine and multivol-
tine species categories in our meta-analysis. It is important 
to acknowledge that the spatial arrangement of habitats can 
significantly affect the likelihood of recolonization from 
neighbouring patches, which act as sources for colonisers 
(Öckinger et  al. 2018). Highly fragmented landscapes and 
low dispersal capacity can then exacerbate the impact of 
Allee effects on stenotopic species. In most cases voltinism 
and specialization have similar outcomes for both demo-
graphic and component Allee effects (as measured by r2), 
suggesting similar effects on both dimensions of the Allee 
effect or a close correlation between the two types of Allee 
effects.

It should be mentioned that some species were overrepre-
sented in our dataset (e.g., L. dispar) which might have influ-
enced the results regarding the influence of species traits. We 
used statistical methods to check that this had not biased the 
results of our meta-analysis. Nevertheless, it is clear that 
while Allee effects seem widespread in arthropods, only a 
few studies have systematically investigated this phenom-
enon experimentally. Further research is therefore needed, 
involving a wider range of species, so that detailed analyses 
of the role of species traits and the significance of their phy-
logenetic relationships can be carried out.
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4.4	 Detectability of the Allee effect
It is possible that in some cases demographic Allee effects 
exist but are limited to very low population size at which 
sampling error becomes proportionally high and, conse-
quently, Allee effects may not be detected. Although we 
have limited our analysis to the lowest reported sampled 
densities, it is possible that these observed densities were 
still above the range of densities at which Allee effects are 
expressed. Insects and other terrestrial arthropods are gener-
ally small and can be easily hidden, making them difficult 
to detect using conventional sampling methods (Gregory 
et  al. 2010). Compared with other methods, pheromone-
based trap catches stand out for their high sensitivity, i.e., 
ability to detect of insects even at very low density (Witzgall 
et al. 2010; Larsson 2016). This may explain why an Allee 
effect was observed in 91% of the cases using pheromone 
traps with long-range attraction, compared to 41% using 
other sampling methods. While we need to be cautious in 
interpreting this outcome, given the limited number of case 
studies using pheromone traps (employed for only three spe-
cies, two Lepidoptera and one Coleoptera), we postulate that 
using more effective sampling methods could reveal a higher 
proportion of Allee effects. It should also be noted that the 
detectability of an Allee effect depends on the spatial scale 
at which the population is observed. Both habitat type and 
spatial scale can modify the density-dependent relationship, 
as demonstrated by Segoli (2016).

5	 Conclusions

By conducting a systematic search, we were able to compile 
191 experimental studies on density dependence in popula-
tion growth of terrestrial arthropods, with 89 cases where an 
Allee effect was detectable and measurable. This proportion 
(47%) is lower than the 77% rate reported in the previous 
study by Kramer et al. (2009), which is probably explained 
by our choice to include all study cases linking potential Allee 
effect components with low population densities, and not 
only those studies that explicitly investigated the presence of 
Allee effects. Further we restricted our confirmation of Allee 
dynamics to cases with only a significant increase in fitness 
or growth rate with population size. Still, we could confirm 
a high prevalence of Allee effects in terrestrial arthropods, 
with promising practical implications for the management of 
their populations, either for the conservation of endangered 
species, for the release of biological control agents or for the 
eradication of invasive species.

Reduced mating success emerged as the most prevalent 
mechanism behind demographic Allee effects, followed by 
enemy satiation and cooperative behaviors (mostly for feed-
ing), in accordance with previous studies focusing on the 
use of Allee effects for the management of invasive insect 
pests (Tobin et  al. 2011). Voltinism and feeding special-
ization emerged as key species traits that explain variation 

in the expression of demographic Allee effects, but not as 
much on component Allee effects. Our results also indicate 
that the detectability of Allee effects is likely to depend on 
the sampling methods used in field studies. Additional data 
on demographic values would be useful for estimate Allee 
thresholds beyond which arthropods species may become 
locally extinct in relation to the sampling effort. This infor-
mation will be most useful for prediction of extinction in the 
context of conservation of endangered insect species, bio-
logical control and eradication of invasive species.
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Table S1. Combination of Key-words used in the literature search. The word “insect OR 
arthropod” AND was combined with the following list of Key-words. 
 
Query n. Key-words 
  “density dependent” AND "Allee effect 
2 “mating” AND “density dependent” 
3 (“reproduction” OR “fecundity”) AND "density dependent" 
4 “survival” AND "density dependent" 
5 "low density"  AND population growth”  
6 "winter survival" AND "positive density dependent"  
7 "predator" AND "density dependent"  
8 "parasit" AND "density dependent"  
9 "parasit" AND "positive density dependent AND "host density"  
10 "parasit" AND "negative density dependent” AND "host density"  
11 “cooperation” AND “population growth”  
12 “cooperative” AND “population growth”  
13 “resource exploitation” AND "population growth" AND "Allee effect" 
14 "survival" AND "population growth"  
15 "experiment" AND "survival" AND "Allee effect"  
16 “Allee effect” AND "thermoregulation"  
17 “Allee threshold” AND "experiment"  
18 “Biological control” AND "Allee effect"  
19 “Conservation” AND "Allee effect". 


 







Table  S2. Data with retrieved cases, species traits, Alle demographic and components, population density metrics, number of data values (N), and correlation coefficient. Legend columns (C1)- specialization: S-Specialist, G-
Generalist; (C2) – Reproductive system: S-only Sexual, P- both sexual and parthenogenesis (P); (C3) – voltinism (U- univoltine or semi-voltine, M- multivoltine; (C4) - Type of study:F- Field, L-Laboratory or mesocosm; 
(C5) – Significant presence of an Allee effect, p<005, Y-Yes , N-No; (C6) Demographic (D) or Component (C) Allee effect; (C7)  Mechanism involved: R-Reproductive succes, C-Cooperative feeding, H-Habitat 
modification, E-Enemy escape, D-Density Dependent Dispersal, I-Imuneresistance, M-Multiple: (C8) - Metrics y axis; (C9) - Metrics x axis (population density); (C10) - Number of observations (>3), (C11)- r- coefficient of 
correlation between population density and y axis. 
 


Author Journal date Species Familiy Order C2 C3 C4 C5 C6 C7 C8 C9 C10 C11 
Régnière J Entomol Exp Appl 2013 Choristoneura fumiferana Tortricidae Lepidoptera S U F Y C R Proportion mated females (0-1) Males/trap/day 29 0.9057 
Régnière J Entomol Exp Appl 2013 Choristoneura fumiferana Tortricidae Lepidoptera S U F Y C R Proportion mated females (0-1) Males/trap/day 10 0.9209 
Régnière J Entomol Exp Appl 2013 Choristoneura fumiferana Tortricidae Lepidoptera S U F Y C R Proportion mated females (0-1) Males/trap/day 9 0.8453 
Fauvergue X Ecology 2007 Neodryinus typhlocybae Drynidae Hymenoptera P M F N D R Growth rate (Nt+1/Nt) nº indiv/1000 leaves 29 -0.4448 
Fauvergue X Ecology 2007 Neodryinus typhlocybae Drynidae Hymenoptera P M F N D R Growth rate (Nt+1/Nt) nº indiv/1000 leaves 43 -0.3159 
Fauvergue X Ecology 2007 Neodryinus typhlocybae Drynidae Hymenoptera P M F N D R Growth rate (Nt+1/Nt) nº indiv/1000 leaves 40 -0.2903 
Wertheim B Ecol Entomol 2002 Drosophila melanogaster Drosophilidae Diptera S M L N C C Larval survival (0-100) Density per substrate 4 0.6597 
Wertheim B Ecol Entomol 2002 Drosophila melanogaster Drosophilidae Diptera S M L N C C Larval survival (0-100) Density per substrate 4 -0.9814 
Wertheim B Ecol Entomol 2002 Drosophila melanogaster Drosophilidae Diptera S M L N C C Larval survival (0-100) Density per substrate 4 -0.3673 
Wertheim B Ecol Entomol 2002 Drosophila melanogaster Drosophilidae Diptera S M L N C C Larval survival (0-100) Density per substrate 12 -0.6519 
Wertheim B Ecol Entomol 2002 Drosophila melanogaster Drosophilidae Diptera S M L N C C Developmental time (days) Density per substrate 12 -0.7432 
Wertheim B Ecol Entomol 2002 Drosophila melanogaster Drosophilidae Diptera S M L N C C Thorax length female Density per substrate 12 0.1153 
Wertheim B Ecol Entomol 2002 Drosophila melanogaster Drosophilidae Diptera S M L N C C Thorax length male Density per substrate 12 -0.5705 
Fauvergue X Pop Ecol 2009 Aphelinus asychis Aphelinidae Hymenoptera P M F N D U Growth rate (Nt+1/Nt) nº indiv/site 4 -0.9771 
Fauvergue X Pop Ecol 2009 Aphelinus asychis Aphelinidae Hymenoptera P M F N D U Growth rate (Nt+1/Nt) nº indiv/site 4 -0.9315 


Kyogoku D Pop Ecol 2012 Callosobruchus maculatus Bruchidae Coleoptera S M L N C R Per capita fecundity (nº hatched 
eggs) nº pairs 48 0.0330 


Kyogoku D Pop Ecol 2012 Callosobruchus maculatus Bruchidae Coleoptera S M L Y C R Per capita fecundity (nº hatched 
eggs) nº pairs 62 0.4871 


Kyogoku D Pop Ecol 2012 Callosobruchus chinensis Bruchidae Coleoptera S M L N C R Per capita fecundity (nº hatched 
eggs) nº pairs 23 -0.3560 


Kyogoku D Pop Ecol 2012 Callosobruchus chinensis Bruchidae Coleoptera S M L N C R Per capita fecundity (nº hatched 
eggs) nº pairs 48 -0.1032 


Contarini M Entomol Exp Appl 2009 Lymantria dispar Erebidae Lepidoptera S U F Y C R Proportion mated females (0-1) Males/trap/day 30 0.5599 
Pérez-
Contreras T Ann Zool Fenn 2003 Thaumetopoea pityocampa Notodontidae Lepidoptera S U F Y C H Larval length (mm) Initial group size 28 0.7729 
Pérez-
Contreras T Ann Zool Fenn 2003 Thaumetopoea pityocampa Notodontidae Lepidoptera S U F Y C H Larval length (mm) Initial group size 30 0.6858 
Pérez-
Contreras T Ann Zool Fenn 2003 Thaumetopoea pityocampa Notodontidae Lepidoptera S U F Y C H Larval survival (0-100) Initial group size 4 0.9624 
Ronnas C Ecol Entomol 2010 Thaumetopoea pinivora Notodontidae Lepidoptera S U F N C H Larval survival (0-100) Group size 6 0.5854 
Ronnas C Ecol Entomol 2010 Thaumetopoea pinivora Notodontidae Lepidoptera S U F Y C H Weight increase %  Group size 6 0.7496 
Rohlfs M Ecol Entomol 2005 Drosophila melanogaster Drosophilidae Diptera S M L Y C C Larval survival (0-1) Larval Density 6 0.7996 
Rohlfs M Ecol Entomol 2005 Drosophila melanogaster Drosophilidae Diptera S M L N C C Larval survival (0-1) Larval Density 6 -0.3260 
Rohlfs M Ecol Entomol 2005 Drosophila melanogaster Drosophilidae Diptera S M L Y C C Larval survival (0-1) Larval Density 6 0.8694 
Rohlfs M Ecol Entomol 2005 Drosophila melanogaster Drosophilidae Diptera S M L N C C Larval survival (0-1) Larval Density 6 0.5593 
Rohlfs M Ecol Entomol 2005 Drosophila melanogaster Drosophilidae Diptera S M L Y C C Larval survival (0-1) Larval Density 6 0.9253 
Rohlfs M Ecol Entomol 2005 Drosophila melanogaster Drosophilidae Diptera S M L N C C Larval survival (0-1) Larval Density 6 0.3631 
Rohlfs M Oecologia 2004 Drosophila subobscura Drosophilidae Diptera S M L Y C C Survival parasitoid (0-1) Larval Density 6 0.8425 
Rohlfs M Oecologia 2004 Drosophila subobscura Drosophilidae Diptera S M L N C C Survival parasitoid (0-1) Larval Density 6 -0.0482 







Rohlfs M Oecologia 2004 Drosophila subobscura Drosophilidae Diptera S M L N C C Survival parasitoid (0-1) Larval Density 6 -0.8034 
Rohlfs M Oecologia 2004 Drosophila subobscura Drosophilidae Diptera S M L N C C Survival parasitoid (0-1) Larval Density 6 0.3907 
Rohlfs M Oecologia 2004 Drosophila subobscura Drosophilidae Diptera S M L N C C Survival parasitoid (0-1) Larval Density 6 -0.2816 
Rohlfs M Oecologia 2004 Drosophila subobscura Drosophilidae Diptera S M L N C C Survival parasitoid (0-1) Larval Density 6 -0.7965 
Saunders D EJE  2013 Calliphora vicina Calliphoridae Diptera S M L N C C Larval weight (mg) Larval Density 4 0.3600 
Saunders D EJE  2013 Calliphora vicina Calliphoridae Diptera S M L Y C C Adult head width (mm) Larval Density 4 0.9377 
Morimoto J Sci Reports 2018 Bratocera tryoni Tephritidae Diptera S M L Y C C Larval weight (mg) Larval Density 12 0.9691 
Morimoto J Sci Reports 2018 Bratocera tryoni Tephritidae Diptera S M L Y C C Larval weight (mg) Larval Density 4 0.9638 
Morimoto J Sci Reports 2018 Bratocera tryoni Tephritidae Diptera S M L Y C C Larval weight (mg) Larval Density 4 0.9485 
Nahrung HF Oikos 2001 Chrysophtharta agricola Chrysomelidae Coleoptera S M L N C C Larval survival (0-100) Larval density 22 0.3101 
Nahrung HF Oikos 2001 Chrysophtharta agricola Chrysomelidae Coleoptera S M L Y C C Larval survival (0-100) Larval density 40 0.6016 
Aukema B  Ecol Entomol 2004 Ips pini  Curculionidae Coleoptera S M L Y C E Nº brood galleries Arriving males/dm2 10 0.9461 
Aukema B  Ecol Entomol 2004 Ips pini  Curculionidae Coleoptera S M L Y C E Nº brood galleries Arriving males/dm2 10 0.9720 
Aukema B  Ecol Entomol 2004 Ips pini  Curculionidae Coleoptera S M L Y C E Nº brood galleries Arriving males/dm2 8 0.8214 
Aukema B  Ecol Entomol 2004 Ips pini  Curculionidae Coleoptera S M L Y C E Nº brood galleries Arriving males/dm2 9 0.9756 


Schrader M Evolution 2015 Nicrophorus vespilloides Silphidae Coleoptera S M L N C C Larval weight (g) Larval Density 
(larvae/g carcasse) 157 -0.7617 


Schrader M Evolution 2015 Nicrophorus vespilloides Silphidae Coleoptera S M L Y C C Larval weight (g) Larval Density 
(larvae/g carcasse) 54 0.5308 


Itioka T Oecologia 1996 Ceroplastes rubens Coccidae Hemiptera S U F Y C E Survival parasitoid (0-100) Nºnymphs/100 mm2 of 
twig surface 4 0.9894 


Umbanhowar J Oecologia 2003 Orgyia vetusta Erebidae Lepidoptera S M F N C E Survival parasitoid (0-1) Larval Density 
(nº/bush) 68 0.1015 


Segoli M  Biol Control 2016 Erythroneura spp Cicadellidae Hemiptera S M F Y C E Survival parasitoid (0-1) Egg density per leaf 58 0.5265 


Segoli M  Biol Control 2016 Erythroneura spp Cicadellidae Hemiptera S M F N C E Survival parasitoid (0-1) Egg density per 
sample in a field 16 -0.5762 


Stoetefeld L Ecol Entomol 2012 Folsomia candida Isotomidae Collembola S M L N D C Growth rate of colony (mm/10 
days) Density per substrate 4 0.7631 


Stoetefeld L Ecol Entomol 2012 Folsomia candida Isotomidae Collembola S M L N D C Growth rate of colony (mm/10 
days) Density per substrate 4 -0.9737 


Price PW J Anim Ecol 1988 Euura lasiolepis Tenthredinidae Hymenoptera S U F Y C E Survival parasitoid (0-100) Larval density 15 0.7277 
Tcheslavska The Great Lakes Entomol 2002 Lymantria dispar Erebidae Lepidoptera S U F Y C R Proportion mated females (0-1) Males/trap/day 19 0.7854 


Berggren Å Ecology 2001 Metrioptera roeseli Tettigoniidae Orthoptera S U F Y D U Probability of persistence (0-1) Nº introduced 
individuals 20 0.8960 


Kuussaari M Oikos 1998 Melitaea cinxia Nymphalidae Lepidoptera S U F Y D D Stay time (days) Nº individuals 
release/area 15 0.7165 


Kuussaari M Oikos 1998 Melitaea cinxia Nymphalidae Lepidoptera S U F Y D D Stay time (days) Nº individuals 
release/area 16 0.6717 


Liebhold A Ecol Letters 2003 Lymantria dispar Erebidae Lepidoptera S U F N D U Ln growth rate  Density  225 0.0964 


Liebhold A Ecol Letters 2003 Lymantria dispar Erebidae Lepidoptera S U F Y D U Population persistence (0-1) nº males 
trapped/colony 4 0.9506 


Johnson D Nature 2006 Lymantria dispar Erebidae Lepidoptera S U F Y D R Growth rate (Nt+1/Nt) Males/trap 67 0.7060 
Johnson D Nature 2006 Lymantria dispar Erebidae Lepidoptera S U F N D R Growth rate (Nt+1/Nt) Males/trap 40 -0.3064 
Johnson D Nature 2006 Lymantria dispar Erebidae Lepidoptera S U F N D R Growth rate (Nt+1/Nt) Males/trap 39 -0.4547 
Sharov A  Env Entomol 1995 Lymantria dispar Erebidae Lepidoptera S U F Y C R Proportion mated females (0-1) Males/trap 18 0.7344 


Donaldson JR  Biol Control 2007 Aphis glycines Aphididae Hemiptera P M F N D E Ln growth rate  Log (density - 
aphids/plant) 38 -0.4692 


Donaldson JR  Biol Control 2007 Aphis glycines Aphididae Hemiptera P M F N D E Ln growth rate  Log (density - 
aphids/plant) 6 -0.3949 


Avilés L The Am  Nat 1998 Anelosimus eximius Theridiidae Aranea S M F N C E Survival offspring (0-1) Colony size 17 0.3447 







Li X J Econ Entomol 2019 Carposina sasakii Carposinidae Lepidoptera S U F N D C Growth rate ln(Nt+1/Nt) Larvae/apple 6 -0.7624 
Pepi A Oecologia 2016 Operophtera brumata Geometridae Lepidoptera S U F N C D Survival (0-1) Larvae/bud 21 -0.2848 
Tanhuanpää M J Anim Ecol 1999 Epirrita autumnata Geometridae Lepidoptera S M F N C E Survival predator (0-1) Nº larvae/10 minutes 5 -0.8707 
Moe SJ Oikos 2002 Lucilia sericata Calliphoridae Diptera S M L N C C Survival (0-1) Initial group size 4 0.2267 


Kong HL Insects 2020 Plutella xylostella Plutellidae Lepidoptera S U L Y C I Haemocyth count (cell/ml) (0-
12) Group size 8 0.8417 


Elkinton J Ecology 2004 Lymantria dispar Erebidae Lepidoptera S U F Y C E Survival predator (0-1) Nº of pupae/plot 8 0.7352 
Stenberg J Ecosphere 2015 Phratora vulgatissima Chrysomelidae Coleoptera S M L N C E Survival (0-1) Group size 15 -0.0019 
Stenberg J Ecosphere 2015 Phratora vulgatissima Chrysomelidae Coleoptera S M L N C E Pupal weight mg Group size 78 -0.3059 
Stenberg J Ecosphere 2015 Phratora vulgatissima Chrysomelidae Coleoptera S M L N C E Developmental time (days) Group size 40 -0.4017 


Roehrig A Master thesis Univ of 
Massach 2013 Adelges tsugae Adelgidae Hemiptera S M F Y C U Survival Density (mean/dm2) 9 0.8934 


Roehrig A Master thesis Univ of 
Massach. 2014 Adelges tsugae Adelgidae Hemiptera S M F N C U Survival Density (mean/dm2) 18 -0.1299 


Roehrig A Master thesis Univ of 
Massach 2015 Adelges tsugae Adelgidae Hemiptera S M F N C R Fecundity (n chorion) Density (mean/dm2) 30 0.0186 


Roehrig A Master thesis Univ of 
Massach 2016 Adelges tsugae Adelgidae Hemiptera S M F N C R Fecundity (n chorion) Density (mean/dm2) 40 0.1526 


Williams H  Phd Chapter 5 2019 Neolema ogloblini Chrysomelidae Coleoptera S M F Y D U Growth rate ln (Nt/N0) Metapopulation size 25 0.4614 
Teder T Oecologia 2000 Epirrita autumnata Geometridae Lepidoptera S U F N C E Survival parasitoid (0-1) Nº larvae/10 minutes 6 0.2583 
Teder T Oecologia 2000 Epirrita autumnata Geometridae Lepidoptera S U F Y C E Survival parasitoid (0-1) Nº larvae/10 minutes 6 0.7756 


Castelo M Austral Ecology 2010 Cyclocephala signaticollis Scarabaeidae Coleoptera S U F N C E Survival parasitoid (0-100) Larvae density/soil 
sample 18 0.1692 


Castelo M Austral Ecology 2010 Cyclocephala signaticollis Scarabaeidae Coleoptera S U F Y C E Survival parasitoid (0-100) Larvae density/soil 
sample 50 0.2686 


Sugiura S Env Entomol 2002 Eudemis gyrotis Tortricidae Lepidoptera S M F N C E Survival parasitoid (0-100) Log (nº /10 plants) 7 -0.7835 
Sugiura S Env Entomol 2002 Eudemis gyrotis Tortricidae Lepidoptera S M F Y C E Survival parasitoid (0-100) Log (nº /10 plants) 10 0.6128 
Sugiura S Env Entomol 2002 Eudemis gyrotis Tortricidae Lepidoptera S M F Y C E Survival parasitoid (0-100) Log (nº /10 plants) 8 0.9543 
Sugiura S Env Entomol 2002 Eudemis gyrotis Tortricidae Lepidoptera S M F N C E Survival parasitoid (0-100) Log (nº /10 plants) 7 0.0589 
Basili A  Biol Inv 2019 Megacopta cribraria Plataspidae Hemiptera S M F Y C E Survival parasitoid (0-1) Density index 12 0.6502 


Wist TJ Arthropod-Plant 
Interactions 2015 Caloptilia fraxinella Gracillariidae Lepidoptera S M F N C E Survival parasitoid (0-100) Density (nº /tree) 45 -0.2002 


Wist TJ Arthropod-Plant 
Interactions 2015 Caloptilia fraxinella Gracillariidae Lepidoptera S M F Y C E Survival parasitoid (0-100) Density (nº /tree) 70 0.3481 


Torres-
Moreno R Biol Control 2020 Dalbulus maidis Cicadellidae Hemiptera S M F Y C E Survival parasitoid (0-100) Density (nº eggs/tree) 71 0.3835 
Torres-
Moreno R Biol Control 2020 Dalbulus maidis Cicadellidae Hemiptera S M F N C E Survival parasitoid (0-100) Density (nº eggs/tree) 62 0.0897 
Romstöck‐
Völkl M Ecol Entomol 1990 Tephritis conura Tephritidae Diptera S M F Y C E Survival parasitoid (0-100) Group size 4 0.9691 
Romstöck‐
Völkl M Ecol Entomol 1990 Tephritis conura Tephritidae Diptera S M F N C E Survival parasitoid (0-100) Group size 4 -0.4245 
Romstöck‐
Völkl M Ecol Entomol 1990 Tephritis conura Tephritidae Diptera S M F Y C E Survival parasitoid (0-100) Group size 4 0.9777 
Romstöck‐
Völkl M Ecol Entomol 1990 Tephritis conura Tephritidae Diptera S M F N C E Survival parasitoid (0-100) Group size 4 0.3787 
Rebek EJ Biol Control 2006 Unaspis euonymi Diaspididae Hemiptera S M F Y C E Survival parasitoid (0-1) Density (log n/cm) 134 0.6801 
White JA Oecologia 2006 Ostrinia nubilalis Crambidae Lepidoptera S M F N C E Survival parasitoid (0-1) Density(larvae/plot) 47 -0.3075 
Fowler S  Bull Entomol Res 1991 Nilaparvata lugens Delphacidae Hemiptera S M F N C E Survival parasitoid (0-100) Nº eggs/tiller 31 0.0380 
Fowler S  Bull Entomol Res 1991 Nilaparvata lugens Delphacidae Hemiptera S M F N C E Survival parasitoid (0-100) Nº eggs/plant 7 -0.9186 







Fowler S  Bull Entomol Res 1991 Nephotettix virescens & N 
nigropictus Cicadellidae Hemiptera S M F Y C E Survival parasitoid (0-100) Nº eggs/plant 40 0.2714 


Fowler S  Bull Entomol Res 1991 Nephotettix virescens & N 
nigropictus Cicadellidae Hemiptera S M F Y C E Survival parasitoid (0-100) Nº eggs/tiller 6 0.7463 


Hoffmeister 
TS Evo Ecol Res 2001 Drosophila subobscura Drosophilidae Diptera S M L N C E Survival (0-1) Egg density 15 -0.7913 
Hoffmeister 
TS Evo Ecol Res 2001 Drosophila subobscura Drosophilidae Diptera S M L N C E Survival parasitoid (0-100) Egg density 5 -0.9227 
Cronin J Ecol Entomol 2009 Delphacodes scolochloa Delphacidae Hemiptera S M F Y C R Eggs per female Group size 6 0.8709 
Cronin J Ecol Entomol 2009 Delphacodes scolochloa Delphacidae Hemiptera S M F Y D M Growth rate (Nt+1/Nt) Group size 6 0.9502 
Cronin J Ecol Entomol 2009 Delphacodes scolochloa Delphacidae Hemiptera S M F N C E Survival parasitoid (0-1) Group size 10 -0.4678 
Noronha C Bsc thesis 1992 Delia radicum Anthomyiidae Diptera S M F N C C Eggs per female Density/plant 4 0.2293 
Tobin PC Pop Ecol 2009 Lymantria dispar Erebidae Lepidoptera S U F Y D R Probability of persistence (0-1) Moths/trap 5 0.9571 
Tobin PC Pop Ecol 2009 Lymantria dispar Erebidae Lepidoptera S U F Y D R Probability of persistence (0-1) Moths/trap 5 0.9889 
Tobin PC Pop Ecol 2009 Lymantria dispar Erebidae Lepidoptera S U F Y D R Probability of persistence (0-1) Moths/trap 5 0.9981 
Tobin PC Pop Ecol 2009 Lymantria dispar Erebidae Lepidoptera S U F Y D R Probability of persistence (0-1) Moths/trap 5 0.9934 
Grevstad F Biol Inv 1999 Galerucella pusilla Chrysomelidae Coleoptera S U F Y D U Probability of persistence (0-1) Initial group size 4 0.9757 
Grevstad F Biol Inv 1999 Galerucella pusilla Chrysomelidae Coleoptera S U F Y D U Growth rate (Nt+1/Nt) Initial group size 36 0.4760 
Grevstad F Biol Inv 1999 Galerucella pusilla Chrysomelidae Coleoptera S U F N D U Probability of persistence (0-1) Initial group size 4 0.8234 
Grevstad F Biol Inv 1999 Galerucella pusilla Chrysomelidae Coleoptera S U F Y D U Growth rate (Nt+1/Nt) Initial group size 34 0.4708 
Matter SF Entomol Exp Appl 2013 Parnassius smintheus Papilionidae Lepidoptera S U F N D R Proportion mated females (0-1) log density(nº/ha) 140 0.1292 
Matter SF Entomol Exp Appl 2013 Parnassius smintheus Papilionidae Lepidoptera S U F N D R Growth rate ln (Nt+1/Nt) log density(nº/ha) 140 -0.2885 
Fauvergue X Entomol Exp Appl 2013 Callosobruchus chinensis Chrysomelidae Coleoptera S M F Y C R Proportion mated females (0-1) Male density/1 dm2 22 0.4354 


Rhainds M Ecol Entomol 2015 Tetropium fuscum Cerambycidae Coleoptera S U F Y C R Proportion mated females (0-
100) Males/trap 38 0.3587 


Bürgi LP Pop Ecol 2015 Epiphyas postvittana Geometridae Lepidoptera S M F N C E Survival parasitoid (0-1) leaf rolls/minplant 46 0.1363 
Bürgi LP Pop Ecol 2015 Epiphyas postvittana Geometridae Lepidoptera S M F Y C E Survival parasitoid (0-1) leaf rolls/minplant 37 0.3758 
Bürgi LP Pop Ecol 2015 Epiphyas postvittana Geometridae Lepidoptera S M F Y C E Survival parasitoid (0-1) leaf rolls/minplant 49 0.2542 
Bürgi LP Pop Ecol 2015 Epiphyas postvittana Geometridae Lepidoptera S M F N C E Survival parasitoid (0-1) leaf rolls/minplant 46 -0.1452 
Walter J  J Anim Ecol 2015 Lymantria dispar Erebidae Lepidoptera S U F Y D R Growth rate (Nt+1/Nt) Introduced egg masses 12 0.9940 
Walter J  J Anim Ecol 2015 Lymantria dispar Erebidae Lepidoptera S U F Y D R Growth rate (Nt+1/Nt) Introduced egg masses 12 0.9934 
Walter J  J Anim Ecol 2015 Lymantria dispar Erebidae Lepidoptera S U F Y D R Growth rate (Nt+1/Nt) Introduced egg masses 12 0.9993 
Walter J  J Anim Ecol 2015 Lymantria dispar Erebidae Lepidoptera S U F Y D R Growth rate (Nt+1/Nt) Introduced egg masses 12 0.9968 
Walter J  J Anim Ecol 2015 Lymantria dispar Erebidae Lepidoptera S U F Y D R Growth rate (Nt+1/Nt) Introduced egg masses 12 0.9954 
Walter J  J Anim Ecol 2015 Lymantria dispar Erebidae Lepidoptera S U F Y D R Growth rate (Nt+1/Nt) Introduced egg masses 12 0.9923 


Vercken E  PCI 2021 Trichogramma cacoeciae Trichogrammatidae Hymenoptera P M L N D U Growth rate Ln (Nt+1/Nt) Density (nº 
adults/vial) 7 -0.8012 


Vercken E  PCI 2021 Trichogramma cacoeciae Trichogrammatidae Hymenoptera P M L N D U Growth rate Ln (Nt+1/Nt) Density (nº 
adults/vial) 8 -0.8834 


Vercken E  PCI 2021 Trichogramma cacoeciae Trichogrammatidae Hymenoptera P M L N D U Growth rate Ln (Nt+1/Nt) Density (nº 
adults/vial) 10 -0.1959 


Vercken E  PCI 2021 Trichogramma cacoeciae Trichogrammatidae Hymenoptera P M L Y D U Growth rate Ln (Nt+1/Nt) Density (nº 
adults/vial) 15 0.4466 


Vercken E  PCI 2021 Trichogramma cacoeciae Trichogrammatidae Hymenoptera P M L Y D U Growth rate Ln (Nt+1/Nt) Density (nº 
adults/vial) 10 0.7314 


Vercken E  PCI 2021 Trichogramma cacoeciae Trichogrammatidae Hymenoptera P M L N D U Growth rate Ln (Nt+1/Nt) Density (nº 
adults/vial) 12 -0.7350 


Vercken E  PCI 2021 Trichogramma cacoeciae Trichogrammatidae Hymenoptera P M L Y D U Growth rate Ln (Nt+1/Nt) Density (nº 
adults/vial) 10 0.6490 







Vercken E  PCI 2021 Trichogramma cacoeciae Trichogrammatidae Hymenoptera P M L N D U Growth rate Ln (Nt+1/Nt) Density (nº 
adults/vial) 14 0.2382 


Vercken E  PCI 2021 Trichogramma cacoeciae Trichogrammatidae Hymenoptera P M L N D U Growth rate Ln (Nt+1/Nt) Density (nº 
adults/vial) 10 -0.2902 


Vercken E  PCI 2021 Trichogramma cacoeciae Trichogrammatidae Hymenoptera P M L N D U Growth rate Ln (Nt+1/Nt) Density (nº 
adults/vial) 11 0.3989 


Vercken E  PCI 2021 Trichogramma cacoeciae Trichogrammatidae Hymenoptera P M L N D U Growth rate Ln (Nt+1/Nt) Density (nº 
adults/vial) 10 -0.8630 


Vercken E  PCI 2021 Trichogramma cacoeciae Trichogrammatidae Hymenoptera P M L N D U Growth rate Ln (Nt+1/Nt) Density (nº 
adults/vial) 7 -0.4391 


Vercken E  PCI 2021 Trichogramma cacoeciae Trichogrammatidae Hymenoptera P M L N D U Growth rate Ln (Nt+1/Nt) Density (nº 
adults/vial) 9 -0.8099 


Vercken E  PCI 2021 Trichogramma cacoeciae Trichogrammatidae Hymenoptera P M L N D U Growth rate Ln (Nt+1/Nt) Density (nº 
adults/vial) 7 -0.8906 


Vercken E  PCI 2021 Trichogramma cacoeciae Trichogrammatidae Hymenoptera P M L N D U Growth rate Ln (Nt+1/Nt) Density (nº 
adults/vial) 8 -0.6695 


Vercken E  PCI 2021 Trichogramma brassicae Trichogrammatidae Hymenoptera P M L N D U Growth rate Ln (Nt+1/Nt) Density (nº 
adults/vial) 6 -0.8038 


Vercken E  PCI 2021 Trichogramma brassicae Trichogrammatidae Hymenoptera P M L N D U Growth rate Ln (Nt+1/Nt) Density (nº 
adults/vial) 8 0.1885 


Vercken E  PCI 2021 Trichogramma cordubensis Trichogrammatidae Hymenoptera P M L N D U Growth rate Ln (Nt+1/Nt) Density (nº 
adults/vial) 7 -0.7854 


Vercken E  PCI 2021 Trichogramma cordubensis Trichogrammatidae Hymenoptera P M L N D U Growth rate Ln (Nt+1/Nt) Density (nº 
adults/vial) 8 -0.8176 


Vercken E  PCI 2021 Trichogramma euproctidis Trichogrammatidae Hymenoptera P M L N D U Growth rate Ln (Nt+1/Nt) Density (nº 
adults/vial) 7 -0.4100 


Vercken E  PCI 2021 Trichogramma euproctidis Trichogrammatidae Hymenoptera P M L N D U Growth rate Ln (Nt+1/Nt) Density (nº 
adults/vial) 7 -0.6644 


Vercken E  PCI 2021 Trichogramma evanescens Trichogrammatidae Hymenoptera P M L N D U Growth rate Ln (Nt+1/Nt) Density (nº 
adults/vial) 8 -0.6914 


Vercken E  PCI 2021 Trichogramma evanescens Trichogrammatidae Hymenoptera P M L N D U Growth rate Ln (Nt+1/Nt) Density (nº 
adults/vial) 9 0.1587 


Vercken E  PCI 2021 Trichogramma principium Trichogrammatidae Hymenoptera P M L Y D U Growth rate Ln (Nt+1/Nt) Density (nº 
adults/vial) 9 0.6551 


Vercken E  PCI 2021 Trichogramma semblidis Trichogrammatidae Hymenoptera P M L N D U Growth rate Ln (Nt+1/Nt) Density (nº 
adults/vial) 8 -0.3587 


Vercken E  PCI 2021 Trichogramma semblidis Trichogrammatidae Hymenoptera P M L N D U Growth rate Ln (Nt+1/Nt) Density (nº 
adults/vial) 12 -0.6591 


Vercken E  PCI 2021 Trichogramma semblidis Trichogrammatidae Hymenoptera P M L N D U Growth rate Ln (Nt+1/Nt) Density (nº 
adults/vial) 7 0.1369 


Vercken E  PCI 2021 Trichogramma semblidis Trichogrammatidae Hymenoptera P M L Y D U Growth rate Ln (Nt+1/Nt) Density (nº 
adults/vial) 10 0.7565 


Williams H Ecol Entomol 2021 Neolema ogloblini Chrysomelidae Coleoptera S M F N D M Growth rate Ln (Nt+1/Nt) Initial individuals 
release 18 0.3268 


Adachi I  Pop Ecol 1989 Anoplophora malasiaca Cerambycidae Coleoptera S U F Y C C Egg survival (0-1) Emergence holes 5 0.9751 
Adachi I  Pop Ecol 1989 Anoplophora malasiaca Cerambycidae Coleoptera S U F Y C U Egg survival (0-1) Emergence holes 5 0.9743 
Calvert W Science 1979 Danaus plexippus Nymphalidae Lepidoptera S M F Y C E Survival predator (0-1) Colony area 5 0.9946 
Friedenberg 
NA Ecol Letters 2007 Dendroctonus frontalis Curculionidae Coleoptera S M F Y D C Probability of persistence (0-1) Log infested trees 24 0.9771 
Hoddle M  N Zeal J Zool 1991 Apion ulicis Brentidae Coleoptera S U F Y C C Adut weight (mg) Density/pod 5 0.9471 
Hoddle M  N Zeal J Zool 1991 Apion ulicis Brentidae Coleoptera S U F Y C C Adut weight (mg) Density/pod 5 0.9642 
 Luque G J Animal Ecol 2013 Linepithema humile Formicidae Hymenoptera S M L Y C C Brood/queen Colony size 9 0.7028 
Kerswell K Ecol Entomol 2012 Lucilia cuprina Calliphoridae Diptera S M L N C C Survival (0-1) Larvae density 8 0.6167 
Kerswell K Ecol Entomol 2012 Lucilia cuprina Calliphoridae Diptera S M L N C C Survival (0-1) Larvae density 5 0.4767 







Longstaff BC J Stor Prod Res  1981 Sitophilus oryzae Curculionidae Coleoptera S U L Y C R Eggs per female Nº weevis/million 
grains 7 0.8418 


Hambäck P Bull Entomo Res 2010 Galerucella pusilla Chrysomelidae Coleoptera S U F N C C Pupal weight mg larval density 44 0.1647 
Hambäck P Bull Entomo Res 2010 Galerucella calmariensis Chrysomelidae Coleoptera S U F Y C C Pupal weight mg larval density 81 0.2197 
Rotem KA  Oikos 2003 Tetranychus urticae Tetranychidae Acari S M L N D U Growth rate Ln (Nt+1/Nt) Density /cm2 18 -0.4073 
Kusaka A Ins Soc 2018 Reticulitermes speratus Rhinotermitidae Isoptera S M F Y C R Maiting success (0-1) Density pairs/m2/day 4 0.9060 
Kusaka A Ins Soc 2018 Reticulitermes speratus Rhinotermitidae Isoptera S M F Y C C Survival (0-1) Density pairs/m2/day 8 0.8228 
Nufio CR J Ins Behav 2012 Rhagoletis juglandis Tephritidae Diptera S U F N C C Pupal weight mg nº eggs hatched  63 -0.6358 
Halliday W Can Entomol 2019 Tribolium castaneum Curculionidae Coleoptera S M L N C R Eggs per female Initial density 37 -0.6432 
Halliday W Can Entomol 2019 Tribolium castaneum Curculionidae Coleoptera S M L N D R Growth rate (Nt+1/Nt) Initial density 27 -0.6838 
Tobin PC Entomol Exp Appl 2013 Lymantria dispar Erebidae Lepidoptera S U F Y C R Proportion mated females (0-1) log Males/trap/day 276 0.5624 
Tobin PC Entomol Exp Appl 2013 Lymantria dispar Erebidae Lepidoptera S U F Y C R Proportion mated females (0-1) log Males/trap/season 205 0.6031 
Chase KD PhD 2016 Hylurgus ligniperda Curculionidae Coleoptera S M F Y D M Growth rate (Nt+1/Nt) Initial release size 33 0.6034 
Chase KD PhD 2016 Hylurgus ligniperda Curculionidae Coleoptera S M F N D M Growth rate (Nt+1/Nt) Initial release size 27 0.0422 
Chase KD PhD 2016 Hylurgus ligniperda Curculionidae Coleoptera S M F N D M Growth rate (Nt+1/Nt) Initial release size 14 0.3990 
Chase KD PhD 2016 Ips pini Curculionidae Coleoptera S M F N D M Growth rate (Nt+1/Nt) Initial release size 17 -0.0197 
Chase KD PhD 2016 Ips pini Curculionidae Coleoptera S M F N D M Growth rate (Nt+1/Nt) Initial release size 19 -0.1631 


Williams, H Ecol Entomol 2021 Neolema ogloblini Chrysomelidae Coleoptera S M F Y D R Probability of persistence (0-
100) Release size  26 0.5398 


Williams, H Ecol Entomol 2021 Neolema ogloblini Chrysomelidae Coleoptera S M F Y C R Maiting success (0-100) Release size  15 0.8692 
 


 







Table S3. Mechanisms involved in studies reporting a component or demographic Allee effect. 


 Outcome 


Mechanism 


Population 


growth  


Physical 


condition 


Reproductive 


success 


Survival Total Allee effect 


/ Total cases 


Cooperative feeding 1 8 1 7 17/44 
Dispersal 2    2/3 
Habitat modification  3  1 4/5 
Immuno-resistance  1   1/1 
Enemy escape   4 18 22/46 
Mating 12  16  28/42 
Multiple or unknown 13   2 15/50 


 


 
  







Supplementary S4 


 


 


 


 
Figure S4.1 – Assessing the robustness of the meta-analysis by selecting only one case per article 


The meta-analysis was then re-run 100 times and evaluated the mean Grand Mean Effect size 


 


 
  







 


 


Figure S4.2 – Assessing the robustness of the meta-analysis by the classical "leave one out" 


approach, where we removed one paper at a time and see the effect on the meta-analysis result. No 


matter which paper is removed, the Grand mean effect size is still positive. 


  







 
Figure S4.3 – Assessing the robustness of the meta-analysis per insect species by randomly 


selecting a single study (article) for each of the 69 species to take account of the unequal number 


of studies. The selection was repeated 2000 times. 


 
  







 


 


 
Fig. S4.4 The funnel plot is roughly symmetrical and most of the point fall on the pseudo-


confidence region (in white). Publication bias is then unlikely 


 


  







 
 


Fig S4.5 – Cumulative meta-analysis CMA which calculates a standardized mean difference for 


a cumulative number of years to analyze changes in effect size across time 


 


 


 


 


 


  







 
 


 
 


Figure S4.6 Presence of Allee effects according to species voltinimisn (univoltive – uni versus 


multivoltine - multi)  


  







 


 
 


Figure S4.7 Presence of Allee effects according to demographic or component. 


  







 


 
Figure S4.8 Presence of Allee effects according to species reproductive system (parthenogenetic 


versus sexual) 


 
  







Table S5. Meta-analysis model comparison using all data and removing from studies on L. dispar. 


 
 
 
 


Models Model composition Modalities 


estimate 
(grand mean 


effect size) se z-value p-value CI_low CI_high 


test of heterogeneity test of moderator n 


QE p-value QM p-value 
 


Global model 


bootstrapped (i = 2000) intercept 0.4320 0.117     0.2033 0.6607         69 


all data intercept 0.5108 0.107 4.7749 
<.0001 
*** 0.3011 0.7205 2090.2669 <0.0001     191 


without L. dispar intercept 0.4020 0.1010 3.9788 
<.0001 
*** 0.2040 0.6000 1366.6514 <0.0001     170 


Specialist model 


all data 
intercept 0.4517 0.1522  2.9676 0.0030 ** 0.1534 0.7500 


2089.0612 <0.0001 0.3038 0.5815 191 specialist 0.1186 0.2151 0.5512 0.5815 -0.3031 0.5402 


without L. dispar 
intercept 0.1789 0.1509 1.1858 0.2357 -0.1168 0.4747 


1259.7339 <0.0001 3.6997 0.0544 170 specialist 0.3818 0.1985 1.9235 0.0544 . -0.0072 0.7708 


Voltinism model 


all data 
intercept 0.2739   0.1291   2.1218   0.0339 * 0.0209   0.5270 


1941.9638 <0.0001 8.6018 0.0034 191 voltinism 0.6106 0.2082  2.9329 0.0034 ** 0.2026 1.0187 


without L. dispar 
intercept 0.2679 0.1164 2.3004 0.0214 * 0.0396 0.4961 


1345.4129 <0.0001 4.3894 0.0362 170 voltinism 0.4522 0.2158 2.0951 0.0362 * 0.0292 0.8752 


Allee component model 


all data 
intercept 0.4526 0.1887 2.3979 0.0165 * 0.0827 0.8225 


2085.6905 <0.0001 0.1421 0.7062 191 allee component 0.0793 0.2104 0.3770 0.7062 -0.3331 0.4918 


without L. dispar 
intercept 0.1582 0.1891 0.8365  0.4029 -0.2125 0.5288 


1347.0143 <0.0001 2.2814 0.1309 170 allee component 0.3157 0.2090 1.5104 0.1309 -0.0940 0.7255 


Repro model 


all data 
intercept -0.6268 0.4253 -1.4737 0.1406 -1.4604 0.2068 


1975.1890 <0.0001 7.5808 0.0059 191 repro 1.2070 0.4384 2.7533 0.0059 ** 0.3478 2.0661 


without L. dispar 
intercept -0.5912 0.3630 -1.6283 0.1035 -1.3027 0.1204 


1292.5367 <0.0001 7.9817 0.0047 170 repro 1.0636 0.3765 2.8252 0.0047 ** 0.3257 1.8015 
 


 





