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SUMMARY

Fieldwork is an essential component for an expanding umbrella of research on the physics of living sys

tems, where observing organisms in nature is a critical component of discovery. However, conducting 

field research can be a barrier for scientists, in particular physicists, who do not have experience working 

with organisms under challenging field conditions. Here, we propose seven critical steps for organizing 

and executing interdisciplinary, curiosity-driven field research. Our recommendations are drawn from in

sights gained from the in situ Jungle Biomechanics Lab, a field research course that helps early-career 

scientists from both physical and life sciences gain experience in both organizing and conducting inter

disciplinary field research in the Amazon Rainforest. We emphasize a curiosity-driven approach toward 

the scientific inquiry of living systems, which we believe is crucial for discovery while working with 

wild organisms under unpredictable field conditions. We further provide guidance on teamwork when 

conducting fieldwork, including creating an inclusive environment and advocating for codes of conduct 

and team structures that aid in conflict resolution. Finally, we outline an in situ approach to fieldwork 

ACCESSIBLE OVERVIEW Over the years, an increasing number of physicists and engineers have drawn 

inspiration from biology. Often, the best source of inspiration from biology is found in natural environments. 

However, conducting field research can present a daunting challenge for scientists who have never ventured 

beyond their labs or computer screens. This perspective offers a practical guide for interdisciplinary, curios

ity-driven field research, based on experiences from designing the in situ Jungle Biomechanics Lab, a field 

course that teaches interdisciplinary research in the Peruvian Amazon Rainforest. 

This perspective outlines seven essential steps for planning and executing field research that is scientifically 

robust, logistically sound, and ethically responsible. These steps include finding the right location, maintain

ing curiosity, logistical planning to ensure safety, fostering a supportive culture, interdisciplinary collabora

tion, giving back to local communities, and promoting iterative improvement. Collaborating with naturalists, 

especially locals, is crucial for deepening biological understanding. The in situ approach to field research em

phasizes engagement with local communities and fosters meaningful, reciprocal relationships. 

Physicists offer valuable perspectives and tools for biological research. Similarly, biologists and naturalists 

can provide fresh insights into physics and engineering, particularly in areas that involve bioinspired design. 

Interdisciplinary training that emphasizes collaboration and communication can create a stronger foundation 

for all sciences, enabling every field to tap into new creativity and a broader scope. 
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that requires engagement with the environment, scientific community, and local people where field sites 

exist.

INTRODUCTION

Whether it is the superpropulsion of planthopper pee droplets,1

information propagation in swarms of fireflies,2 or a caterpillar’s 

ability to detect predators’ electric fields,3 many organisms oper

ate at the limits of what is physically possible. This has led to an 

increased interest among physical scientists and engineers to 

use their training in physics, mechanics, and instrumentation to 

understand the physics of living systems. However, those organ

isms are not always amenable in a controlled laboratory environ

ment, may only perform extreme behaviors in the wild, and often 

exist in biodiversity hotspots in remote places; thus, scientists 

often need to meet organisms where they naturally live.

Studying organisms in the field presents an array of challenges 

that can be daunting not just from a scientific perspective but 

also from logistical and conceptual standpoints. Many questions 

may arise, such as what are the expected costs of fieldwork? 

What happens if one cannot find the organism of interest in the 

study? What challenges does fieldwork present in team leader

ship? How do you find a research question to begin with? 

Here, we aim to provide a field guide for scientists who have 

not had the opportunity to perform field research with wild living 

organisms in their natural settings. This guide is based on les

sons learned from the Jungle Biomechanics Lab (JBL), an 

NSF-IRES program that takes scientists with expertise ranging 

from fluid mechanics to theoretical physics into the Peruvian 

Amazon (Figure 1). It draws on insights from scientists who 

have been doing fieldwork with living organisms for more than 

a decade but, critically, also includes the perspective of physical 

scientists doing biological fieldwork for the first time. We 

approach field research from a curiosity-driven science perspec

tive, which is amenable to the uncertainty that field research 

often presents. Finally, we advocate for an in situ approach to 

fieldwork, an approach that we think of as antithetical to para

chute science and requires engagement with the greater com

munity where the field sites exist.

Finding a field site

A field site may be anywhere: a literal field, a suburban backyard, 

or even the sewers of New York City.4 Anywhere organisms have 

adapted to survive, there is likely unexplored biophysics to 

discover. However, the more challenging the environment, the 

more difficult it might be for a scientist to gain access and 

make observations. Identifying the perfect place to study a sys

tem in the field requires a careful balance of funding acquisition 

and field site choices that have adequate infrastructure to sup

port the relevant scientific inquiry. Thus, we suggest starting 

with a budget, which can determine the appropriate choice for 

the field site location.

With a budget in mind, it is time to decide where to go. Finding 

a place to do fieldwork may be as simple as using Google Maps 

to look for freshwater ponds, in the case where one is setting out 

to study dogfighting dragonflies. For questions that can only be 

answered with organisms further from reach, biological field sta

tions can be a critical resource for conducting field-based 

research with living systems. Biological field stations offer infra

structure that might be necessary for the execution of prolonged 

and technically challenging research. The resources at field sta

tions are dependent on how established or remote the station is, 

and the fees are often correlated with the available benefits. For 

example, some stations may have full wet-lab facilities and dor

mitories, whereas others may have limited electrical access. 

There are thousands of biological field stations globally, and da

tabases exist to help locate a suitable research location for con

ducting biological field research.5

So, what can you do if field research is inaccessible to you? 

First, many field stations offer opportunities for research assis

tants, where room and board are often covered in return for as

sisting with ongoing research. Many universities and institutions 

offer travel grants and scholarships specifically for international 

field research. Check with your institution’s financial aid office 

or research department for available funding opportunities. Or

ganizations like the Society for Integrative and Comparative 

Biology (SICB), the Company of Biologists, and the Ecological 

Society of America (ESA) provide grants and fellowships to stu

dents and early-career researchers to engage in international 

research. Faculty can incorporate field research in their grants. 

The genesis of the JBL was part of the Broader Impacts of S. 

B.’s NSF CAREER proposal,6 which later evolved into a full 

NSF grant through the IRES program.7 Foundations such as Na

tional Geographic, Moore, and Fulbright also offer grant oppor

tunities for education-related activities.

Finding research questions in organismal biophysics: A 

curiosity-driven perspective

The modern academic science workflow pressures scientists to 

publish and to publish quickly. To a behavioral ecologist, identi

fying lines of scientific research can often feel similar to the 

‘‘explore/exploit’’ problems that animals face. Just like an organ

ism needs to balance its time between using the resources 

readily available (exploit) and looking for new resources for 

when current supplies dry up (explore), scientists must also bal

ance time between collecting data for lines of questions that pro

duce publishable results and finding new directions of research. 

For many career scientists, it can then be difficult to dedicate 

time purely toward the explore process. Developing new lines 

of research in organismal biophysics, however, demands slow

ing down and taking the time to simply observe.

An approach we advocate is to go into the explore phase with 

a curiosity-forward strategy. A curiosity-driven approach em

phasizes observation as the motive force behind discovery. 

Many significant findings in organismal biophysics begin with 

observations of organisms often by accident, for example, squir

rel acrobatics,8 dog slurping,9 springtail aerodynamics,10 cellular 

origami,11 cat grooming,12 insect excretion,13 caterpillar electro- 

sensation,3 planthopper gears,14 snapping shrimp,15 firefly 

flashes,2 elephant trunks,16 and leaping eels.17 We see the curi

osity-driven approach to exploration in action at the JBL, as the 
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program is a natural experiment that asks what happens when 

we bring early-career researchers from fields ranging from theo

retical physics to microbial ecology into an unfamiliar field site 

with high levels of biodiversity. The course is designed with 

structured spontaneity at its core, giving early-career re

searchers unfettered room to spend time solely in an explore 

phase. We believe that this encourages researchers to stop, 

think, and observe and, without exception, quickly find an unre

solved research question, such as the flight control of cicadas 

who have lost their entire abdomen due to a Massaspora infec

tion, or where ant lion larvae choose to build their sandy pits. A 

curiosity-driven approach requires open-mindedness to be flex

ible and not take seemingly simple behaviors of organisms for 

granted. Curiosity, however, is necessary to practice. As George 

M. Whitesides18 aptly observed, 

Because following curiosity can seem effortless, it is easy to 

assume it does not need to be learned, practiced, or 

encouraged, that it is not important, and that it will some

how take care of itself. But, as with many activities that 

are competing for time and attention in a utilitarian world, 

curiosity can atrophy from neglect. It can certainly be unfo

cused, and lead to nothing (or at least nothing immediately 

useful), but using it as the starting point for careful observa

tion of nature and society is a nontrivial skill, and a starting 

point for new intellectual endeavors and adventures. It is 

one essential contributor to creativity in science, and a start 

in forcing new ideas into inflexible professional orthodoxies.

Preparing for fieldwork: Safety before science

Preparation for any fieldwork can vary vastly depending on the 

location of the field site, the study organisms, the experience 

level of the research team, and the equipment needed to answer 

any scientific questions. Therefore, it is difficult to offer all-en

compassing guidance on exactly how to prepare for field 

research. Here, we offer a simple frame of mind that was critical 

in our own preparation: placing safety and transportation as first- 

order priorities.

Safety and transportation logistics for fieldwork should always 

begin with a detailed risk management plan. A risk management 

plan should include an outline of basic expectations for safe 

conduct and operating procedures for an emergency. We have 

included a field safety guide template used for JBL (Note S1). 

Critically, while preparing any safety plan for field research, 

you should be cognizant that safety risks can vary among indi

viduals from different backgrounds and identities.19 In addition 

to a safety plan while in the field, a strong fieldwork plan lays 

out detailed logistics regarding travel. Local fieldwork may only 

need a carpool sign-up sheet to ensure equitable access among 

participants. For fieldwork farther away than a short drive, spe

cific details around travel logistics can get lost in early prepara

tion steps, so we recommend having an explicit travel plan that 

outlines how each participant will get to the field site, which ele

ments each person is responsible for, and a backup plan in case 

something should impede travel, while staying within the esti

mated budget. A strategy that builds a detailed logistical founda

tion will facilitate more technical and specialized research. It is 

Figure 1. Recommended steps for building an effective, collaborative, and safe field research program 

(1) Find a field site for curiosity-driven research. (2) Identify new lines of research with emphasis on curiosity and observation. (3) Plan the trip meticulously and with 

a safety mindset. (4) Establish a culture of respect for all participants. (5) Collaborate with other scientists across disciplines. (6) Give back to local communities. (7) 

Iterate and improve the program based on feedback.
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also imperative to understand local laws regarding sample 

collection and for research activities. Different countries may 

have specific laws about exporting samples if you intend to re

turn with preserved specimens.

We would like to emphasize that many great discoveries in 

organismal biophysics required only a keen eye and no special

ized equipment at all. Much of our own research is implemented 

with phone cameras and some extra lighting. As a reference, we 

include example gear lists for our own fieldwork (Note S2). We 

believe that a successful round of fieldwork is one that gets all 

participants on site and back safely, and a tremendously suc

cessful field excursion is where participants return energized 

with ideas, data, and often a new research direction.

Establishing a culture of mutual respect

Collecting data in 40◦C and high humidity for multiple days in a 

row is hard. It can be even harder if the internet connection is 

limited, you have forgotten a crucial piece of equipment for 

your experiments, or you have not been able to find any of the 

species of interest in the field. In such moments, miscommunica

tion may occur, leading to interpersonal conflict. Disagreements 

are not signs of dysfunction, but how disagreements are handled 

is crucial for fostering a creative research environment. A code of 

conduct and a clear leadership structure proactively outline ex

pectations for participants well before the fieldwork begins. 

This provides a clear throughline for conflict resolution and tack

ling most interpersonal issues before they arise.

A code of conduct is a document that explicitly states the rules 

and values of a team or organization and includes clear conse

quences for violating such rules. We recommend using the field 

code of conduct developed by the Association of Polar Early 

Career Scientists (APECS) to establish expectations among re

searchers.20 The APECS code of conduct has clear definitions 

for what constitutes harassment and a zero-tolerance policy 

for harassment, as well as an internal leadership structure that 

provides both on-site and off-site independent contacts to 

report and initiate actionable consequences for inappropriate 

behavior. All participants should read and sign the code of 

conduct before beginning fieldwork. The values outlined in the 

document include, but are not limited to, not putting oneself or 

others in dangerous situations, respecting personal boundaries, 

and showing respect for the land, its organisms, and the broader 

community. Incorporating principles of respect and inclusion is 

imperative to empower the next generation of field scientists.

Collaborate across disciplines and especially with 

naturalists

Field stations are crossroads for wide-ranging corners of the sci

entific community from all career stages and disciplines. The 

same field site may simultaneously be a temporary home to in

dustrial engineers, ornithologists, and disease ecologists across 

career stages. The confluence of expertise at field stations is an 

invaluable opportunity for unexpected collaboration. Oftentimes, 

executing complex field experiments requires input from exper

tise outside of one’s own knowledge domain or simply a few 

more sets of hands to perform experiments. A key consideration 

when planning field research is to work with scientists from a 

broad range of expertise. For instance, a physicist interested in 

the locomotion of tiny organisms may benefit from the expertise 

of a cell biologist who has spent a career imaging organisms un

der a microscope. Researchers with expertise in mechatronics 

may be indispensable for the ad hoc fabrication of a force trans

ducer from spare strain gauges, and a theoretical physicist may 

have an otherwise overlooked perspective on modeling the col

lective behavior of gregarious caterpillars. One additional collab

oration we especially implore for the physicist beginning field 

biology to partake in is that with naturalists.

Naturalists are scientists who have expertise gained from 

years of careful observation and insights into organisms in their 

natural habitats, such as when/where can I even find my study 

organism? Naturalists have a wealth of knowledge of organisms 

that is often difficult to extract from the literature alone. This 

knowledge has proven indispensable as the starting point for a 

physics-based inquiry of an organism’s behavior. For example, 

a naturalist might note that a family of butterflies, the metalmarks 

(Riodinidae), has a habit of landing upside down on the underside 

of leaves—at first, a seemingly simple and innocuous observa

tion. However, for an expert in flight control, this can be under

stood as an inordinately complex task and has the potential to 

generate an entire line of research questions to dissect the con

trol mechanisms of upside-down takeoff and landing. The 

knowledge of naturalists is indispensable for identifying new 

lines of research questions that are suitable for the quantitative 

and experimental skills of physicists and engineers. Collabora

tion with naturalists should be a key component in any plans to 

do organismal fieldwork, especially at an unfamiliar location.

The in situ approach to field biology

In addition to finding field sites, organisms, and research ques

tions, we especially want to emphasize what we describe as 

the in situ mindset for fieldwork. Here, we use the term in situ 

to mean engaging both physically and mentally with the environ

ment where field research takes place. We intend for the in situ 

approach to be an antithesis to parachute science, a practice 

where researchers from high-resource institutions drop in, 

extract samples, and leave without acknowledging or contrib

uting toward local knowledge.21 To us, the in situ approach re

quires presence and engagement at three interlocking levels: 

the environment, the scientific community, and also the greater 

community where a field site exists.

In situ engagement with the environment signifies understand

ing field research through the lens of an environmental identity. 

An environmental identity is a term used to refer to how we see 

ourselves in relation to the natural world.22 For example, a scien

tist’s environmental identity may relate to the rainforest as a 

biodiversity hotspot with a new parasitic wasp waiting to be 

discovered. For a subsistence farmer in the same region, the 

relationship between the rainforest and the person may be about 

day-to-day livelihood. Fieldwork can and should be understood 

in the social context of the environments in which it occurs. In situ 

within the local scientific community reflects an understanding 

that, as scientists, we have a responsibility as mentors and col

leagues. Scientists at all levels from localities where fieldwork 

occurs are invaluable collaborators and, wherever possible, 

should be included. For our own field research, this includes col

laborations with scientists from local universities, especially 
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including undergraduates as active participants in research pro

jects. Finally, in situ at the community level reflects a commit

ment to being active participants not just in science but also in 

the local communities where the science takes place. Commu

nity involvement is an opportunity, a responsibility, and a privi

lege when conducting field research. This may be performing 

outreach events showcasing research to grade-school children, 

inclusion of local teachers and farmers, or even establishing 

community scientific resources at field sites. No single stratum 

of the three layers of an in situ approach exists alone, and 

each is indispensable for conducting field research.

Iterating improvements from quantitative and 

qualitative information

Science is by nature an iterative process, and how we conduct 

and lead our scientific research is also subject to continuous 

fine-tuning. Both quantitative and qualitative data from field re

searchers are crucial toward improving and iterating upon any 

fieldwork. Getting data from participants before and after any 

complex field research via tools such as anonymous surveys is 

a key step. This way, you are more likely to have meaningful 

data that will allow you to improve any element of field research 

that did not work as intended and can be immediately ad

dressed. We have provided an example survey that we have 

used in the past (see Note S3). Qualitative data require making 

measurable what is not so. Part of our philosophy was to give 

equal footing to all field researchers, regardless of whether 

they were postdocs or undergraduates. Within a culture of 

mutual respect, researchers, whether postdoc or undergradu

ate, can freely express and suggest improvements that will 

lead to the completion of a project. Both elements are crucial 

for establishing a long-term, successful research program that 

includes challenging fieldwork components.

Concluding remarks

In an interdisciplinary scientific community, organismal biology is 

enriched from the perspectives of physicists and engineers 

whose expertise in quantification, instrumentation, and compu

tational frameworks is primed to answer fundamental questions 

about how organisms work. We hope that our guided steps in the 

design of fieldwork programs can help a larger number of scien

tists from disparate fields to engage in efforts related to biolog

ical systems that require research where organisms have 

evolved to thrive. Field research is an integral part of organismal 

biology research. As more disciplines seek to draw inspiration 

from biological systems, it is critical that those fields engage 

the ecological context of their biological study systems. Starting 

a field biology project may seem overwhelming to those who 

have not had the opportunity, but we argue that it is worth the 

trouble. We see opportunity in embracing more physical scien

tists into the naturalist traditions of the past few centuries and 

envision expanding opportunities in the physics of living 

systems.
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