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I. Introduction
Ecology is the study of interactions between 
living organisms, and between living organ-
isms and nonliving elements of their envi-
ronment. Classic descriptions of ecology 
identify these interactions as happening at 
the ecosystem level, community level, or 
within populations.1 And yet, ecological 
interactions are also very much occurring at 
the microbial level—between microbes and 
their host environments, between different 
species of microbes, as well as within same-
species microbial populations.2 Therefore, 
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there is value in exploring how macroecological prin
ciples can shed light on microecological interactions 
and vice versa. 

Recently, advances have been made to better appre-
ciate the intimate connection between environmen-
tal health and human health. These insights continue 
to be explored under the emerging fields of “Health 
Ecology”3 and “One Health.”4 However, most consid-
erations of this human-environment relationship fall 
short in appreciating the myriad interactions occur-
ring between microbial species concurrent with larger 
organisms, including humans. “Macroecologists” and 
“microecologists” rarely interact when it comes to 
human or ecosystem health. This gap is exacerbated by 
exclusively relegating species as either microscopic or 
macroscopic; this is a false and somewhat damaging 
dichotomy.5 Although the discipline of ecology arose 
from considering macrobiological interactions,6 allow-
ing ecological principles to be applied expansively over 
all life forms broadens our understanding of interac-
tions that are happening at a microbial level. As we will 
discuss, we have found that applying ecological princi-
ples to microbial ecosystems illuminates the importance 
of cultivating healthy microbial interactions for promot-
ing the health of macrobiological populations, commu-
nities, and ecosystems. 

This article reports on some micro- and macroecological 
insights that have emerged from interactions between 
Calvin University professors Dave Warners, a botanist 
who specializes in restoration ecology, and John Wertz, 
a microbiologist who specializes in microbial ecology. 
In December of 2011 Dave received a knee replacement, 
which six months later needed to be removed due to an 
infection. Multiple problems and subsequent infections 
ensued. 

During the succeeding years of health struggles, Dave 
was well supported by his departmental colleagues at 
Calvin University. In particular, John provided con-
sistent insight, counsel, and encouragement. Through 
numerous discussions over the years, these friends 
came to appreciate multiple areas of overlapping con-
ceptual resonance between their two subdisciplines. 
New insights were gained when each scientist consid-
ered their subdiscipline through the lens of the other. 

This article represents further development of the recip-
rocal understandings that emerged from their inter
actions, with fresh insights these conversations elicited 
for how we can better care for all of God’s expansive 
creation.

II. Micro- and Macroecological Insights 
into Human and Environmental Health
A. Species out of place can cause significant 

problems
In June 2012, six months after his initial knee replacement, 
Dave woke up one morning feeling nauseous with a swollen, 
inflamed, and painful knee. The cause was Staphylococcus 
aureus, a common bacterial member of many people’s nasal 
passages that can cause serious disease outside the context 
of the nose. Surgery was needed to remove the implants, 
which had been colonized and overwhelmed by the bacte-
rium. Several weeks of antibiotics were administered, after 
which a subsequent replacement was performed. In 2020, 
a  third replacement was needed because the components 
had loosened. Seven months after this most recent replace-
ment, another infection suddenly arose in Dave’s knee, this 
one caused by Granulicatella adiacens, a bacterium that 
is a normal constituent of most people’s mouths and gastro
intestinal microbiome.

A common misconception is that the word symbiosis 
connotes a positive relationship between two living 
things. However, its etymology from the Greek σύν, 
sýn, “together” and βίωσις, bíōsis, “living” means noth-
ing more than cohabitation.7 This cohabitation can be 
parasitic (one benefits, one is harmed), commensalis-
tic (one benefits, and there is no harm or benefit to the 
other), or mutualistic (both benefit). Another common 
misconception is that these relationships are unchang-
ing throughout the life of two organisms. In fact, life is 
far more complex. A mutualistic relationship can eas-
ily shift and become parasitic, or vice versa.8 Whether 
a symbiosis is mutualistic, commensalistic, or parasitic 
depends on the two organisms involved as well as the 
biotic and abiotic environmental context in which the 
organisms exist.9 Change the context, and the entire 
nature of the relationship can change.10

Approximately 20–30% of humans harbor the bacterium 
Staphylococcus aureus in their nasal passages.11 Whether 
this relationship between our species and S. aureus is 
commensalistic or mutualistic is not well understood, 
but we do know that it is not harmful.12 However, 
should S. aureus exit the nose and colonize another type 
of bodily tissue or enter the human body through con-
taminated food, the relationship between bacterium 
and human can become parasitic very quickly. On skin, 
S. aureus can cause impetigo, boils, and tissue death; 
one strain is known colloquially as the “flesh-eating 
bacterium.”13 In food, S. aureus can produce a toxin that, 
when ingested, can cause severe nausea, vomiting, and 
diarrhea. Should S. aureus get into the bloodstream, it 
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can cause internal disease of replacement joints (this 
is what Dave experienced), toxic shock syndrome, or 
scalded skin syndrome.14 Why the bacterium is benign 
in the nose but not elsewhere appears to be a result of 
multiple factors.15 Since the nasal passages are lined 
with many other bacteria and bacteriophages (viruses 
that can invade and kill bacteria), it is possible that this 
surrounding microbiome plays an important role in 
suppressing the virulence of S. aureus. If there is a disso-
ciation of the bacteria from the surrounding microbes, 
it could become free to grow and invade other areas of 
the body unchecked. 

Genetic variants of Staphylococcus aureus can produce a 
number of different toxins that make disease in certain 
areas of the body possible.16 For example, only S. aureus 
variants that carry a gene to make an exfoliating toxin 
are able to cause scalded skin syndrome. Variants that 
carry a gene that generates the enzyme hyaluronidase 
can cut through layers of skin. Those that contain a 
toxic shock syndrome protein can cause rapid decrease 
in blood pressure and shock, coma, and death. Some 
strains can carry up to forty different genes that help it 
evade the human immune system.17 Whether any given 
strain of S. aureus has these genetic variants is depen-
dent on its evolutionary history within the nose of its 
host, including interactions with the host’s immune 
system and whether or not antibiotic therapy has been 
administered.18 

Far less is known about Granulicatella adiacens. This bac-
terium is thought to be a commensal of human mucosal 
surfaces (mouth and gastrointestinal tract).19 However, 
should the bacterium be introduced into the blood-
stream through a cut, abrasion (even from flossing), or 
an ulcer, it can cause serious infections such as bacte-
remia, endocarditis, subcutaneous abscesses; it is also 
capable of growing on artificial hip and knee joints.20 
As with Staphylococcus aureus, it is likely that G. adia-
cens interacts with other microbes that may suppress its 
virulence in locations where it does not cause problems. 
Removed from those surroundings in which balance is 
maintained, it is capable of immune evasion, although 
little is known about how G. adiacens does this and how 
and when that capability is acquired.21 

It is clear that bacteria like Staphylococcus aureus and 
Granulicatella adiacens are capable of causing disease, 
yet most of the time they do not. When they do be-
come problematic, the reason is that they have been re
located to an area where they are not normally found. 
In this new context, for reasons that are not yet entirely 
clear, they can behave aggressively, to the detriment 

of other microbes and the host organism. Therefore, to 
treat diseases caused by “out-of-context” bacteria that 
subsequently become opportunistic, we need a much 
better understanding of what keeps their virulence sup-
pressed in their healthy environment and what acti
vates their virulence when that environment changes. 

On a macroecological level, invasive species can be 
described as species that have been displaced and 
subsequently become problematically opportunistic. 
There is nothing wrong with invasive species per se; 
they are simply species that have been moved from 
their place of origin to a novel environmental location. 
The Indigenous range in which a species has evolved 
includes many ecological checks on its uncontrolled 
growth. Over time, these checks (temperature, mois-
ture, pathogens, herbivores, competitors, et cetera) have 
kept them in some form of balance. As one example 
among many possibilities, purple loosestrife (Lythrum 
salicaria) is an invasive species in wetlands of the north-
ern United States, but in its home range (which includes 
central Europe), this plant does not cause problems. 
Instead, it is a well-behaved member of open wetland 
communities.22 Once out of place and free from the eco-
logical constraints that are present in the place where 
it evolved, purple loosestrife can spread exponentially 
(at least for a time) and cause native ecosystems to lose 
diversity and resiliency.23 In other words, context mat-
ters. The factors that keep this plant from achieving 
problematic abundances in Europe, including some 
insect herbivores, are not present in North America. 

Invasive species can also arise from unaggressive mem-
bers of a species picking up a particularly aggressive 
genotype, similar to how bacteria may pick up certain 
virulence factors.24 Genetic diversity across individu-
als from the same species can vary widely, but all spe-
cies display genetic diversity at some level—in fact, 
variance within species is a precondition of Darwinian 
evolution. Sometimes invasive species arise because 
they have undergone a mutation or have been selected 
for a particular trait that gives them a sudden advan-
tage over competitors in particular habitats. Plants 
used in gardening may be subjected to drought con-
ditions when gardeners go on vacation or forget to 
water. Garden plants may face intense weed competi-
tion that favors those weeds that grow fast and tall, or 
they may develop chemicals that keep insects away and 
keep the plant looking beautiful to the gardener. Such 
traits are preferred and may be perpetuated intention-
ally or unintentionally (selected, for example, via seed 
collection, cuttings, plant exchanges) by gardeners. 
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These preferred garden traits can “pre-adapt” a geno-
type to becoming ecologically problematic if it escapes 
the confines of a formal garden. Once released into a 
more natural environment, the traits that made them 
highly desirable to the gardeners may convey competi-
tive advantages over native species that have not gone 
through artificial “cultivation” selection pressures.25

A fundamental responsibility of Homo sapiens (a Latin 
name which quite literally means “the wise member 
of the genus Homo”) is to learn as much as possible 
about creation and all its interactions. In Genesis 2:15, 
Adam is told to “tend the garden.” The Hebrew word 
here is “ābad,” which elsewhere in the Old Testament 
is translated as “to serve.” To serve well, one must 
understand the intricacies and interactions of those 
being served. To serve creation well, it is important to 
understand that the world is much less a collection of 
individual species than it is a tapestry of interwoven 
fibers. When an organism becomes disconnected from 
its interwoven fibers, problems can arise. This happens 
when Staphylococcus aureus becomes disconnected from 
its interactions in the nose, when Granulicatella adiacens 
becomes disconnected from its interactions in the gas-
trointestinal tract, and when purple loosestrife becomes 
disconnected from its interactions in central Europe. 
Once released from their interwoven community fibers, 
these entities and so many others can cause great harm 
to humans and to ecosystems. Working to maintain a 
healthy balance in both micro- and macroecological sys-
tems and minimizing the opportunities for species to 
become displaced to novel environments is an impor-
tant task of earthkeeping. 

B. Biodiversity loss results in vulnerable 
landscapes

Treatment for Dave’s Granulicatella infection included 
another knee surgery that removed infected tissue, irri-
gated the joint with antibiotics, and was followed by months 
of heavy intravenous antibiotic treatment. During this 
time Dave developed “pseudomembranous colitis” a dan-
gerous gastrointestinal disease caused by the bacterium 
Clostridioides difficile (formerly known as Clostridium 
difficile). This gastrointestinal infection required a shift 
away from the antibiotics that were treating Granulicatella, 
to a new antibiotic that was focused on treating the C. dif-
ficile infection. Fortunately, the new treatment did control 
Dave’s C. difficile infection without causing a flare-up of the 
Granulicatella infection in his knee. However, after switch-
ing back to the antibiotic that was being used to treat his knee 
infection, Dave had a recurrence of the C. difficile infection, 
and the antibiotic exchange had to be repeated. 

Antibiotics have been a panacea for bacterial diseases. 
However, no antibiotic is so selective that it will kill 
only invading bacteria and not the myriad of beneficial 
microbes that inhabit our bodies. Some antibiotics are 
selective to certain small groups of bacteria, but most 
are lethal to a broad range of bacteria.26 Therefore, when 
an antibiotic is taken systematically for a bacterial dis-
ease, inevitably some of our beneficial bacteria will be 
killed.27 Typically, after ceasing antibiotic treatment, 
our normal bacteria will re-establish much as they 
were before, but not always.28 Reducing the diversity 
of bacteria through antibiotic treatment can leave open 
niches that become inhabited by bacteria normally com-
petitively excluded, such as the bacterium Clostridioides 
difficile.

Clostridioides difficile is an uncommon inhabitant of the 
human gastrointestinal tract. Rarely a problem before 
the year 2000, sometime between then and 2007, the 
bacterium developed a duplication of the gene that 
encodes a toxin, underwent mutations in the gene 
responsible for regulating toxin production, and sub-
sequently became resistant to several different antibiot-
ics.29 Infection with C. difficile is extremely unlikely if the 
normal gastrointestinal bacteria are intact and function-
ing, but if the gastrointestinal microbiome is disrupted 
with antibiotics—a situation known as dysbiosis—a 
condition occurs in which C. difficile can become estab-
lished in the colon and cause serious problems.30

Clostridioides difficile is a spore-forming bacterium 
whose spores can make it past the harsh acids in the 
stomach and bile salts in the small intestine to take up 
residence in a dysbiotic colon, where the bacterium 
secretes toxins.31 The toxins are imported into the cells 
that line the colon, where they disrupt the normal func-
tion of these cells, causing them to die. This disrup-
tion leads to ulcerations in the lining of the colon and 
severe inflammation, leading to a buildup of fibrin, 
white blood cells, and bacteria that together form 
what is known as a pseudomembrane.32 Frequent diar-
rhea and severe abdominal pain result, leading to the 
infected individual being home-bound or hospitalized. 
Treatment of C. difficile presents an ecological paradox.33 
Dysbiosis due to antibiotics is the reason this bacterium 
was able to establish itself in the first place. Treatment 
with antibiotics may kill C. difficile, but it does not 
restore the original microbiome to a healthy state. 
About 20% of individuals who become afflicted with 
C. difficile will experience a recurrence,34 which is what 
happened to Dave. The best course of treatment when 
repeated infections happen is restoration of the normal 
microbiota, discussed in part II.D below. 
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At a macroecological level, a healthy, fully function-
ing ecosystem is amazingly resilient to the ill effects of 
invasive species. However, once a disturbance has hap-
pened to an ecosystem (removal of important species, 
increased or decreased intensity or frequency of wild-
fires, or careless forest clearing), the landscape becomes 
much more vulnerable to infiltration by nonnative inva-
sive species.35 This dynamic is an example of dysbiosis 
on a macroecological scale, and the economic and eco-
logical costs of invasive species are steadily rising as 
human perturbations continue to advance.36 Because 
there is so much human activity across the globe that 
causes ecological disturbances, it is now estimated that 
1/6th of already preserved natural areas are vulnerable 
to invasive species.37 

If we consider the earth to be a living creature itself, 
areas of this earth organism that have been mistreated—
where biodiversity has been sacrificed, and where envi-
ronmental health has been compromised—are sites 
where invasive species can come in and do further dam-
age. It should be noted that ecological disturbances are a 
natural part of any ecosystem, and when a disturbance 
is of the magnitude, frequency, and extent of “normally 
occurring” disturbances, the ecosystem within which 
the disturbance occurs will likely be resilient and able to 
recover. But when the disturbance is uncharacteristic in 
terms of intensity, frequency, and extent, the ecological 
recovery mechanisms can be insufficient to recolonize 
and reset the ecosystem. In such situations, alternative 
ecosystem states can arise that are of lower quality and 
support much less biodiversity.38 

One example with which many North Americans are 
familiar is garlic mustard (Alliaria petiolata). Garlic mus-
tard is a plant that is native to Europe and Asia and was 
intentionally brought to the United States initially as a 
culinary herb in the mid-1800s. This plant grows best in 
shady, moist forests, and its ability to germinate early 
in the season prior to most native species means that it 
can outcompete many of the classic spring wildflowers, 
such as common trillium (Trillium grandiflorum), spring 
beauty (Claytonia spp.), trout lily (Erythronium spp.), 
and Dutchman’s breeches (Dicentra cucullaria). Garlic 
mustard has also been shown to have a dramatically 
negative effect on the recruitment of new tree seedlings 
in a forest.39 Furthermore, once it produces seeds, those 
seeds exhibit differential dormancy, meaning that some 
will germinate the next year, but others can remain dor-
mant in the soil for multiple years.40 One distinct advan-
tage employed by this highly successful invasive plant 
is that it gives off chemicals into the soil that disrupt 
the growth of healthy soil fungi; these fungi normally 

provide beneficial mycorrhizal connections between 
forest plants, including trees. Therefore, the infiltration 
of garlic mustard into a forest ecosystem can have a 
profoundly disruptive effect for a long period of time. 

Research has shown that garlic mustard has been mov-
ing westward across North America from the northeast 
and that, as its range expands, it is particularly adept at 
gaining presence in forests that have been disturbed.41 
Beyond the fact that today’s human-caused distur-
bances are increasing in frequency, many of them are 
also unlike the disturbances that natural ecosystems 
have evolved to accommodate. Wide-scale land con-
version and habitat loss, species declines, and climate 
change are themselves opening up large areas of the 
planet to disturbances and combinations of distur-
bances to which native species have not been previ-
ously exposed and are therefore poorly equipped to 
tolerate. When native species fail to respond to these 
extreme disturbances, invasive species can proliferate. 
Novel wounds are damaging in and of themselves, but 
they also invite further degradation by displaced and 
potentially damaging species, making it even more dif-
ficult for the restoration of a healthy ecosystem to be 
achieved.

Dysbiosis in ecosystems creates the same imbalance 
that dysbiosis brings about in the human body, invit-
ing problems that a healthy ecosystem typically does 
not encounter, whether caused by Clostridioides difficile 
or Alliaria petiolata. These two examples illustrate how 
understanding the interactions among species is cer-
tainly important, but not sufficient for both macro- and 
microecologists. We must also recognize that species 
interact with each other in the context of environments 
that are dynamic. Change is a constant in living sys-
tems, and it is an element of life that living organisms 
are adapted to deal with. But unprecedented changes 
can provide a welcome mat for invasive species, result-
ing in seriously compromised health to individuals and 
ecosystems. 

C. Resistance emerges from overuse of 
control agents 
Staphylococcus aureus, and to an extent Clostridioides 
difficile are notorious for their ability to develop resistance 
to antibiotics. In fact, before advances in discovering new 
antibiotics, methicillin-resistant S. aureus (MRSA) was vir-
tually untreatable. To best treat Dave’s infection, physicians 
had to culture the S. aureus from his knee and the C. dif-
ficile from his intestine. Once in culture, the bacteria can 
be exposed to a battery of antibiotics in a microbiology lab. 
This testing ultimately generates a list of antibiotics to which 
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the bacteria that made Dave sick were either susceptible or 
resistant. Thankfully, Dave’s bacteria were susceptible to sev-
eral different antibiotics, so the physicians could choose and 
administer the best option for recovery. 

Literally, the term “anti-biotic” means “against life”; in 
other words, these agents try to stop something from 
living. Similarly, the term “pesti-cide” literally means 
“killer of a pest” (and “herbi-cide” means “killer of 
plants”). Like antibiotics, pesticides are utilized to kill 
certain life forms that are deemed detrimental to human 
well-being. When antibiotics and pesticides are used 
at their respective scales, many of the same population 
ecology dynamics play out in their wake, and recipro-
cal insights can be gained by each when considering the 
other.

Antibiotics save lives, but only when prescribed and 
used properly. Since the discovery of penicillin from a 
group of soil fungi (Penicillium spp.) in the 1940s, anti-
biotics tended to be prescribed even if a patient was 
suffering from a viral or parasitic disease—diseases for 
which antibiotics are completely ineffective.42 In some 
countries outside the U.S., antibiotics are readily avail-
able without a prescription—leaving the door open 
for widespread misuse by an under-informed public.43 
Furthermore, today a majority (80%) of antibiotics are 
used in the livestock industry to prevent disease in 
crowded barns, conditions favored for economic rea-
sons so that animal meat can be brought to market more 
quickly.44 According to the Centers for Disease Control 
and Prevention, this practice has led to more than 
2.8  million antibiotic-resistant infections in humans 
in the U.S. each year, with more than 35,000 deaths 
as a result.45 In 2019, the World Health Organization 
estimated that bacterial antimicrobial resistance was 
directly responsible for 1.27 million human deaths 
globally and was a contributing factor in 4.95 million 
deaths.46 

Bacteria are wonderfully gifted at sharing genetic 
information and developing mutations at a higher 
rate than eukaryotic cells. They also tend to reproduce 
much quicker than eukaryotic cells, all of which means 
that bacteria can incorporate genetic change into their 
genomes at a faster rate than eukaryotes. While this abil-
ity has allowed researchers to use bacteria for studying 
evolutionary processes within human time constraints,47 
the outcome of all this rapid genetic change is that in 
any given population or community of bacteria there 
are likely some that have acquired, by chance, antibiotic 
target-site point mutations, genes for multidrug efflux 
pumps, enzymes that degrade antibiotics, or enzymes 

that modify antibiotics and render them ineffective.48 
When the microbial communities in which these modi-
fied bacteria reside are inundated with an antibiotic, 
the susceptible bacteria will be wiped out, leaving only 
the resistant ones. With plenty of space and resources 
and less competition, the resistant bacteria can now 
thrive. It is important to note that humans did not cre-
ate antibiotic-resistant bacteria—they have existed for 
as long as bacteria and fungi have produced antibiotics. 
However, when antibiotics are used indiscriminately, 
we artificially increase the ratio of resistant-to-sensitive 
bacteria, making drug-resistant bacteria more plentiful. 
We have become selective agents in a rapidly evolving 
population of microbes.

A bit more complexity arises when we realize that anti-
biotic resistance itself can be an ecological matter. Not 
only do antibiotics remove healthy bacteria and create 
a dysbiotic environment, but bacteria can be resistant or 
sensitive to antibiotics depending on their surrounding 
environment.49 In one study, Escherichia coli were grown 
with varying levels of antibiotics in large batches. Every 
so often, a sample of bacteria from the batch culture 
would be grown, but now as individual, disconnected 
isolates. The isolates grown alone were not nearly as 
resistant to the antibiotic as the batch cultures were. It 
turns out that when in community, a few E. coli secrete 
a substance known as indole, which acts to up-regulate 
multidrug efflux pumps in the entire E. coli population, 
as well as other related bacteria like Salmonella.50 When 
grown in isolation, each bacterium finds itself devoid of 
indole, downregulates its multidrug efflux pumps, and 
becomes very susceptible to even low levels of the same 
antibiotic. Understanding population and community 
dynamics matters when it comes to disease manage-
ment of resistant bacterial infections. 

Similar to antibiotics, pesticides are used in an attempt 
to eliminate unwanted species that threaten plants pre-
ferred by humans, such as domesticated crop plants. 
An especially interesting and informative herbicide 
case study is glyphosate, a chemical readily available 
and widely used today. This chemical was first synthe-
sized in 1950, but its potential use as an herbicide was 
not identified until 1970 by a chemist employed by the 
Monsanto Corporation (which was purchased by Bayer 
in 2018).51 Within four years, Monsanto had been given 
approval to sell their glyphosate product under the 
trade name of “Roundup.”52 The use of Roundup was 
somewhat limited early on because it was so effective—
it did a great job of killing plants, but it did so indis-
criminately. Without carefully targeted application, 

Article 
Synergies of Microecology and Macroecology Elicit Insights for Creation Care 



101Volume 78, Number 2, June 2026

David P. Warners and John T. Wertz

it would kill crop plants along with weeds, and so its 
agricultural use was relegated to killing plants between 
rows of crops or before planting or after harvesting.53 

This all changed in 1996 when Monsanto (the same 
company that benefits from Roundup sales) genetically 
modified soybeans, corn, and cotton to be resistant to 
Roundup.54 This development gave Monsanto the abil-
ity to sell seeds that grew into plants that were not 
killed when sprayed with Roundup. Therefore, in fields 
with these new genetically modified crops, farmers did 
not need to be so careful when spraying Roundup her-
bicide. Instead, Roundup in these fields can be broad-
cast-sprayed 1–3 times during the growing season over 
the entire field of Roundup-ready (RR) crops. Since the 
introduction of RR crops, Roundup sales have soared, 
and its use has increased 15-fold.55 

Although Monsanto downplayed the possibility of 
Roundup resistance developing in weeds that grow in 
areas that experience heavy application rates, before 
the release of RR crops, resistance to Roundup had 
already been discovered in a grass species in Australia. 
With wide-scale application of Roundup in the after-
math of RR crop introductions, several other weed spe-
cies developed resistance to this herbicide, and more 
are certainly on the horizon.56 The emergence of these 
“superweeds” is also being accelerated because of the 
increasingly casual way that Roundup is used by home-
owners as an easier alternative to kill unwanted plants 
compared to physical weed removal or home remedies 
such as boiling water. As more Roundup-resistant 
weeds emerge, next-generation herbicide-tolerant crops 
are, or soon will be on the market.57 These crops will 
be able to tolerate additional herbicides that are more 
likely to kill Roundup-resistant weeds. The agricultural 
chemical arms race against resistance-evolving weeds is 
taking us into an increasingly chemical-driven agricul-
tural future.

One big concern with this chemical-based way of grow-
ing food crops is that several of the next generation of 
herbicides are expected to pose greater human health 
risks than Roundup does.58 And yet, studies have shown 
that Roundup itself may be carcinogenic to humans.59 
Cautionary measures have been taken by the European 
Union, with several countries imposing partial bans 
on the use of Roundup. Additionally, lawsuits have 
been filed against Monsanto claiming that Roundup 
has caused cancer in users. As of October 2024, 
Monsanto had settled nearly 100,000 of these lawsuits 
with approximately $11 billion in settlement payouts. 
Over 50,000 lawsuits are still pending.60 All the while, 

Roundup continues to be heavily used in agricultural 
landscapes and is readily available to homeowners at 
local supermarkets and hardware stores.

Broadcast spraying a field of RR corn with Roundup 
three times a year is similar to regularly taking preven-
tative antibiotics. In the short term, there may be ben-
efits, but evolution is relentless, resulting in unwanted 
outcomes in those chemical-doused fields, not to men-
tion the ancillary consequences of chemical residues 
that drift into adjacent areas or that end up in the bodies 
of unprotected workers or people who ingest pesticide-
tainted foods. Because of the recognition of emerging 
antibiotic resistance in pathogenic agents, antibiotic use 
has become more carefully administered,61 certainly 
over the course of the past decade. Those who grow 
plants in agriculture, landscaping, and even home gar-
dens should take notice. A field of corn is like a human 
body. Lots of antibiotics introduced into lots of human 
bodies has shown us the downside of this practice—
disease agents have become resistant to the point of 
total resistance in some microbes. Isn’t it much better 
to promote good health, to live carefully in ways that 
minimize the likelihood that we will need antibiotics? 
Keeping stress low, spending time in nature, eating 
healthy foods, staying active, and living in healthy com-
munities of love and support are things we all know 
promote well-being. Antibiotics may still be needed at 
times, but when needed, they can be used judiciously, 
and in the meantime, alternatives should continue to be 
explored. 

In contrast to an agricultural future increasingly depen-
dent on a chemical arms race, the promise of regen-
erative agriculture looks amazingly refreshing and 
environmentally kind.62 Regenerative agriculture takes 
a similar approach to environmental health that well-
ness programs take to human health. When soil is 
healthy and plants are thriving, they are much less sus-
ceptible to pathogens. Fewer chemicals used on agricul-
tural fields means healthier soil communities and fewer 
chemicals getting into local waterways and onto food 
that we eat. Growing crops in ways that promote the 
well-being of plants and reduce their need for chemi-
cal inputs improves the health of farm workers and 
consumers. Furthermore, taking good care of people, 
plants, and the places they inhabit will result in much 
less need for antibiotics or pesticides. The planet will be 
healthier, the food we eat more nutritious, the water we 
drink more trustworthy. Although shifting paradigms 
requires courage and always encounters resistance, one 
has to wonder, what’s not to like about such a future?63
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D. Restoration ecology is medicine at the 
macro and micro level

John was quite worried about Dave’s Clostridioides dif-
ficile infections, knowing that C. difficile was difficult to 
treat and has a high recurrence rate. In addition, it was criti-
cal to control the C. difficile infection, but that could only 
be done by switching off the antibiotic that was addressing 
the Granulicatella infection, which put Dave at higher risk 
of having that infection return. At this point John informed 
Dave of a different kind of treatment for C.  difficile—one 
that involves bringing back the “normal” bacteria—the 
microbial ecosystem that can become degraded by extended 
antibiotic treatment. 

Successful treatment with antibiotics may kill 
Clostridioides difficile, but it does not restore the original 
microbiome to a healthy state; therefore, approximately 
20% of individuals will experience a recurrence.64 What 
can be done when antibiotics fail to stop a dangerous 
bacterial disease? The answer, at least for C. difficile dis-
ease, is to re-establish the normal microbiota to a pre-
antibiotic state, or in other words, restoration ecology 
at the microbial level. The bacteria that have evolved 
within animal hosts tend to be hard to displace. They 
have perfected how to attach to tissues, interact with 
the immune system, and provide nutrients to the host 
and other bacteria nearby.65 So, when they are displaced 
by antibiotics or other means, successful reintroduction 
can lead to interlopers like C.  difficile becoming com-
petitively excluded. For cases of C. difficile, the most 
successful type of this microbial restoration ecology is 
called Fecal Microbial Transplant or FMT.66 

The FMT starts with a stool sample, donated by a rela-
tive or from a company that collects fecal samples 
from screened donors. Medical staff will then sedate 
the patient, liquify the stool, and inject it into the colon 
through a colonoscopy tube. Soon, billions and billions 
of bacteria in the stool sample begin to establish them-
selves and force Clostridioides difficile out. The efficacy 
of this treatment is extremely high—92% of individu-
als are cured of C. difficile after one treatment.67 Further, 
studies have shown that after an FMT, the number of 
bacterial antibiotic resistance genes decreases dramati-
cally—suggesting that the normal human microbiota 
can out-compete not only C. difficile, but other anti
biotic-resistant bacteria as well.68

Restoration ecology at the macro level is a field within 
the discipline of ecology that works with damaged, 
degraded, or destroyed ecosystems and attempts to 
return environmental health to these compromised 
habitats.69 An important element of doing an ecologi-

cal restoration project is to find a “reference ecosys-
tem” which can guide the restoration work.70 Reference 
ecosystems provide a model that informs a restoration 
practitioner of what species to use, and in what densi-
ties and spatial arrangements to use them. Restoration 
ecologists may also use reference ecosystems in a more 
direct way by literally collecting seeds from the refer-
ence site as propagules for growing new plants to be 
used in restoring the degraded ecosystem.71 In this way, 
local genotypes and genetic lineages are preserved and 
incorporated into these newly restored habitats. 

Using native plants, and even native genotypes of 
native plants in a restoration project, may, by itself, not 
be enough to jumpstart a new ecosystem. If the soil has 
been significantly compromised, then natural processes 
will not automatically resume. However, if plants are 
used that were rescued from a location before the area 
was degraded, these transplants will act as an inoculant 
in the new site. Not only are the plants introduced into 
the restoration project, but Indigenous microbial soil 
ecosystems are brought to the new restoration site, too. 
The Indigenous soil will have invertebrates, macro and 
micro, as well as all kinds of soil bacteria, fungi, and 
algae. This same benefit can be conveyed by directly 
incorporating healthy soil or compost into a restoration 
project. In these ways, the new restoration site becomes 
inoculated with good microbes that, if cared for well, 
can spread and begin contributing to the growing health 
of the formerly degraded site. Transplanting rescued 
plants with their soil into a restoration project offers a 
direct parallel to using fecal microbial transplants from 
a healthy patient to a patient whose gut microbiome has 
been significantly compromised. 

III. Insights for Creation Care
This extended case study re-emphasizes to us that God 
designed all of creation to be made of diverse, constantly 
interacting, relational-rich communities.72 A world 
composed of complex webs of interactions should not 
surprise us, given that it was brought into being by a 
highly interactive God—Father, Son, and Holy Spirit.73 
Theologian Colin Gunton describes the interconnect-
edness of the trinity as a reflection; just as God is one 
being, so too is God‘s creation—an integrated whole.74 
Yet the Father, Son, and Holy Spirit are also defined by 
their unique activities, and so too is God’s creation—
each part serving an essential function to the others. 
Significantly, then, just as the Father, Son, and Holy 
Spirit are God only in integration with one another, all 
the parts of creation should be defined and understood 
by their relationships to other beings—a universal 
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“giving to and receiving from.”75 Understanding our-
selves as co-creatures who also inhabit and depend 
upon this complex web of relationships elicits several 
insights for creation care.

A. Functioning and balance
One insight is that our purpose as human creatures 
embedded within creation is to live in ways that protect 
and promote balanced relationships that keep all of 
creation, from the macro- to the microlevel, functioning 
as God intended. 

1. Balance between us and our gut microbiome. It is becom-
ing increasingly clear that the relationships that occur 
microbially in our human microbiome have a profound 
effect on human health. In fact, the relationship between 
us and our gut microbiome is one so deeply intertwined 
that humans could not survive without a gut microbi-
ome. In this way, our microbes can be considered an 
organ, as essential to the proper function of the human 
body as the liver, lungs, or kidneys. This perspective 
calls us to extend intentional creation-care activities to 
our microbial communities by only taking antibiotics 
when absolutely necessary, eating low-fat, high-fiber 
diets that include fermented foods, yogurts, and other 
sources of potential probiotics, and by including regu-
lar exercise and other mindfulness activities that help 
keep stress levels low. 

2. Balance between us and natural macroecosystems. 
Research is increasingly identifying the many benefits 
to human health conveyed by frequent and prolonged 
exposure to healthy natural ecosystems. Critically, 
when there is peace and goodwill among people, those 
people are more likely to value the places in which they 
live and be willing to care for them. When people work 
together to care for those places, human and nonhuman 
relationships are strengthened in a positive relational 
feedback loop.76 

Bringing healthy macroecosystems back into urban 
spaces requires the re-establishment of interactions 
among a wide diversity of species that knit them to-
gether in the first place.77 College and university cam-
puses are wonderful landscapes for activating this 
type of restorative creation-care practice. On Calvin 
University’s campus, we now have twelve native gar-
dens, the most recent addition being a native meadow 
that was planted as part of the outdoor landscaping for 
a remodeled library (fig. 1). Integrating native gardens 
into our campus landscaping has provided multiple 
benefits, including carbon sequestration, stormwater 
absorption, reduced maintenance costs, fewer chemical 

inputs, increased biodiversity, and improved human 
well-being. These gardens, in a manner similar to fecal 
microbial transplants, are wonderful examples of how 
increasing biodiversity enhances the overall well-being 
of creation.78

3. Balance between us and other humans. At its best, cre-
ation care will also involve promoting mutual under-
standing and appreciation between different cultural 
groups. Work in the areas of anti-racism and interna-
tional peacekeeping are excellent examples of pro-
moting healthy relationships between people-groups. 
Promoting balance within a cultural group or popula-
tion is important too—working for a healthy blend of 
appreciation for science, ethics, and art, where all three 
work together to promote overall well-being.79 Finally, 
working for human health and well-being involves 
proper balance in the interactions of the emotional, 
spiritual, physical, and psychological needs within in-
dividual people. Though not typically thought of as 
creation-care activities, if human beings are recognized 
as interactive creatures within an interactive creation, 
initiatives that promote peace, cultural flourishing, and 
human well-being can also be recognized as expressions 
of creation care. Ultimately, social and environmen-
tal justice efforts should merge so that as people learn 
to better care for each other, they will come together 

Figure 1. Calvin students planting a native meadow as part of the 
outdoor landscaping for a remodeled library at Calvin University.



104 Perspectives on Science and Christian Faith

to care for their place and vice versa. Martin Luther 
King Jr.’s vision for “the beloved community”80 offers a 
shalomic image for us all when we imagine this notion 
of community to include all species who exist together 
in a shared space.81 The inclusion of social and environ-
mental justice efforts together as critical elements of 
creation care deserves further thought and elucidation 
because it challenges traditional notions that focus cre-
ation care explicitly on nonhuman creation. 

B. Restraining our destructive nature
A second insight is that our species has a strong ten-
dency to pursue selfish gains, blinded to the costs 
incurred on the health of the broader creation. War is 
one example, with the impact on the land sometimes 
felt for centuries after the war has ended.82 In most 
urban areas, human presence has been imposed onto 
the earth with little regard for nonhuman life, deci-
mating local ecologies. In turn, the lack of functioning 
ecosystems and loss of their ecological services often 
degrade the lives of people who are living in those 
places.83 Failure to understand the necessity of healthy 
relationships across creation has resulted in a reduction 
of complexity, extensive loss of diversity, and serious 
incidents of dysbiosis. This destructive pattern extends 
from the global environmental scale down to the ecol-
ogy of the human microbiome. Global climate change, 
forever chemicals, the emergence of resilient superbugs, 
and unprecedented rates of species loss are all indica-
tors that our relationship with the rest of creation is far 
too one-sided and abusive. We need to learn new, more 
generous, and more careful ways of inhabiting God’s 
good world. A solution? Bring restoration ecology into 
all areas of life that have been damaged, including inter-
national relations, neighborhood revitalization, habitat 
renewal, reforestation, urban green infrastructure, and 
microbial recolonization. The task before us is to bring 
healing to all disrupted relationships, from microbes to 
ecosystems.

The diversity of species in God’s creation is immense. 
Therefore, protecting and promoting healthy relation-
ships is no small task. At the end of God’s creative activ-
ities in Genesis 1, the profound declaration made is that 
what had emerged was good; indeed, it was very good. 
And what emerged (in terms of the world we live in 
today) is approximately 30 million species—potentially 
as many as 20 million invertebrates and at least 4 mil-
lion different species of fungi; avian life from 2-inch bee 
hummingbirds (0.01 oz) to 9-foot-tall ostriches (over 
320 pounds); and plants from 5000-year old bristlecone 

pines to minute floating water meal that is barely visible 
without a microscope.84 When God created, God created 
a diverse, mesmerizingly varied garden, not a swath of 
a single or handful of species. Diverse ecosystems are 
more stable and more resilient to disruptions, while 
ecosystems with low diversity (corn fields, suburban 
lawns, compromised human microbiomes) are highly 
vulnerable and need almost constant monitoring and 
intervention.85 Restoring and maintaining ecosystems 
with high diversity requires understanding and nurtur-
ing the plethora of ways the species in those ecosystems 
interact. This is a monumental task, but it is absolutely 
essential to protecting and restoring God’s creation. 

C. Rulers as promoters of flourishing
A third insight comes from an articulation of human-
kind’s unique responsibility to the rest of creation as 
being rulers over this vast array of diversity (Gen. 1:26). 
We are distinct from every other creature because of 
the relationships we are capable of having with the 
creator, each other, and the nonhuman creation.86 And 
yet, being tasked with ruling creation (“radah” in the 
Hebrew) is not a mandate for exerting control, nor does 
it provide permission to do whatever we please. On the 
contrary, as is frequently seen in the Old Testament, 
God judges rulers (“radah-ers”) as good or bad depend-
ing on how the subjects under their rule have fared. For 
example, Solomon (1 Kings 3, 1 Kings 9–11), Rehoboam 
(1 Kings 12), Ahab (1 Kings 21), the shepherds of Israel 
(Ezekiel), and the kings of Judah (2 Kings, 2 Chronicles) 
demonstrate that God expects rulers will govern in 
ways that ensure the flourishing of those who are being 
ruled.87 

Our task of ruling creation is a directive to make sure 
that creation can flourish as God intends it to flourish—
in all its expansive diversity and with all its complex 
interactions at the macroecological and microecological 
levels. And when we ensure that relationships within 
creation are protected, our own lives will be blessed by 
those healthy relationships, too. Therefore, good earth-
keeping should include diminishing our own impact so 
that creation can do what it was created to do.88 While 
antibiotics and pesticides can be beneficial in specific 
circumstances, indiscriminate and careless use can 
cause severe damage. Therefore, these agents need to 
be used with deep respect for creation’s interconnected-
ness, and sometimes the choice not to use them is the 
best option. A “radah-er” who benefits from the consis-
tent destruction of those being ruled is certainly at odds 
with God’s mandate for humans to be good rulers.89 
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By emphasizing the embedded, relational reality of 
human existence, theologian Colin Gunton refer-
ences Irenaeus and Coleridge, among others, who 
reacted against enlightenment thinking that promoted 
notions of human exceptionalism and an instrumen-
tal view of nonhuman creation.90 Richard Bauckham’s 
contemporary voice echoes this theme: “We belong 
within the complexly interrelated diversity of God’s 
extraordinarily different creatures” (emphasis ours).91 
However, it is important to recognize that long before 
these insights, most Indigenous cultures have been 
teaching the importance of paying attention to rela-
tionships, emphasizing that human well-being is inex-
tricably dependent on creational well-being. Robin Wall 
Kimmerer says, “how we think about our relationship 
to the living world matters deeply.”92 Randy Woodley, 
author and theologian, explains that Indigenous teach-
ings of striving for and working toward “the good 
life” (which is referred to as “Bimaadiziwin” by the 
Anishinaaabeg in the Great Lakes region) have much 
in common with Hebrew teachings about shalom.93 
Whether by choice or by necessity, as we transition into 
a more sustainable future, guidance from long-held 
Indigenous teachings will provide helpful guidance. 

D. An expanded notion of God’s general 
revelation 

While we have highlighted many reasons for taking 
good care of the earth, a fundamental motivation for 
many Christians to care for creation is that the creation 
is understood to be one means by which we come to 
know God.94 A thriving, relationally integrated world 
is what God created and through which God reveals 
God’s self. When relationships become unraveled, 
species are lost and biodiversity erodes; our source of 
learning about and being drawn close to God is com-
promised.95 Anthropocentrism has disarranged cre-
ation, but not so badly that we cannot see what God’s 
creation was intended to look like. We can certainly 
learn about God by observing a polluted creek with 
half as many species as it formerly supported, but the 
lessons are muted, the insights simplified, and much of 
God’s grace and love for the world that was intended to 
be conveyed by that creek is constrained. 

Theologian G. C. Berkouwer describes God’s tainted 
general revelation as a mirror that is covered in mud. 
While still a mirror, it is not able to accurately reflect 
God’s revelation the way a clean mirror does. However, 
when we recognize the harm we have caused creation, 
lament our complicity in muddying the mirror, and 

then begin working toward its restoration, we are being 
drawn into a reconciliation process that helps to heal 
our relationships with the earth, other people, and the 
Creator. Berkouwer emphasizes that human beings are 
not simply creatures who happen to form relationships, 
but that to be human is to be relational. He writes, “Man 
is never a ‘thing’ in himself; he is always a man-in-
relation—to God, to his neighbor, and to the world.”96 
When creation care is done well, a positive feedback 
loop results—the relationships we are involved in be-
come healthier, and a restored earth is better able to re-
veal God’s goodness and care.

We have also found it curious that God’s special rev-
elation is understood to be Scripture, and God’s general 
revelation is typically relegated to nonhuman nature. 
However, by focusing general revelation solely on non-
human creation, we miss an important channel through 
which God has much to convey. If human beings are 
embedded creatures within creation, not outside it,97 then 
one important way we learn about God through God’s 
general revelation is by paying attention to one another. 
While humans are not usually envisioned as part of 
God’s general revelation, this notion aligns with teach-
ings that humans are created in God’s image and that 
at least some measure of God’s goodness flows through 
each individual person.98 By including humans and 
their healthy relationships as part of God’s creation, 
the scope of God’s general revelation becomes more 
expansive. 

This paradigm shift requires recovering humanity back 
from the flawed Enlightenment notion of human ver-
sus nature. Human beings as part of God’s creation 
means that God’s general revelation includes the way 
humans interact well with each other and with the land. 
It means that God reveals God’s self through the pre-
cious, innocent insights of children and the encouraging 
words of friends. To us, it also means that we can learn 
about God and how best to live in God’s world through 
the careful discoveries of scientists, including psycholo-
gists, geneticists, sociologists, and climatologists who 
“read” God’s general revelation and help interpret it. 
Humans as part of general revelation also means that 
we can learn about God’s desire for all creation to exist 
in shalomic harmony from the wisdom of Indigenous 
people, many of whom emphasize the importance of 
carefully tending to the many relationships in which we 
are necessarily entwined.99 

Berkouwer explains that the image of God is, first and 
foremost, “in-relation-to” the Creator. And because 
we are created in the image of a relational God, we are 
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inherently directed toward the “other.” Isolation is, in 
Berkouwer’s view, a contradiction of our created na-
ture.100 Neil Plantinga emphasizes that one important 
aspect of bearing God’s image is that we are communal 
beings, intended to be in mutual, reciprocally flourish-
ing relationships.101 Cultivating healthy relationships 
among people and between people and the land gives 
us a clearer picture of the great three-in-one relationally 
complex Creator and that Creator’s loving desire for all 
creation to flourish together.102

IV. Conclusion
Over the past 50 years, Christian Environmental 
Stewardship (CES) has provided a helpful paradigm 
for creation care.103 However, the limitations of a tradi-
tional notion of stewardship have become increasingly 
apparent and new approaches are being suggested.104 
The contributions of restoration ecology to this ongo-
ing dialogue include the importance of recognizing that 
creation exists at many different levels—many much 
larger than us, but also many much smaller. Caring for 
the human microbiome (let alone the microbiome of a 
tree or a chipmunk) is typically not considered under 
the purview of CES. However, these diverse microbial 
communities are certainly part of God’s good creation 
and, if neglected or treated poorly, can have reverber-
atingly negative effects that will degrade larger aspects 
of creation’s beauty and integrity. Furthermore, God’s 
good creation at all levels is intended to be diverse, 
interactive, and dynamic. And this good creation in-
cludes human beings, creatures who themselves thrive 
best within healthy relationships and through which 
we gain deeper insight into God’s goodness and grace. 
Christian environmental stewards, then, should be less 
regarded as keepers of a vineyard and more understood 
to be promoters, protectors, and restorers of diverse 
ecosystems with their myriad micro- and macroecologi-
cal interactions.
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