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Secondary invasion re-redefined: The distinction between
invader-facilitated and invader-contingent invasions as

subclasses of secondary invasion

In their recent article in Ecology and Evolution, O’Loughlin and Green
(2017) set out to (1) redefine the term secondary invasion as the con-
dition “when invader success is contingent on other invaders altering
the properties of recipient ecosystems” and (2) propose a framework
for accounting for this phenomenon in invasion ecology. We applaud
the second objective. However, redefining the term secondary in-
vasion in the very narrow manner they propose is problematic and
unfounded. Here, we establish that secondary invasion represents
a broad range of phenomena that encompasses invader-facilitated
invasions of which the condition described by O’Loughlin and Green,
invader-contingent invasions, is a special case. We further demon-
strate how recognizing these distinctions and applying these defini-
tions in this manner expands the applicability of the framework they
propose for thinking about facilitation in invasion ecology.
O’Loughlin and Green based their definition of secondary inva-
sion on precedence. They reviewed the use of “secondary invasion”
based on a literature search for this term in titles, abstracts, or key-
words of ecologically oriented scientific publications and stated that
“The first usage of the term in a broadly ecological context was by
Wicklow, Bennett, and Shotwell (1987) to describe plant-pathogen
dynamics in soybeans, where one fungal pathogen could only affect
crops already infected by a different fungal pathogen (Wicklow,
Bennett, & Shotwell, 1987).” Based on this precedence, they advo-
cate for “the very narrow use of the term” as “the phenomenon in
which invasion success of one exotic species (the secondary invader)
is completely contingent on the presence, influence and impact of
one or more other exotic species (primary invaders).” Firstly, prece-
dence alone is not sufficient justification for defining scientific no-
menclature (e.g., Gould & Vrba, 1982). Secondly, the approach they
took in establishing the precedence of usage was arbitrary as the
term secondary invasion has been used by many authors prior to
Wicklow, Bennett, and Shotwell (1987) in a variety of ecological con-
texts. A simple Google Scholar search for published papers that use
the terms “ecology” and “secondary invasion” anywhere in the arti-
cle demonstrates that secondary invasion has been used hundreds
of times up to the publication of Wicklow, Bennett, and Shotwell
(1987) and in a broader range of ecological contexts than that out-
lined by O’Loughlin and Green in their table 1. The most common
usage up to 1987 aside from that of Wicklow, Bennett, and Shotwell

(1987) is its application to successional ecology (e.g., Bormann, 1953;
Brown, 1953; Carleton & Maycock, 1978; Faegri, 1937; Humphrey,
1958; Kormondy, 1969; Michelmore, 1939).

While the usage of this term in disease ecology is certainly legit-
imate and could be arguably applied to invasion ecology in the man-
ner proposed by O’Loughlin and Green, we suggest that its usage in
successional ecology provides a more fitting parallel for its application
to invasion ecology because of the broader functionality of the term
and range of underlying processes addressed. In the context of suc-
cessional ecology, secondary invasion has been used in reference to
the sequence of arrival of newcomers within and among successional
seres. In succession theory, sequential arrival of new,comers is most
often not obligatorily facilitated by prior arrivals (sensu Gleason, 1926),
although of course, prior arrivals may alter conditions in ways that do
facilitate later arrivals (sensu Clements, 1916) and in some cases, such
processes may involve obligatory facilitation (e.g., Turner, 1983), al-
though this is probably not common (Connell & Slatyer, 1977). These
ideas provide direct parallels to facilitation in invasion ecology as out-
lined below.

O’Loughlin and Green’s Venn diagram in figure 2 and community
interaction web in figure 3 layout pathways by which a primary invader
may facilitate other invaders by altering components of the recipient
ecosystem in ways that benefit the secondary invader or by provid-
ing new ecosystem components that directly benefit the secondary
invader. This framework is certainly valuable for thinking about how
some invaders may facilitate other invaders. However, the processes
and value of the framework are by no means limited to the type of
obligatory facilitation emphasized by the authors, wherein secondary
invasion is “completely contingent” on the primary invader. In fact, the
obligatory facilitation that they describe is likely such a rare case of
invader-facilitated invasion that applying this framework to only this
situation negates the broader value of the ideas proposed. The au-
thors provide many examples of invader-facilitated invasions in de-
scribing their framework, but their review generated only two cases
that may actually meet the stringent criteria of secondary invaders
being obligatorily facilitated by a primary invader (i.e., Grosholz et al.,
2000; O’Dowd, Green, & Lake, 2003). While many invaders may fa-
cilitate secondary invasions and invaders that are strong mutualists
and ecosystem engineers may in some cases open doors to secondary
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invaders that were otherwise so tightly closed as to preclude entry
(e.g., Grosholz et al., 2000; O'Dowd et al., 2003), the bulk of the cases
of invader-facilitated invasions are arguably examples of primary in-
vaders (or even concurrent or later invaders) facilitating other invaders
that were not excluded from the system (e.g., Flory & Bauer, 2014;
see also examples in Kuebbing & Nuiez, 2015; O’Loughlin & Green,
2017; Simberloff, 2006; Simberloff & Von Holle, 1999; White, Wilson,
& Clarke, 2006). A general finding from invasion ecology is that most
communities are open to invasion (Callaway & Maron, 2006), and
there are surprisingly few examples of invaders that are physiologi-
cally capable of establishing in a system but are otherwise completely
excluded (Mack, 1996).

The fact that obligatory facilitation may be rare is no reason to
ignore it, and we agree that highlighting this process may inspire
further study that unveils additional interesting and informative ex-
amples. However, co-opting a generic term that explains a range
of processes for the purpose of explaining one special case of that
broader set of processes is counterproductive. Invader-contingent in-
vasions are a special case of invader-facilitated invasions. Accordingly,
the framework proposed by O’Loughlin and Green is a valuable one if
it is applied to account for invader-facilitated invasions as the more
general case where invaders facilitate other invaders that are not oth-
erwise excluded from the system, and it treats invader-contingent
invasions as a special case of the latter. Hence, we suggest that the
terms invader-facilitated invasion and invader-contingent invasion be
adopted to describe these cases of secondary invasion.

The term secondary invasion has been applied very broadly
in ecology to refer to sequential invasion events in successional
ecology (e.g., Bormann, 1953; Brown, 1953; Carleton & Maycock,
1978; Faegri, 1937; Kormondy, 1969), evolutionary and paleoecol-
ogy ecology (e.g., Coulson, Marshall, Pepin, & Carr, 2006; Pramuk,
Robertson, Sites, & Noonan, 2008; Vanzolini, 1968), and inva-
sion ecology (e.g., Albaina et al., 2016; Baldwin, Carpenter, Rury,
& Woodward, 2012; Dietz & Edwards, 2006; Pearson, Ortega,
Runyon, & Butler, 2016; Root, 1964). Its use in disease ecology (e.g.,
Wicklow, Bennett, & Shotwell, 1987) represents a special case of
these broader classes of secondary invasion. We suggest that nar-
rowly defining such a generic term is unwarranted. Many biotic and
abiotic factors may influence the sequence of invasion events and
allowing for this diverse range of processes is fundamental to their
study. Recognizing these broader applications of this term can be
readily accounted for by identifying the specific types of second-
ary invasion being studied, such as invader-contingent secondary

invasion.

FUNDING INFORMATION

This work was supported by funding from the Rocky Mountain
Research Station, USDA Forest Service.

CONFLICT OF INTEREST

None declared.

AUTHOR CONTRIBUTIONS

DP developed the initial draft. YK, JR, and JB critically contributed to
the draft. All authors gave final approval for publication.

ORCID

Dean E. Pearson http://orcid.org/0000-0001-7623-2498

Keywords
biological invasion, reinvasion, secondary invasion, weed
management, weed treadmill

Dean E. Pearson'?

Yvette K. Ortega1

Justin Runyon3

Jack L. Butler?

*Rocky Mountain Research Station, USDA Forest Service, Missoula, MT,
USA

2Division of Biological Sciences, University of Montana, Missoula, MT,
USA

3Rocky Mountain Research Station, USDA Forest Service, Bozeman,
MT, USA

“Rocky Mountain Research Station, USDA Forest Service, Rapid City,
SD, USA

Correspondence
Dean E. Pearson, Rocky Mountain Research Station, USDA Forest
Service, Missoula, MT, USA.

Email: dpearson@fs.fed.us

REFERENCES

Albaina, A., Uriarte, I., Aguirre, M., Abad, D., Iriarte, A., Villate, F., &
Estonba, A.(2016). Insights on the origin of invasive copepods coloniz-
ing Basque estuaries; a DNA barcoding approach. Marine Biodiversity
Records, 9, 51. https://doi.org/10.1186/s41200-016-0045-2

Baldwin, B. S., Carpenter, M., Rury, K., & Woodward, E. (2012). Low
dissolved ions may limit secondary invasion of inland waters by
exotic round gobies and dreissenid mussels in North America.
Biological Invasions, 14, 1157-1175. https://doi.org/10.1007/
s10530-011-0146-0

Bormann, F. H. (1953). Factors determining the role of loblolly pine and
sweetgum in early old-field succession in the Piedmont of North Carolina.
Ecological Monographs, 23, 339-358. https://doi.org/10.2307/1948624

Brown, D. M. (1953). Conifer transplants to a grassy bald on Roan
Mountain. Ecology, 34, 614-617. https://doi.org/10.2307/1929732

Callaway, R. M., & Maron, J. L. (2006). What have exotic plant invasions
taught us over the past 20 years? Trends in Ecology & Evolution, 21,
369-374. https://doi.org/10.1016/j.tree.2006.04.008

Carleton, T. J., & Maycock, P. F. (1978). Dynamics of the boreal forest
south of James Bay. Canadian Journal of Botany, 56(9), 1157-1173.
https://doi.org/10.1139/b78-130

Clements, F. E. (1916). Plant succession: An analysis of the development
of vegetation (No. 242). Washington, DC: Carnegie Institution of
Washington. https://doi.org/10.5962/bhl.title.56234

Connell, J. H., & Slatyer, R. O. (1977). Mechanisms of succession in
natural communities and their role in community stability and


http://orcid.org/0000-0001-7623-2498
http://orcid.org/0000-0001-7623-2498
http://orcid.org/0000-0001-7623-2498
mailto:dpearson@fs.fed.us
https://doi.org/10.1186/s41200-016-0045-2
https://doi.org/10.1007/s10530-011-0146-0
https://doi.org/10.1007/s10530-011-0146-0
https://doi.org/10.2307/1948624
https://doi.org/10.2307/1929732
https://doi.org/10.1016/j.tree.2006.04.008
https://doi.org/10.1139/b78-130
https://doi.org/10.5962/bhl.title.56234

LETTER TO THE EDITOR

organization. The American Naturalist, 111, 1119-1144. https://doi.
org/10.1086/283241

Coulson, M. W., Marshall, H. D., Pepin, P, & Carr, S. M. (2006).
Mitochondrial genomics of gadine fishes: Implications for taxonomy
and biogeographic origins from whole-genome data sets. Genome,
49,1115-1130. https://doi.org/10.1139/g06-083

Dietz, H., & Edwards, P. J. (2006). Recognition that causal processes
change during plant invasion helps explain conflicts in evidence.
Ecology, 87, 1359-1367. https://doi.org/10.1890/0012-9658(2006)8
7[1359:RTCPCD]2.0.CO;2

Faegri, K. (1937). Some recent publications on phytogeography in
Scandinavia. Botanical Review, 3, 425-456. https://doi.org/10.1007/
BF02870310

Flory, S. L., & Bauer, J. T. (2014). Experimental evidence for indirect facil-
itation among invasive plants. Journal of Ecology, 102, 12-18. https://
doi.org/10.1111/1365-2745.12186

Gleason, H. A. (1926). The individualistic concept of the plant asso-
ciation. Bulletin of the Torrey Botanical Club, 53, 7-26. https://doi.
org/10.2307/2479933

Gould, S. J., & Vrba, E. S. (1982). Exaptation—A missing term in the
science of form. Paleobiology, 8, 4-15. https://doi.org/10.1017/
50094837300004310

Grosholz, E. D., Ruiz, G. M., Dean, C. A,, Shirley, K. A,, Maron, J. L., &
Connors, P. G. (2000). The impacts of a nonindigenous marine
predator in a California bay. Ecology, 81, 1206-1224. https://doi.
org/10.1890/0012-9658(2000)081[1206:TIOANM]2.0.CO;2

Humphrey, R. R. (1958). The desert grassland a history of vegetational
change and an analysis of causes. Botanical Review, 24, 193-252.
https://doi.org/10.1007/BF02872568

Kormondy, E. J. (1969). Comparative ecology of sandspit ponds. American
Midland Naturalist, 82, 28-61. https://doi.org/10.2307/2423816

Kuebbing, S. E., & Nufiez, M. A. (2015). Negative, neutral, and positive
interactions among nonnative plants: Patterns, processes, and man-
agement implications. Global Change Biology, 21, 926-934. https://
doi.org/10.1111/gch.12711

Mack, R. N. (1996). Predicting the identity and fate of plant invaders:
Emergent and emerging approaches. Biological Conservation, 78, 107-
121. https://doi.org/10.1016/0006-3207(96)00021-3

Fcology and Evolution o 5187
& WILEY- 2

Michelmore, A. P. G. (1939). Observations on tropical African grasslands.
TheJournalof Ecology, 27,282-312. https://doi.org/10.2307/2256360

O’'Dowd, D. J., Green, P. T., & Lake, P. S. (2003). Invasional ‘meltdown’
on an oceanic island. Ecology Letters, 6, 812-817. https://doi.
org/10.1046/j.1461-0248.2003.00512.x

O’Loughlin, L. S., & Green, P. T. (2017). Secondary invasion: When inva-
sion success is contingent on other invaders altering the properties
of recipient ecosystems. Ecology and Evolution, 7(19), 7628-7637.
https://doi.org/10.1002/ece3.3315

Pearson, D. E., Ortega, Y. K., Runyon, J., & Butler, J. (2016). Secondary in-
vasion: The bane of weed management. Biological Conservation, 197,
8-17. https://doi.org/10.1016/j.biocon.2016.02.029

Pramuk, J. B., Robertson, T., Sites, J. W., & Noonan, B. P. (2008). Around
the world in 10 million years: Biogeography of the nearly cosmopol-
itan true toads (Anura: Bufonidae). Global Ecology and Biogeography,
17,72-83.

Root, R. B. (1964). Ecological interactions of the Chestnut-backed
Chickadee following a range extension. Condor, 66,229-238. https://
doi.org/10.2307/1365648

Simberloff, D. (2006). Invasional meltdown 6 years later: Important phe-
nomenon, unfortunate metaphor, or both? Ecology Letters, 9, 912-
919. https://doi.org/10.1111/j.1461-0248.2006.00939.x

Simberloff, D., & Von Holle, B. (1999). Positive interactions of nonindig-
enous species: Invasional meltdown? Biological Invasions, 1, 21-32.
https://doi.org/10.1023/A:1010086329619

Turner, T. (1983). Facilitation as a successional mechanism in a rocky in-
tertidal community. The American Naturalist, 121, 729-738. https://
doi.org/10.1086/284098

Vanzolini, P. E. (1968). Geography of the South American Gekkonidae
(Sauria). Arquivos de Zoologia, 17, 85-112. https://doi.org/10.11606/
issn.2176-7793.v17i2p85-112

Wicklow, D. T., Bennett, G. A., & Shotwell, O. L. (1987). Secondary inva-
sion of soybeans by Fusarium graminearum and resulting mycotoxin
contamination. Plant Disease, 71(12), 1146.

White, E. M., Wilson, J. C., & Clarke, A. R. (2006). Biotic indirect effects:
A neglected concept in invasion biology. Diversity Distributions, 12,
443-455, https://doi.org/10.1111/j.1366-9516.2006.00265.x


https://doi.org/10.1086/283241
https://doi.org/10.1086/283241
https://doi.org/10.1139/g06-083
https://doi.org/10.1890/0012-9658(2006)87[1359:RTCPCD]2.0.CO;2
https://doi.org/10.1890/0012-9658(2006)87[1359:RTCPCD]2.0.CO;2
https://doi.org/10.1007/BF02870310
https://doi.org/10.1007/BF02870310
https://doi.org/10.1111/1365-2745.12186
https://doi.org/10.1111/1365-2745.12186
https://doi.org/10.2307/2479933
https://doi.org/10.2307/2479933
https://doi.org/10.1017/S0094837300004310
https://doi.org/10.1017/S0094837300004310
https://doi.org/10.1890/0012-9658(2000)081[1206:TIOANM]2.0.CO;2
https://doi.org/10.1890/0012-9658(2000)081[1206:TIOANM]2.0.CO;2
https://doi.org/10.1007/BF02872568
https://doi.org/10.2307/2423816
https://doi.org/10.1111/gcb.12711
https://doi.org/10.1111/gcb.12711
https://doi.org/10.1016/0006-3207(96)00021-3
https://doi.org/10.2307/2256360
https://doi.org/10.1046/j.1461-0248.2003.00512.x
https://doi.org/10.1046/j.1461-0248.2003.00512.x
https://doi.org/10.1002/ece3.3315
https://doi.org/10.1016/j.biocon.2016.02.029
https://doi.org/10.2307/1365648
https://doi.org/10.2307/1365648
https://doi.org/10.1111/j.1461-0248.2006.00939.x
https://doi.org/10.1023/A:1010086329619
https://doi.org/10.1086/284098
https://doi.org/10.1086/284098
https://doi.org/10.11606/issn.2176-7793.v17i2p85-112
https://doi.org/10.11606/issn.2176-7793.v17i2p85-112
https://doi.org/10.1111/j.1366-9516.2006.00265.x

