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Synopsis  Crossing traditional disciplinary boundaries can accelerate advances in scientific knowledge, often to the great ser-

vice of society. However, integrative work entails certain challenges, including the tendency for individual specialization and the
difficulty of communication across fields. Tools like the AskNature database and an engineering-to-biology thesaurus partially
reduce the barrier to information flow between biology and engineering. These tools would be complemented by a big-picture
framework to help researchers and designers conceptually approach conversations with colleagues across disciplines. Here, I
synthesize existing ideas to propose a conceptual framework organized around function. The basic framework highlights the
contributions of sub-organismal traits (e.g., morphology, physiology, biochemistry, material properties), behavior, and the en-
vironment to functional outcomes. I also present several modifications of the framework that researchers and designers can
use to make connections to higher levels of biological organization and to understand the influence neural control, develop-
ment/ontogeny, evolution, and trade-offs in biological systems. The framework can be used within organismal biology to unite
subfields, and also to aid the leap from organismal biology to bioinspired design. It provides a means for mapping the often-
complex pathways among organismal and environmental characteristics, ultimately guiding us to a deeper understanding of

organismal function.

Introduction

Important scientific questions and challenges often re-
quire input from multiple fields. Biology, for instance,
can benefit from the expertise of engineers, physicists,
chemists, mathematicians, and other researchers from
outside biology. We can use robotic model organisms
to examine the functional effects of varying morphol-
ogy and behavior, including in ways that would be
unfeasible to study in living organisms because those
phenotypes do not exist, or because organisms notori-
ously choose not to behave how experimenters would
like them to (Long 2007; Flammang and Porter 2011;
Gravish and Lauder 2018; Flammang 2022). Analyti-
cal tools from physics and engineering can let us dig
into the mechanisms underlying all kinds of biologi-
cal phenomena. Take the case of finite element analy-
sis, which has yielded insight into form-function rela-
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tionships in numerous biological systems (Rayfield et al.
2001; Ross 2005; McCullough et al. 2014; Villacis Nufez
et al. 2022). Even within biology, different subfields di-
rect their attention to different levels of biological or-
ganization, employing a dizzying array of techniques in
settings ranging from the field to the bench to comput-
ing environments. To answer many of our most interest-
ing and important biological questions, biologists from
different subfields must unite their diverse strengths and
perspectives.

Engineers, on the other hand, can look towards
biology for inspiration to tackle many of the chal-
lenges that humans face. Inspiration can come from any
level of biological organization, although biomimetic
products may particularly draw their inspiration from
organism-level observations, perhaps not surprising
considering that organisms are more easily observ-
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able than smaller- or larger-scale biological phenom-
ena (e.g., molecules, cells, ecosystems) (Bhasin and
McAdams 2018). Comparative methods from biology
can take bioinspired design to new heights by pro-
viding a means to leverage biodiversity (Penick et al.
2022). We might especially reap the benefits of nature’s
inspiration when biologists are included in the bioin-
spired design process; yet, bioinspired design teams
rarely include biologists, limiting their ability to assimi-
late biological knowledge (Graeff et al. 2019; Ng et al.
2021; Snell-Rood and Smirnoff 2023; but see the fol-
lowing for pedagogical approaches that involve inte-
grating biologists into bioinspired design teams: Yen
et al. 2011; Helms and Goel 2014; Full et al. 2015,
2021).

Despite the clear benefits of integrative work, at
least two inherent discipline-bridging challenges pose
a barrier to its successful pursuit. First, specialization
can lead towards fixation. Individual researchers of-
ten struggle to maintain a mile-high view of the con-
text, if we strive to achieve the mile-high view at all.
Second, researchers from different fields must grap-
ple with communication barriers, which must be over-
come for us to work effectively together. Difficulty
communicating stems not only from different vocab-
ularies, but also from different and incomplete per-
spectives with respect to the huge body of knowl-
edge available for interdisciplinary studies to draw
upon.

Due to its inherently integrative nature, bioinspired
design has been the focus of several efforts to bridge
the gap between fields, specifically engineering and bi-
ology. One example, AskNature, provides a database
to help designers more easily find inspiration in biol-
ogy (Deldin and Schuknecht 2014; see also Wanieck
et al. 2017 for a review of such tools in biomimetics).
Databases provide a helpful start, but they should not
be an endpoint for inspiration—Iliterature searches and
conversations with biologists can lead to more sources
of inspiration and a deeper understanding (Snell-Rood
and Smirnoff 2023). An engineering-to-biology the-
saurus helps engineers translate their vocabulary into
terms useful for searching and interpreting the biology
literature, enhancing their ability to integrate biological
knowledge into engineering design (Nagel et al. 2010;
Nagel 2014). This tool can also reduce the communica-
tion barrier between engineers and biologists by helping
them navigate vocabulary differences, once they have
decided to have a conversation on a particular topic.
However, it is often not obvious what to ask or dis-
cuss with someone from another discipline in the first
place.
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Conceptual frameworks in biology and
design

Conceptual frameworks can help researchers identify
important open questions and determine the most ef-
fective (potentially interdisciplinary) approach to an-
swering those questions. Not surprisingly, multiple
fields therefore make use of conceptual frameworks,
including biology and design. For example, Arnold’s
morphology-performance-fitness paradigm has had a
huge and enduring impact on how we think about or-
ganismal biology (Arnold 1983). It made a major an-
alytical contribution by suggesting path analysis as a
statistical method for quantifying the impact of mor-
phology on fitness via performance. It prompted (and
continues to prompt) functional morphologists and
biomechanists to step back and see the bigger picture—
it is tempting to tell just-so stories about how partic-
ular morphological features must be adaptations, but
Arnold’s paradigm forces us to assess whether they re-
ally are. Much of the paradigm’s strength arises from
its simplicity, which makes it widely applicable to many
study systems, and its specificity, which provides a prac-
tical guide on what to study, including how the parts re-
late. The paradigm is also readily modifiable: Garland
and Losos (1994) updated it to explicitly include behav-
ior, an important property in organismal systems.

Design theory has produced various conceptual
models to set forth stages of the design process, of-
ten with explicit reference to iteration for refining ideas
or designs. Gero’s function-behavior-structure (FBS)
model and subsequent modifications provide one such
framework (Gero 1990; Gero and Kannengiesser 2004;
Vermaas and Dorst 2007; Galle 2009). In this model, a
designer starts with the desired function for their de-
signed artifact. Because a direct leap between function
and structure can rarely be achieved, the designer then
uses behavior as an intermediate step: they determine
what behaviors would contribute to achieving the de-
sired function, and what behaviors result from a candi-
date structure. To illustrate using the window example
from Gero’s original paper, a designer might start with
a list of functions that includes providing daylight and
controlling noise. Relevant behavior variables include
light flux transmitted and sound reduction index. Struc-
tural considerations follow from the list of behaviors,
and might include glaze- and frame-related variables. A
process of formulation, synthesis, analysis, evaluation,
documentation, and reformulation eventually results in
a design prototype.

Several authors have presented frameworks specific
to bioinspiration and biomimicry, which commonly
fall into problem-driven or solution-driven cognitive
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Fig. | Main framework. Sub-organismal or sub-device traits,
including morphology (physical form) and physiology (processes of
lower-level systems) contribute to functional outcomes. Behavior
(what the organism or device does) can change the relationship
between sub-organismal traits and functional outcomes, but on the
flip side, the range of possible behaviors may be constrained by
sub-organismal traits. Finally, environment can directly influence
functional outcomes, or it can have indirect influence via effects on
behavior, which the organism or device can change in response to
sensory feedback about the environment.

strategies (Kruger and Cross 2006; Helms et al. 2009).
These reference biology as a source of inspiration, but
do not often provide explicit instruction for engaging
with biologists. Generally lackluster engagement with
and from biologists means that engineers usually are not
taking full advantage of the potential organisms have to
offer (Snell-Rood 2016; Graeff et al. 2019; Ng et al. 2021;
Penick et al. 2022; Snell-Rood and Smirnoff 2023). On
the flip side, barriers to cross-disciplinary engagement
mean biologists often are not getting input from engi-
neers and scientists in other disciplines that could sub-
stantially advance our understanding of biology.

A new conceptual framework
The main framework

A conceptual framework uniting big-picture topics can
prompt researchers to think about the broader context
of their work while also sparking interdisciplinary con-
versations. Here, I present such a framework, drawing
from previous work to synthesize ideas likely to matter
across disciplines (Fig. 1).

Function provides a central concept around which to
gather biologists from different subfields whose ques-
tions require an integrative approach, as well as sci-
entists and engineers interested in biomimicry or bio-
inspired design (Snell-Rood and Smirnoff 2023). Al-
though we all care about function in some form or an-
other, the term can have different meanings across fields
and within them, potentially impeding communication.
Biologists and philosophers of evolutionary biology
have formulated various definitions of function, which
may or may not include criteria related to evolution-
ary history (Amundson and Lauder 1994). Function in

engineering has several different but related meanings,
which all “arise from the idea of a machine, system or
a person doing something or having a property that is
intended or desired by someone” (Chandrasekaran and
Josephson 2000). The field of design methodology had
struggled with the concept of function for decades, lead-
ing to a variety of definitions (Umeda et al. 1990, 1996;
Vermaas and Dorst 2007). Moreover, an individual may
not explicitly employ a working definition of function,
so they may use the term inconsistently. Different itera-
tions of Gero’s function-behavior-structure model used
different definitions of function over the years, some-
times distinguishing function from purpose and some-
times blurring the line between them (Vermaas and
Dorst 2007). Because organisms are not designed, they
do not have a purpose. However, we might think of sur-
vival and reproduction in place of purpose, since only
by survival and reproduction of enough individuals can
a species persist. We might then think of function as
“the thing the organism or device accomplishes” to ul-
timately aid survival and reproduction (in the case of
organisms) or to achieve a desired purpose (in the case
of designed devices or systems). Although I will use this
as my working definition of function for the purposes of
this paper, I do not mean to exclude other definitions.
Indeed, researchers and designers should use the defi-
nition best suited to a given situation, including when
using the framework presented here. In any case, it im-
proves clarity of thought and communication to ensure
that one’s working definition is explicit to oneself and to
one’s collaborators.

When considering a whole-organism function or the
function of engineered systems, it helps to begin with
the lower-level traits that enable the function. These
traits include things like morphology (physical form,
structure) and physiology (processes of sub-organismal
systems). Note that we often define physiology as “func-
tions” of organisms, but the key difference from my
use of “function” in the present framework is the sub-
organismal level of physiology. If a system needs to
achieve the function of moving quickly through wa-
ter, the morphology that best serves that function in-
volves a fusiform body shape, whether in dolphins,
ichthyosaurs, sharks, or submarines (Fish 2006, 2023).
To give a physiological example where an organism
must achieve the functional outcome of preventing hy-
pothermia, countercurrent exchange lets birds stand di-
rectly on ice without suffering a drop in their core body
temperature thanks to regional heterothermy (Mitchell
and Myers 1968). Countercurrent exchange has simi-
lar utility in cooling towers, and it can also be used in
both organismal and engineered systems to maintain
regional differences in chemical concentrations rather
than temperature. Morphology translates directly from
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biology to design as structure (Gero 1990; Gero and
Kannengiesser 2004; Vermaas and Dorst 2007; Galle
2009; Nagel 2014). Physiology might not be as directly
translatable as morphology, but designed systems cer-
tainly have analogous traits (e.g., motor properties). We
can also consider biochemical, material, bulk, and sur-
face properties among lower-level traits.

Although lower-level traits like morphology and
physiology provide a starting point for understanding
function, organisms’ behavioral choices can lead to very
different functional outcomes from expectations based
on lower-level traits alone. Garland and Losos (1994)
noted a similar role for behavior in the morphology-
performance-fitness paradigm. Nature provides many
examples where behavior alters form-function relation-
ships in sometimes surprising ways. Thanks to their sin-
uous body plan, snakes can easily navigate confined and
cluttered spaces, like underground burrow systems or
dense tangles of branches (Tingle et al. 2024). Their
elongate shape seems less suited to functions like fly-
ing or floating. Yet, some snakes have evolved behaviors
that let them achieve both of these seemingly unlikely
feats (Socha 2002; Herault et al. 2020). Similarly, behav-
ioral flexibility means organisms are not completely be-
holden to their physiology. Sidewinder rattlesnakes in-
habit deserts known for brutally high summer temper-
atures, so one would expect them to have physiological
adaptations to withstand the heat. However, this species
is not particularly heat tolerant and, in fact, tolerates
low temperatures surprisingly well, at least for a reptile
(Cowles and Bogert 1944; Moore 1978; Secor and Nagy
1994). Instead of adapting their physiology, they retreat
into cool burrows for protection when temperatures
rise. As a result, designers who look to sidewinders for
inspiration on dealing with heat will likely find them-
selves misled. Instead, they might be better served by
looking to species that cannot hide from the heat, like
the saguaro cactus, which inspired the self-shading ex-
terior structure of the building that houses Arizona
State University’s Walton Center for Planetary Health
(Seckel 2022). While behavior can alter the relation-
ships between sub-organismal traits and function, sub-
organismal traits can also constrain behavior: even if
they wanted to, pigs simply do not have the morpho-
logical or physiological capacity to fly.

Behavior, like function, can have many definitions.
In this paper’s organismal examples, a definition of-
ten used in biology applies: the response of an organ-
ism to some input or stimulus, which might be con-
scious or unconscious (Diogo 2017). Behavioral choices
arise in cases where an organism has multiple behav-
ioral options plus the agency to pick one over others
(Diogo 2017). As an emergent property of autonomous
(and often complex) organisms, behavior can have a
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degree of unpredictability that excites biologists while
vexing engineers (Vincent et al. 2006; Diogo 2017).
In contrast, the function-structure-behavior model de-
fines behavior in terms of the “physical dispositions of
the artefact,” or the “the attributes that are derived or
expected to be derived from the structure variables of
the object,” quite different from most biologists’ usage
of the term (Gero 1990; Gero and Kannengiesser 2004;
Vermaas and Dorst 2007; Galle 2009). Although sev-
eral additional definitions of behavior appear in the en-
gineering and design literature (Chandrasekaran and
Josephson 2000), most of them are imbued with greater
predictability than the concept of organismal behavior
in biology. We might use “what the thing does” as an im-
plicit or explicit working definition of behavior, a simple
and ambiguous enough definition to apply in many cir-
cumstances. As with function, different definitions may
suit different workers and/or situations. That is okay, so
long as one is clear about one’s meaning. Careful con-
sideration of different possible definitions may be help-
ful for work that crosses biological subfields, and even
more so for work that bridges the gap between biol-
ogy and design. An organism’s behavior in the sense of
“what it does” might translate directly to bioinspired
robots, but cleverer interpretation (perhaps involving
reconciliation between various engineering and biolog-
ical definitions of behavior) might be required to make
the leap from organisms to other bioinspired design ap-
plications.

The environment can interact with organismal traits
to impact functional outcomes. Environmental effects
might be direct, as may often be the case for locomo-
tion. Snakes on firm, rough surfaces can slide gracefully
forward by undulating their bodies from side to side,
pushing off of objects in the environment, and mak-
ing good use of their ventral scales’ frictional anisotropy
(Jayne 1986; Hu et al. 2009; Hu and Shelley 2012; Rieser
etal. 2021). However, many snakes struggle to slither on
sand and other deformable surfaces, where stout species
are prone to slipping; the stoutest fail miserably, push-
ing the sand from side to side without making any for-
ward progress (Marvi et al. 2014; Schiebel et al. 2020).
Same behavior, different substrate, different functional
outcome (or lack thereof). On the other hand, the en-
vironment can have indirect effects on functional out-
comes when an organism uses sensory information
to alter its behavior in light of environmental condi-
tions. When faced with sand, some snake species switch
their locomotion from lateral undulation to sidewind-
ing, allowing them to make excellent forward progress
on this challenging substrate (Gans and Mendelssohn
1971; Jayne 1986; Tingle 2020). Behavioral alterations in
light of environmental conditions can also include rel-
atively small adjustments. To stick with the sidewind-
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ing example, snakes can make kinematic changes to
the sidewinding motion to improve locomotor perfor-
mance when ascending slopes, which present different
challenges from flat sandy surfaces (Marvi et al. 2014).
These examples focus on macro-level (visible with the
naked eye) effects of the environment, with implications
for robotics. The environment can also impact func-
tion at different scales, and with implications for bioin-
spired design applications other than robotics. For ex-
ample, water salinity impacts sea urchin adhesive per-
formance, presumably due to the effects of altered ion
concentrations on chemical (as opposed to mechanical)
interactions (Moura et al. 2023; Garner et al. 2024). By
examining direct and indirect environmental effects on
functional outcomes at a wide range of biological scales,
we can not only improve our understanding of biology
(e.g., variation in habitat use or energetic requirements),
but also the performance and flexibility of bioinspired
design applications.

Adding to the main framework

With the main framework in place, we can build upon
it to reach a more profound understanding of our study
systems, whether we care primarily about the biology or
about using the biology to inform design. To illustrate,
the organism-level focus of the main framework can
be linked to ecology because different functional out-
comes in different environments likely influence habi-
tat use and dispersal, which matter not just to the indi-
vidual organisms but also for community assembly and
evolutionary ecology (Fig. 2A). We could also modify
the framework to more explicitly consider the role of
the nervous system, which can have major implications
for behavior, sensory systems, and numerous aspects of
physiology (Fig. 2B).

Living systems come about not by design, but by
processes of development and evolution (Fig. 2C and
D). Biologists, perhaps especially those who do not
specialize in evolutionary developmental biology, can
more deeply understand our systems by considering the
roles of these processes. Far from irrelevant from engi-
neering, the importance of development and evolution
should remain clearly in the minds of bioinspired de-
signers and anyone who seeks to use engineering tools
to shed light on biological systems (Flammang 2022).
Because biological systems are generally subject to de-
velopmental and evolutionary constraints that need not
apply to engineering design, a lack of awareness about
these processes can lead bioinspired designers astray.

We have so far considered only one function at a
time. Yet, organisms must adequately accomplish a suite
of tasks to survive and reproduce. As a result, many
organismal traits evolve in the face of functional con-

flicts, a type of trade-off that arises when high perfor-
mance at one task comes at the expense of another
(Walker 2007; Bergmann and McElroy 2014; Garland
et al. 2022). Functional conflicts can result from me-
chanical laws. For example, lever systems—common
in vertebrate musculoskeletal systems and in engineer-
ing design—can be arranged to maximize force, but
only at the expense of velocity, and vice versa. Turtle
shell shapes can maximize either hydrodynamic per-
formance or strength to resist predators’ jaws, not both
(Stayton 2011; Polly et al. 2016). Functional conflicts
can also result from physiology, as in the case of muscle
fiber type composition and its interaction with muscle
architecture in mediating trade-offs among power and
energetic efficiency (Hill 1950; Pette and Spamer 1986;
Schaeffer and Lindstedt 2013; Cooper et al. 2021). In
cases where a trait or network of traits contributes to
a suite of functions, it likely represents a compromise,
meeting several demands adequately rather than a sin-
gle demand optimally (Fig. 2E).

Even in the absence of trade-offs between functions,
a trait’s contribution to multiple functions means that
not all of its features contribute to every function. For
instance, snake skin can possess features to facilitate lo-
comotion (Hazel et al. 1999; Berthé et al. 2009; Rieser
et al. 2021), allow renewal via shedding (Landmann
1979; Irish et al. 1988; Tu et al. 2002), shed dirt (Gans
and Baic 1977; Gower 2003), provide waterproofing
(Chiasson and Lowe 1989; Spinner et al. 2014), har-
vest water (Phadnis et al. 2019; McIntyre et al. 2025),
promote mechanosensation (Crowe-Riddell et al. 2016,
2019, 2021), accommodate large meals via stretching
(Jayne 1988; Rivera et al. 2005; Dellinger et al. 2023;
Petersen et al. 2024), or alter color for camouflage or
thermoregulatory function (Cooper Jr. and Greenberg
1992; Tanaka 2007; Spinner et al. 2013, 2014). As a re-
sult, a snake’s integument has a complex collection of
features, only some of which may be relevant to a par-
ticular function of interest. It may therefore be useful to
consider the present framework in the context of multi-
functionality, improving our understanding of the sys-
tem even in cases where we wish to focus on one partic-
ular function of many.

Beyond functional conflict, other types of trade-ofts
may also apply. The “ecological circumstances” cate-
gory of trade-offs reviewed by Garland et al. (2022) em-
phasizes context dependence, allowing its relation to
the present framework via environment and behavior
(Fig. 2F). For example, an animal may face a trade-off
whereby increasing its foraging effort gives it more en-
ergy, but potentially at the cost of increased predation
risk. However, the balance of the trade-off will depend
on the concentration of predators and on their perfor-
mance abilities under the present set of environmen-
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Fig. 2 Modifications to the framework. We can modify the main framework as needed to enhance the main framework. Examples shown
here include (A) connection to higher levels of organization via functional effects on ecology; (B) influence of the nervous system on
several components of the main framework; (C) the role of development/ontogeny in producing organismal phenotypes, including the
potential influence of the environment (in addition to genes) on developmental processes; (D) the role of adaptive evolution in modifying
organismal phenotypes (but note that traits also evolve with respect to non-adaptive processes); (E) potential for functional conflicts (a

type of trade-off), and (F) potential for context-dependent trade-offs, whereby the risk or cost of a behavior depends on the environment.
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tal conditions, hence the context dependence. Context-
dependent trade-offs, including allocation constraints,
may also matter for engineered systems. As with organ-
isms, increased time or effort allocated towards a given
task might help the system achieve a given function, but
potentially at some risk, such as incurring damage or
running out of fuel. The risk may be increased or di-
minished in different environments.

A note of caution

This framework’s organization of traits around function
may introduce a temptation to imagine all organismal
features as adaptive. One must resist such temptation.
Evolution results not only from natural selection, but
also from non-adaptive mechanisms like genetic drift (a
random process), mutation (another random process),
and gene flow between populations (which can actually
thwart adaptation to local conditions). Non-adaptive
mechanisms of evolution, combined with phylogenetic
inertia and developmental constraint, mean that many
organismal features are not adaptive, and also that sub-
optimality of a trait for a function it serves can result
from many phenomena other than functional trade-
offs (Gould and Lewontin 1979). Failure to remember
this point can lead to misguided interpretations of bi-
ological phenomena, and in the context of bioinspired
design, it can cause designers to waste time on false
leads.

Conclusion

The present framework can help individual scientists
consider aspects of organismal biology beyond our im-
mediate focus, opening the door to interesting and po-
tentially influential integrative research questions. In
the context of bioinspired design, the framework can
highlight important biological topics to consider dur-
ing the design process, so that engineers will more
readily think to ask biologist colleagues about those
topics (Box 1). In addition to aspects of biology that
could usefully factor into design, conversations with
biologists based on the framework can make design-
ers more aware of aspects of biology that do not fac-
tor into design, but that should be considered to avoid
potential pitfalls. As previously discussed, organismal
traits are shaped not only by functional needs, but also
by developmental constraints and evolutionary history.
Moreover, organismal traits are often not fixed, man-
ifesting an ability to change in response to environ-
mental conditions, a phenomenon called phenotypic
plasticity (West-Eberhard 1989). Organisms also face
trade-offs related to phenomena that are not applica-
ble to engineered devices, including shared biochemical
pathways, antagonistic pleiotropy, and sexual selection

(Garland et al. 2022). A reasonable understanding of
these aspects of biology will help designers more effec-
tively sort the organismal features useful to them from
those that are not, allowing them to reproduce (prob-
ably with modification) the most essential organismal
features.

Box 1. Conversation prompts

Engineers connecting with biologists

Use the framework to ask questions, starting with
either a function you need to achieve (problem-
driven) or some compelling organismal trait or bio-
logical phenomenon (solution-driven). Some things
to consider asking about:

* Ecological context

e Trade-offs
* From mechanical laws
* From balancing multiple functions

* Biodiversity of organisms with similar traits
and/or functions

* Evolutionary history

e Developmental constraint

* Non-adaptive evolution

Biologists connecting with engineers
Pitch your cool biological phenomenon in under
two minutes. Ask:

* Do you think it might be useful to design?

* What should biologists measure to facilitate de-
sign applications?

* Can you think of techniques from your field that
might help me understand it?

Biologists connecting with biologists in another
subfield, physicists, chemists, mathematicians, etc.

Use the framework to start with something you
observed (morphology, behavior, environment, func-
tion, etc.) Ask:

* Do you have ideas for what that might have to do
with other things in the framework?

* Can you think of techniques from your (sub-)field
that might help me understand it?

Wading into biology’s vast complexity, one can
quickly get bogged down. Scientists and engineers alike
might view complexity as an impediment to circumvent
or cut through. However, it may sometimes behoove us
to sit longer with the complexity of biological systems
before deciding on the best approach for simplifying
our research or design processes. The conceptual frame-
work presented here can help us map the often-complex
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pathways among traits and emergent phenomena, ulti-
mately guiding us to a deeper understanding of organ-
ismal function.
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