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Abstract

This paper provides a brief overview of a major hypothesis in invasion biology: the enemy

release hypothesis. Building on a summary of different previous definitions, we provide the

following  revised  definition:  “A  reduced  pressure  by  enemies  in  the  non-native  range

contributes to invasion success.”  Further,  we suggest  formalizing the hypothesis in the

basic form ‘subject - relationship - object’ to allow for disambiguating the different existing

meanings and enhancing their usability by machines.
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Introduction

This publication is a Hypothesis Description paper according to Mietchen et al. (2024) and

following the template provided by Heger et al. (2024). It focuses on the enemy release

hypothesis (ERH), a major and well-known hypothesis in invasion biology (Enders et al.

2018). The ERH offers a potential explanation for why species are able to establish and

spread outside of their native range. To our knowledge, its earliest albeit implicit mention

was in a work by the Swiss botanist Albert Thellung (Thellung 1915; see also Kowarik and

Pyšek 2012). The publication usually cited as an explicit description is Keane and Crawley

(2002), where the hypothesis was formulated specifically for alien plants. Many studies

have been designed to study its relevance, for plants as well as other taxonomic groups,
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and  respective  reviews  as  well  as  meta-analyses  abound  (Mitchell  and  Power  2003, 

Torchin et al. 2003, Colautti et al. 2004, Liu and Stiling 2006, Heger and Jeschke 2014; see

also the section 'Reviews and meta-analyses' below).

Along with this widespread use of the ERH came a shift in its definition (see Heger 2022). 

Jeschke  et  al.  (2012) suggested  a  very  broad  definition  to  capture  these  different

meanings, while Heger and Jeschke 2014 and Heger and Jeschke 2018 suggested several

refined versions, which they called ‘sub-hypotheses’.

The  previously  broad  definition  suggested  by Jeschke  et  al.  (2012),  “the  absence  of

enemies in the exotic range is a cause of invasion success”, has some shortcomings that

we would like to address here by offering a revised definition. First, the term “absence”

does not really capture the intended meaning of this hypothesis, because in the new range,

enemies  are  rarely  fully  absent.  The  concept  of  “enemy  release”  rather  refers  to  a

decrease in enemy numbers and their effects on the non-native organisms. We therefore

suggest the formulation “reduced pressure by enemies” instead of “absence of enemies”.

“Enemy pressure” is here used to indicate a compound measure of the number of species

and individuals of enemies and their individual impacts on invading organisms (see also

Heger and Jeschke 2018, Nunes and Kotanen 2018, Najberek et al. 2019, Molleman et al.

2022,  Brian and Catford 2023).  Second,  we suggest  replacing “is  a cause of  invasion

success” with “contributes to invasion success”, because this new formulation allows for

better alignment with ontologies (e.g. Bucur et al. 2021). The revised definition thus reads

as follows: "A reduced pressure by enemies in the non-native range contributes to invasion

success."

In the following, we summarize general information about the ERH. We provide a list of

definitions or textual descriptions of the ERH and closely related ideas, and a second list

with formalized representations of some of the variants of the ERH. These variants include

formalized versions of  the 'sub-hypotheses'  formerly  suggested by Heger  and Jeschke

(2018)Heger and Jeschke 2018. Heger and Jeschke 2018. The aim of this contribution is

thus to provide an overview of the various ways the ERH can be interpreted, and deliver

citable  definitions  and  formalized  versions  for  them.  We  hope  that  this  can  help

disambiguate research around this important hypothesis. The work described here is part

of ongoing efforts to map the landscape of hypotheses in invasion biology (Jeschke et al.

2021) and related fields, such as urban ecology (Lokatis et al. 2023).

General information

Hypothesis name

• Enemy Release Hypothesis 
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Synonyms

• escape-from-enemy hypothesis

• enemy escape hypothesis

• herbivore escape hypothesis

• predator escape hypothesis

• ecological release hypothesis

• natural enemies hypothesis

• enemy reduction hypothesis

Acronyms

• ERH

• ER

Identifiers

• Wikidata: Q85759287

Domains that make use of this hypothesis

• invasion biology (Wikidata: Q42985020)

• urban ecology (Wikidata: Q1430301)

• restoration ecology (Wikidata: Q2428433)

Reviews and meta-analyses

The following reviews and meta-analyses have been published on the ERH:

Maron and Vilà (2001), Keane and Crawley (2002), Mitchell and Power (2003), Torchin et

al. (2003), Colautti et al. (2004), Hinz and Schwarzlaender (2004), Levine et al. (2004), 

Hierro et al. (2005), Blumenthal (2006), Halpern and Underwood (2006), Liu and Stiling

(2006),  Mitchell  et  al.  (2006),  Reinhart  and Callaway (2006),  Hänfling  (2007),  Hawkes

(2007), Blakeslee and Byers (2008), Dunn (2009), Ren and Zhang (2009), Chun et al.

(2010), Mitchell et al. (2010), Oduor et al. (2010), Lamarque et al. (2011), Roy et al. (2011),

Bezemer et al.  (2014), Heger and Jeschke (2014), Blackburn et al.  (2015), Prior et al.

(2015),  Sunny  et  al.  (2015),  González-Browne  et  al.  (2016),  Meijer  et  al.  (2016), 

Papacostas et al. (2017), Heger and Jeschke (2018), Zhang et al. (2018), Warren et al.

(2021), Chiuffo et al. (2022), Preston et al. (2022), Brian and Catford (2023), Liu et al.

(2023).

These studies have been identified via searches in the Web of Science in 2014 and 2016 (

Heger and Jeschke 2014, Heger and Jeschke 2018); to find reviews and meta-analyses

published after 2016, the search was repeated on 10 January 2024, using the search term
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"enemy  release   AND  (alien  OR  exotic  OR  introduc*  OR  invas*  OR  naturali?ed  OR

nonindigenous OR non-indigenous OR nonnative OR non-native) AND (review OR meta-

analyis OR metaanalysis)", and restricting the search to the years 2016-2024.

Related hypotheses

Resource-enemy  release  hypothesis: “Relative  to  low-resource  plant  species,  high-

resource plant species may be more strongly inhibited by enemies in their native range. [...]

Consequently, high-resource species may have greater potential to escape those enemies

upon  moving  to  a  new  range  [...]  and  be  more  strongly  released,  relative  to  native

competitors from their new range [...], than are low-resource species.” (Blumenthal 2006, p.

888)

Evolution  of  increased  competitive  ability  (EICA)  hypothesis:  "In  the  absense  of

herbivores, selection will favor genotypes with improved competitive abilities and reduced

resource allocation to herbivore defense." (Blossey and Nötzold 1995, p. 887).

Shifting  defense  hypothesis: "After  having  been  released  from  natural  specialist

enemies,  non-native  species  will  allocate  more  energy  to  cheap  (energy-inexpensive)

defences  against  generalist  enemies  and  less  energy  to  expensive  defences  against

specialist enemies (this re-allocation is due to genetic changes); the energy gained in this

way will be invested in growth and/or reproduction, which makes the non-native species

more competitive" (Enders et al. (2020), p.982, cited after Doorduin and Vrieling (2010)).

Hypothesis definitions

Table 1  provides a list of definitions of the ERH. This list is not a 
complete  list  of  all  definitions  that  have  been  used  in  the  
literature. It instead focuses on early definitions as well as those 
that were part of hypothesis compilations. 

Formalized representation of hypothesis variants

As outlined in the accompanying editorial (Mietchen et al. 2024), expressing hypotheses in

a formalized way can have many advantages. In ecology, we are not aware of any existing

suggestion  for  a  formalized  representation  of  hypotheses  that  can  be  turned  into  a

machine-actionable form. We suggest that representing hypotheses in the form subject -

relationship - object can contribute to a clarification of the meaning of textual statements,

and offers the opportunity to highlight the various possible meanings of a hypothesis, thus

aiding with disambiguating research on this hypothesis. Here, we made use of a controlled

vocabulary for stating the hypothesized relationship, namely the list of relations in the Supe

r Pattern Ontology (Bucur et al. 2021). The use of a controlled vocabulary for expressing

hypothesized relationships can contribute to reducing ambiguity, and enhances machine
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interpretability. This, in turn, can allow the use of AI methodology for processing text and

data related to scientific hypotheses. 

Table 2 gives suggestions for formalized representations of variants of the enemy release

hypothesis. Some of them are based on previous work (see column "Based on"), e.g. also

including the sub-hypotheses suggested in Heger and Jeschke (2018), and one that has

been developed by the authors for this publication. The first three columns in this table give

the respective variant of the ERH in the form ‘subject - relationship - object’. Depending on

the kind of relationship between subject and object, we suggest classifying the hypotheses

as  either  causal  or  comparative,  which  is  shown  in  the  fourth  column.  The  rightmost

column provides a link to a Wikidata identifier (see Agosti et al. 2022), through which the

hypothesis  can  be  further  annotated  and  integrated  into  the  wider  linked  open  data

landscape. The entries are ordered according to the date of the associated publication. 

Outlook

With this hypothesis paper on the enemy release hypothesis, we would like to contribute to

a clarification of the meaning of the ERH. For this purpose, we   provided a list of existing

definitions  (Table  1),  suggested  a  revised  general  definition,  introduced  formalized

representations  of  different  variants  (Table  2)  and  expressed  these formalizations  as

nanopublications (see respective section below).

The overview of the ERH we provide here is to be understood as a first version. Our list of

definitions and related meanings of the ERH is most likely incomplete. As emphasized in

Mietchen et al. (2024), this newly introduced publication format invites updates. We very

much hope that  experts  working on the ERH or  other  hypotheses will  add content  by

publishing their own versions and that the approach will be refined over time.

Disclosing  the  different  meanings  of  hypotheses  and  formalizing  them  as  suggested

in Table  2 can  enhance  theory  development.  For  example,  Heger  (2022) suggested

representing the ERH as a causal network graph. We presume that future work can build

on this and integrate the different causal variants of the ERH into a larger causal network

describing hypothesized mechanisms of biological invasions.

Enhancing machine interpretability of statements of the ERH could in the future open up

new opportunities for AI applications, including the use of text mining tools for facilitating

conceptual  synthesis,  or  data  mining tools  combined with inductive  reasoning for  data

synthesis (see e.g. Silva et al. 2013). We believe that all of these will be exciting steps

forward. We hope that this contribution will therefore be useful for future research on the

ERH  as  an  important  mechanism  of  biological  invasions,  and  that  it  will  also  trigger

publication of analogous papers on other important hypotheses in ecology and beyond.
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Nanopublications

Nanopublication Creator Date

reduced pressure by enemies in the non-native range contributes to invasion

success 

Daniel

Mietchen 

27-07-2023

09:08:53

reduced per capita effect of enemies on species in the non-native range increases

population-level performance of non-native species 

Daniel

Mietchen 

11-01-2024

15:40:36

changed richness and abundance of enemies in the non-native range increases

population-level performance of non-native species 

Daniel

Mietchen 

11-01-2024

16:03:18

adaptation in response to enemy release in the non-native range increases

population-level performance of non-native species 

Daniel

Mietchen 

11-01-2024

16:08:27

transport to non-native range decreases number of enemies Daniel

Mietchen 

18-01-2024

08:53:49

reduced pressure by generalist enemies in the non-native range contributes to

invasion success 

Daniel

Mietchen 

18-01-2024

08:58:08

reduced pressure by specialist enemies in the non-native range contributes to

invasion success 

Daniel

Mietchen 

18-01-2024

09:04:12

number of enemies of invasive species has smaller value than number of enemies

of native species 

Daniel

Mietchen 

18-01-2024

09:16:40

number of enemies of invasive species in its non-native range has smaller value

than number of enemies of invasive species in its native range 

Daniel

Mietchen 

18-01-2024

09:24:33

reduced pressure by enemies in the non-native range increases performance of

non-native species 

Daniel

Mietchen 

18-01-2024

09:28:36

absence of enemies in the non-native range contributes to invasion success Daniel

Mietchen 

18-01-2024

09:35:01

reduced pressure by enemies in the non-native range Daniel

Mietchen 

30-05-2023

09:25:02

6

http://rio.kpxl.org/RAi4qmpnVXPT0F8ZED_n5LfRMb-rewz5AMS0Ui82QU5N4
http://rio.kpxl.org/RAi4qmpnVXPT0F8ZED_n5LfRMb-rewz5AMS0Ui82QU5N4
https://orcid.org/0000-0001-9488-1870
https://orcid.org/0000-0001-9488-1870
http://rio.kpxl.org/RAvk92idktxKQP5jw4fS4Z1RHLz25qO1wY89xLPluozV8
http://rio.kpxl.org/RAvk92idktxKQP5jw4fS4Z1RHLz25qO1wY89xLPluozV8
https://orcid.org/0000-0001-9488-1870
https://orcid.org/0000-0001-9488-1870
http://rio.kpxl.org/RANh-JvcqEfNtczMNqafqvdrwVBFz0AyFM4YOAi9DOKzo
http://rio.kpxl.org/RANh-JvcqEfNtczMNqafqvdrwVBFz0AyFM4YOAi9DOKzo
https://orcid.org/0000-0001-9488-1870
https://orcid.org/0000-0001-9488-1870
http://rio.kpxl.org/RAz-mhk4nvDT6LpytlI66xZbyNn5dDu-n5p2asiPqHabo
http://rio.kpxl.org/RAz-mhk4nvDT6LpytlI66xZbyNn5dDu-n5p2asiPqHabo
https://orcid.org/0000-0001-9488-1870
https://orcid.org/0000-0001-9488-1870
http://rio.kpxl.org/RAj3R1PhqaKbZaHVtEEH_RUoESVS8kzKXRLTCLCSYQNE8
https://orcid.org/0000-0001-9488-1870
https://orcid.org/0000-0001-9488-1870
http://rio.kpxl.org/RAjqMrFC3phwV01qWR0Uz4lA4RvRUf68zKBc9RueSyM5A
http://rio.kpxl.org/RAjqMrFC3phwV01qWR0Uz4lA4RvRUf68zKBc9RueSyM5A
https://orcid.org/0000-0001-9488-1870
https://orcid.org/0000-0001-9488-1870
http://rio.kpxl.org/RAnq454ZDhdzll1bQ2vMfXTTS07fxBee69o1j5u5pc2zs
http://rio.kpxl.org/RAnq454ZDhdzll1bQ2vMfXTTS07fxBee69o1j5u5pc2zs
https://orcid.org/0000-0001-9488-1870
https://orcid.org/0000-0001-9488-1870
http://rio.kpxl.org/RA8TWQp9MJkDfCiI-Ffto96zHuGjmUZi4sWvS3U6Harys
http://rio.kpxl.org/RA8TWQp9MJkDfCiI-Ffto96zHuGjmUZi4sWvS3U6Harys
https://orcid.org/0000-0001-9488-1870
https://orcid.org/0000-0001-9488-1870
http://rio.kpxl.org/RA79vwGn_Jf10F3Nv_ITSDq-1bAmShco1x3dN54dCLRTU
http://rio.kpxl.org/RA79vwGn_Jf10F3Nv_ITSDq-1bAmShco1x3dN54dCLRTU
https://orcid.org/0000-0001-9488-1870
https://orcid.org/0000-0001-9488-1870
http://rio.kpxl.org/RAYfo5rEg_nYTAGXWWC3wlS_ypsKa5VUhZIX6NciKnlSo
http://rio.kpxl.org/RAYfo5rEg_nYTAGXWWC3wlS_ypsKa5VUhZIX6NciKnlSo
https://orcid.org/0000-0001-9488-1870
https://orcid.org/0000-0001-9488-1870
http://rio.kpxl.org/RAV8XhVQGWC8E25THzCIboS5PVwPq0A9fWNoLVvRg3a0A
https://orcid.org/0000-0001-9488-1870
https://orcid.org/0000-0001-9488-1870
http://rio.kpxl.org/RAH0b27BDPmQqpasBuRyEnC3_SzrWdWgrimjsRYKMvbm4
https://orcid.org/0000-0001-9488-1870
https://orcid.org/0000-0001-9488-1870


Conflicts of interest

The authors have declared that no competing interests exist.
Disclaimer: This article is (co-)authored by any of the Editors-in-Chief, Managing Editors
or their deputies in this journal.

References

• Agosti D, Benichou L, Addink W, Arvanitidis C, Catapano T, Cochrane G, Dillen M,

Döring M, Georgiev T, Gérard I, Groom Q, Kishor P, Kroh A, Kvaček J, Mergen P,

Mietchen D, Pauperio J, Sautter G, Penev L (2022) Recommendations for use of

annotations and persistent identifiers in taxonomy and biodiversity publishing. Research

Ideas and Outcomes 8 https://doi.org/10.3897/rio.8.e97374

• Bezemer TM, Harvey J, Cronin J (2014) Response of Native Insect Communities to

Invasive Plants. Annual Review of Entomology 59 (1): 119‑141. https://doi.org/10.1146/

annurev-ento-011613-162104

• Blackburn T, Dyer E, Su S, Cassey P (2015) Long after the event, or four things we

(should) know about bird invasions. Journal of Ornithology 156 (1): 15‑25. https://

doi.org/10.1007/s10336-015-1155-z

• Blakeslee AMH, Byers JE (2008) Using parasites to inform ecological history:

Comparisons among three congeneric marine snails. Ecology 89 (4): 1068‑1078. 

https://doi.org/10.1890/07-0832.1

• Blossey B, Nötzold R (1995) Evolution of increased competitive ability in invasive

nonindigenous plants: a hypothesis. Journal of Ecology 83: 887‑889. https://doi.org/

10.2307/2261425

• Blumenthal D (2006) Interactions between resource availability and enemy release in

plant invasion. Ecology Letters 9 (7): 887‑895. https://doi.org/10.1111/j.

1461-0248.2006.00934.x

• Brian J, Catford J (2023) A mechanistic framework of enemy release. Ecology Letters

26 (12): 2147‑2166. https://doi.org/10.1111/ele.14329

• Bucur C, Kuhn T, Ceolin D, van Ossenbruggen J (2021) Expressing High-Level

Scientific Claims with Formal Semantics. Proceedings of the 11th on Knowledge

Capture Conference https://doi.org/10.1145/3460210.3493561

• Catford JA, Jansson R, Nilsson C (2009) Reducing redundancy in invasion ecology by

integrating hypotheses into a single theoretical framework. Diversity and Distributions

15 (1): 22‑40. https://doi.org/10.1111/j.1472-4642.2008.00521.x

• Chiuffo MC, Moyano J, Policelli N, Torres A, Vitali A, Nunez MA, Rodriguez-Cabal MA

(2022) Importance of invasion mechanisms varies with abiotic context and plant invader

growth form. Journal of Ecology 110 (8): 1957‑1969. https://doi.org/

10.1111/1365-2745.13929

• Chun YJ, van Kleunen M, Dawson W (2010) The role of enemy release, tolerance and

resistance in plant invasions: linking damage to performance. Ecology Letters 13 (8):

937‑946. https://doi.org/10.1111/j.1461-0248.2010.01498.x

7

https://doi.org/10.3897/rio.8.e97374
https://doi.org/10.1146/annurev-ento-011613-162104
https://doi.org/10.1146/annurev-ento-011613-162104
https://doi.org/10.1007/s10336-015-1155-z
https://doi.org/10.1007/s10336-015-1155-z
https://doi.org/10.1890/07-0832.1
https://doi.org/10.2307/2261425
https://doi.org/10.2307/2261425
https://doi.org/10.1111/j.1461-0248.2006.00934.x
https://doi.org/10.1111/j.1461-0248.2006.00934.x
https://doi.org/10.1111/ele.14329
https://doi.org/10.1145/3460210.3493561
https://doi.org/10.1111/j.1472-4642.2008.00521.x
https://doi.org/10.1111/1365-2745.13929
https://doi.org/10.1111/1365-2745.13929
https://doi.org/10.1111/j.1461-0248.2010.01498.x


• Colautti R, Ricciardi A, Grigorovich I, MacIsaac H (2004) Is invasion success explained

by the enemy release hypothesis? Ecology Letters 7 (8): 721‑733. https://doi.org/

10.1111/j.1461-0248.2004.00616.x

• Daly E, Chabrerie O, Massol F, Facon B, Hess MM, Tasiemski A, Grandjean F, Chauvat

M, Viard F, Forey E, Folcher L, Buisson E, Boivin T, Baltora‐Rosset S, Ulmer R, Gibert

P, Thiébaut G, Pantel J, Heger T, Richardson D, Renault D (2023) A synthesis of

biological invasion hypotheses associated with the introduction–naturalisation–invasion

continuum. Oikos 2023 (5). https://doi.org/10.1111/oik.09645

• Doorduin L, Vrieling K (2010) A review of the phytochemical support for the shifting

defence hypothesis. Phytochemistry Reviews 10 (1): 99‑106. https://doi.org/10.1007/

s11101-010-9195-8

• Dunn AM (2009) Parasites and Biological Invasions. In: P. WJ (Ed.) Advances in

Parasitology, Vol 68. 68. 23 pp. [ISBN 0065-308X]. https://doi.org/10.1016/

s0065-308x(08)00607-6

• Enders M, Hütt M, Jeschke JM (2018) Drawing a map of invasion biology based on a

network of hypotheses. Ecosphere 9 (3). https://doi.org/10.1002/ecs2.2146

• Enders M, Havemann F, Ruland F, Bernard‐Verdier M, Catford J, Gómez‐Aparicio L,

Haider S, Heger T, Kueffer C, Kühn I, Meyerson L, Musseau C, Novoa A, Ricciardi A,

Sagouis A, Schittko C, Strayer D, Vilà M, Essl F, Hulme P, van Kleunen M, Kumschick

S, Lockwood J, Mabey A, McGeoch M, Palma E, Pyšek P, Saul W, Yannelli F, Jeschke J

(2020) A conceptual map of invasion biology: Integrating hypotheses into a consensus

network. Global Ecology and Biogeography 29 (6): 978‑991. https://doi.org/10.1111/geb.

13082

• González-Browne C, Murúa MM, Navarro L, Medel R (2016) Does Plant Origin

Influence the Fitness Impact of Flower Damage? A Meta-Analysis. Plos One 11 (1). 

https://doi.org/10.1371/journal.pone.0146437

• Halpern SL, Underwood N (2006) Approaches for testing herbivore effects on plant

population dynamics. Journal of Applied Ecology 43 (5): 922‑929. https://doi.org/

10.1111/j.1365-2664.2006.01220.x

• Hänfling B (2007) Understanding the establishment success of non-indigenous fishes:

lessons from population genetics. Journal of Fish Biology 71: 115‑135. https://doi.org/

10.1111/j.1095-8649.2007.01685.x

• Hawkes CV (2007) Are invaders moving targets? The generality and persistence of

advantages in size, reproduction, and enemy release in invasive plant species with time

since introduction. American Naturalist 170 (6): 832‑843. https://doi.org/10.1086/522842

• Heger T, Jeschke JM (2014) The enemy release hypothesis as a hierarchy of

hypotheses. Oikos 123 (6): 741‑750. https://doi.org/10.1111/j.1600-0706.2013.01263.x

• Heger T, Jeschke JM (2018) Enemy release hypothesis. Invasion biology: hypotheses

and evidence92‑102. https://doi.org/10.1079/9781780647647.0092

• Heger T (2022) What are ecological mechanisms? Suggestions for a fine-grained

description of causal mechanisms in invasion ecology. Biology & Philosophy 37 (2). 

https://doi.org/10.1007/s10539-022-09838-1

• Heger T, Zarrieß S, Algergawy A, Jeschke JM, König-Ries B (2022) INAS: Interactive

Argumentation Support for the Scientific Domain of Invasion Biology. Research Ideas

and Outcomes 8 https://doi.org/10.3897/rio.8.e80457

• Heger T, Mietchen D, Jeschke J (2024) Template for a Hypothesis Description paper.

Research Ideas and Outcomes 10 https://doi.org/10.3897/rio.10.e119808

8

https://doi.org/10.1111/j.1461-0248.2004.00616.x
https://doi.org/10.1111/j.1461-0248.2004.00616.x
https://doi.org/10.1111/oik.09645
https://doi.org/10.1007/s11101-010-9195-8
https://doi.org/10.1007/s11101-010-9195-8
https://doi.org/10.1016/s0065-308x(08)00607-6
https://doi.org/10.1016/s0065-308x(08)00607-6
https://doi.org/10.1002/ecs2.2146
https://doi.org/10.1111/geb.13082
https://doi.org/10.1111/geb.13082
https://doi.org/10.1371/journal.pone.0146437
https://doi.org/10.1111/j.1365-2664.2006.01220.x
https://doi.org/10.1111/j.1365-2664.2006.01220.x
https://doi.org/10.1111/j.1095-8649.2007.01685.x
https://doi.org/10.1111/j.1095-8649.2007.01685.x
https://doi.org/10.1086/522842
https://doi.org/10.1111/j.1600-0706.2013.01263.x
https://doi.org/10.1079/9781780647647.0092
https://doi.org/10.1007/s10539-022-09838-1
https://doi.org/10.3897/rio.8.e80457
https://doi.org/10.3897/rio.10.e119808


• Hierro JL, Maron JL, Callaway RM (2005) A biogeographical approach to plant

invasions: the importance of studying exotics in their introduced and native range.

Journal of Ecology 93 (1): 5‑15. https://doi.org/10.1111/j.0022-0477.2004.00953.x

• Hinz HL, Schwarzlaender M (2004) Comparing invasive plants from their native and

exotic range: What can we learn for biological Control? Weed Technology 18:

1533‑1541. https://doi.org/10.1614/0890-037X(2004)018[1533:CIPFTN]2.0.CO;2

• Jeschke JM, Gómez Aparicio L, Haider S, Heger T, Lortie C, Pyšek P, Strayer D (2012)

Support for major hypotheses in invasion biology is uneven and declining. NeoBiota 14:

1‑20. https://doi.org/10.3897/neobiota.14.3435

• Jeschke JM, Heger T, Kraker P, Schramm M, Kittel C, Mietchen D (2021) Towards an

open, zoomable atlas for invasion science and beyond. NeoBiota 68: 5‑18. https://

doi.org/10.3897/neobiota.68.66685

• Keane R, Crawley MJ (2002) Exotic plant invasions and the enemy release hypothesis.

Trends in Ecology & Evolution 17 (4): 164‑170. https://doi.org/10.1016/

s0169-5347(02)02499-0

• Kowarik I, Pyšek P (2012) The first steps towards unifying concepts in invasion ecology

were made one hundred years ago: revisiting the work of the Swiss botanist Albert

Thellung. Diversity and Distributions 18 (12): 1243‑1252. https://doi.org/10.1111/ddi.

12009

• Lamarque LJ, Delzon S, Lortie CJ (2011) Tree invasions: a comparative test of the

dominant hypotheses and functional traits. Biological Invasions 13 (9): 1969‑1989. 

https://doi.org/10.1007/s10530-011-0015-x

• Levine JM, Adler PB, Yelenik SG (2004) A meta-analysis of biotic resistance to exotic

plant invasions. Ecology Letters 7 (10): 975‑989. https://doi.org/10.1111/j.

1461-0248.2004.00657.x

• Liu H, Stiling P (2006) Testing the enemy release hypothesis: a review and meta-

analysis. Biological Invasions 8 (7): 1535‑1545. https://doi.org/10.1007/

s10530-005-5845-y

• Liu Y, Zheng YL, Jahn LV, Burns JH (2023) Invaders responded more positively to soil

biota than native or noninvasive introduced species, consistent with enemy escape.

Biological Invasions 25 (2): 351‑364. https://doi.org/10.1007/s10530-022-02919-y

• Lokatis S, Jeschke JM, Bernard‐Verdier M, Buchholz S, Grossart H, Havemann F,

Hölker F, Itescu Y, Kowarik I, Kramer‐Schadt S, Mietchen D, Musseau C, Planillo A,

Schittko C, Straka T, Heger T (2023) Hypotheses in urban ecology: building a common

knowledge base. Biological Reviews https://doi.org/10.1111/brv.12964

• Maron J, Vilà M (2001) When do herbivores affect plant invasion? Evidence for the

natural enemies and biotic resistance hypotheses. Oikos 95 (3): 361‑373. https://

doi.org/10.1034/j.1600-0706.2001.950301.x

• Meijer K, Schilthuizen M, Beukeboom L, Smit C (2016) A review and meta-analysis of

the enemy release hypothesis in plant-herbivorous insect systems. PeerJ 4 https://

doi.org/10.7717/peerj.2778

• Mietchen D, Jeschke J, Heger T (2024) Introducing Hypothesis Descriptions. Research

Ideas and Outcomes 10 https://doi.org/10.3897/rio.10.e119805

• Mitchell C, Power A (2003) Release of invasive plants from fungal and viral pathogens.

Nature 421 (6923): 625‑627. https://doi.org/10.1038/nature01317

• Mitchell C, Agrawal A, Bever J, Gilbert G, Hufbauer R, Klironomos J, Maron J, Morris W,

Parker I, Power A, Seabloom E, Torchin M, Vázquez D (2006) Biotic interactions and

9

https://doi.org/10.1111/j.0022-0477.2004.00953.x
https://doi.org/10.1614/0890-037X(2004)018%5B1533:CIPFTN%5D2.0.CO;2
https://doi.org/10.3897/neobiota.14.3435
https://doi.org/10.3897/neobiota.68.66685
https://doi.org/10.3897/neobiota.68.66685
https://doi.org/10.1016/s0169-5347(02)02499-0
https://doi.org/10.1016/s0169-5347(02)02499-0
https://doi.org/10.1111/ddi.12009
https://doi.org/10.1111/ddi.12009
https://doi.org/10.1007/s10530-011-0015-x
https://doi.org/10.1111/j.1461-0248.2004.00657.x
https://doi.org/10.1111/j.1461-0248.2004.00657.x
https://doi.org/10.1007/s10530-005-5845-y
https://doi.org/10.1007/s10530-005-5845-y
https://doi.org/10.1007/s10530-022-02919-y
https://doi.org/10.1111/brv.12964
https://doi.org/10.1034/j.1600-0706.2001.950301.x
https://doi.org/10.1034/j.1600-0706.2001.950301.x
https://doi.org/10.7717/peerj.2778
https://doi.org/10.7717/peerj.2778
https://doi.org/10.3897/rio.10.e119805
https://doi.org/10.1038/nature01317


plant invasions. Ecology Letters 9: 726‑740. https://doi.org/10.1111/j.

1461-0248.2006.00908.x

• Mitchell C, Blumenthal D, Jarosik V, Puckett E, Pysek P (2010) Controls on pathogen

species richness in plants' introduced and native ranges: roles of residence time, range

size and host traits. Ecology Letters 13 (12): 1525‑1535. https://doi.org/10.1111/j.

1461-0248.2010.01543.x

• Molleman F, Walczak U, Melosik I, Baraniak E, Piosik Ł, Prinzing A (2022) What Drives

Caterpillar Guilds on a Tree: Enemy Pressure, Leaf or Tree Growth, Genetic Traits, or

Phylogenetic Neighbourhood? Insects 13 (4). https://doi.org/10.3390/insects13040367

• Najberek K, Okarma H, Chmura D, Król W, Walusiak E, Solarz W (2019) Enemy

pressure exerted on alien and native plants may differ between montane and lowland

regions. Arthropod-Plant Interactions 14 (2): 275‑287. https://doi.org/10.1007/

s11829-019-09736-6

• Nunes K, Kotanen P (2018) Does local isolation allow an invasive thistle to escape

enemy pressure? Oecologia 188 (1): 139‑147. https://doi.org/10.1007/

s00442-018-4175-6

• Oduor AO, Gomez J, Strauss S (2010) Exotic vertebrate and invertebrate herbivores

differ in their impacts on native and exotic plants: a meta-analysis. Biological Invasions

12 (2): 407‑419. https://doi.org/10.1007/s10530-009-9622-1

• Papacostas KJ, Rielly-Carroll EW, Georgian SE, Long DJ, Princiotta SD, Quattrini AM,

Reuter KE, Freestone AL (2017) Biological mechanisms of marine invasions. Marine

Ecology Progress Series 565: 251‑268. https://doi.org/10.3354/meps12001

• Preston DL, Crone ER, Miller-ter Kuile A, Lewis CD, Sauer EL, Trovillion DC (2022)

Non-native freshwater snails: a global synthesis of invasion status, mechanisms of

introduction, and interactions with natural enemies. Freshwater Biology 67 (2): 227‑239.

https://doi.org/10.1111/fwb.13848

• Prior K, Powell TQ, Joseph A, Hellmann J (2015) Insights from community ecology into

the role of enemy release in causing invasion success: the importance of native enemy

effects. Biological Invasions 17 (5): 1283‑1297. https://doi.org/10.1007/

s10530-014-0800-4

• Reinhart KO, Callaway RM (2006) Soil biota and invasive plants. New Phytologist 170

(3): 445‑457. https://doi.org/10.1111/j.1469-8137.2006.01715.x

• Ren MX, Zhang QG (2009) The relative generality of plant invasion mechanisms and

predicting future invasive plants. Weed Research 49 (5): 449‑460. https://doi.org/

10.1111/j.1365-3180.2009.00723.x

• Roy HE, Handley LJL, Schoenrogge K, Poland RL, Purse BV (2011) Can the enemy

release hypothesis explain the success of invasive alien predators and parasitoids?

BioControl 56 (4): 451‑468. https://doi.org/10.1007/s10526-011-9349-7

• Silva AJ, Landreth A, Bickle J (2013) Engineering the Next Revolution in Neuroscience:

The New Science of Experiment Planning. Oxford University Press https://doi.org/

10.1093/acprof:oso/9780199731756.001.0001

• Sunny A, Diwakar S, Sharma GP (2015) Native insects and invasive plants encounters.

Arthropod-Plant Interactions 9 (4): 323‑331. https://doi.org/10.1007/s11829-015-9384-x

• Thellung A (1915) Pflanzenwanderungen unter dem Einfluß des Menschen. Beiblatt zu

den Botanischen Jahrbüchern 53 (116): 37‑66. [In German]. URL: https://

ia902305.us.archive.org/15/items/Bot-Jber-Syst-Pflanzengesch-

10

https://doi.org/10.1111/j.1461-0248.2006.00908.x
https://doi.org/10.1111/j.1461-0248.2006.00908.x
https://doi.org/10.1111/j.1461-0248.2010.01543.x
https://doi.org/10.1111/j.1461-0248.2010.01543.x
https://doi.org/10.3390/insects13040367
https://doi.org/10.1007/s11829-019-09736-6
https://doi.org/10.1007/s11829-019-09736-6
https://doi.org/10.1007/s00442-018-4175-6
https://doi.org/10.1007/s00442-018-4175-6
https://doi.org/10.1007/s10530-009-9622-1
https://doi.org/10.3354/meps12001
https://doi.org/10.1111/fwb.13848
https://doi.org/10.1007/s10530-014-0800-4
https://doi.org/10.1007/s10530-014-0800-4
https://doi.org/10.1111/j.1469-8137.2006.01715.x
https://doi.org/10.1111/j.1365-3180.2009.00723.x
https://doi.org/10.1111/j.1365-3180.2009.00723.x
https://doi.org/10.1007/s10526-011-9349-7
https://doi.org/10.1093/acprof:oso/9780199731756.001.0001
https://doi.org/10.1093/acprof:oso/9780199731756.001.0001
https://doi.org/10.1007/s11829-015-9384-x
https://ia902305.us.archive.org/15/items/Bot-Jber-Syst-Pflanzengesch-Pflanzengeogr-53-1037-1066/Bot-Jber-Syst-Pflanzengesch-Pflanzengeogr-53-1037-1066.pdf
https://ia902305.us.archive.org/15/items/Bot-Jber-Syst-Pflanzengesch-Pflanzengeogr-53-1037-1066/Bot-Jber-Syst-Pflanzengesch-Pflanzengeogr-53-1037-1066.pdf


Pflanzengeogr-53-1037-1066/Bot-Jber-Syst-Pflanzengesch-

Pflanzengeogr-53-1037-1066.pdf

• Torchin M, Lafferty K, Dobson A, McKenzie V, Kuris A (2003) Introduced species and

their missing parasites. Nature 421 (6923): 628‑630. https://doi.org/10.1038/

nature01346

• Warren RJ, Noezil S, Mokadam C (2021) Non-native plants rarely provide suitable

habitat for native gall-inducing species. Biodiversity and Conservation 30 (10):

2797‑2805. https://doi.org/10.1007/s10531-021-02222-7

• Zhang ZJ, Pan XY, Blumenthal D, van Kleunen M, Liu M, Li B (2018) Contrasting effects

of specialist and generalist herbivores on resistance evolution in invasive plants.

Ecology 99 (4): 866‑875. https://doi.org/10.1002/ecy.2155

11

https://ia902305.us.archive.org/15/items/Bot-Jber-Syst-Pflanzengesch-Pflanzengeogr-53-1037-1066/Bot-Jber-Syst-Pflanzengesch-Pflanzengeogr-53-1037-1066.pdf
https://ia902305.us.archive.org/15/items/Bot-Jber-Syst-Pflanzengesch-Pflanzengeogr-53-1037-1066/Bot-Jber-Syst-Pflanzengesch-Pflanzengeogr-53-1037-1066.pdf
https://doi.org/10.1038/nature01346
https://doi.org/10.1038/nature01346
https://doi.org/10.1007/s10531-021-02222-7
https://doi.org/10.1002/ecy.2155


Name Year Definition Reference 

Enemy

release

hypothesis

2024 "A reduced pressure by enemies in the non-native range contributes to

invasion success"

This publication

Enemy

release

hypothesis

2023 “Non-native species may rapidly increase in abundance and distribution

due to enemy release: the absence, or reduction, of regulation by natural

enemies”

Daly et al. (2023),

p. 6, based on 

Keane and

Crawley (2002)

Enemy

reduction

2020 “The partial release of enemies in the exotic range is a cause of invasion

success”

Enders et al.

(2018), p. 981,

based on Colautti

et al. (2004)

Enemy

release

hypothesis

2012 “The absence of enemies in the exotic range is a cause of invasion

success”

Jeschke et al.

(2012), p. 3

Enemy

release

hypothesis

2009 "Upon entry into a new range, invader loses its natural enemies

(herbivores, pathogens) that limit its population size in its home (native)

range."

Catford et al.

(2009) 

Enemy

release

hypothesis

2002 “plant species, on introduction to an exotic region, should experience a

decrease in regulation by herbivores and other natural enemies,

resulting in an increase in distribution and abundance”

Keane and

Crawley (2002), p.

164

Natural

enemies

hypothesis

2001 "release from specialist natural enemies (herbivores and pathogens)

enables exotics to become abundant in their new range. "

Maron and Vilà

(2001), p. 362

N/A 1915 Original: “Die starke Ausbreitung neu eingeschleppter Pflanzen hängt

meistens damit zusammen, daß nicht nur ihre natürlichen Konkurrenten,

die in einer für das Gleichgewicht der Flora und Vegetation sehr

förderlichen Weise das starke Überhandnehmen einer einzelnen Art

verhindern, in dem neuen Gebiete fehlen, sondern häufig auch gewisse

Feinde”

Our translation: "The spread of newly introduced plants is usually due to

the absence in the new area not only of their natural competitors, which,

in a way that is very beneficial for the balance of flora and vegetation,

prevents the strong proliferation of a single species, but often also of

certain enemies."

Thellung (1915),

p. 62 

Table 1. 

Different definitions of the ERH, ordered according to the date when they were suggested. The

topmost line gives a new suggestion for a revised definition.
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Subject Relationship Object Type of

hypothesis 

Based on Identifier(s) 

reduced pressure by

enemies in the non-native

range

contributes to invasion success causal This

publication

Q122204692

reduced per capita effect

of enemies on  species in

the non-native range

increases population-level

performance of non-

native species

causal Brian and

Catford 2023 

Q124251906

changed richness and

abundance of enemies in

the non-native range

increases population-level

performance of non-

native species

causal Brian and

Catford 2023 

Q124288192

adaptation in response to

enemy release in the

non-native range

increases population-level

performance of non-

native species

causal Brian and

Catford 2023 

Q124288203

transport to non-native

range

decreases number of enemies  causal Heger and

Jeschke

(2018) 

Q124288494

reduced pressure by

generalist enemies in the

non-native range

contributes to invasion success causal Heger and

Jeschke

(2018) 

Q124288495

reduced pressure by

specialist enemies in the

non-native range

contributes to  invasion success causal Heger and

Jeschke

(2018) 

Q124288498

number of enemies of

invasive species

has smaller

value than

number of enemies of

native species 

comparative Heger and

Jeschke

(2014) 

Q118696022

number of enemies of

invasive species in its

non-native range

has smaller

value than

number of enemies of

invasive species in its

native range

comparative Heger and

Jeschke

(2014) 

Q124288505

reduced pressure by

enemies in the non-native

range

increases performance of non-

native species

causal Heger and

Jeschke

(2014) 

Q124288510

absence of enemies in

the non-native range

contributes to invasion success causal Jeschke et al.

(2012) 

Q124288516

Table 2. 

Formalized  representation  of  variants  of  the  enemy  release  hypothesis.  For  each  variant,  a

Wikidata identifier is given in the table, and a nanopublication is provided in the Nanopublications

section  and  linked  from the  corresponding  Wikidata  item.  To  enable  these  formalizations,  the

underlying concepts need to be expressable in some formalized way as well. In most cases, this

was  done  via  Wikidata,  but  this  is  not  necessary;  to  demonstrate  this,  the  concept  "reduced

pressure by enemies in the non-native range" was also formalized via a nanopublication (the  last

one in the Nanopublications section).
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