
 

 

 University of Groningen

Soil microbial invasions
Mallon, Cyrus Alexander

IMPORTANT NOTE: You are advised to consult the publisher's version (publisher's PDF) if you wish to cite from
it. Please check the document version below.

Document Version
Publisher's PDF, also known as Version of record

Publication date:
2015

Link to publication in University of Groningen/UMCG research database

Citation for published version (APA):
Mallon, C. A. (2015). Soil microbial invasions: Patterns, mechanisms, and impacts garnered from
Escherichia coli invasions into soil. [Thesis fully internal (DIV), University of Groningen]. University of
Groningen.

Copyright
Other than for strictly personal use, it is not permitted to download or to forward/distribute the text or part of it without the consent of the
author(s) and/or copyright holder(s), unless the work is under an open content license (like Creative Commons).

The publication may also be distributed here under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license.
More information can be found on the University of Groningen website: https://www.rug.nl/library/open-access/self-archiving-pure/taverne-
amendment.

Take-down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

Downloaded from the University of Groningen/UMCG research database (Pure): http://www.rug.nl/research/portal. For technical reasons the
number of authors shown on this cover page is limited to 10 maximum.

Download date: 23-05-2023

https://research.rug.nl/en/publications/0a1d8286-a1b7-4ba8-84d0-f50579ce982c


ENGLISH 
SUMMARY
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Biological invasions were until recently synonymous only with macroorganisms 
due to the long held belief that anything smaller than one millimeter was homog-
enously distributed on Earth and lacked an indigenous territory. However, the 
advent of high-throughput DNA sequencing technology and subsequent detailed 
characterization of microbes from environmental samples revealed that organisms 
inconspicuous to our naked eye could indeed exhibit biogeographical patterns. 
The fall of this conceptual barrier, paired with increasing reports of non-indige-
nous microbes spotted in foreign environments, has opened the door to a new 
perspective of life at the small-scale: microbial invasions.

This book opens with a compilation of what is currently known about 
microbial invasions. Using invasion theory from higher organisms as a 
guide, a simple yet powerful framework postulates that microbial invasions 
are a process of (i) introduction, (ii) establishment, (iii) spread, and (iv) 
impact. Microbiostasis, used to describe the inherent invasion resistance of 
microbial communities, is found to act as a barrier between the establish-
ment and spread phases. Further synthesis also reveals that the strength of 
this the biotic resistance mechanism is dependent upon the diversity of the 
microbial community and amount of available resources.

The following chapters describe a detailed examination of the pat-
terns and mechanisms of a microbial invasion. In a model system using 
the invasion of a non-pathogenic derivative of the bacterium Escherichia 
coli O157:H7 into soil communities, microbial community diversity is 
manipulated either by the dilution-to-extinction method or the assem-
blage approach in order to study the effects of diversity on invasion. In the 
dilution-to-extinction method, natural soil dilutions are inoculated into 
a matrix of sterile soil to create a diversity gradient mimicking the high 
diversity of natural communities. In the assemblage approach, pure bacte-
rial strains are assembled in various levels of richness and composition to 
obtain a less diverse, yet more controlled and calculated, gradient. Across 
both of these gradients, E. coli survival is indicative of the oft-cited “diver-
sity-invasion effect,” whereby invader survival is higher in lower diverse 
communities and vice versa.

These observed patterns are well predicted by the novel metrics: “com-
munity niche” and “remaining niche available to the invader.” These 
quantifications are a unique way to measure resource use based on the com-
petitive abilities of all individuals in the community (in the case of community 
niche) and the level of competition between the invader and residents (in the 
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case of the remaining niche available to the invader). As community niche 
increases, invasion decreases. At the same time, the remaining niche available 
to the invader will also decrease, indicating that competition for resources is 
a major mechanism promoting invasion resistance. Nonetheless, a linchpin 
of the diversity-invasion relationship is a low availability of resources, and 
resource pulses into select communities from the assembled gradient cause 
E. coli to rebound to near inoculation levels, even in when diversity is high.

Beyond the mechanism of resistance, the question remains whether—and, 
if so, how—an invasion impacts the resident microbial community. Using the 
dilution-to-extinction approach, these questions are answered by measuring 
four bacterial- and community-associated parameters before and after invasion: 
(i) alpha diversity, (ii) taxonomic structure, (iii) niche breadth, and (iv) niche 
structure. Despite the fact that E. coli’s invasion is never successful, impacts 
still occur. Invasion slightly increases alpha diversity and significantly shifts 
taxonomic structure. In a similar fashion, the niche breadth and niche structure 
within communities also shift. Interestingly, these alterations of taxonomic and 
niche structure are linked, and the emergence of previously rare or subordinate 
taxa that appear upon invasion account for the emergence of newly utilized 
niches. This behavior underscores the dynamic and unique nature of micro-
bial invasions, which future experiments may also show modifies the invasion 
resistance mechanism and community functioning.

In an attempt to better understand why some communities use resources 
more efficiently than others, the experimental portion of this thesis con-
cludes with examining resource use. The particular focus is examining the 
growth of several pure and isolated soil bacteria, each grown alone or in 
co-culture with E. coli. These experiments reveal that E. coli forms syner-
gistic and emergent relationships with several bacterial species, including 
Microbacterium foliorum and Collimonas arenae whose relationships with E. 
coli were tested in detail. These associations can improve the performance 
of both strains together (synergism) or trigger the activation of a particular 
function that neither strain could perform alone (emergence).

Besides helping to reveal the patterns, mechanisms, and general prin-
ciples of a phenomenon that has long existed but only recently discovered, 
these discoveries have the potential to aid many practical applications where 
the manipulations of microbial invasions are key. Such scenarios include 
the treatment of human pathogens, the effectiveness of probiotics, and the 
survival of biocontrol and biofertilizing agents.




