FIELD NOTES
on Science & Nature

EDITED BY

MICHAEL R. CANFIELD

HARVARD UNIVERSITY PRESS
Cambridge, Massachuselts | London, England

2011




JVYPAN U, FERRINE ANLD JANVWILS L. FAIITUN

iously not every field biologist works for an institution that will per-
1ently archive his or her field notes. But that does not mean that a
-documented personal field record is a waste of time. Notes that are
ough yet concise are more likely to be useful for yourself, or your
s or colleagues, and are more likely to be archived as a valuable ref-
ice for the future. This is true whether your work consists of biotic
'eys, behavioral observations, experiments, or other field pursuits.
world is very much in flux, perhaps now more than ever before, and
iterm datasets are particularly valuable and particularly scarce. Few
.collection approaches require as little effort, equipment, or expense
acord and archive information as a simple pen and paper. As tech-
wgies change with an ever-increasing pace, ink on paper will remain
ible long-term storage medium. It may be challenging to access com-
ot files that are more than a decade old—remember floppy disks?>—
a paper record can speak across generations. Write your field notes
 this goal in mind.*®
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Why Keep a Field Notebook?

ERICK GREENE

I STUDY ANIMAL BEHAVIOR and ecology, and I have kept field notebooks
for as long as I can remember. My field notebooks contain data con-
nected with a specific project I am working on as well as a hodge-podge
of miscellaneous observations, questions that come to mind, notes to

“myself, and descriptions of interesting natural history. These field note-

books are crucial for my research projects. I find that they are also the
main source of ideas that takes my research in new directions. I often
return to them for the pure enjoyment of reliving special field experi-
ences in some amazing corners of the earth. I can crack the cover of an
old field notebook, and these time machines instantly transport me back
to watching squadrons of macaws and parrots flying in at dusk to roost
in palm swamps in Peru, listening to the “wahoo” alarm calls of olive
baboons in the Okavango Delta of Botswana as they warn each other of
approaching lions, observing teenage male sperm whales flip their tales
up as they begin their hour-long dives to catch giant squid in a deepwa-
ter trench off New Zealand, or watching tens of thousands of migrat-
ing harp seals, belugas, narwhals, bearded seals, and a mother bowhead
whale and her baby stream under arctic cliffs to their summer feeding
grounds in Lancaster Sound.

The keeping of field notebooks was considered an absolutely essen-
tial activity of the naturalists and scientists of the eighteenth and nine-
teenth centuries. Indeed, during the giddy heyday of European explora-
tion of the far reaches of the world, the field journals of many scientists
and naturalists returning from far-flung expeditions were published and
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often became bestsellers. Even after a century or more, the field note-
books of Maria Sibylla Merian, Thomas Jefferson, Meriwether Lewis
and William Clark, John James Audubon, Charles Darwin, Alfred Rus-
sel Wallace, Henry Walter Bates, and Henry David Thoreau, to name a
few, offer fascinating glimpses into the science and times of these natu-
ralists, explorers, and scientists. Many of these field notebooks are also
treasure troves of information we can use to compare the current distri-
bution and abundance of plants and animals.

Since the use of field notebooks in the natural sciences has been so
important, I recently started a field notebook assignment for my upper-
level Ecology class at the University of Montana. I asked my students to
pick one “thing” and observe it carefully over the entire semester. The
“thing” they chose could be anything from a single plant, one place, a
beaver dam, their garden, a bird feeder, and so on. They had to record
their observations at least once a week in a field notebook. One of the
main things I wanted to get across is that one of the hardest parts of
science is coming up with new questions. Where do fresh new ideas
come from? Careful observations of nature are a great place to start.
So in addition to their field notebooks, the students also had to sug-
gest at least ten research questions inspired by their observations. This
project was worth a considerable portion of their grade for the dlass,
and I thought that this assignment would be received enthusiastically. I
could not have been more wrong! After I described the project, the initial
chilly response from the students gave way to much rolling of eyeballs
and gnashing of teeth. When I asked students about their responses, I
got answers such as: “I am interested in science—not creative writing.”
“This is so lame—1I already did my ‘expressive arts’ requirement.” “Do
you want us to meditate and write about that too?” Over the course of
the semester I noticed a general thawing of attitude about the project,
which then grew into a real passion on the part of many students. Here
is one representative response written at the end of the project by Carrie
Douglas, who observed a single box elder tree in her backyard:

I have never taken a botany class before and surprisingly I don’t know
a lot about trees from my regular biology classes. This assignment gave
me an opportunity to ask questions and find answers about trees that
I have never thought about before. I have never wondered about the

importance of leaves changing colors in the autumn—what actually
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happens during the process, why it is important, and why leaves senesce.

This project also made me learn some important things about my-
self. I have always thought of myself as entirely left-brained. I love sci-
ence, procedures, hard facts, etc. I hate abstract, creative or imagina-
tive things. This caused me to be predisposed against this project at the
beginning—you mean for my biology class I have to draw pictures and
creatively write about a tree all semester!? Give me a break! I thought I
was going to dread each journal entry. In reality, I quickly enjoyed mak-
ing the time—even if it was only 15 minutes or so—to just be outside
walking around and quietly observing. It would be the first time in the
day that I would not be thinking about school, homework, tests, or the
numerous other items on my never-ending “to do” list.

I also really enjoyed just writing informally. Just “throwing up” my
thoughts on the page—no worrying about grammar, syntax, proper sci-
ence writing—none of that—just writing. This is a type of writing I have
never been into, but after this assignment [ really think I might start
keeping a field journal.

After paying attention to all the amazing biological processes unfold-
ing right outside my back door [ also realized that I have to live some-
where the seasons change. I took all the amazing seasonal changes for
granted. Now I can’t imagine living somewhere where the leaves don't
change, the snow does not fall, or there are no spring showers. This proj-
ect has truly caused me to appreciate the beautiful area we live in and I
will never look at that box elder tree the same way. Now I wonder what is

different for it every time I come home.

I had been puzzled with my students’ initial negative reaction to be-
ing asked to keep a field notebook for an ecology class. This motivated
me to look a bit more deeply to see if this is a general sentiment. To
get a sense of the scope, I informally polled many of my colleagues in
a broad range of biological fields at several universities. I asked under-
graduate and graduate students and faculty how they use notebooks to
help record their scientific activities. This much is clear from this poll: in
general, lab scientists working in the areas of biochemistry, cell, and mo-
lecular biology tend to keep much better notebooks documenting their
science than field biologists working in the areas of ecology, behavior,

and conservation biology.
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Notebook pages from
artist and naturalist

Claire Emery describ-
ing her observations
of butterflies in a
hawthorne thicket.
Courtesy of Claire Emery.
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Most of my colleagues who conduct laboratory research not
only keep extremely thorough and complete lab notebooks, but they
teach their students how and why to keep data in them. Some buy
hardbound notebooks by the case and distribute them to students
working in their labs. They show their students examples of good
notebooks and lay out their expectations about how data need to be
recorded. They often have review sessions where they look over the
students’ lab notebooks. Some labs even have friendly competitions
in which prizes for the best-kept notebooks are awarded. Many un-
dergraduate courses in microbiology, biochemistry, and molecular
biology require students to keep lab notebooks, which can constitute
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a substantial portion of the students’ grades. Aysha Divan nicely out-
lines standards for notebooks in laboratory biology.’

In stark contrast to the vibrant culture of keeping lab notebooks
in molecular biology, my informal polling suggested a lack of inter-
est in notebooks in field biology. When I asked undergraduate and

Most of my colleagues who conduct laboratory research not graduate students in ecology‘and behavior how they kept field note-
aly keep extremely thorough and complete lab notebooks, but they books and where they learned to do it, I mainly received blank stares.
ach their students how and why to keep data in them. Some buy These were typically followed by responses such as: “I have a GPS for
ardbound notebooks by the case and distribute them to students that.” “My data are in a spreadsheet.” “I write things down when [
orking in their labs. They show their students examples of good get home.” “I have a computer.” The general consensus seemed to be
otebooks and lay out their expectations about how data need to be ' that field notebooks are quaint, archaic, and obsolete in field biology.
:corded. They often have review sessions where they look over the In this chapter, I make a plea for the resurrection of notebooks
udents’ lab notebooks. Some labs even have friendly competitions in field biology. I outline the different purposes and functions of
L which prizes for the best-kept notebooks are awarded. Many un- | notebooks, describe their incredible value to both the authors as well
srgraduate courses in microbiolbgy, biochemistry, and molecular as others, and provide a list of suggested “best practices” for keeping
lology require students to keep lab notebooks, which can constitute field notebooks.
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THE PURPOSE OF
FIELD NOTEBOOKS

People keep field note-
books for a wide variety of
reasons. At one end of the
spectrum, many keep per-
sonal journals that docu-
ment their observations
and experiences in the
natural world. These field
notebooks are close in for-
mat and spirit to the note-
books of the naturalists of
the eighteenth and nine-
teenth centuries. This type
of naturejournaling- “is
mainly pursued by-the am-
ateur naturalists—meant
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world and help to hone
the observational skills of
the authors. They typically
combine field sketching
and painting with keen
observation. This form of
nature-journaling is thriv-
ing; many museums, natural history societies, and summer camps offer
clinics on how to keep nature journals. For example, the nature artist
and biologist John Muir Laws teaches clinics on field journaling, and his
book and website contain valuable advice and pointers.> Other excellent
books, such as those by Hannah Hinchman and Claire Walker Leslie,
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Claire Emery’s observations of bear-marking on a tree (/¢ft), and observations and questions

about the grey partridge (Perdix perdix) (above). Courtesy of Claire Emery.

also focus on integrating observation and art in nature journals.?

At the other end of the spectrum, some keep notebooks that fol-
low a much more structured format, such as the Grinnell system. These
represent a formal mode of recording when and where specimens were
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collected. Although they contain scientific data collected in a very for-
malized way, they lack the personal observations, musings, hypotheses,
and sketching typical of nature journals.

To my mind, the most useful and interesting notebooks of field biol-
ogists are hybrids; as well as recording details and data of field research,
they record the observations, thoughts, musings, and peregrinations of
the author. In general, scientists take a range of different approaches in
recording their fieldwork because it is a rich and varied undertaking.

WHAT A FIELD NOTEBOOK MEANS TO YOU

A field notebook serves as the basic documentation of your science. The
central function of a field notebook is to record and organize your data,
and this is the best place to have a complete and accurate record of your
experiments and observations. You will find that when you get around to
writing up your research, a well-kept field notebook will make that task
immeasurably easier. This is because a well-organized field notebook
serves as a “central command center” that allows you to collect many
other related materials. For example, you may generate lots of informa-
tion that is not stored in your notebook, such as photographs, record-
ings, samples collected in the field, and computer files of various types.
You can very efficiently organize all of your data in your field notebook.
Before embarking on a field project, it is useful to consider what kind of
records will be important to you once you complete the work.

Another value of field notebooks is their ability to serve as an incred-
ibly fertile incubator for your ideas and observations. By jotting down
interesting observations, questions, and miscellaneous ideas, your field
notebook can serve as a powerful catalyst for new experiments and proj-
ects. Excellent examples of these sorts of field notebooks can be seen in
the work of Bernd Heinrich, Jonathan Kingdon, and many others.+

Finally, a well-kept field notebook will give you great pleasure. How
quickly we forget! You will find that rereading your field notebooks will
give you a chance to revisit corners of nature and remind you of the sorts
of natural events that are meaningful to you.

willd LHhiidi A 11440 ANV ILLODUVAIAA.

WHAT A FIELD NOTEBOOK MEANS TO OTHERS

Well-kept field notebooks can be extremely valuable sources of informa-
tion to other people. For example, Henry David Thoreau is best known
for Walden, which resulted from the field notebook he kept while he
lived for two years in his cabin on Walden Pond near Concord, Massa-
chusetts. Until recently, the thoughts and information Thoreau recorded
in his notebooks were influential mainly for their social commentary
and observations of American society at the beginning of the Industrial
Revolution. Thoreau was an excellent naturalist and a keen observer of
nature, and between 1851 and 1858 he kept detailed records of the flower-
ing times of about 500 species of plants. His meticulous observations
are now extremely valuable, since they were made just before massive
amounts of greenhouse gases would be pumped into the atmosphere.
Ecologists Charles Willis, Brad Ruhfel, Richard Primack, Abraham Mill-
er-Rushing, and Charles Davis have teamed up to compare Thoreau’s ob-
servations with the plants that are currently found in the Concord area.
In addition to Thoreau’s notebooks, they have also been able to locate
a number of excellent ones kept by other people in the same area.’ Be-
tween 2004 and 2006 they conducted similar surveys and were able to
compare their results with Thoreau’s: during the intervening 160 years
about 30 percent of the species recorded earlier are gone, and about an-
other 40 percent are so rare they will probably not survive much Jonger.®

Another illustration of the scientific value of well-kept field note-
books comes from the Catalina Mountains near Tucson, Arizona. The
Finger Rock Canyon Trail is a strenuous hike, gaining more than 4,000
feet in elevation. The trail spans many different plant zones, and about
40 percent of all species of plants in the Catalina Mountains occur in
this one canyon. During the past twenty years, Dave Bertelsen has hiked
more than 12,000 miles on this trail and has kept meticulous notes on
the flowering dates of almost 600 species of plants.” Mike and Theresa
Crimmins teamed up with Dave Bertelsen to analyze his incredibly rich
data set. These notes allowed them to document profound changes in
the plant communities over the twenty years Bertelsen kept his field
notebooks: about 15 percent of the species have moved up the mountain
and are blooming up to 1,000 feet higher than twenty years ago; some
species, such as saguaro cacti and ponderosa pines, seem to be suffering

high mortality rates after sustained droughts.®
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A final example of the persuasive power of field notebooks comes
from western Montana. Will Kerling kept detailed field notebooks of his
observations of butterflies, plants, birds, and mammals over a quarter-
century in Missoula, Montana. He documented the emergence dates,
flight times, and locations for ninety-six species of Lepidoptera around
the city. The city of Missoula was considering buying private land on
Mount Jumbo, a hill overlooking the city, to incorporate into a network
of open spaces. There were debates about whether public funds should
be used to buy private land for the park system. Will's field notebooks
were used as evidence of the special biological diversity and richness of
Mount Jumbo,® and the city bond measure easily passed. Mount Jumbo
is now a cherished crown jewel of the open spaces system for Missoula.

There is clearly tremendous value in keeping good field notebooks,
but what do these look like in practice? Are there some common fea-
tures to consider?

“"BEST PRACTICES

As T have thought about my own notes and talked with a range of sci-
entists and naturalists, I have assembled a list of topics that T ask my
own students to think about before starting fieldwork. These are things
that I have found work well for me as well as ideas gleaned from other
inveterate keepers of field notebooks. Through the process of assem-
bling this list, two main guiding principles have emerged: First, you will
forget things far faster than you expect—most people think they will
remember details of their observations and studies for longer and better
than they actually do; and second, you will not know at the beginning
of a study all the things that might be important or interesting—for this
reason, it is a great idea to record more information than you think you
might need. These two principles should be kept in mind through all of
the following suggestions.

Use a hardbound notebook. Loose paper is the devil's work! There are
a wide variety of good notebooks available, and your choice will depend
on your purpose and personal preference. I generally use a notebook
that has always been readily available in university bookstores, which
are sturdy, inexpensive, and come with lined and numbered pages.
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These are the size of letter paper, which some people find too large.
Smaller, hardcover field notebooks with waterproof paper are also
popular. Some people use a very small notebook that can fit in a shirt
pocket in the field, and then transcribe this information into another
notebook at home. I find that this adds another step in the process,
and so unless you have a really compelling reason, I suggest using
just one field notebook. If you plan to include lots of field sketches,
you will want to consider unlined, bound notebooks with paper spe-
cially made for art and sketching.

A page from Will
Kerling’s notebook
from June 21, 2001,
that documents but-
terfly observations
near the Bitterroot
River in Missoula,
Montana. Courtesy
of Will Kerfing.
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My field notes on the songs of a yearling male lazuli bunting (Passerina amoena) in Missoula,

Montana. Questions raised by these observations led to ongoing studies of song-learning.
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Banding records and observations on a young male lazuli bunting with very dull plumage
(Passerina amoena). These observations and questions led to more studies of plumage that

led to another study in 2000.
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The front of
your field notebook is best. In case you lose your notebook, make it obvi-

Keep your contact information in a prominent location.

ous how someone can contact you (phone, address, email) and return it
to you. I usually offer a small bribe (a small amount of money, ice cream,
beer of choice) and lots of good karma.

Write for yourself and for posterity. If nothing else, this encourages
me to pay a bit more attention to my lousy penmanship, and increases
the chances that even I can read it. Indeed, one of the biggest challenges
in using Thoreau’s field notebooks has been to decipher his difficult
script. This mindset will also encourage you to write very clear descrip-
tions, and minimize obscure references to things that only you will un-
derstand. If you keep a good enough field notebook, it will be valuable to

others now and in the future.

Write pertinent field information with every new entry.  You should
enter the date, time, and location at the top of every page. It is a good
idea to underline these to highlight them. The “Grinnell system” and
other systems have very strict and formulaic ways of recording field in-
formation. You may or may not choose to follow these, but at a mini-
mum you should also record elevation, information on habitat type,
routes you are traveling, and weather. If your study depends critically
on some environmental variable, you will obviously need to record more
detailed information on that. For example, if you are studying the songs
of tree crickets (whose call rate is extremely sensitive to temperature),
you will want to have a very accurate field thermometer with you.

Add information on your location. You should record enough infor-
mation about where you are working so that another person could return
to your exact site. You can do this by including detailed maps, GPS coor-
dinates, sketch maps, and so on. If you are visiting different sites, care-
fully record information on your routes. If you are conducting intensive
studies in just one or a few locations, you can describe those once and
then refer back to them. For example, Byron Weber, an avid naturalist in
western Montana, kept detailed field notebooks for almost twenty years
of his daily observations from one small area along the Bitterroot River.
He included a sketch map in his field notebooks and then after that he
could refer to specific observations. On December 12, 1983: “4 AM -40°C

.. R’-5 5 magpies, 2 ravens . . . only a sliver of open water near the shore.”
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A map from Byron Weber's observations of the fauna and flora of the Bitterroot River in

Missoula, Montana. Courtesy of Byron Weber.
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Record your methods. When writing about your science in publica-
tions, it is important that you include enough methodological details so
that someone else could replicate your study. The logical place to record
many of these details for field studies is your field notebook. You will
forget many of these details faster than you think, and you will search
for details when writing your “methods” sections of your papers. It helps
to think of using the pages in your field notes as a rough draft of your
methods section. If you are collecting information with specific types
of equipment or machines, make sure that you record what you are us-
ing in your field notebook. For example, if you are recording sounds of
insects, the characteristics of those recordings will vary depending upon
what type of recorder you are using (tape recorder, digital recorder), re-
corder settings (for a digital recorder, sampling rate, bit depth, and so
on), what type of microphone you are using (shotgun, omni, cardiod,
parabola, size of parabola, and so on), filter setting of the microphone,
temperature, distance between you and the insect, and what is between
you and the insect (lots of vegetation, no vegetation). The interpretation
of your data will depend on such details, and so it is critical that you re-
cord them accurately while in the field.

Make backup copies. Hearing even one horror story about someone
who did not made copies of field notebooks and lost irreplaceable data
is enough to make any field scientist shudder. During the middle of a
busy field season, it is well worth spending fifteen minutes at least once
a week making photocopies of your new entries. If you are generating
lots of irreplaceable data, you may want to make copies more frequently.
This is the equivalent of backing up your computer files. You should get
in the habit of scheduling this—write it on your calendar and do it. Store
your backup copies in a different place from where you keep your field
notebooks.

If you use abbreviations, make sure there is a key in your field notebook.
Some people are in the habit of using abbreviations to record locations,
species, people, and so on in their notebooks. Even you may forget what
your abbreviations mean, and certainly it will be confusing or impos-
sible to others trying to interpret your field notebooks. Byron Weber
includes a key of the abbreviations he used in his field notebook right
next to his field map.

will L Ll A 14LL0 WIVILLUVVVIRA.

Don’t leave home without it. You should make sure you are comfort-
able with the size and style of your notebook. It is also important that
you have something comfortable to carry it in so that there is no tempta-
tion to leave it behind. You should feel naked in the field without your
field notebook.

Form a writing habit. Writing in your notebook should become sec-
ond nature to you. Thomas Jefferson was such an inveterate chronicler
of daily events in his notebooks that he even took the time to record the
weather four times on the day he helped write the Declaration of Inde-
pendence. So unless you have something far more pressing than writing
the Declaration of Independence, you have no excuse for avoiding your
field notebook!

Set up a structure for your field notebook.  Although many people just
start at the beginning of a field notebook and keep a running log, it can
be extremely useful to set up sections to keep track of very specific infor-
mation. You can make tabs that stick out that help you easily find your
different sections. For example, at the back of my field notebooks I have
found it very useful to include dedicated sections for the following:

Driving log: [ keep track of each research-related trip, date, gas and mile-
age, times left and returned, and destinations. This makes it very easy at
the end of the season to summarize all my travel, espedially if I have a

grant for travel expenses.

Expense log: I record all expenses related to my research. I tape a small

envelope right on the page in which to keep the receipts.

Permits: If you need permits or special permission for any of your re-
search, such as banding birds, getting onto wildlife refuges or private
property, or collecting rare plants, you should have copies of these with
you in the field at all times. Itis easy to keep an envelope taped in the back
of your notebook with all of your permits.

Photo log: I keep track of all of the photos I take in this log. I record loca-
tions and dates, and any notes related to the pictures [ will find useful
later. You can keep logs for any sort of ancillary information you are gen-

erating, such as sound recording logs, sample collection logs, or data logs

with the names of computer files you generate.
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Contact log: In some of my research I need to get onto private ranches
or refuges. I have a list of contact information for ranchers, private land-

owners, and refuge managers with whom I need to keep in touch during
fieldwork.

You can easily set up your own discrete personalized sections for any
sorts of information that will be useful to have collected in one place. Be
liberal in the amount of space you leave for each of your sections.

Create an index. An index to your field notebook serves a similar
function to the logs described above—they are both very efficient ways
for you to organize and find information. They differ in that you can set
up a log at the very start, whereas you create an index after (or during) a
field season. In an index, you can indicate where in your field notebook
you can find information on specific experiments (you may be running
several experiments in parallel, and information on them may be inter-
leaved in your notebook), specific species of interest, and specific habi-
tats or locations. A good index takes some time to compile, but it quickly
repays itself by making it very easy for you to locate specific information
later. Byron Weber’s 1983 notebook shows one page of the index that lists
the pages where he made observations for each species. The asterisks
indicate pages that contain information on that species more than once
on the same page. Byron’s indexes contain similarly detailed lists for
mammals, reptiles, amphibians, fish, arthropods, plants, the condition
of the Bitterroot River (ice, water levels, river traffic), weather, people,
astronomical observations, and a miscellaneous section (formation of
Bitterroot Audubon chapter, Lee Metcalf National Wildlife Refuge, state
legislative actions on wilderness bills and nongame wildlife bill, Bob
Marshall Wilderness area, and earthquakes). These are especially de-
tailed indexes, but you can see how they make it easy to retrieve infor-
mation.

Treat your field notebook like a scrapbook.  You should view your field
notebook as a central clearinghouse for miscellaneous information that
is relevant to your research project. If there are related bits of information
that you will find useful later on, sketch them, write them down, photo-
copy them and staple or tape them in your notebook. My field notebooks
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Notes during my
recent research trip to
New Zealand docu-
menting the tails of
individually recogniz-
able sperm whales in
words and sketches.
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tend to be repositories for a hodgepodge of what seems like only

peripherally relevant material—business cards, newspaper articles,
miscellaneous sketches, notes from lectures or articles I have read,

ideas to follow up on, and so forth. I am constantly amazed at how

often I return to and use the “scrapbook” function of my notebooks.
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It is ironic that in spite of the rich history of field notebooks in the natu-
ral sciences, this tradition appears to be weakening, especially in the very
field that spawned the tradition—field biology. I have made the case that
field notebooks are still useful—if not essential—in field biology. This
list of suggestions offers a place to start. Decide what your purpose is for
keeping a field notebook, and design it in such a way that it works for
you. You will find that a well-kept field notebook is a rich form of docu-
mentation. It will aid immensely in writing up your research projects,
it will be an incredibly fertile place for generating new ideas, it will be a
source of pleasure to you as you read it over, and it may prove to be very
important to scientists in the future.”
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