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A love for this subject began to revive; fresh ideas were awakened in
men’s minds, and a new spirit of exploration and enquiry was abroad.

At the beginning of the first chapter of the first of the Collins New
Naturalist Library books, Butterflies (1945), E. B. Ford reflects on the
history of British butterfly collecting. Ford is referring to the spread of the
Renaissance, and thereby our access to the science of the Greeks,
including their work on natural history.

1.1 Introduction
Fieldwork has the ingredients of intellectual curiosity, passion, rigour and
engagement with the outdoor world – to name just a few. We may be
simply noting what we see around us, making detailed records,
employing sophisticated techniques, carrying out an experiment or, quite
possibly, collaborating with a large international group of scientists. All of
this and much more amounts to fieldwork.
We adopt a wide definition of what we consider to be fieldwork. We

are concerned mainly with the environmental spheres of study, but we
do stray into the social and human sciences where subjects like human
geography and archaeology also rely on ‘fieldwork’, broadly defined as
the collection of data beyond the laboratory, library or workplace, i.e. in
the field. We include ‘marine’ fieldwork; intertidal, near-shore and fur-
ther out into the deep ocean; we retain the title ‘fieldwork’ for these
studies although there might be a case (Michael Usher, personal com-
munication) for inventing ‘seawork’ to cover these studies! Some of the
basic components of fieldwork are shown in Figure 1.1.
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One of the most important books setting out the rationale for envir-
onmental fieldwork, and its wider importance, is an obscure, 84-page
book, The Global Challenge for Field Science (1990), published by Earth-
watch and based on a seminar hosted by Earthwatch Europe and the
Royal Society on 17 February 1989. What is so remarkable is the calibre
of contributors and the clear sense of emerging importance attached to
carrying out fieldwork. The President of the Royal Society, Sir George
Porter, opened proceedings remarking: ‘Field sciences and the earth
sciences in general are undergoing explosive development at
present . . . this is important because, more than ever before, we need
to understand our environment better, so that we can take some action
about it. It is an interdisciplinary subject and it has another advantage
I think, in that so many people can participate – even people who are not
professional scientists in any way.’
In his preface to the book, Max Nicholson was typically prescient,

commenting: ‘International concern over ozone depletion, global cli-
mate change, environmental degradation, and the sustainable use of
natural resources foreshadowed a vastly expanded demand for pro-
grammed field research. Such international initiatives as the International
Geosphere–Biosphere Programme, impending major changes in the
European Community linked to the year 1992, and the pressing
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Figure 1.1 The basic components of fieldwork
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environmental concerns of eastern Europe, pointed to the advisability of
starting without further delay to create a working programme of field
science dedicated to global environmental monitoring and the sustain-
able use of biological and cultural resources.’ If that were not enough,
leading ecologist Sir Richard Southwood wrote a short essay on the role
and contribution of field science, remarking: ‘The point is that in
physical, as well as biological sciences, fieldwork is important in the
formats of hypothesis that help us to understand the natural world. There
is very little in modern biology that cannot be traced back to some field
observations.’ In detailing the importance of experimental work, long-
term field studies and field stations, he urged further that: ‘. . . students
must see how biology functions in the field’.
There are hundreds of thousands of books and scientific papers

employing fieldwork, and in each of these it is likely that at least one
of the contributors will have had his or her curiosity aroused over the
workings of nature. That is what places fieldwork apart from other
methods or settings for research, and it is, we believe, what is at the
heart of the enduring appeal of fieldwork.
In this introduction, we explore aspects of the curious mind of the

fieldworker, provide some background information on the basic equip-
ment used, reflect on some field studies which, for us, reflect the diversity
of outstanding studies and the outstanding fieldworkers who carried out
those studies. Finally, we offer some perspectives on what it is to be
curious about the world around us.

1.2 Curiosity
Curiosity is the very basis of education and if you tell me that curiosity
killed the cat, I say only the cat died nobly.

Arnold Edinborough (Canadian writer and broadcaster)

Curiosity (noun): an eager wish to know or learn about something.
Cambridge English Dictionary

In the Introduction to his book Curiosity, Alberto Manguel starts by
reminding us that one of the first words we learn as a child is ‘Why?’
(Manguel, 2015, p. 1). Initially, we want to understand what the bound-
aries to our behaviour are, but soon we develop an interest in how we fit
into the world around us and what the nature of this mysterious world is
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all about. Manguel adds that we feel an ancestral need to engage with
other inhabitants of this world, giving us the ability not only to under-
stand the here and now but to speculate about the there and then, of
understanding the uncharted territory ahead, as Manguel puts it. Having
started to ask questions, we never stop. We soon find out that curiosity is
seldom rewarded with satisfying answers but rather the starting point for
asking more questions.
According to Richard Dawkins (quoted in Manguel, 2015, p. 3),

human imagination is a survival mechanism. In order to stay alive, Homo
sapiens developed the ability to reconstruct reality in the mind and to
conceive situations that it might confront before actually doing so. We
imagine in order to exist and we are curious in order to feed our
imaginative desire (Manguel, 2015, p. 3). What we need to know and
what we can imagine are therefore two sides of the same coin; in relation
to the natural world, this has immediate resonance with a combination of
awe and wonder, perhaps the sight of a ferocious animal in close
proximity or a forbidding landscape as we travel towards it. Questions

Figure 1.2 Why have we brought you here? Andrew Goudie and Tim Burt always
used to start their Dorset coast field trip with this simple question. On this photo,
Andrew is talking to students at Durdle Dor (Tim Burt). A black and white
version of this figure will appear in some formats. For the colour version, please
refer to the plate section.
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are more important than answers; answers are rarely satisfactory,
more questions inevitably follow. This is curiosity’s inherent paradox
(Manguel, 2015, p. 42).
Curious humans want to know and understand the world around

them. However this knowledge is acquired, the process is likely to be
hesitant and faltering. This is not the place for a detailed elaboration of
scientific method, but a brief digression into this subject area allows us to
see how curiosity, conjecture, observation and explanation go together.
Being curious, we speculate about the world around us, and it is obser-
vation that allows us to test our ideas. When we ask ‘Why?’, we look to
see if what we see accords with what we think. Very often, our ideas
prove imperfect, leading to more questions. Manguel describes this as
‘enlightened failure’, quoting Samuel Beckett’s aphorism: ‘Fail. Try
again. Fail better’ (Manguel, 2015, p. 3). There are two conflicting
models of scientific endeavour: induction and deduction; in both
schemes the role of observation is critical.
In the inductive method, empirical generalisations are derived from

observation of reality: recording of facts leads to hypothesis formulation;
confident understanding grows via the accumulation of further observa-
tions. While induction is largely out of favour these days, new hypotheses
have to come from somewhere, and the refinement of existing theory
often relies on an essentially inductive process whereby fresh observations
raise questions about existing ideas, leading on to an improved explan-
ation: ‘enlightened failure’, once again. In the deductive scientific
method, theory precedes observation, data are collected which can then
be used to corroborate theory. The data collection is mainly achieved
through formal experimentation but less-formal observational pro-
grammes often characterise the early stages of any scientific investigation.
Through a circular process of conjecture and falsification, hypotheses are
gradually improved and false ideas eliminated: what Karl Popper would
have regarded as a process of trial and error elimination. No theory is ever
proved ‘true’: as Popper wrote, the degree of corroboration is a guide to
the preference between two theories at a certain stage of discussion with
respect to their apparent approximation to the truth. But it tells us only
that one of the theories offered seems – in the light of discussion – the
one nearer the truth (Popper, 1972, quoted in Haines-Young and Petch,
1986).
A brief discussion of scientific method is relevant here because of the

centrality of observation in fieldwork. In Part II, a wide range of
fieldwork is described, but in every case, whether casual surveillance or
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formal experiment, there is an attempt to better understand the world
around us through the medium of observation. Setting aside the myriad
issues associated with philosophical perspectives on scientific observation,
we are content here to take a simple view: (field) observations are crucial
if we are better to understand the world around us. Our perspective is
largely about the natural world, but the approach is no different where
the human-dominated landscape is concerned (see, for example, the
essays by Carrick and Corbridge in Part II).
A brief look at perhaps the greatest fieldworker of them all, Charles

Darwin, illustrates the difficulty in separating the inductive and deductive
routes to scientific explanation. Darwin was naturally curious and asked
the question ‘Why?’, wherever he travelled. Much of his initial work was
necessarily inductive and he began to develop ideas from what he had
observed in the field, such as: silicified trees and marine shells in rock
high up in the Andean mountains; the distribution of animals on the
different Galapagos Islands; coral reefs and atolls. Ayala (2009) argues that
the inductive process fails to account for the actual methodology of
science since no scientist works without any preconceived plan as to
what kinds of phenomena to observe. But Darwin had no preconceived

Figure 1.3 How come there are periglacial deposits on top of this hill? Oxford
students carefully examine stony subsoil material at Stonebarrow on the Dorset coast
near Charmouth (Tim Burt).
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plan beyond being curious. No doubt some questions were of more
interest to him than others but his scope was enormously wide-ranging.
Partly, he claimed to work inductively to avoid being accused of
subjective bias in the evaluation of empirical evidence (Ayala, 2009).
However, it is clear that his major achievements were all deductive,
theory-led, to which he marshalled his observations to test and refine
his ideas. For example, in the case of coral reefs:

The theory which I would offer, is simply, that as the land with the attached
reefs subsides very gradually from the action of subterranean causes, the coral-
building polypi soon raise again their solid masses to the level of the water: but
not so with the land; each inch lost is irreclaimably gone; as the whole gradually
sinks, the water gains foot by foot on the shore, till the last and highest peak is
finally submerged. [Darwin (1839), ch. XXll, p. 557]

Darwin goes on to set out his ideas on the formation of the Cocos
(Keeling) Islands. These consist of two atolls made up of 27 coral islands,
and they were discovered in 1609 by Captain William Keeling of the
East India Company.

Hence we must consider this island [Keeling Island] as the summit of a lofty
mountain; to how great a depth or thickness the work of the Coral animal
extends is quite uncertain. If the opinion that the rock-making Polypi continue
to build upwards, as the foundation of the island from volcanic agency, after
intervals gradually subsides, is granted to be true; then probably the coral
limestone must be of great thickness . . . Hence if we imagine such an island
to subside a few feet, in a manner similar, but with a movement opposite to the
continent of S. America; the coral would be continued upwards, rising from the
foundation of the encircling reef. In time the central land would sink beneath
the level of the sea and disappear, but the coral would have completed its
circular wall. [Charles Darwin’s Beagle Diary. Edited by R. D. Keynes, 2001,
p. 418. Entry for 12 April 1835]

Darwin distinguished between what he described as the three great
classes: atolls, barrier and fringing reefs. His theory enabled him to
speculate about coral reefs, as yet unseen, and to explain why there were
not reefs on the South American coast or atolls in the West Indies. He
was unable to provide direct evidence of ocean-floor subsidence but it is
clear that his observations of uplift in the Andes were influential in
convincing him that Earth’s crust was anything but stable. The very
long timescales involved, and the very gradual rate of formation, he
drew directly from Charles Lyell’s doctrine of uniformitarianism.
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Barrier reefLagoon

LagoonAtoll

(i) A fringing reef

(ii) Subsidence of the island leads to a barrier reef developing

(iii) Further subsidence matched by the growth of coral leads to
     an atoll

Figure 1.4 Charles Darwin’s theory of the transition from barrier reef to atoll
(redrawn from Darwin, 1839)
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Today, Darwin is best known for his observations of flora and fauna, in
the Galapagos especially, but he was equally a geologist when he set off
on the Beagle voyage, and his curiosity about rocks and relief is no less
impressive. Darwin’s fieldwork gave him ideas, which he then developed
and refined through further observation.
It is too easy to consider fieldwork as ‘terrestrial’; there is an important

and growing interest in marine fieldwork too. Darwin’s voyage on the
Beagle came towards the end of a long sequence of voyages of discovery,
but these were essentially still terrestrial in focus, investigating and
surveying newly found land. There have long been studies of shoreline
ecosystems, intertidal rocky shores being of particular interest, easily
accessible to students and staff, with novel flora and fauna, usually
arranged in relation to tidal limits and submergence. Good examples of
such studies appear in Field Studies, for coastal field centres such as Dale
Fort (http://fsj.field-studies-council.org/browse-by-field-centre/dale-
fort.aspx; see also John Archer-Thomson’s essay in Part II): initially,
zonation of intertidal species was the focus (e.g. Moyes and Nelson-
Smith, 1963), but more recently the impact of pollution incidents (e.g.
Archer-Thomson, 1999) and invasive non-native species (Day, 2018)
have been described. Deep-sea field research largely remains the preserve
of well-funded research programmes, given the cost of boats and associ-
ated facilities required. Modern oceanography began with the Challenger
expedition (1872–1876), which was specifically organised to collect a
wide range of data, from sea-water temperature to marine fauna.
A British Navy vessel, HMS Challenger, was specially converted with
laboratories and equipment like winches and sea-floor sediment samplers.
Among the Challenger expedition’s discoveries was the Marianas Trench
in the western Pacific, one of the deepest places on the ocean floor
(8,200 metres). In other survey work, what we now know as the Mid-
Atlantic Ridge was identified, but only in very broad terms. It needed
much more sophisticated survey methods, nearly a century later, to map
ocean-floor topography and so establish the basis for plate tectonics.
Interestingly, the breakthrough was made by an American geology
professor, Harry Hess, who served in the US Navy in World War II.
Hess carefully tracked his travel routes to Pacific Ocean landings on the
Marianas, Philippines and Iwo Jima, continuously using his ship’s echo
sounder. This unplanned wartime scientific surveying enabled Hess to
collect ocean-floor profiles across the North Pacific Ocean, surely one of
the most unlikely pieces of field data collection ever! Since the Challenger
expedition, there have been many expeditions to all the world’s seas and
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oceans, supported today by increasingly sophisticated remote sensing
equipment. Two of the chapters in Part II (Byrkjedal, Husband) describe
modern marine fieldwork, one in the deep ocean and the other in
shallow waters around the Great Barrier Reef.

1.3 How Do We Carry Out Fieldwork?
In what follows, we have listed some of the most the widely used items
of field equipment, ordered approximately chronologically, beginning
with the earliest in use.

Field ‘notebooks’. The most important of all items, the ‘notebook’,
records what you see and hear, feel and otherwise sense – the ‘when’, the
‘where’ and the ‘what’ observed. As an original record of observations,
field notes are essential and invaluable. Of course, the word field is an old
one, derived from the Old Saxon feld – open land as opposed to
woodland. The Oxford English Dictionary (OED) then follows this first
definition with ‘the country as opposed to a town or village’, a definition
described as obsolete except in Middle English. This sense of difference
or otherness may have seemed obsolete to the compilers of the OED but
it is clear that those who head to the field, as Michael Canfield (2011a)
puts it, have an innate feeling for the different location and character of
the ‘field’, whether near or far, but always apart from the classroom or
laboratory, ‘opposed to’, as the OED puts it. As noted below, Gilbert
White may have been the first to be recognised as a field naturalist but the
contrast between town and open country is a much older sense.
Our primitive ancestors were the first observers of nature, noting what

they saw in cave drawings and paintings. Scandinavian rock art goes far
back – viedekust (hunters’ art) of the Northern Tradition hunters and
gatherers of the Stone Age dates to 9000–2000 BC, and the jordbruksrist-
ninger (agricultural petroglyphs) of the Southern Tradition is associated
with people of the Bronze and early Iron ages (1800 BC–AD 400)
(Lødøen and Mandt, 2010). Depicting animals, hunting and various
practices, these are some of the earliest ‘field notes’. Going much further
back, the 600 or so Palaeolithic cave paintings of Lascaux in the Dor-
dogne of south-western France may be up to 20,000 years old, and they
marvellously depict large animals. Remarkably, the Caves of Monte
Castillo in Cantabria, Spain, have cave art dated at more than 40,800
years (Callaway, 2012), and recent discoveries point to the earliest cave
paintings of animals (hog deer) in Pettakere Cave on the island of South
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Sulawesi, Indonesia, possibly being as old as 40,000 years (Aubert et al.,
2014). Aboriginal art forms the world’s oldest continuous cultural trad-
ition, dating back 30,000 years, with a rock painting in Kimberley,
Western Australia, depicting the long-extinct marsupial lion (Thylacoleo
carnifex) (Akerman and Willing, 2009).
Some of the most famous and earliest field notes on nature are by

Gilbert White (1789), writing about the parish of Selborne, some
50 miles southwest of London. These notes comprised ‘letters’ (many
not actually sent) to other naturalists (Thomas Pennant and Daines
Barrington), calendars (with important phenological data) and many
observations. In his introduction to Field Notes on Science and Nature,
Michael Canfield (2011b) cites Gilbert White as the first ‘field naturalist’,
a designation given to him by Lieutenant-Colonel Montagu in a letter he
wrote to White, after the publication of White’s famous book, The
Natural History and Antiquities of Selborne.
Now, while many naturalists still use traditional notebooks, there is a

wide range of apps used for biological recording, with records going to
the Biological Records Centre or National Biodiversity Network, via
phones and other devices. How fieldworkers maintain field notebooks in
our modern era is a matter of choice. Some (usually older people) regret
the loss of pen and paper but the young will no doubt embrace the
computer age, armed in the field with iPad or Surface, and no doubt
some of these ‘field notebooks’ will survive into the future in some sort
of cloud-based archive.
Maps. The earliest maps of the land and sea date from the fifth century
BC, depicting Earth as flat (the stars were depicted far earlier, and feature
in some of the earliest cave paintings of 16,500 BC). With the advent of
the Hellenistic period of the ancient Greeks, maps showing Earth as a
sphere appeared (attributed in particular to Eratosthenes and Posidonius).
Later, Ptolemy’s world map (150 AD) was the first to use lines of latitude
and longitude, as well as specifying (terrestrial) locations based on celestial
observations, and these maps persisted well into the Middle Ages.
Wolodtschenko and Forner (2007) detail some historical maps.
The Ordnance Survey maps have their origins in military history, with

the Scottish Highlands mapped early on, following the 1745 Jacobean
Rebellion (led by 21-year-old William Roy in 1747, producing the
Great Map, eight years later). On the south coast of England, with fears
of invasion from France, there was an impetus for a detailed southern
map. Jesse Ramsden’s Great Theodolite (three years in the making)
enabled detailed triangulation of landmarks. On 21 June 1791, the Board
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of the Ordnance bought a second (improved) Ramsden theodolite, and
that gave us the advent of the Ordnance Survey (OS). In 2001, the OS
Master Map was launched, with a geospatial database referencing more
than 460 million man-made and natural landscape features in Britain.
Today, all 243,241 square kilometres of Britain are surveyed, with
10,000 changes put into the database daily.
Compasses and clinometers. The first compasses were made of lode-
stone, a naturally magnetised ore of iron, in the Han dynasty of China,
300–200 BC. The dry compass, with an encased needle pivoting on a
pin, was in use as early as 1269. The clinometer, used for measuring
slope, elevation or depression of an object, took several early forms. The
Well’s in-clinometer was one of the earliest for measuring altitude;
the Abney level was developed in the 1870s for measuring slopes; but
the most famous one was the Rieker Inc P-1057 Degree Inclinometer,
and was used by Charles Lindbergh on the ‘Spirit of St. Louis’ flight on
20–21 May 1927, from Long Island, New York, to Paris.
Optics. There are references to magnifying glasses/hand lenses used to
light fires as early as 424 BC. The earliest lenses are typically dated to around
750 BC; the ancient Romans and Greeks filled glass spheres with water for
magnification (Emperor Nero is said to have watched gladiatorial combats

Figure 1.5 Binoculars can be used for spying vegetation on cliffs as well as birdlife
(Des Thompson)
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through an emerald lens). Glass lenses were made in the Middle Ages
(monks made ‘reading stones’ from cut glass during the eleventh to thir-
teenth centuries). Telescopes appeared in 1608 (invented by Hans Lipper-
shey), with binoculars also made around the same time (using Galilean
optics – a convex objective and a concave eyepiece); later, Porro prism
binoculars were devised, in 1854, and the roof prism design was used from
the 1870s. Early compound microscopes appeared around 1620 (possibly
invented by Galileo Galilei, later improving on the design of telescopes).
The philosopher and friar, Roger Bacon, described magnifying glasses in
the thirteenth century, and was a great, early observer of nature. The first
photographic images produced using a ‘camera’ are attributed to the
French inventor, Nicéphore Niépce, in 1816.
Meteorological instruments. There is a great range of these used for
measuring and logging temperature, humidity, rainfall, wind speed, solar
radiation and other variables, with year-on-year developments in appli-
cations. We have gone a very long way from the alcohol thermometer of
1709 and the mercury thermometer of 1714, both invented by Daniel
Gabriel Fahrenheit, and the anemometer invented by John Thomas
Romney Robinson in 1846. Long before then, the Ancient Greeks kept
records of rainfall; and in India, record keeping began around 400 BC
(with crude rain gauges used to classify land for taxation purposes in
relation to grain production). The first true rain gauge, the Cheugugi,
was invented by the Joseon Dynasty of Korea and used widely in the
early fifteenth century. The official record of the rainfall by the Cheu-
gugi, from King Jeongjo’s reign (1776–1800) to Emperor Gojong’s
(1863–1907), is preserved. In the UK, early observations were often by
individual enthusiasts or by astronomers (see below: Radcliffe Observa-
tory) and the development of a ‘meteorological office’ came later with
the need for accurate weather forecasting, especially for shipping. Equip-
ment design evolved rapidly through the nineteenth century, moving
steadily towards standardisation of design and exposure. For example, the
Stevenson Screen is a box to shield meteorological instruments against
precipitation and direct solar radiation, while still allowing air to circulate
freely around them. It was designed by Thomas Stevenson (1818–1887),
a civil engineer who designed many lighthouses (the father of author
Robert Louis Stevenson). Stevenson’s design of a small thermometer
screen with louvred walls on all sides was reported in 1864. The
Campbell–Stokes sunshine recorder was invented by John Francis
Campbell in 1853 and modified in 1879 by Sir George Gabriel Stokes.
The glass sphere, 10 cm in diameter, focuses the sun’s rays on to a card
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mounted at the back of the sphere. Burn marks on the card show when
bright sunshine has occurred. The recorder is less accurate when the sun’s
rays are faint but, even so, many still remain in use. Today, solar
radiometers connected to a data logger provide an accurate record of
the timing and intensity of solar insolation and the record can be
converted to ‘hours of bright sunshine’ to provide continuity of records.
While most weather observations are taken at fixed locations, field
research has included weather stations in the most remote and inhospit-
able locations, wherever weather observations are needed as part of the
research programme.
Vasculum. Used by botanists to transport plants, cylindrical and provid-
ing cool and humid conditions, Linnaeus referred to it as a vasculum
dilletanum – a small container (vasculum) named after his friend, the
German botanist, J. J. D. Dillenius, active in the mid-1700s. Probably
derived from tin candle-boxes used in the previous century, it was
popularised by the polymath naturalist and scientist William Withering,
famed for discovering digitalis, and who also made much use of the plant
press for drying plants under pressure (the Italian physician and botanist

Figure 1.6 Eilidh McNab ringing a hen harrier chick on Colonsay, under the
licensed supervision of David Jardine. Eilidh was a trainee with the Scottish Wildlife
Trust, and is currently working for a PhD at Stirling University on the ecology of
new native woods in the uplands (Des Thompson).
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Luca Ghini is credited with devising the press, having established Eur-
ope’s first herbarium in Pisa, in 1544).
Bird-ringing equipment. There are early records of Roman soldiers
attaching threads to crows’ legs to relay messages, and falconers in the
Middle Ages had small plates depicting their owners’ seals, attached to
birds. The exceptional artist and ornithologist John James Audubon, and
one of the founding pioneers of the Boy Scouts in America, Ernest
Thompson Seton, lay claim to the modern method of marking birds,
with Audubon tying silver threads to the legs of young eastern phoebes
(Sayornis phoebe) in 1803, and Seton ink-marking snow buntings in
Manitoba in 1882. The Danish teacher and ornithologist, Hans Christian
Cornelius Mortensen, was the first to use bird-ringing for science,
working first with starlings in 1899.
The formal Ringing Scheme in Britain, administered by the British

Trust for Ornithology (BTO), began in 1909, with the editor of British
Birds, H. F. Witherby (later co-author of the five-volume The Handbook
of British Birds, 1938–41), instigating one scheme, and Sir Arthur Land-
sborough Thomson (editor of A New Dictionary of Birds, 1964) in Aber-
deen beginning the other. They merged in the late 1930s, with the BTO
taking responsibility in 1937. Curiosity about migration routes and
destinations, and survival of species, drove much of this work. The
scientific work based on bird-ringing is now some of the most important
for population and conservation biology.
Field guides. Indispensable in the field, guides to rocks, soils, landforms,
plants, fungi, lichens and animals abound internationally. Typically pub-
lished as well-illustrated small books, ‘local’ guides on geology, birds and
plants were published in the eighteenth century, and possibly even
earlier.
The first formal natural history guide may be attributed to the Ameri-

can naturalist Frances T. S. D. Parsons (who published early books as Mrs
William Starr Dana, whose husband, a US Commander in the US Navy,
died in the flu epidemic of 1890, resulting in her spending years walking
and observing nature). She published How to Know the Wildflowers (1893),
which sold out in five days, and was warmly endorsed by family friend
President Theodore Roosevelt (under whom her second husband served
as Consul General in Mexico City) and Rudyard Kipling’s Plants and
Their Children (1896) and How to Know the Ferns (1899) followed later.
Another early field guide was Birds Through an Opera-Glass (1890) by
American ornithologist Florence A. Merriam Bailey, who went on to
make substantial contributions to Handbook of Birds of the Western United
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States (1902) and The Birds of New Mexico (1928). She also published A-
birding on a Bronco (1896) and Birds of a Village and Field: A Bird Book for
Beginners (1898). Yet another early field guide is Birdcraft: A Field Book of
Two Hundred Song, Game and Water Birds (1895) by Mabel O. Wright,
with colour plates by Louis Agassiz Fuertes. Away from birds, American
Concology: Descriptions of the Shells of North America (1830) by Thomas Say
and T. A. Conrad is an early specialist field guide. Anne Pratt’s The British
Grasses and Sedges (1858) and Mordecai Cooke’s and Olive Tonge’s
British Edible Fungi: How to Distinguish and How to Cook Them (1891)
are distinctively early.
Nest boxes for birds and bats. The nest box was invented by the
British naturalist and explorer, Charles Waterton, in the early nineteenth
century, to encourage more birdlife and wildfowl on the nature reserve
he set up on his estate, Walton Hall. Some classic studies of bird
population ecology have relied heavily on the deployment of nest boxes
and intensive monitoring, notably in woodland and urban landscapes.
Bat boxes differ from bird nest boxes, with openings on the underside of
the box; Stebbings and Walsh (1997) provide an insightful guide to the
history of their development and use.
Sound recorders for a wide range of animals. The Wildlife Sound
Recording Society, formed in 1968, is the world’s oldest and largest body
dedicated to this field. The society has produced an excellent introduc-
tion to the huge range of equipment used (see www.wildlife-sound.org).
Early wildlife recordings date from the early 1930s. One of the earliest
pioneers was Ludwig Koch, who began recording sounds in the 1880s as
a boy. In 1936, he fled Nazi Germany, and became a popular nature
broadcaster; his recordings were later acquired by the BBC, establishing
the BBC’s library of natural history sounds.
Quadrats and point frames. These variably sized squares used for
standardised sampling are first described by Raunkier (1909, 1912), and
feature in classic papers by Clapham (1932) and Tinney et al. (1937).
Tansley (1923) provides an early overview, covering transects, early field
apparatus and recording-species occurrence. Stewart and Hutchings
(1936) provided a key description of the point-observation-plot in the
USA. The earliest systematic and critical review is provided in Greig-
Smith’s Quantitative Plant Ecology (1957). Surprisingly, we cannot find
early references to their use.
Corers. The best known is the Russian ‘chamber’ corer or ‘peat borer’,
but others include Glew corers (for lake sediment surfaces), brown
corers, liquid nitrogen-filled ‘frozen finger’ tubes and Livingstone piston
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corers for lake sediments. Grab samplers (actually named after Van Veen
Grab!) are typically clamshell buckets made of steel for sampling river and
lake upper sediments. The ‘D-section’ Russian corer is used for sampling
peat to great depth and is described by Belokopytov and Beresnevich
(1955); it is also called the ‘Belarussian’, ‘Byelorussian’ or ‘Jowsey’ sam-
pler. Shallower cores are typically taken with the stainless steel Warde-
naar peat corer (Wardenaar, 1987). Soil augers, used for boring holes to
collect samples near the surface, have a varied history, steeped in early
agriculture, carpentry, ice fishing, maple syrup extraction and the cre-
ation of deep foundation piles – on land and into the seabed.
Much of the coring is to inform the field of palaeoecology, which

relies heavily on continuous records of pollen in peat and lake sediments
giving a continuous record of vegetation change. Sweden’s Lennart von
Post, in 1916, presented the technique of pollen analysis at the 16th
Scandinavian meeting of natural scientists in Kristiana (now Oslo). Birks
and Birks (1980) and West (2014) give overviews. Pine stumps were the
first Quaternary plant fossils ever to be studied in about 1780.
V-notch weir. In the 1960s, field research in fluvial geomorphology
became keenly concerned with process measurement, with a focus on
small, headwater river basins. A whole range of field equipment was used,
some borrowed (e.g. soil-erosion plots) and some new (e.g. automatic
tensiometer systems to measure soil moisture). This was still the era of
clockwork chart recorders, with unreliable clockwork mechanisms and
poor ink pens to record on the paper charts; early electric chart recorders,
run from car batteries, appeared in the 1970s. Gregory and Walling (1973)
provide a wide-ranging summary of the types of equipment being used at
that time. Today, data loggers have replaced the chart recorders and
electronic probes have (to a large extent) negated the need for physical
collection of water samples using pump water samplers. The V-notch weir
is emblematic of those small-catchment field experiments, measuring water-
level height (stage) behind the weir as a surrogate for stream discharge.
Longworth mammal trap. The most popular small-mammal trap,
designed to minimise discomfort, it consists of a tunnel, with a door-
tripping mechanism, and a nest box attached to the back of the tunnel.
Invented in 1949 by two Oxford University zoologists, Dennis Chitty
and Robert Kempson (1949), the trap was manufactured by the Long-
worth Scientific Instrument Company (founded by another group of
Oxford academics). Several studies have contrasted their use with earlier
pitfall and other traps (e.g. Williams and Braun 1983; Anthony et al.,
2005). Chitty is famous for devising the ‘Chitty hypothesis of population
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Figure 1.7 V-notch weirs have been used in all sorts of places to gauge streamflow.
This one may have the hottest water of any of them, measuring outflow from
hot springs at Rotorua, North Island, New Zealand. Wherever they are, the
principle remains the same: a direct relation between the height of water in the
stilling pond and the discharge coming over the weir. A water-level recorder is
housed in the large grey box to the left (Tim Burt).

Figure 1.8 Stage recorder chart showing water level (or ‘stage’) behind a V-notch weir:
Bicknoller Combe, March 1976 (Tim Burt). Clockwork stage recorders were
unreliable – the clock would stop or the mechanism moving the pen would jam,
but at least they produced an instant image of recent events. These days, a Wi-Fi link
from a data logger and an app can provide the same immediacy, out in the field or
back in the office!
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regulation’, stating that animal population density is limited by spacing
behaviour, with changes in aggressive behaviour and physiology prevent-
ing unlimited population growth.
Moth trap and malaise trap. Used by entomologists to capture moths,
moth traps use a light source to attract moths. These take various names –
Robinson, Skinner and Heath traps. Paul Waring and Martin Townsend
(2003) give a lot of detail on moths of Britain and Ireland. The tent-like
Malaise trap catches flying insects, especially hymenopterans and dip-
terans. It was invented by the Swedish entomologist and explorer René
Malaise in 1934, who in Burmese Yangon collected some 100,000
insects, many of which were unknown to science.
Hypodermic needle. Used for collecting blood samples (notably for
DNA fingerprinting, but also health screening, and used under stringent
licensing), this has an intriguing history. Early ‘needles’ devised by the
Greeks and Romans were used for administering poisons and opiates. Sir
Christopher Wren performed early experiments, injecting dogs with
‘medicines’ (in 1656, using animal bladders and goose quills), but such
were the problems with injecting humans and other animals, it was only
much later that needles came to be used. Arguably first to do so was the
Irish physician Dr Francis Rynd, who made a successful injection on
3 June 1844, reporting his work the following year in Dublin Medical Press,
and referring to his patient, 59-year-old Margaret Cox, as ‘of spare habit’
(he injected a portion of morphia into the supra-orbital nerve, evidently
with a successful outcome for the lady’s face pain). We have not found
formal records of the earliest use of needles to collect blood from animals.
Genetic markers. These (e.g. eDNA) are now being used to identify
species and individuals, and nanotechnological advances mean that
minute devices can be used to track the tiniest of organisms.
A remarkable paper by Peñalver et al. (2017) reports evidence in 99-mil-
lion-year-old Cretaceous amber showing that hard ticks, and ticks of the
extinct new family Deinocrotonidae, fed on blood from feathered dino-
saurs. See Heidi Hauffe’s essay in Part II.
GPS technology and telemetry. Global positioning system (GPS) is a
space-based radio navigation system, owned by the US government, and
it originally used 24 satellites, becoming operational in 1995. It has now
got huge capabilities for tracking movements of wildlife and pinpointing
recording locations with extreme accuracy. In 1956, acoustic telemetry
was developed to study fish in the US Bureau of Commercial Fisheries
and the Minneapolis–Honeywell Regulator Corporation. Now it is
widely used in freshwater and marine environments. In the 1960s, very

Fieldwork and Nature: Observing, Experimenting and Thinking · 21

https://doi.org/10.1017/9781108552172.004 Published online by Cambridge University Press

https://doi.org/10.1017/9781108552172.004


high-frequency (VHF) telemetry collars were attached to mammals to
track movements, with transmitted signals triangulated to determine
locations.
With rapid technological advances, passive integrated transponder

(PIT) tags (integrated circuit chip, capacitor and antenna coil, encased
in glass) were used from the mid-1980s, first to study fish movements,
but were soon deployed to study even insects, with tagged animals
simply passing an automated ‘reading system’, providing data on move-
ments. First described in 1992, tiny geolocators periodically record
ambient light, and are invaluable for bird migration studies. Most
recently, the Global System for Mobile Communications (GSM) using
mobile ‘phone technology, first described in 1998, provides exception-
ally detailed data on animal movements. Pop-up satellite archival tags
(PSAT), surgically attached to marine mammals, are providing import-
ant data on spatial and vertical movements of large sea fish and
mammals.

Figure 1.9 Dr Virginia Morandini and Professor Miguel Ferrer radio tracking a
Spanish imperial eagle in southern Spain. Virginia is a postdoctoral researcher at
Oregon State University, and studied for her PhD at the Biological Station of
Doñana. Miguel is a member of the Biodiversity and Global Change Council of
Europe’s experts, Research Professor in the Spanish National Research Council, and
the world expert on these eagles (Des Thompson).
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Data loggers. Older readers will remember clockwork chart recorders,
used for a variety of purposes, from recording water level, to barometric
pressure and rainfall intensity. These days, a data logger provides high-
frequency data storage, limited only by the capacity of the solid-state
memory. In all but the remotest locations, a Wi-Fi link can provide
immediate data receipt back in the office.
Photography. Cameras get a mixed press from fieldworkers, to judge
by some authors in Canfield (2011a). For good reason, many still favour
field sketching, not for its artistic quality per se but because it forces the
fieldworker to look, to identify the key elements, to ignore what is
irrelevant to the question in hand, to focus. Of course, these days almost
everyone has a digital camera and can happily snap wherever they go. In
many ways this is good because we can record our fieldwork in great
detail at effectively zero cost and, given the wonders of the electronic
age, the photographs may well make it home before we do! We would
make two simple points here, since good photos are there for the taking.
First, it is worth taking time to choose the best vantage point, to include
the most important features of what is being studied. Then think about
lighting and do not shoot into the sun if you can help it. If the sun is
behind a cloud, be patient! Depending on the subject, include people in
the photo or not, but be aware of cultural sensitivities and, if in doubt,
ask before taking any photos. The field sketcher always thinks carefully
about what is significant and what is not; do the same with photographs.
‘Why am I taking this photo?’ should always be the question. Thus, it is
important to remain curious with camera in hand. What ideas come to
mind? What are the important features to include? The fieldworker is
not a snap-happy tourist and should think carefully about what they see.
That said, the camera can be an invaluable aid to fieldwork and we are
rarely to be found without ours in hand!
Field sketching. In parallel with the use of field notebooks and as an
antidote to photography, field sketching is still advocated by some
fieldworkers as the best means to look at the landscape and thereby to
identify the important points of interest. Keller (2011) provides a detailed
assessment of the technique. ‘The creation of an accurate drawing
requires a systematic approach, patient observation, an openness to
unforeseen possibilities, an ability to regard a topic from a variety of
perspectives, a willingness to pay attention to both the exciting and the
mundane, and the deliberate setting aside of preconceived ideas’ (Keller,
2011, pp. 184–185). In particular, the notion of ‘patient observation’
deserves special emphasis, a remedy to the unthinking use of the camera.
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Figure 1.10 Hurricane Gareth cold front moving through Mortimer, 12 March
2019. Tim Burt and Stephen Burt (see Chapter 12) sat in Devon and watched this
classic cold front move east over the Reading area, some 100 miles to the east,
courtesy of a data logger, Wi-Fi and the internet. Such data do not diminish the
need for fieldwork, quite the opposite: they encourage us outdoors to observe. Note
the sharp decrease in wind speed and temperature and the shift in wind direction as
the front passes (Stephen Burt).
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Figure 1.11 Worth a second look. Repeat photographs can raise interesting
questions about landscape change. Shiny Brook on the Southern Pennine peat
moorlands near Huddersfield, 1981 and 2002 (Tim Burt).
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Sketching certainly does not require artistic skill, just a willingness to
look and identify the salient features in front of us. See Stephen Mott’s
chapter in Part II for contemporary examples.

1.4 Some Classic Field Studies
A remarkable assortment of people have contributed to the advancement
of field studies. Box 1.1 lists some of the pioneers, and distinguishes
between the historical figures and those with us today. It is an eclectic
selection but gives an impression of the wealth of talented people
working in the field.
We have highlighted a number of field studies, in different parts of the

world, which have inspired us. Each reader would no doubt pick a
different batch of studies, but these are some of our favourites.

Red deer on Rum. The world’s longest-running study of deer, begun in
1972, and now led jointly by Cambridge and Edinburgh universities. In
the North Block of the Scottish Natural Heritage (SNH)-owned
National Nature Reserve (NNR), all animals are individually known
and followed throughout their lives. Since 1972, when culling ceased,
studies have concentrated on a wide range of natural factors that are

Figure 1.12 A classic field sketch by Geoffrey Hutchings, the first warden of Juniper
Hall Field Centre. Courtesy of the Field Studies Council – see Hutchings (1955).
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Box 1.1 Some of the heroes of environmental field studies, listed
alphabetically.

Early field
naturalists

Aristotle – Greek philosopher and scientist, and the
most famous of Plato’s students, identified
500 species of mammals, birds and fish. Arguably,
the founder of modern science.

John James Audubon – American ornithologist,
naturalist and painter.

Comte de Buffon - French naturalist, mathemat-
ician, cosmologist and prolific author.

Rachel Carson – American marine biologist and
conservationist, wrote Silent Spring, and pion-
eered government action on synthetic pesticides,
banning DDT, and giving rise to the formation of
the US Environmental Protection Agency.

Frederic Clements – American plant ecologist and
pioneer in the study of vegetation succession.

Georges Cuvier – French naturalist and zoologist,
established palaeontology.

Charles Darwin and Alfred Russel Wallace – unrav-
elling evolution through natural selection.

Ernst Haeckel – German biologist, naturalist, phil-
osopher, physician and artist, who discovered,
described and named thousands of new species,
mapped a genealogical tree, relating all life forms,
and coined many terms in biology, including
‘ecology’.

Victor Hensen –German zoologist, who coined the
term ‘plankton’ and laid the foundation for bio-
logical oceanography.

Heroditus – Greek, and often called ‘The Father of
History’, was an important early writer on envir-
onmental matters.

G. Evelyn Hutchinson – American ecologist, some-
times described as the ‘Father of Modern Ecol-
ogy’, and expert in limnology, systems ecology,
radiation ecology, entomology, genetics and
biogeochemistry.
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James Hutton – Scottish geologist, physician,
chemical manufacturer and naturalist, who
devised the theory of ‘uniformitarianism’, the
fundamental principle of geology. Known as the
‘Father of Modern Geology’. The world-
respected James Hutton Institute is named
after him.

T. H. Huxley – English biologist, known as ‘Dar-
win’s bulldog’, largely self-taught zoologist, and
brilliant educator of the public on evolution and
biology.

Lamarck – French naturalist, pioneer of invertebrate
classification, and widely remembered for his
theory on ‘the inheritance of acquired
characteristics’.

Carl Linnaeus – Swedish botanist, physician and
zoologist, who laid the foundations for the
modern biological naming scheme of binomial
nomenclature.

Robert MacArthur – Canadian-born American
ecologist, who pioneered our understanding of
community and population ecology, island bio-
geography, and who devised the term ‘niche
partitioning’.

Ernst Walter Mayr – one of the twentieth century’s
leading evolutionary biologists, renowned tax-
onomist, tropical explorer, ornithologist and his-
torian of science.

Nicholas Miklouho-Maclay – Russian explorer,
ethnologist, anthropologist and biologist, who
researched in the Middle East, Australia, New
Guinea, Melanesia and Polynesia. Established first
biological research station in southern hemi-
sphere (Australia).

Max Nicholson – English pioneering environmen-
talist, ornithologist and internationalist. Key
founder of the BTO, in 1932, and the World
Wide Fund for Nature, in 1961.

28 · Tim Burt and Des Thompson

https://doi.org/10.1017/9781108552172.004 Published online by Cambridge University Press

https://doi.org/10.1017/9781108552172.004


Ptolemy of Alexandria – Greek pioneer who, in his
eight books Geography, described the entire Earth
as known in around AD 100.

Emil Racoviță – Romanian biologist, zoologist,
speleologist, explorer of Antarctica and the first
biologist to study the arctic life.

Derek Ratcliffe – botanist, ornithologist and nature
conservationist, arguably the finest all-round nat-
uralist since Darwin, he reported breakthrough
science linking eggshell thinning in peregrines
with DDT prevalence in the countryside.

Richard Southwood – English academic ecologist,
who pioneered descriptions of ecological
methods and headed major government commis-
sions and Working Parties, drawing on his eco-
logical expertise.

Strabo of Amasia – Greek founder of geography.
Arthur George Tansley – English botanist and a
pioneer in the science of ecology. His The British
Islands and Their Vegetation (1939) is a tour de force,
he was the key post-war nature conservation
philosopher in the UK.

Marie Tharp – American geologist and oceanic
cartographer, who, with Bruce Heezen, first
mapped the Atlantic Ocean floor.

Vladimir Vernadsky – Ukrainian, Russian and
Soviet mineralogist and geochemist who is con-
sidered to be one of the founders of geochemistry
and biogeochemistry. Main populariser of the
term ‘biosphere’, and has a research station,
library, mountain range, lunar crater and asteroid
named after him.

Alexander von Humboldt – Prussian geographer,
naturalist and explorer, laid the foundation for
the field of biogeography.

Eugenius Warming – Danish botanist and a main
founding figure of the scientific discipline of
ecology, writing first textbook on plant ecology
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and teaching the first university course in
ecology.

Adam Watson – Scottish advocate of the conser-
vation importance of the Cairngorms, and made
long-term studies of mountain birds, mammals
and snow-patches.

Gilbert White – pioneering English naturalist and
ornithologist, best known for the remarkable
chronicle of wildlife, The Natural History and
Antiquities of Selborne (1789).

Robert Whittaker – American plant community
ecologist, who was the first to propose the five
kingdom taxonomic classification.

Current
advocates

David Attenborough – globally revered and gifted
communicator on nature, and advocate on perils
of climate change.

Steve Backshall – one of the most popular natural-
ists and presenters on TV, renowned for getting
to grips with ‘deadly’ animals (very much in the
mould of the late Steve Irwin).

BBCNatural HistoryUnit – producer of outstanding
wildlife programmes, was the initiator of ‘personal
views’ programmes, ultimately giving rise to cele-
brated individual-led radio and TV programmes.

John and Hilary Birks – based in Bergen, Norway,
Cambridge-educated botanical, palaeoecological
and geoscientific experts with a considerable aca-
demic following.

Paul Ehrlich – American biologist and educator,
published major studies of evolution of plants
and insects, but best known for warnings on
human population growth.

Bernd Heinrich – author of many books on natural
history, specialising in insect physiology and
behaviour, and bird behaviour. Was a world class
athlete, and wrote Why We Run. A Natural
History.
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driving population change, and individual and sex differences in survival,
ranging behaviour and productivity. Around 150 scientific publications
and three books have arisen from this study. Research leaders: Tim
Clutton-Brock, Josephine Pemberton, Steve Albon, Loeske Kruuk, Mick
Crawley and Fiona Guinness. Reference: Pemberton and Kruuk (2015).

Daniel H. Janzen – evolutionary ecologist, biologist,
conservationist. Has led internationally renowned
work in Costa Rica on ecosystem restoration.

John Lawton – eminent British ecologist, with
special expertise in advocating the importance
of biodiversity, and the measures needed to make
it more resilient.

James Lovelock – environmentalist, best known for
proposing the Gaia hypothesis, which postulates
that the biosphere is a self-regulating entity with
the capacity to keep our planet healthy by con-
trolling the interconnections of the chemical and
physical environment.

National Geographic – a world leader in communi-
cating geography, cartography, exploration and
environmentalism.

Ian Newton – British ornithologist, with a world-
class reputation for long-term studies of raptors,
and wider excellence as a lecturer and writer on
ecology, migration and landscapes.

Alan Robert Rabinowitz – American zoologist,
conservationist, field biologist, film maker and
the CEO of Panthera (devoted to protecting
the world’s 37 wild cat species).

John A. Wiens – leading American landscape ecolo-
gist, whose research has focused on birds and
insects in semi-arid environments on several con-
tinents, emphasising community ecology and
spatial relationships.

E. O. Wilson – world leading researcher on ants,
and the ‘Father of Biodiversity’ and deviser of
sociobiology.

Fieldwork and Nature: Observing, Experimenting and Thinking · 31

https://doi.org/10.1017/9781108552172.004 Published online by Cambridge University Press

https://doi.org/10.1017/9781108552172.004


Peregrines – pesticides breakthrough. Rachel Carson’s book Silent
Spring (1962) drew attention to the pernicious impacts of pesticides in the
environment. In the UK, pigeon fanciers had complained to the gov-
ernment’s Home Office that peregrines were ruining their sport, and
wanted legal protection to remove them. A survey by the BTO was
commissioned to assess the current status of peregrines. Led by Derek
Ratcliffe, the survey revealed that the peregrine population was crashing.
He noted that peregrines and other birds of prey often had broken
eggs in their nests, and that clutches and broods were evidently
smaller than previously recorded. Working to an idea attributed to
Desmond Nethersole-Thompson and Joe Hickey, Ratcliffe examined
eggshells, comparing current with previously collected ones, and dis-
covered that those collected after 1946 (when DDT was introduced
into widespread agricultural use) were significantly thinner. His paper
describing shell thinning in the peregrine and other species was published
in Nature (Ratcliffe, 1967), followed later by a more detailed assessment
of a wider range of species, in the Journal of Applied Ecology (Ratcliffe,
1970). This work paved the way for systematic monitoring of raptors,
and indeed other birds. David Peakall made a similar discovery in
America for links between DDE and shell thinning in peregrines and
California condors. Research leaders: Derek Ratcliffe, Joe Hickey
(organiser of the classic 1965 Madison Peregrine Conference, giving rise
to the formation of the Raptor Research Foundation, in 1966), Ian
Prestt, David Peakall, Norman Moore and Ian Newton. Reference:
Newton (2015).
Rothamsted Experimental Station. The Rothamsted Experimental
Station (now Rothamsted Research) was founded in 1843 by John Bennet
Lawes, an entrepreneur and scientist who had founded one of the first
artificial-fertiliser manufacturing factories in 1842, on his sixteenth-
century estate, Rothamsted Manor, to investigate the impact of inor-
ganic and organic fertilisers on crop yield. Appointing a young chemist,
Joseph Henry Gilbert, as his scientific collaborator, Lawes launched the
first of a series of long-term field experiments, some of which still
continue.
Over 57 years, Lawes and Gilbert established the foundations of

modern scientific agriculture and the principles of crop nutrition. One
of the station’s best-known and longest-running experiments is the Park
Grass experiment. Originally set up to test the effect of fertilisers and
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manures on hay yields, it is notable as one of the longest-running experi-
ments of modern science, as it has been continually monitored since
1856. Another long-term site is the Broadbalk continuous winter wheat
experiment, which has received the same fertiliser treatment every year
since 1852. More recently, there has been a wide range of research in
areas such as entomology, biogeochemistry, meteorology and environ-
mental statistics. Research leaders include: J. B. Lawes, J. H. Gilbert,
E. John Russell, Ronald Fisher, George Cooke, John Monteith, Howard
Penman and Keith Goulding. References: Lawes et al. (1881); Johnston
(1991).
Darwin’s finches. Also known as the Galápagos finches (15 species).
The term ‘Darwin’s finches’was first applied by Percy Lowe in 1936, and
popularised by David Lack in Darwin’s Finches (1947). A long-term study
over 40 years, by the Princeton University researchers Peter and Rose-
mary Grant, has documented micro-evolutionary changes in beak size,
affected by El Niño cycles in the Pacific. Since 1973, they have shown
that natural selection can operate over a single lifetime, or even within a
couple of years. Darwin originally thought that natural selection was a
long, drawn-out process. The Grants, however, have shown that these
changes in populations can happen very quickly. Research leaders:
Charles Darwin, David Lack, Peter Grant and Rosemary Grant. Refer-
ence: Grant and Grant (2008).
The Sir Alister Hardy Foundation for Ocean Science (SAHFOS)
continuous plankton recorder – long-term ecological monitor-
ing. This is the longest and most spatially extensive planktonic ecosystem
data set currently available for the Atlantic Ocean. Collecting data from
the North Atlantic and the North Sea on biogeography and ecology of
plankton since 1931, the Foundation has spawned international projects
with a global reach. Our understanding of climate change, eutrophi-
cation, biodiversity and non-native invasive species has been hugely
advanced by this work. Currently, 698 taxa are routinely analysed,
sampled along more than 6.8 million nautical miles, with detailed ana-
lyses running to 86 years. Research leaders: Sir Alister Hardy, Cyril
Lucas, Martin Edwards and Darren Stevens. Reference: Giron-Nava et al.
(2017).
Dung flies and sexual selection. Taking his PhD at the University of
Bristol, in 1969, Geoff Parker studied the reproductive behaviour and
nature of sexual selection in cow-pat-dwelling Scathophaga stercoraria, the
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yellow dung fly. His pioneering work described how natural selection
operates, with much of this based on gene- and individual-centred
optimality models and Game Theory, as well as careful observations in
the field. In 2008, Parker was awarded the Darwin Medal of the
Royal Society for his lifetime contribution to the foundations and
development of behavioural ecology, in particular for understanding
evolutionary adaptations and their consequences for natural populations.
Geoff Parker has worked with Dan Rubenstein, Leigh Simmons,
Tim Birkhead, Tommaso Pizzari and John Maynard Smith. Reference:
Parker (2014).
WythamWoods. The University of Oxford’s ecological laboratory, this
ancient, semi-natural woodland to the west of Oxford is one of the most
researched woods in the world. There are long-running data sets on
weather (as part of the UK Environmental Change Network), birds,
mammals, invertebrates and vegetation. It was designated a Site of Special
Scientific Interest in 1950 for its floristic richness. David Lack began the
long running study of great and blue tits there in the 1940s (he was
appointed Director of the Edward Grey Institute in September 1945),
with nest boxes monitored since 1947 (arguably the longest-running
continuous bird study in the world, with more than 1,000 nest boxes
monitored in some years). Lord Krebs, who began his research career in
1966 there, commented once on the BBC that ‘If there were a Nobel
Prize for Ecology, and if you could award it to a place rather than a
person, Wytham Woods would surely be a prime candidate’. Research
leaders: Charles Elton, David Lack, Sir Richard Southwood, George
Varley, G.R. Gradwell, Lord Krebs, Christopher Perrins, Mike Hassell,
Andy Gosler, Peter Savill, Keith Kirby and Mike Morecroft. Reference:
Savill et. al. (2011).
Radcliffe Observatory. Just a few kilometres south-east of Wytham
Woods, Radcliffe Observatory, founded in 1772, provides a long-term
meteorological context for the ecological research at Wytham Woods.
Following a period when there were numerous if irregular observations
of rainfall, temperature, winds and cloud cover, a daily record of air
temperature and precipitation, which commenced in November 1813,
continues to this day – the longest unbroken daily weather record at the
same site in the British Isles, and one of the most enduring in the world.
Regular meteorological observations were started by astronomers, who
needed to correct their astronomical observations for refraction. If the
first measurements were made indoors, most equipment was soon moved
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outside, and meteorological observation began to develop a life of its
own, as the need for accurate weather forecasting was gradually acknow-
ledged (Wallace, 1997, 2005; Burt and Burt, 2019). The Radcliffe
Observatory was at the forefront of developments as meteorological
instruments and their precise method of use rapidly evolved, working
in close cooperation with organisations such as the Meteorological Office
and the Royal Society. The Observatory building and grounds were
transferred to Oxford University in 1935 when the astronomical obser-
vations were moved to the clearer skies of South Africa, since when the
Radcliffe Meteorological Station, as it was renamed, has been run by the
University’s School of Geography and the Environment. Research
leaders: Thomas Hornsby, Harold Knox-Shaw, W. G. Kendrew,
Gordon Smith, Stephen Burt, Tim Burt and Richard Washington.
Reference: Burt and Burt (2019).
Long-Term Ecological Research (LTER) Network. The US
National Science Foundation-funded LTER Network supports around
240 long-term ecological experiments. These have provided unique
insights into ecological patterns and processes, with many of these only
evident after many years of study. The research has influenced manage-
ment and policy decisions, and it has spawned research platforms sup-
porting studies and involving investigators who were not part of the
original design. Reference: Knapp et al. (2012). Two examples of the
LTER follow:
Hubbard Brook Ecosystem Study. First established as an ‘experi-
mental forest’ by the US Department of Agriculture (USDA) Forest
Service in 1955, this has become a major centre for hydrological, earth
sciences and ecological research in New England. Covered mainly by
unbroken forest of northern hardwoods with spruce and fir at higher
elevations, the bowl-shaped valley was set aside in 1955 for research
purposes. Early pioneering research developed our understanding of the
science of ecosystem processes, essentially water and chemical element
cycles, soil microbial activity, soil chemical reactions and the effects of
deforestation and land management practices. Since 1963, more than
1750 publications have arisen from work there. Leading researchers:
Robert Pierce, Herbert Bormann, Noye Johnson, Chris Eagar, Lindsay
Rustad, Richard Holmes and Gene Likens. Reference: Holmes and Likens
(2016).
Coweeta Hydrologic Laboratory. The USDA Forest Service’s Cow-
eeta Hydrologic Laboratory (2,185 ha: originally known as the ‘Coweeta

Fieldwork and Nature: Observing, Experimenting and Thinking · 35

https://doi.org/10.1017/9781108552172.004 Published online by Cambridge University Press

https://doi.org/10.1017/9781108552172.004


Experimental Forest’) lies in the Nantahala Mountains of western North
Carolina, USA. Established in 1934, Coweeta is among the oldest,
continuously operating environmental study sites in North America; it
has been a testing ground for theoretical and applied forest hydrological
research (Swank and Crossley, 1988). This is the place where hydrologist
John Hewlett developed his variable source area model of storm runoff
generation, in the early 1960s. In the 1970s, an important development
was research on nutrient cycling. One outcome was the concept of
nutrient spiralling, which was based on research carried out at Coweeta
by Jack Webster for his PhD (Webster and Patten, 1979), complement-
ing the river continuum concept (Vannote et al., 1980). Like Hubbard
Brook, Coweeta forms part of the US National Science Foundation-
funded LTERNetwork. Leading researchers: Charles Hursh, John Hew-
lett and Wayne Swank. Reference: Swank and Crossley (1988).
The Cornell Laboratory of Ornithology. Founded in 1915, the
Cornell Lab is arguably the world leader in the understanding and
conservation of birds. With a community of 300 staff, 400,000 citizen
science contributors and 14 million online enthusiasts following its

Figure 1.13 An unusual type of sharp-crested weir – a Cipoletti – is used at the
main outflow to the Coweeta Hydrologic Laboratory drainage basin. Standing by
the weir is Wayne T. Swank, one of the most important scientists in the history
of Coweeta (Tim Burt).
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research throughout the world, it has continuously led the field. It has a
close working relationship with the Hubbard Brook centre. Leading
researchers: Walter Koenig, Andre Dhondt, Irby Lovettte, Aaron Rice,
Amanda Rodewald and John Fitzpatrick. Reference: Annual reports and
an extensive website give details of wide range of research.
The Plynlimon catchments. The Plynlimon catchments in central
Wales are among the most important intensively studied long-term
research basins in the UK. Managed by the Centre for Ecology and
Hydrology (CEH), Plynlimon is a key site in terms of catchment sci-
ence – not just for the length of the records gathered (more than 40
years) but because of the breadth of measurements, spanning hydrology
and including water chemistry, groundwater studies, geomorphology,
ecology and atmospheric science. During the 1960s, the former Institute
of Hydrology, now CEH, instigated a major hydrological study to
investigate the impacts of conifer plantations on the hydrological cycle.
The Plynlimon catchments were selected because they provided two,
almost identical, adjacent catchments, with the exception that one was
used for grazing sheep while the other was mostly under coniferous
forestry. The findings are applicable to many upland areas in Britain
where the land is used for water, wood and wool production. The
Plynlimon research confirmed that forests ‘use’ more water than short
vegetation, mainly because there is more evaporation of water from the
tree canopy, an effect first noted by Frank Law in the Pennine hills. As a
result, there is reduced total runoff (although there is little effect on flood
flows). Leading researchers: Malcolm Newson, Ian Calder and Colin
Neal. Reference: Robinson et al. (2012).
Great Barrier Reef Marine Park Authority. The Great Barrier Reef
Marine Park, a World Heritage Site, is one of the world’s greatest natural
treasures. Guided by a range of plans, policies, regulations and legislation,
the ‘Great Barrier Reef Marine Park Act 1975’ sets out the functions and
responsibilities of the Park Authority. A 25-year management plan sets out
work in hand. As the largest living entity on the planet, it stretches for 2,300
kilometres, has 600 types of soft and hard corals, more than 100 species of
jellyfish, 3,000 varieties of molluscs, 500 species of worms, 1,625 species of
fish, 133 varieties of sharks and rays and more than 30 species of whales and
dolphins. Reference: An excellent website gives details on work undertaken,
see www.gbrmpa.gov.au/. See Emi Husband’s essay in Part II.
Siccar Point. Finally, we add one place to our list of classic field studies,
one of our favourites, Siccar Point, on the Berwickshire coast in eastern
Scotland. This is where James Hutton (1726–1797) confirmed his notion

Fieldwork and Nature: Observing, Experimenting and Thinking · 37

https://doi.org/10.1017/9781108552172.004 Published online by Cambridge University Press

http://www.gbrmpa.gov.au/
https://doi.org/10.1017/9781108552172.004


of an unconformity: a buried surface separating two rock strata of different
ages, indicating that sediment deposition was not continuous. Hutton
was a Scottish geologist, naturalist, physician, chemical engineer and
experimental agriculturalist, who devised the theory of ‘uniformitarian-
ism’, the fundamental principle of geology. Hutton believed that geo-
logical processes had carried on operating continuously over very long
periods of time; unconformities provided clear evidence of cycles of
uplift, erosion and sedimentation. Hutton reasoned that there must have
been innumerable cycles, each involving deposition on the seabed, uplift,
folding and faulting, erosion, then further deposition. On the belief that
this was due to the same geological forces operating in the past as the very
slow geological forces seen operating at the present day, the thicknesses
of exposed rock layers implied to him enormous stretches of time.
Hutton concluded there was ‘no vestige of a beginning, no prospect of
an end’. His inspiration came in part from farms he inherited from his

Figure 1.14 Edinburgh students visit Siccar Point, James Hutton’s famous
unconformity, where a gap of some 60 million years separates the two rock
formations. Unconformities are discussed in chapters 13 (Tim Burt) and 25
(Peter Higgins). A black and white version of this figure will appear in
some formats. For the colour version, please refer to the plate section.
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father in Berwickshire, east of Edinburgh, where he observed soil erosion
in his fields. Hutton indulged his passion for geology and he had already
seen examples of unconformities when, in 1788, he famously sailed along
the Berwickshire coast: having theorised that there should be an
unconformity in the locality, he found this at Siccar Point. Indeed,
Hutton regarded Siccar Point as conclusive evidence of his uniformitar-
ian theory of geology. We now know that the almost vertical beds of
marine Silurian sandstones (known as greywackes) underlie gently dip-
ping rocks of Upper Devonian age (a mixture of fluvial and wind-blown
sands and silts). The Silurian beds are approximately 435 million years
old, while the overlying Devonian rocks are approximately 375 million
years old. The unconformity therefore represents a time gap of around
60 million years.

1.5 Perspectives
What is not generally appreciated is that serious scientists experience a sense of
awe. They are usually drawn to ask questions about a particular thing in the
natural world. It may be flowers or stars, or it may be something that other
people do not care for at all – toads, beetles, tapeworms. Whatever it might be,
the study of this thing moves them to reverence. And make no mistake, this
sense of reverence is real . . . To the real scientist, a question that has been
answered becomes not less wonderful, but more so. Increased understanding
increases scientific awe. And most great scientists have named awe of this kind as
their deepest reason for pursuing science at all. [Mary Midgley, 2000]

Whether we study in the humanities or the sciences, we are all curious
about the world around us. Whatever drives us to be curious about one
thing rather than another, inevitably there is a sense of awe: a mixed
emotion of reverence, respect and wonder. The word ‘wonder’ itself
encapsulates, in its various meanings, both the excitement and the effort
of academic inquiry: to marvel, to be amazed at; to enquire, to have a
wish to know something; to question, to express doubt. Whatever the
virtues of laboratory or archival-based research, our purpose in this book
is to acknowledge the role of out-of-classroom field study: being excited
by the outdoor world, asking questions about it, doubting the views of
others and ourselves. Indeed, for the core subjects covered by this book,
the geophysical and biological sciences in their broadest sense, we con-
tend that fieldwork is an essential component of the academic process,
whether inductive or deductive, humanities or science.
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At the beginning of any inquiry, there is always a choice to be made, the choice
of what shall be the things and relations forming the subject of the inquiry
itself . . . Whatever the focus of inquiry, choices have to be made that some
things are relevant, while others are not. [Peter Gould, 1985, p. 324]

As a 2017 advertisement from the railway company Eurostar said: ‘A
change of scene can shift your whole perspective’. While Eurostar’s focus
is travel, so too in a sense is ours. To summarise Steve Trudgill (2003),
fieldwork allows a spectrum of experience, from the initial sensing of the
place to focusing on those aspects of the landscape that seem interesting
and relevant. This leads to questions followed by focused observation,
initially descriptive but inevitably quantitative. Subsequent analyses bring
us back to the initial questions, helping us to make better sense of the
world and to see that world as orderly rather than chaotic. As Trudgill
(2003) concludes, the excitement comes not only from ‘making sense of
the world’, but from ‘being there’ – the excitement of science and the
excitement of experience.

Figure 1.15 Curiosity about the world around us leads inevitably to patient
observation of whatever it is we choose to investigate (Des Thompson). A black
and white version of this figure will appear in some formats. For the colour version,
please refer to the plate section.
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Our survey of the development of fieldwork shows how subjects have
evolved from purely observational, albeit with notebook in hand,
through to the ultra-modern data-gathering of the electronic world,
not just computers and data-loggers but drones and cameras, and satellites
and their variety of sensors. In between, has come a rich flowering of
instrumentation, from the first thermometers to electrical pumps and
on to the world of the microchip. Measurement is at the heart of
what we do, meaning that questions of experimental design, technique,
validity and repeatability become central. We must choose what we
measure – we cannot measure everything (Anderson and Burt, 1990).
Even those who eschew the quantitative approach recognise that field
investigation often requires data-gathering through case studies and site-
specific examinations; they acknowledge the need for a rigorous
approach so that data that have been gathered in the field are properly
organised to allow for subsequent analysis in an orderly way (Caretta and
Cheptum, 2017). In all quantitative fieldwork, the ability to measure
successfully is central. The role of a technique (i.e. a measurement proced-
ure) is to assure data reliability through the introduction of fixed rule-
based procedures for obtaining information (Rhoads and Thorn, 1996).
The ability to measure is essential, helping to fix one’s general concep-
tion of a problem. In this sense, quantity is not the opposite of quality
but rather an improvement on it (Anderson and Burt, 1990). In many
field sciences, there has therefore been a steady interest in measurement
technique per se underpinning the investigations being conducted.
Indeed, in some areas, e.g. isotopic dating of sedimentary material,
progress has sometimes been halted until a reliable technique emerges
to allow headway to be made.
Given the crucial importance of fieldwork, it seems vital to us that

fieldwork is supported at every stage of education, from initial out-of-
classroom experiences for the youngest pupils through to field visits as
part of the curriculum for high-school and university students. Too
often, administrators are tempted to cut fieldwork, arguing that costs
outweigh benefits. We dismiss that argument without hesitation! As we
have seen, for many subjects, curiosity must involve being out there, not
sitting in the classroom or library. In that sense, the money must be
found, although of course it is essential that best use is then made of the
investment. Fieldwork can inspire the next generation of scientists, and
even if someone does not go on to study a field-based subject or to do
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research, field-based learning can only inspire people to become better
citizens, committed to the world in which they live.

1.6 What Follows
The rest of this book falls into two halves: in the next four chapters of
Part I we delve into the history and importance of fieldwork. Between
them, our authors trace the development of fieldwork to the range of
modern techniques available to millions of us, consider the role of
different approaches and techniques adopted in the field, look at the
transformative developments of taking students out of the classroom and
provide biographies of some of the pioneering heroes of fieldwork in the
geophysical and biological sciences. The essays in Part II provide a much
more intimate and personal approach: these short essays, ‘cameos’ as we
have taken to calling them, can be on an influential individual, a defining
moment, a publication or project, a breakthrough or some other aspect
of the author’s field experience. Together, our essays cover the full range
of emotions, from the joy of being there to the grind of field research.
We round off the book with a brief epilogue, reviewing what is con-
tained in the book and looking ahead, confident that fieldwork will
remain essential notwithstanding all the other developments, which are
inevitable in an increasingly electronic age. Indeed, we would expect
fieldwork to take full advantage of modern technology, but the latter can
never replace the former as far as we are concerned!
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