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ABSTRACT

As biologists explore the astonishing complexities of organisms, it has caused them to rethink their biological understanding,
especially with organism relationships. Symbiotic relationships, including mutualists, commensals, and parasites, are long term
associations between two or more autonomous creatures. They are crucial for biospheric functioning, health, and biogeochem-
ical processes. Evolutionary models explain how and why symbionts interact and include game theory, biological markets,
and/or competition- predator/prey interpretations. While these models give important insights, they depend on naturalistic as-
sumptions of random unguided processes and system self-organization. We propose a model of symbiotic relationships focused
on guided interface design. The interface is the boundary, on every autonomous organism, where intimate alliances allow for
complex communication and product exchange. Elements of the interface are authentication, protocols, and common media
and removal or corruption of one or more elements cause an interface system to collapse or malfunction. This may explain how
some commensal and parasitic symbioses have developed since the Fall and how long-term relationships can transition from
mutualistic to commensal to parasitic as they respond to changing environmental or symbiont conditions in a fallen world.
Here we apply our interface model to globally important mutualists (endomycorrhiza and nitrogen fixation) and parasites (ma-
laria and schistosomiasis). We do not address commensalism because more research is needed in this area. Data suggest that
a design interface model accounts for all evolutionary interpretations and adds robust detail describing complexities required
for autonomous organisms to form intimate relationships. Creation research gives our God ultimate glory and is worthwhile
because his invisible attributes including design, omniscience, and relationship are clearly seen, for He desires to be known
from what He has made.
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I. INTRODUCTION

As biologists explore the black boxes of organisms inhabiting our
biosphere, detailed complexities being revealed continue to amaze
researchers and cause them to rethink biological concepts in areas
that include metabolism, organism taxonomy, genetic programming,
organism-organism interfaces, organism-environment interfaces,
and anatomical/physiological functioning (Behe 2006). For exam-

Historically, symbiotic relationships are long term associations be-
tween two or more biologically diverse creatures. However, current
research is uncovering a far more complicated picture of a plethora
of species interacting in and around organisms that is causing a move
to rethink symbiotic modeling, for example, in lichens (Allen and
Lendemer 2022). Parasitic relationships occur when an organism
takes nutrients from its host, generally not causing harm. Commensal
associations have been characterized as at least one of the organisms

ple, consider the new microbial descriptions and surprises being
discovered about giant viruses and mixotrophic diversity, ecology,
and bioremediation (Huang et al. 2021; Li et al. 2022; Schultz et al.
2022). Symbiotic relationships are no exception and these biologi-
cal discoveries are consistent with intelligent engineering far beyond
comprehension.

benefiting and others neither hurt nor benefitted. Investigators real-
ize that commensalism has not been well studied and are suggest-
ing that they are complex and dependent on a variety of ecological
phenomena (Mathis and Bronstein 2020). Mutualists are alliances
where all benefit. Much discussion surrounding symbiotic relation-
ships has focused on their origins, what constitutes a symbiosis, cate-
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gories of symbiosis, and how many alliances can transition from one
type of relationship to another (Douglas 2010; Hennigan et al. 2022;
Paracer and Ahmadjian 2000; Wood and Garner 2009).

The book of Genesis suggests that God initially created organism
archetypes fully formed and capable of complex relational inter-
actions that were good and very good (Francis 2003; Francis and
Wood 2013; Hennigan 2009A; Zuill 2000; Zuill 2007). Even today,
symbiotic relationships are ubiquitous, involve a complex diversity
of species, and are at the core of biospheric health and biogeochem-
ical processes. However, the consequences of human rebellion and
God’s curse resulted in suffering, pain, relational disruption, and
death. Evolutionists posit that unguided natural processes resulted
in these relationships as they initially evolved and co-evolved via
struggle and competition leading to cooperation and system self-or-
ganization (Douglas 2010; Hennigan et al. 2022; Lazcano and Peretd
2017; Paracer and Ahmadjian 2000; Perry 1995; Sagan 1967).

Therefore, a creation model of symbiotic relationships is needed
within the larger model of young age creation to better explain the
complexity of symbiotic relationships within a Design/Fall/Curse
paradigm (Guliuzza and Gaskill 2018; Hennigan and Guliuzza 2019).
In a recent paper Hennigan et al. (2022) proposed a design model of
symbiotic relationships (MOSR) focused on the interface. The in-
terface is the boundary, on each organism, where interactions take
place. This model uses human engineered analogues as a basis for
describing how two or more autonomous organisms can recognize,
cooperate, and regulate resources with one another, in a tightly con-
trolled relationship (Guliuzza and Sherwin 2016). It was suggested
that daunting interface requirements needed for organisms to interact
may be described more precisely using engineered analogues, rather
than the random selection/self-organization explanations put forth in
the conventional evolution model.

Applying an engineering approach to biology identifies multiple,
bounded individual kinds of self-regulated entities—a host and a mi-
crobe—with no loss of distinctiveness or identity. Some researchers
may believe that hosts and other organisms engage in seamless “in-
teractions,” but engineering analysis clearly shows that there really is
a seam. To noft recognize the seam may advance misleading conclu-
sions about autonomy-blurring amalgamations such as human-mi-
crobe mosaics, supra-organisms, or trans-human collectives. The un-
derstanding of distinct kinds of organisms, including humanity, may
become fuzzy. In this view, parasites taking nutrients from a host
may be a violation of distinct boundaries of one entity upon anoth-
er. This contrasts with mutualism, where all organisms involved are
working together to share resources, which may not violate interface
boundaries.

We posit that organisms were initially created with interfaces de-
signed for the purpose of enabling sender-receiver relationships. Im-
mune systems are an example of an interface. As will be shown,
identification of non-self does not automatically activate immune
defense and the most contemporary research and understanding of
immune systems is bearing this out (Guliuzza and Sherwin 2016;
Padariya et al. 2021).

With immune systems, identification of non-self will activate proto-
cols that bring on a pre-programmed or consequential response that

may not involve defense or destruction in any way. If destruction is
activated, it is for regulation and control and not necessarily defense.
Even so-called firiendly or good microbes are destroyed by the same
mechanisms as the bad microbes if the good ones are not in the lo-
cations and/or amounts the host is designed to work with at certain
times or under certain environmental conditions. The overwhelming
majority of interactions with microbes are mutually beneficial and
we suggest discussing symbiotic relationships in terms of a request-
er-provider and symbiont-symbiont creation framework.

In this paper we will discuss how researchers are exploring the black
box workings of globally important symbionts and highlight a few
well researched mutual and parasitic symbioses. Since more re-
search needs to be done on commensalism and relationships can of-
ten be on a continuum of mutual, commensal, and parasitic, we will
not address commensalism in depth at this time. However, we will
allude to it in our discussion below as avenues for future research.
We suggest that microbial interface systems were designed to facil-
itate cooperation and not mortal combat between creatures. Those
systems, along with other interfacing mechanisms, are the links mak-
ing up the myriads of ecological networks enabling creatures to work
together in mutually beneficial ways, most of which are still benefi-
cial after the Fall. Some seem to have been corrupted, though more
research is needed to determine if actual corruption has taken place.
Our Creator and King - Father and Savior - desires to be known. His
invisible attributes such as life, design, and intimate relationships are
clearly seen and understood, from what has been made (Holy Bible
Romans 1:20).

II. SCIENTIFIC, ENGINEERING, AND BIBLICAL CON-
SIDERATIONS

A. Model organisms and scientific models of symbiosis

Model organisms are non-human species that are scrupulously re-
searched to uncover details of complex biological processes and
relationships. There are many that are important in symbiotic re-
search, and they have revealed amazing complexities with diverse
organisms that are intimately interacting with each other. Symbiotic
model organisms include Azolla sp. (water fern), important agricul-
tural legumes such as Lotus japonicus, Medicago truncatula (barrel
clover), Glycine max (soybean), Phaseolus vulgaris (common bean)
and animals such as Porifera (sponges), Drosophila melanogaster
(fruit flies), Danio rerio (zebra fish), Mus sp. (mice) and Aiptasia sp.
(sea anemones) (de Vries and de Vries 2018; Neuhauser and Fargi-
one 2004; Pita et al. 2016; Réadecker et al. 2019; Roy et al. 2020).

Based on findings from model organism research, there are several
scientific models that attempt to explain how and why organisms in-
teract in a variety of ways. They include game theory models (e.g.,
prisoners dilemma where hypotheses are formulated to explain why
partners may not cooperate even when it benefits them), biological
market models (e.g., where organisms entering relationships can in-
fluence the cost of resources and how much one or both are willing
to pay for it, depending on location and time of resource interaction),
and competition and predator/prey models such as Lotka-Volterra
modeling (Chess 1988; Frank 1997; Neuhauser and Fargione 2004;
van’t Padje et al. 2020). While some of these models give import-
ant insights into complex symbioses, including how some organisms
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may interact in a continuum from parasitism to mutualism, interpre-
tations lack the detailed explanations required for how two or more
autonomous organisms can enter intimate relationships in intricately
complex ways.

B. Engineering-based biological research and application

Ironically, just as engineers reproduce manufactured products by re-
verse engineering and carefully studying their construction and com-
position, geneticists perform reverse genetics on model organisms
to produce a new phenotype. They begin by identifying a gene of
interest and bombard certain parts with radiation. This disrupts ge-
netic programming through mutation and causes deleterious effects
on symbiotic relationships (Roy et al. 2020).

With the model organism protocol, details of these affected rela-
tionships are being elucidated and findings are the inspiration for
algorithms that are solving engineering and computer problems.
Symbiosis applications include, but are not limited to, increased en-
gineering/computer optimization for pollution emissions, electrical
power flow, energy efficient building design, and wireless commu-
nication (Abdullahi et al. 2020). Symbiosis researchers hope that
their findings will help biologists genetically engineer other organ-
isms that did not have certain abilities previously, to enter functional
relationships with other organisms in agricultural and natural com-
munities (de Vries and de Vries 2018). Though there are ethics con-
cerns, genetically engineered relationships would allow organisms
to accomplish important nutrient fixation for improving costs, pro-
ductivity, and sustainability of agricultural practices and improved
ecosystem management around the world. This approach is consis-
tent with engineering design, biomimetics, and a supreme Designer
behind it all.

Hennigan et al. (2022) hypothesize that at least three engineer-
ing-based principles will be the core of interpreting symbiotic obser-
vations. Intentionality (teleology) is where a search for purpose, and/
or invisible characteristics of God (e.g., beauty, relationship, unity,
diversity) will drive biological system research; Internalistic where
biological processes and mechanisms enabling interrelationships and
continuous adaptability are innate to organisms and not environmen-
tal processes; and Individualistic where individual organisms with
abilities to identify self from non-self are seen as discreet, interrelat-
ed components in the broader ecosystem. This model postulates that
the ecosystem is better understood by accounting for the individual
roles each organism has and how they interact through operations
that are regulated by their highly engineered interface systems.

Researchers emphasize that to understand an interface is to un-
derstand how autonomous entities can form intimate alliances and
cooperate with one another by communicating in a way that infor-
mation and product exchanges occur in specific ways (Clark and
Petrini 2012). Hennigan et al. (2022) outline the following design
elements required for an interface. Authentication is a highly regu-
lated and extremely selective process designed to recognize self from
non-self. Protocols are rules established by the interface designer to
regulate the relationship. Physical attachment often precedes control
but there are other interactions that do not require attachment. The
Common Medium is a physical condition external to two or more
entities. Common media include light, electrical impulses, water,

soil, air, and/or various biochemicals. These intricate systems seem
to operate in an irreducibly complex and interdependent way (Zuill
2007). Removal of any one of these design elements causes an inter-
face system to effectively cease functioning altogether. Corruption
of any element causes a system malfunction. The removal of inter-
face elements and/or system malfunctions may explain how some
commensal and parasitic relationships have developed since the Fall.
These can also explain how long-term relationships, with the same
creatures, can transition from mutualistic to commensal to parasitic,
as several phenomena can affect interface elements. The only known
origin of interface systems is the mind.

When observing long-term associations, it could look like one spe-
cies is directly controlling the other, but they are not. Each organism
has an interface system, but these systems only directly control the
organism to which it belongs. For example, in mutualisms such as ni-
trogen fixing bacteria and plant roots, several harmonious outcomes
are observed. One outcome includes bacteria producing usable ni-
trogen for the plant and in return, the plant providing carbohydrates
for bacteria. Bacteria and plants each have their own identifiable
protocols, but the broader interface that enables these protocols to
harmonize is not seen. If we searched for where the information un-
derlying specified bacteria/plant harmonization resides, it would not
be found within either but comes from the mind of the Designer.
We find that explanation more plausible than the conventional (and
mystical) assertion that plants and bacteria co-evolved together. But
how do we understand system malfunctions, parasitic suffering, and
death if a good God created life and relationship?

C. Biblical life and death

Within a biblical worldview, it is important to incorporate concepts
of how life and death are defined and how death and suffering fit into
a world designed by a good God (Hennigan et al. 2022; Ingle 2015;
Wise 2018). The book of Genesis suggests that life and conscious-
ness have characteristics that are not measurable using scientific
methodologies. This is consistent with the Author and Creator of life
in the cosmos, who is also Spirit, not being physical or measurable
(Wise 2018). The scientific implications of life and consciousness
being immaterial are profound. What this means is that we can sci-
entifically study the operation of biological functions such as metab-
olism, adaptation, and organism interactions, and that the operation
of these functions are best explained by engineering principles. Yet,
consciousness and life itself are not reducible to, derived from, or
explained by either biological functions or engineering principles.
In addition, Scripture suggests that soul-life found in animals and
humans is a different kind of life than other biological taxa (e.g.,
plants as a food source for humans and animals with soul-life) and
that the death brought about by the curse is death of animals and
humans (Genesis 1:29-30; Romans 5:12-21; Kennard 2008; Wise
2018). Wise (2019) suggests that biblical death may not only refer to
separation, but also cessation of created function and purpose. These
concepts are important to discuss and explore in young-age creation-
ism, especially when it comes to describing parasite/parasitoid rela-
tions that can cause death and suffering and whether parasites of taxa
other than animals and humans were part of God’s original and good
design (Blaschke 2018; Ingle 2015). More discussion and agreement
are needed among young age creationists.
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III. MUTUALISTIC SYMBIOSES

Mutualistic symbioses are long-term relationships with two or more
organisms working together in a way that all benefit. These associ-
ations can be classified as obligate or facultative. In this section we
will briefly describe what is currently known about a few globally
important relationships that are often the foundation for ecosystem
and community health. Human understanding of these complex re-
lationships is growing rapidly, and the data suggest that we are far
from fully comprehending any of them. However, what is being elu-
cidated continues to amaze and inspire researchers toward improving
human technology, as the complexities in creation far surpass human
engineering.

For example, a study by U. C. Berkeley finds that sorghum manip-
ulates soil conditions to promote a beneficial change in microbes
on their roots during drought. Over a four month experiment the
composition of the microbial community drastically shifted as condi-
tions went from wet to drought. With the onset of drought, sorghum
roots released an increased range of carbohydrates and amino acids,
as well as secondary metabolites which may include antimicrobials
and reactive oxygen species into the soil. The normally dominant
microbes (Proteobacteria, Bacteroidetes, and Verrucomicrobia) are
poorly suited to these changed conditions and their populations rap-
idly decrease. Streptomyces strains of Actinobacteria are normally
present in small numbers but are particularly suited to both the new
root products and drought conditions and take over primary colo-
nization of the root system. Sorghum detects the recolonization by
Actinobacteria and, through a yet to be identified mechanism, adjusts
metabolism again so there is an increase in relative root-to-shoot re-
source allocation that is correlated with increased root biomass and
deeper roots under drought stress. Researchers suggest that these
interactions are the result of cross talk between sorghum cultivars
and microbes (Hunter 2018).

The complex communication and authentication operating by so-
phisticated genetic protocols, through soil media over a range of

moisture conditions, is consistent with a model of interface design.

Mutual symbioses highlighted are mycorrhizal networks and nitro-
gen fixation.

A. Mycorrhizal networks

The name mycorrhiza comes from the Greek meaning fungus-root.
The term refers to how fungal hyphae connect and interact with plant
roots, often forming mutual symbioses. The fungal symbionts im-
prove nutrient uptake and enhance water transfer, seedling devel-
opment, soil formation, resistance to pathogens, stress resistance,
and plant community establishment and in turn, the plant provides
crucial carbohydrates (Bonfante and Genre 2010; Hennigan 2009B;
Pandey et al. 2019). Hyphae of the mycorrhiza can extend farther
than their host plant roots and connect to other mycorrhizal networks
forming the wood-wide-web, which is responsible for horizontal
nutrient movement throughout the community (Anca and Bonfante
2009; Bonfante and Genre 2010).

Two major types of mycorrhizal fungi are ectomycorrhizae (ECM)
and endomycorrhizaec (EM), and they differ in how they colonize
the plant root. Fungal taxa of ECM include species from clades Ba-

sidiomycota or Ascomycota and their hyphae connect and grow on
the outside of tree and shrub roots forming a Hartig net interface
where nutrients are exchanged (Anca and Bonfante 2009; Bonfante
and Genre 2010; Plett and Stuart 2020). Fungal taxa of EM include
species from Glomeromycota where their hyphae penetrate the root
cortex of forest trees/shrubs, along with some herbaceous plants,
and enter cells forming vesicles. This type of mycorrhizae includes
Arbuscular (AM), Ericaceous, and Orchidaceous endomycorrhiza
(Bonfante and Genre 2010). We will only discuss arbuscular mycor-
rhizal symbiosis because it is the most common and well-researched
type of mycorrhizal association.

Arbuscular Mycorrhizae (AM) form symbioses with most terrestri-
al plants (Bonfante and Genre 2010; Chen et al. 2018; Rosendahl
2008). Most of these plants could live without AM fungi, but there
are positive benefits to the relationship as the fungal partner increases
the plant’s ability to resist pathogens, uptake nutrients, and tolerate
stress (Bonfante and Genre 2010; Chen et al. 2018). All AM fungi
benefit from the association with plants because of the carbon they
receive from them (Walder and van der Heijden 2015). Glomeromy-
cota fungi are characterized by their ability to reach the inner cortex
of plant roots and form branched arbuscules which are the symbiotic
interfaces for nutrient exchange (Bonfante and Genre 2010; Chen et
al. 2018). These interfaces are key to understanding how these organ-
isms interact and operate with each other.

In AM symbiosis, the role of the plant-fungal interface is to exchange
both signals and nutrients (Roth and Paszkowski 2017). Important
molecules involved in signaling are plant metabolites that initiate
and maintain AM symbiosis. The metabolome is reprogrammed by
the fungus to promote colonization and allows the fungus to obtain
carbon from the plant (Kaur and Suseela 2020). The metabolome
includes primary metabolites (sugars, organic acids) and secondary
metabolites (alkaloids, flavonoids), and changes in the concentration
of these compounds depend on the environment, plant species, or
fungus species (Machiani et al. 2022). The reprogramming of the
plant metabolome can affect the type of relationship exhibited be-
tween the plant and the fungus (Kaur and Suseela 2020).

Because the fungus has morphological similarities to that of a patho-
gen, the host plant recognizes self from non-self (authentication) but
goes into a mode with highly restrictive exchanges. As with animals,
plants have an immune system—which constitutes the interface sys-
tem—and, thus, authentication is required (Sanabria et al. 2010). As
seen in fungus/plant mutualisms, the protocols of interface systems
facilitate a balance between the plant and fungal nutrient needs (Ko-
gel et al. 2006). To have long lasting, mutualistic interactions, mutual
protocols facilitate the plant cell’s acceptance of the fungal hyphae,
and this starts with plant receptor-kinase-mediated transmembrane
signaling that recognizes the plant as a cooperative organism (Kogel
et al. 2006). The incredibly tight design of the protocols is demon-
strated when the plants produce salicylic acid to suppress fungal col-
onization, but the fungus produces compounds that the plant detects
and stops acid production so that the fungus can colonize the plant
(Kuar and Suseela 2020). The plant also reorganizes cellular organ-
elles to accommodate fungal structures (Kogel et al. 2006; Bonfante
and Genre 2010).

MacLean et al. (2017) discuss three stages for how arbuscular my-
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corrhizal symbiosis occurs within a host plant. They are perception,
transmission, and transcription. These stages correspond to Hen-
nigan et al.’s (2022) authentication, protocols, and common media
requirements for an interface. The perception stage begins when a
plant deprived of phosphorus (P) releases plant hormones called
strigolactones into the rhizosphere medium of the soil. The AM fun-
gi perceive these hormones and identify the host plant, which leads
to the increase in hyphal growth. Fungi will also produce signaling
molecules (myc factors) such as chitin oligomers and lipochitooligo-
saccharides. The transmission stage begins when these myc factors
are perceived by the host plant, which activate the common symbio-
sis pathway. This message is relayed from the plasma membrane to
the nucleus through a series of messenger molecule interactions. The
protocols for the transcription stage are the programmed information
found in specific proteins and genes necessary for symbiosis. One
example is the Gene OsD14, which increases fungal colonization.

Sometimes, the mutualistic relationship with AM fungi and their host
plants can turn parasitic. The relationship is not strictly reciprocal
and can change depending on environmental conditions (Walder and
van der Heijden 2015). Kogel et al. (2006) describe parasitism in a
plant-fungal interaction as an unbalanced symbiosis due to unequal
nutrient transfer. Certain environmental conditions can corrupt or
change media conditions affecting interface function. Neuhauser and
Fargione (2004) found that low soil Phosphorus (P) promotes a mu-
tual relationship between the plant and fungal partner. However, if
the soil is fertile, the plant no longer relies on the fungi for nutrients
and fungi may cheat the plant by taking nutrients from it. Is this an
example of cheating or is it consistent with God creating plants as
food for other organisms when plants are thriving in high fertility
soil?

Walder and van der Heijden (2015) note that resource exchange from
the fungus can increase in plants that have a strong sink strength,
however, the sink strength of the plant can depend on the efficien-
cy of the plant-fungal interface to exchange these nutrients. If the
plant-fungal interface is not functioning properly, resources from the
AM fungi may not be transferred to the plant, and it can seem that the
fungi is parasitizing the plant. This protocol malfunction is expected
in a Fallen world and fits our creation model of symbiotic relation-
ships. The authors also point out the difficulty in determining if a
plant is benefiting or being harmed from a mycorrhizal association
because of the relational complexity. AM fungi form vast, intercon-
nected networks that have associations with many plants and can
provide benefits other than nutrient provision. These other benefits
could make up for inadequate nutrient provision from the fungi, and
the relationship could be labeled as a conditional mutualism.

Lanfranco et al. (2018) discuss possible mechanisms that can affect
the type of symbiotic relationship between AM fungi and their host
plants. The symbiotic relationship between plants and AM fungi
greatly depends on the exchange of nutrients, and these nutrients can
act as important signals in the development of the relationship. Sugar
is taken from the plant by the fungus, and an important fungal gene
involved in this uptake is RiMST?2. If this gene is silenced, the result
is decreased fungal colonization and reduced arbuscular branching.
Both the plant and fungi have genes called PT genes that are import-
ant for P transfer, and if these genes are altered or silenced, the fungus

arbuscule lifetime can be shortened. This helps ensure the plant re-
ceives P from the fungus and could be a mechanism used by the plant
to prevent fungal parasitism. At high P levels, the plant can release
phytohormones that reduce AM colonization. It has also been shown
that lipid transfer from plant to fungus is important for continuing the
relationship (Lanfranco et al. 2018, Wang et al. 2017). Lipids play an
important role in the composition of the arbuscular membrane where
the interface lies, which affects the functionality of proteins involved
in nutrient and signal exchange (Kameoka and Gutjahr 2022). For
example, a lipid biosynthesis gene only found in AM host plants is
the FatM gene, and when it mutates, reduces fungal colonization and
arbuscular branching (Roth and Paszkowski 2017). Roth and Pasz-
kowski (2017) argue that the presence of this gene and others in only
AM host plants could be a result of evolutionary adaptation of the
symbiotic system. An MOSR interpretation would suggest that these
genetic protocols were put in place by the Creator so that each au-
tonomous organism could interact and exchange nutrients with each
other. Disabled protocols can affect nutrient exchange and can cause
this mutualism to turn either parasitic or be discontinued.

Change in relationships can also come about in other ways. In an
experiment performed by Johnson et al. (2015) they found that light
media can reduce plant ability to produce photosynthate for the fun-
gus. Lekberg and Koide (2013) also describe this cheating as para-
sitic. However, plants can prevent such a relationship from occurring
by moving carbohydrates to an area of high P concentration in the
root, which is where the arbuscular interface lies (Lekberg and Koide
2013; Kaur and Suseela 2020). Relational variability from mutual-
ism to parasitism can be interpreted as cheating in certain symbio-
sis market models. An equally reasonable interface interpretation
is consistent with designed protocol response and changing media
that determine organism interactions, survival responses, and the
Creator’s desire for his creatures to thrive even in challenging con-
ditions.

Sorghum is an important food crop because of its extreme
drought-tolerance, which affects soil media, which informs rela-
tionship interactions at the interfaces. Symbiotic relationships help
confer resistance in dry conditions. A 17-week field study subjected
two sets of sorghum (Sorghum bicolor) reflecting two different gen-
otypes to pre-flowering and post-flowering drought stress and de-
tected changes in the expression of genes related to photosynthesis,
and its relationship to fungi on its roots (Varoquaux et al. 2019). A
molecular profile of drought response over the growing season was
compiled from a dataset of nearly 400 transcriptomes of messenger
RNA. These data showed that sorghum rapidly detects and adapts to
drought stresses by exquisitely regulating gene expression in 40% of
the genome. A total of 10,727 genes were modulated (Manke 2019).
The field work also studied the effects of drought on AM fungi, that
in non-drought conditions are abundantly concentrated around the
roots. During drought, some of the genes, specifically modified by
sorghum, changed this symbiotic relationship by downregulating
metabolic pathways. This downregulation was associated with the
reduced availability of exchangeable products between sorghum and
fungi and corresponds to decreased fungal mass in sorghum roots
(Varoquaux et al. 2019).

The elements described enabling arbuscular mycorrhizal and sor-
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ghum to exchange products and information fit the description of
biological interfaces (e.g., authentication, protocols, and media) as
first described by Guliuzza and Sherwin (2016).

Mutualism between plants and arbuscular fungi is extremely com-
plex and involves constant communication and signaling between
organisms. However, this mutualism can change to parasitism
caused in part from issues such as disrupted authentication (signal
exchange), degraded protocols (unequal nutrient exchange) or unfa-
vorable environmental media conditions.

B. Nitrogen fixation

Approximately 78% of earth’s atmosphere consists of molecular di-
nitrogen (N,). In this form, its stability and non-toxicity make it a
useful way to store it in the atmosphere. Though nitrogen is required
by all organisms for the biosynthesis of life-requiring biomolecules
such as DNA, RNA, ATP, and proteins, atmospheric dinitrogen is not
usable and must be transformed (fixed) into nitrogen compounds or-
ganisms can use. Therefore, nitrogen fixation is a globally important
process where dinitrogen is converted into usable ammonia (NH,)
or other important nitrogen compounds. Zuill and Standish (2007)
suggested that the biospheric nitrogen cycle system had irreducibly
interdependent (complex) properties, evidence of an intelligent Cre-
ator. This is because the intricate and global process is mostly ac-
complished by a diverse suite of organism relationships, with a small
percentage produced by lightning (Hill et al. 1980).

The rhizosphere of terrestrial plants is that region of soil that sur-
rounds plant roots. It is a rich ecosystem composed of a plethora of
diverse organisms. One of those groups are diazotrophs and they
are designed to fix nitrogen. Diazotrophs include several phyla from
both Eubacteria and Archaea domains and are further subdivided
into root nodule bacteria and plant growth promoting rhizobacteria
(Mus et al. 2016).

In turn, plants have a diversity of ways they can associate with di-
azotrophs and work together for the benefit of their relationship and
for the community. The proximity of plant roots and diazotrophs de-
termine the type of association, and their proximity has been delineat-
ed into three major categories; free-living interactions through soil/
water media, endophytic where diazotrophs are able to enter plant
tissue intercellular spaces, and endosymbiotic where diazotrophs are
taken into a plant cell and housed within plant synthesized mem-
branes (Mus et al. 2016). Along with these types of relationships,
there is evidence that nitrogen fixing associations also occur within
fungi and termites (Mullins et al. 2021; Thanganathan and Hasan
2018).

1. Free-living diazotrophs

There is a diversity of free-living diazotrophic prokaryotes in the
global rhizosphere. They can be facultative or obligate anaerobes or
aerobes and consist of taxa that include proteobacteria, (a recently
delineated and controversial phylum of Gram-negative bacteria) and
Cyanobacteria (National Laboratories of Medicine 2021; Mus et al.
2016). Because these are not classified as symbiotic relationships,
and space prohibits detailed discussion, they do fall under relation-
ships where protocols do not require attachment (Hennigan et al.
2022). Mus et al. (2016) describe plant roots secreting chemicals
into the soil which are detected by plant growth promoting rhizo-

bacteria (PGPR; e.g., proteobacteria). Once detected, these bacte-
ria move toward the roots and when they get into proximity, they
have nitrogenase enzymes to transform dinitrogen into metabolically
usable NH, or NH,- which then enriches the soil and improves the
health of the rhizosphere and greater community (Mus et al. 2016;
Steenhoudt and Vanderleyden 2000). Hennigan et al. (2022) em-
phasize that outcomes like increased soil fertility are the result of
each autonomous organism’s authentication capability of identifying
self from non-self, protocols for non-attachment interactions, and re-
lational functioning in soil and growth promoting chemical media.
The intelligence required for both plant and PGPR to communicate
and respond to one another, for the good of the community, is consis-
tent with an infinitely wise and knowledgeable Designer.

2. Intercellular endophytes

Many diazotrophic bacteria (e.g., Azoarcus, Herbaspirillum, Gluco-
nacetobacter, and Nostoc) can enter plant tissue through openings
such as lenticels, stomata, or root cracks without causing damage
and tripping a defense response (Mus et al. 2016). For this reason,
they are classified as endophytes. Endophytes are ubiquitous and
can be facultative or obligate, mutualistic, commensal, or parasitic,
and have been identified in all plant species to date (Mus et al. 2016;
Hardoim et al. 2015). Nitrogen fixing cyanobacteria (Nostoc sp.)
are also associated with some bryophytes (e.g., mosses and liver-
worts), fungi, lichens, and cycads (palm-like gymnosperms), and do
not form root nodules (de Vries and de Vries 2018; Mus et al. 2016).

Details differ depending on species associations, but general patterns
can be described across diverse associations. For example, relation-
ships begin with highly complex communication via authentication
in soil or water media. Plants can attract nitrogen-fixing symbionts
with flavonoids and/or a diversity of polysaccharides that function
as signal molecules that symbionts detect, recognize, and respond
to in a variety of ways (de Vries and de Vries 2018). Not all signal
molecules have been identified and in the case of Nostoc relation-
ships, signal molecules are also called hormogonia-inducing factors
(HIF). HIF are detected in soil or water media and transform Nostoc
non-motile vegetative cells into motile cells called hormogonia. Hor-
mogonia communicate with other plant molecular signals and move
toward the plant by gliding over wet surfaces or viscous substrates.
When hormogonia reach the plant host, they differentiate again into
unique, thick-walled cells called heterocysts and enter plant tissue.
Research into structural defects on the surface of polysaccharide sig-
nal molecules suggests that some of these symbiotic associations fail
because these defects prohibit authentication (Mus et al. 2016). This
is consistent with Hennigan et al. (2022) when they discussed that
failure of one or more interface components would result in deleteri-
ous effects on symbiotic associations.

de Vries and de Vries (2018) outline the intricate components need-
ed once symbionts enter the plant where each symbiont is tightly
controlling their respective interfaces. Several protocols have been
described for how they do this and they are regulated both transcrip-
tionally and at a protein level where proteins regulate other proteins,
undergo modification, and/or use available non-protein cofactors that
assist with reactions. Nitrogen fixing genes (nif) can be regulated
by nitrogen fixing proteins such as nif4. For example, the proto-
cols for the nitrogenase enzyme complex alone are intricate. Two
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key components that make up the enzyme complex are nitrogenase
reductase and nitrogenase. Nitrogenase reductase consists of two
identical building blocks (subunits) coded by nifH while nitrogenase
is composed of two identical  subunits (2) coded by 7ifK and two a
subunits (o) coded by nifD. Another protein, nifL, can interact with
nifA4, depending on environmental cues that are detected by sensors
on the diazotroph and plant (Hennigan and Guliuzza 2019). Appro-
priate gene expression is also dependent on #ifS and nifU proteins
regulating fixation rates with the help of cofactors.

For dinitrogen to be transformed into useful plant compounds other
genomic/proteomic protocols are required for anaerobic conditions
and high ATP rates. This is because oxygen inactivates nitrogenase
and a lot of energy is required for these biochemical reactions. Re-
search also suggests that sugars involved with cyanobacteria are not
just signal molecules but are also important in providing a nitroge-
nase pathway through the pentose-phosphate biochemical pathway
(de Vries and de Vries 2018; Mus et al. 2016). But, to produce high
ATP rates, high oxygen concentrations are also needed. Therefore,
these autonomous organisms must tightly regulate gene expression
so that the proper chemical environment, monitoring of environmen-
tal variables (e.g., temperature, N, concentration, O, concentration,
light, plant growth), efficient resource exchange, and exchange rates
result in healthy functioning for one another. In Nostoc, the genomic
and proteomic protocols are programmed to synthesize unique het-
erocyst cells that become the anaerobic chambers required for ni-
trogen fixing reactions. Requirements include; three cell walls for
oxygen impermeability, nitrogenase production, retention of photo-
system I for ATP production, dismantling of photosystem II so that
oxygen production stops, upregulation of glycolytic enzymes, and
synthesis of special proteins for scavenging remaining oxygen (de
Vries and de Vries 2018).

There is a unique endophytic association with aquatic ferns (A4zol-
la sp.) and cyanobacteria (Nostoc sp.) worth highlighting. Similar
authentication and genetic/proteomic protocols discussed above are
still relevant and complex. However, rather than a continual attrac-
tion and interaction of Nostoc symbionts recruited from the environ-
ment, symbionts are inherited via vertical transfer and always found
in Azolla leaf tissue (de Vries and de Vries 2018).

Though much research is still needed to understand the Azolla/Nos-
toc nitrogen fixing relationship, de Vries and de Vries (2018) outline
our understanding to date. As with all types of mutualistic symbiosis
Nostoc and Azolla sp. require a highly complex and tightly controlled
communication with one another because they undergo several com-
plex stages of symbiosis that includes transferring inoculum sexually
and asexually, but also control pathogens that can remove fixed ni-
trogen for themselves. Generation to generation vertical inheritance
has provided a stable relationship between the two and has provid-
ed continuity in this relationship for 66 to 100 million years based
on conventional dating. Humans have recognized Azolla spp. for
thousands of years as a fertilizer in rice agriculture and recent data
suggest this symbiosis can increase agricultural yield by 200% (de
Vries and de Vries 2018).

3. Intracellular endosymbionts

Fabaceae is considered the third largest flowering plant family and

includes the legumes of the world (Roy et al. 2020). Many glob-
al members of this family enter the most complex and intricate ni-
trogen fixing symbiosis with microbes. They are known as nodule
forming endosymbionts. These microbes proceed through a typical,
yet to be fully understood, relationship progression, similar to what
was described above, but also includes authentication and protocols
for determining self from non-self (recognition), protocols for phys-
ical interaction between entities (penetration), protocols for diverse
growth structures (e.g., cell division stimulation of nodules), and
protocols for morphological/physiological changes and diversifica-
tion in the endosymbiont (Mus et al. 2016, Roy et al. 2020). Nodule
forming endosymbioses is one of the best studied relationships using
model species such as the soybean (Glycine max) and common bean
(Phaseolus vulgaris). The following description is a summary of our
current understanding of these interactions.

Roy et al. (2020) outline the following general steps for nitrogen
fixing rhizobia to enter relationally tight interactions with legumi-
nous plants. They include the importance of authentication where
complex signaling mechanisms trigger gene expression in both part-
ners so that partners can identify and determine relationship parame-
ters while immune system responses exclude other microorganisms.
This authentication process is a considerable undertaking because
the soil medium is full of compatible and incompatible microorgan-
isms and plants use complex signaling to distinguish them. Proto-
cols are involved with coordinating bacterial access to epidermal and
cortical cells, stimulating root cell mitosis and nodule formation,
manufacturing thousands of symbiosomes that are specialized or-
ganelles that house bacteroids which are the anaerobic chambers for
Nitrogen fixation, and modifying plant tissue for providing nutrients
to bacteroids (Clua et al. 2018; Roy et al. 2020).

Early signaling molecules include legumes producing flavonoids
into the soil medium. Rhizobia detect and recognize these signals
and they synthesize lipochitooligosaccharides (Nod factors) which
allows the plant to recognize the bacteria, which triggers the plant
to synthesize welcome signals to the symbiont. Complex genetic
protocols express thousands of genes which express large numbers
of chemical signaling pathways, from both organisms, so that this
partnership will be successful. These genetic protocols and signal
pathways reorganize several key anatomical structures in the plant
for a successful symbiosis. For example, root hairs, cytoskeleton for
root hair reorientation, cell wall degradation, and membrane invag-
ination are all required for microbial entrance into the plant and are
tightly controlled by genetic and hormonal interactions modifying
these structures that are still being illuminated (Clua et el. 2018; Roy
et al. 2020). Plant hormones such as cytokinins and auxins control
nodule organogenesis depending on concentrations and ratio of the
two. These parameters determine timing and location of nodule cell
division (Roy et al. 2020).

Soil media characteristics affect the efficiency of these relationships
and include concentrations of water, phosphate, and sulfate. Metal
ions in soil such as iron, molybdenum, zinc, and copper are crucial
cofactors required in symbiotic nitrogen fixation metabolism. As
limiting factors, they can directly or indirectly affect the process and
cause negative effects for the bacteria, plants, or both. This, in turn,
can affect how we view the symbiosis as mutual, commensal, or even
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parasitic.

Mutualistic symbioses are ubiquitous in the biosphere and space
prohibits descriptions of the many other intricate relationships being
revealed. Data suggest that an interface MOSR is consistent with the
relational complexities being discovered including, but not limited
to, termite gut physiology, algal/amphibian symbioses, fungus farm-
ing ants, lichens, fish gut microbiomes, bacteria/squid relationships,
Cnidarian/dinoflagellates (e.g., coral reefs), sponges, and symbiont
mediated insecticide resistance (Allen and Lendemer 2022; da Costa
et al. 2019; de Vries and de Vries 2018; Graham et al 2014; Kikuchi
et al. 2012; Kim et al. 2014; Levy et al. 2021; Neuhauser and Far-
gione 2004; Pita et al. 2016; Radecker et al. 2019; Roy et al. 2020,
Tarnecki et al. 2017). We predict that our model will be a helpful
starting point for future creation investigators for producing robust
interpretations of highly complex organism interactions and ecosys-
tem networks, from a young-age biblical worldview.

IV. PARASITIC ASSOCIATIONS

Parasitic associations are generally defined as long-term relation-
ships where one organism takes nutrients from another. Though
there are exceptions, parasites may not cause harm. From a MOSR
perspective, removal of any one of the interface elements (e.g., au-
thentication, protocols, or common medium) causes an interface sys-
tem to cease functioning. Corruption of any element causes a system
malfunction. These disruptions can explain how parasitic relation-
ships have developed and how they can transition from mutualistic
to commensal to parasitic.

Two parasitic relationships are discussed in depth below: malarial
protozoans Plasmodium spp. and schistosomiasis protozoans (Schis-
tosoma spp.).

A. Malaria protozoans

Disease is nothing new to our species. Humans have been fighting
pathogens with varying levels of success since the Fall when death
entered creation. Malaria may be one of the oldest human diseases,
discussed in dozens of ancient writings, including Hippocrates and
Herodotus (Bruce-Chwatt 1988). Few human diseases have impact-
ed human history the way malaria has. This disease contributed to
the end of conquests by Alexander the Great, the fall of Greek civ-
ilization, the failure of some crusades, and killed more soldiers in
World War II than actual warfare (Bruce-Chwatt 1988). Historians
and lay people have always connected swamps and fevers, believing
the causative agent of sickness to be “bad air” or mal aria. By the
end of the 19th century, pioneering work by physicians illustrated
that Plasmodium spp. are responsible for the unique pathologies of
malaria. One of these physicians, Ronald Ross, was awarded the No-
bel Prize for medicine in 1902 for his discovery of mosquitos as the
vector of Plasmodium (Bruce-Chwatt 1988). While there are several
species in the genus, the deadliest is Plasmodium falciparum.

This parasite causes malignant tertian malaria and accounts for 50%
of all malaria cases. Plasmodium falciparum triggers fever parox-
ysms where people suffer a fever every third day with temperatures
often reaching 104°F (40°C) or higher (Edington 1967). Many of the
patients never feel well in between paroxysms, some with continu-
ous fevers and others with 24 to 36 hour long kot periods as com-
pared with the 8 to12 hour periods with other species of Plasmodium

(Edington 1967). Most sufferers experience feelings of being unwell
(malaise) such as body aches, chills, and a loss of appetite. The fevers
can be so intense that teeth chatter to the point of cracking and the
bed rattles with the shivering. With this most virulent of the Plasmo-
dium species, the disease can cause severe anemia and develop into
cerebral malaria that is often fatal. More than 3.2 billion people live
in areas with malaria risk, with more than 200 million infected at any
given time (World Health Organization [WHO] 2016). The disease is
only limited by the geographic distribution of species of Anopheles
mosquitoes capable of transmitting the parasite (WHO 2016).

When the mosquito feeds on its human host, P. falciparum individu-
als migrate from the salivary glands of the mosquito into the human
bloodstream. Parasites migrate to the liver and reproduce at a prodi-
gious rate. At this stage, some argue that the Plasmodium individuals
have a commensal existence, not harming the host. In fact, some spe-
cies of Plasmodium can avoid causing disease in the host for decades
(Markus 2012). Once the individuals start moving through the life
cycle, the symptoms appear quickly. A single protozoan delivered
from a mosquito can generate millions of individuals after several
rounds of reproduction. Parasites pour out of the liver and immedi-
ately infect red blood cells, feeding on the hemoglobin. In addition
to destroying the red blood cells, the feeding produces an insoluble
molecule called hemozoin. This dark pigment is diagnostic and trig-
gers the human body to release tumor necroses factor (TNF), which
causes the fevers and most of the pathology related to the disease.
Parasites leave ruptured red blood cells and continue to infect new
rounds of cells or are ingested by mosquitoes and potentially trans-
mitted to new hosts. In many P. falciparum infections, more than half
of all red blood cells contain parasite individuals. It is no wonder
this parasite causes such a debilitating and deadly disease. How did
something like this come from a creation full of life that the Creator
would call very good?

1. Design interface

P. falciparum individuals and humans are locked in an intimate
symbiotic relationship. These relationships are like dances that have
turned into wrestling matches. Both members of this parasitic rela-
tionship operate as autonomous beings capable of recognizing self
and not losing distinct boundaries. Merozoites of the parasite contain
several unique surface proteins, including merozoite surface protein
1 (Hoessli et al. 2003). This protein, in addition to marking the mem-
brane as belonging to P. falciparum, is integral for parasite invasion
of erythrocytes. Additionally, the parasite cells seek out the opposite
sex to complete sexual reproduction. After several cycles of asex-
ual reproduction within red blood cells, some of the parasites de-
velop into macrogametocytes (female) or microgametocytes (male).
If these cells are consumed by mosquitos having a blood meal, the
microgametocyte will exflaggelate (cast off their flagella) in the gut
of the mosquito and locate the macrogametocyte to fertilize. Human
cells contain several cell markers and receptors for recognizing self,
many of which are the focus of tremendous research. At least two
of these markers are used by P. falciparum to recognize the specific
human cells they need to invade for completing the life cycle.

Many protocols for this symbiosis have been discovered and de-
scribed. The wrestling match between P. falciparum and humans
seems to be rather one sided, with malaria helping make mosquitos
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the most dangerous animals on Earth. Two points in the P. falciparum
life cycle require the parasite to contact the host cell, invade it, and
ultimately take control of it. The parasitic cells contain receptors
that recognize and bind surface protein on both hepatocytes for the
exoerythrocytic cycle and red blood cells in the erythrocytic cycle.
This ensures that the parasite invades the correct cell type required
for completing the life cycle. Human cells seem to exert little to no
control of P. falciparum cells. In fact, humans generate antibodies
that prevent the immune system from keeping the parasites from in-
vading erythrocytes (Guevara Patifio et al. 1997). It is like a wrestler
tying his wrists together to prevent him from putting his opponent in
an arm bar. The only real attempt from the human body to control the
invader is to release TNF after monocytes or macrophages bind the
parasite, triggering a raging fever and debilitating body aches.

This relationship between P. falciparum and humans takes place in
the common medium of the human bloodstream interstitial space
around hepatocytes, and within human cells. The parasites thrive
in each of these chemical environments as do human cells in the
absence of the parasite. P. falciparum individuals are so adept at
thriving in these vertebrate environments that they trigger the pro-
duction of antibodies discussed above that prevent human cells from
blocking the erythrocytic invasion (Guevara Patifio et al. 1997). The
chemical environment changes dramatically once the immune sys-
tem reacts to the presence of the parasite. Human cells and Plasmo-
dium cells struggle to thrive under the conditions created by TNF.
While the body may kill the parasites and prevent further cycles, it
does so at the expense of its own flourishing.

2. Original design interface

Most readers of Genesis 1, if believing it to be historical narrative,
cannot reconcile a relationship like this with a creation that God
would declare “very good.” While both members of the symbiot-
ic relationship have the six characteristics of life, they do not seem
to be experiencing the flourishing encompassed in nephesh life. It
seems that the death God declared would come as soon as Adam and
Eve ate of the tree of life has distorted the design and purpose of this
relationship. Research indicates that each of the species of Plasmo-
dium may have moved into humans independently (Prugnolle et al.
2011). Plasmodium falciparum seems to have originated in gorillas,
and switched hosts when Anopheles transmitted them to humans. It
is interesting that P. falciparum demonstrates an ability to take con-
trol of cells in human systems and can thrive in the chemical envi-
ronment within human cells. This indicates that the design in these
symbionts is robust enough to use receptors different than those they
were specifically designed to interface with. It seems the parasite can
be used in a variety of engineered systems with varying levels of suc-
cess. In fact, Plasmodium species are notorious for host switching,
sometimes contributing to terrible pathology in the new hosts. These
new hosts, including humans with P. falciparum seem to be unable to
control the parasite because they were not designed to interface with
them. It is quite possible that no organism was designed to interface
with Plasmodium spp. Most research indicates that all Plasmodium
spp. and similar parasites in other genera originated from coccidians
that completed the entire life cycle within a single host. Coccidians
are the largest subclass of Apicomplexan protists and are obligate
intracellular parasites of animal intestinal tracts (Marugan-Hernan-

dez et al. 2021). This ancestor likely evaded host immune response
or was held in check by host cell control. It is likely that this ances-
tor and its vertebrate host had a well-developed interface like those
seen in the mutualistic relationships discussed previously. As death
entered creation, interface components broke down and symbionts
entered foreign systems.

B. Schistosomiasis

Schistosoma mansoni, and other species of blood fluke flatworms in
this genus, cause a disease known as schistosomiasis. Like malaria,
schistosomiasis has been known for as long as humans have been
leaving records. One major difference between the two is the large
size of Schistosoma spp. when compared to Plasmodium spp. Both
Schistosoma larva and adult, and the durability of the eggs, mean
the parasite leaves more lasting evidence behind. In fact, at least 50
records of this disease exist in Egyptian papyri, and Egyptian mum-
mies often contain calcified eggs of the worms (Di Bella et al. 2018).

Physicians in Napoleon’s army recorded pathology of schistosomia-
sis, and within 50 years, Theodor Bilharz discovered evidence of the
worm responsible for infecting more than a fourth of all people in
Egypt (Di Bella et al. 2018). English surgeons found the parasite in
an ape dying in the London Zoo and by World War I both disease and
the blood fluke were well known across Europe (Roberts et al. 2012).

Schistosomian blood flukes are some of the most feared parasites in
the world, with more than 800 million people at risk. It is likely that
more than 200 million people are currently infected with schistoso-
miasis, with 125 million symptomatic, and 20 million with severe
disease (Di Bella et al. 2018). The most common sign of schistosomi-
asis is bloody urine (most common with Schistosoma haematobium)
or bloody diarrhea. During the acute phase of infections, the patient
suffers from fever, fatigue, headache, malaise, muscle aches, lymph-
adenopathy (swollen lymph nodes), and gastrointestinal discomfort.
If the disease moves to the chronic phase, hosts suffer from bloody
urination or diarrhea with abdominal pain and lethargy. In some S.
mansoni and S. japonicum infections, eggs block the hepatic portal
system and cause ascites, which is a build-up of fluid in the belly.

The pathology of Schistosoma spp. is uniquely caused primarily
by eggs. While adult worms in the veins present plenty of antigen
to the immune system, the release of eggs triggers the immune re-
sponse and pathology associated with the disease. One response is
the production of various white blood cells that include eosinophils,
neutrophils, and macrophages. These contribute to the formation of
an aggregation of macrophages, called granulomas, around the eggs
(Roberts et al. 2012). The formation of granulomas contributes to
the release of TNF that causes the pathology of the acute phase. The
pathology of the chronic phase is usually the result of the granulo-
mas lodging in vessels or triggering the production of fibroblasts. In
heavy infections, with massive fibroblast development, the intesti-
nal wall and/or bladder wall become ulcerated (Roberts et al. 2012).
This ulceration can lead to genital and kidney involvement, and even
urinary tract blockages, secondary bacterial infections, bladder can-
cer, and bladder calcification. This is another parasite that is both
common and devastating. There is little doubt that something has
gone wrong with original Schistosoma relationships as death entered
creation.
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1. Design interface

Unlike the relationship between malarial parasites and humans (ig-
noring the parasite going into the dormant hypnozoite), the relation-
ship between Schistosoma spp. and humans can last for years and
even decades. The adult worms and humans are engaged in some-
thing more like two organisms that have identified themselves but
have a truce. During this truce, both species maintain autonomy and
present their identities using cell surface and secreted proteins. Cros-
nier et al. (2022) found more than 100 proteins unique to the cell
surface and secretions of Schistosoma mansoni. Additionally, schis-
tosomatids are somewhat unique in that they have separate sexes.
Most parasitic species of Phylum Platyhelminthes are monoecious,
possessing both male and female gonads and producing male and
female gametes. Having separate sexes, require females to seek out
males or never mature and starve to death. Once they find them us-
ing cell markers found on the surface of and by protein secreted by
males, the females enter a canal in the male body and live out their
lifecycle.

Schistosome parasites, like Plasmodium individuals, must survive in
two physiologically and chemically distinct hosts. They survive in
humans, mostly by evasion of the immune system and not by tak-
ing control of the host. However, they do employ some host control
mechanisms. The first of these allows the cercariae (larval stage) to
penetrate through the epidermis, basement membrane, and dermis
to reach blood vessels underneath. While dodging immune cells in
the skin, the parasites secrete materials that break down cell-cell
junctions in the human tissues allowing them to take the three-day
long journey through the incredible barrier (Hambrook and Haning-
ton 2021). When dodging the immune cells does not work and the
worms need to exert more control on individual immune cells or the
entire immune response, they release immune modulators such as
the anti-inflammatory protein Sm6/SmSLP/SmSPO-1. This renders
the immune system useless in preventing the complete penetration
by the worm through the outer defense. Interestingly, many Schis-
tosomatids of birds, such as flukes in the genus Ornithobilharzia,
cannot stop the inflammation response in humans and never make it
through the skin. Instead, they die in the skin and trigger a great deal
of inflammation causing “swimmer’s itch” (Ingle and Aaron 2015).
After the worms have made it through the skin and journey through
the human body to reach the place they transform into adults, the
relationship with the immune system changes. The adult worms live
in vessels that carry blood away from the intestines (S. mansoni and
S. japonicum) or bladder (S. haematobium). To get the eggs out of
the host, the parasite must induce the immune system to form gran-
ulomas around the eggs and carry the granuloma through the lining
of the intestines or bladder where the granuloma containing eggs can
be extruded in feces or urine (Schwartz and Fallon 2018). Like the
situation with malaria, human cells have little to no control over the
parasites other than to try to eliminate them. The immune resistant
tegument of Schistosoma spp. makes this very difficult (Hambrook
and Hanington 2021).

Schistosomatids thrive in the bodies of vertebrates, inflecting birds
and mammals. The parasites find an abundant food source in venule
erythrocytes draining organs and manipulate the chemical environ-
ment to their advantage (Hambrook and Hanington 202; Ingle and

Aaron 2015). At least three genera of Family Schistosomatidae com-
plete the life cycle in mammals, with Schistosoma functioning well
in humans. Data suggest that as many as 70% of the larvac may die
as they enter an adult by penetrating the skin and traveling the en-
tire blood stream, moving through lung capillaries. The working of a
non-corrupted immune system acting as an interface is demonstrated
as it helps the parasite develop properly with interleukin-7 helping
worms complete their journey through the human body and helping
female worms produce more eggs (Wolowczuk et al. 1999). But this
host-worm relationship has been corrupted. Extreme pathology re-
sults from an exuberant inflammatory response primarily from the
effects of TNF coupled with blockages from the granulomas contain-
ing parasite eggs. The worms suffer only if the host dies because of
the infection.

2. Original design interface

Family Schistosomatidae may be a holobaramin, representing a sin-
gle created kind that has diversified into genera and species since
the Fall (Ingle and Aaron 2015; Wood and Murray 2003). Because
we would expect a created kind that God would call very good to
benefit the host, it seems likely that this group was created to benefit
the host (Ingle 2015). Therefore, it seems likely that this group was
created to live in birds, but the robust design allowed them to switch
hosts into mammals (Ingle and Aaron 2015). It seems that the switch
to mammals put the symbiont into a host that was equipped to exert
control and keep the parasites from becoming too abundant. That is
one of the known functions of certain protocols of an interface sys-
tem. These new hosts’ inflammatory response becomes dysregulated
when eggs are released and avoid blockages. It should be noted that
many humans (especially those that live in areas where Schistosoma
spp. are endemic) show reduced pathology with the parasite com-
pared with others. This can be explained when remembering that the
pathology is almost exclusively the result of the human inflammatory
response and not the parasite itself. As Family Schistosomatidae has
diversified through time, it has become more specialized with species
infecting a smaller variety of hosts. The more specialized the species
of Schistosomatidae, the more severe the pathogenicity (Ingle and
Aaron 2015). Data suggest that as schistosomatid authentication and
protocols have consistently deteriorated from the original ancestor,

relational disruption has occurred resulting in harmful parasitism.
V. CONCLUSIONS

How do two autonomous entities with distinct boundaries work to-
gether? This question is answered with a principle of design indis-
pensable to engineering practice. For two autonomous entities with
distinct boundaries to work together, they must be connected by an
interface with three distinctive elements: authentication mechanisms,
standardized protocols, and a mutually accessible medium to all en-
tities involved. There are several implications based on this princi-

ple being true. The interface designer’s thorough knowledge of all
systems to be integrated is essential. Creationists and ID advocates
should begin to accentuate this point when making the case for an
engineering-based approach to biology. This greatly compounds the
“what-is-the-source-of-information” question. It is difficult enough
to come up with a plausible evolutionary explanation for the infor-
mation carried by DNA. Now, a natural explanation would have to
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be offered to explain the source of information controlling two or
more entities—all linked together in massive ecological webs—and
the complete set of logic involved remains a major part to be eluci-
dated (unlike, for example, the information for genetic logic switches
located in DNA). Evolutionists simply appeal to explanations that it
evolved and coevolved. Engineering analysis eliminates these mysti-
cal appeals in standard biological descriptions and identifies true en-
gineering causality in condition-consequence processes. Engineering
analysis identifies extensive integration of interdependent, yet dis-
tinctly innate, systems, which makes the explanation of coevolution
far less plausible.
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