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ARTICLES

Lines Underground: Exploring and Mapping Venezuela’s
Cave Environment

Marı́a Alejandra Pérez
Department of Geology and Geography / West Virginia University / Morgantown / WV / USA

ABSTRACT

How do the lines on a map come into being? What stories do they tell? These questions are examined in the context of
cave exploration and mapping in Venezuela. Ethnographic analysis focuses on mapping in the field, the translation of
notes into final maps, and discourses surrounding these practices. The lines that cave surveyors sketch in field books
while traversing underground passages reveal a dialectic between cartographic and exploratory practices. Two key factors
shape this dynamic: first, the experience of probing humans ‘‘pushing passages’’ with no obvious end in sight, and second,
the coordinated and skilled use of tools by explorers working in teams. Here, humans define both the scale and perspec-
tive of cartographic representations. But bodies slithering along passages make lines, too. This paper simultaneously con-
siders lines of lead on paper and traces of bodies in the earth as a way to think of exploration and mapping as emergent
engagements. This case powerfully illustrates the ontogenic nature of maps, highlighting the (re)production of social rela-
tions that continually brings them into being along with the environment that engenders these engagements. Finally, cave
exploration and mapping illustrate the limits of our vision and technologies to grasp and order nature.

Keywords: mapping, emergence, meshwork, environment, practice, exploration, caving, underground, speleology, Venezuela

RÉSUMÉ

Comment les lignes sur une carte voient-elles le jour? Quelles histoires racontent-elles? Dans l’article, on examinera ces
questions dans le contexte de l’exploration spéléologique et de la représentation cartographique du Venezuela. Cette
analyse ethnographique sera axée sur la cartographie sur le terrain, la transposition des notes sur les cartes finales et
les discours entourant ces pratiques. Les lignes que les géomètres experts en spéléologie dessinent dans leurs carnets
d’observations dans les passages souterrains révèlent une dialectique entre la cartographie et les pratiques d’exploration
qui est formée par deux facteurs clés : premièrement, l’expérience des humains qui sondent les « passages » sans en voir la
fin; et, deuxièmement, l’utilisation coordonnée d’outils spécialisés par les explorateurs qui travaillent en équipes. Ici, le
mot humain définit à la fois l’échelle de grandeur et le point de vue des représentations cartographiques. Toutefois, les
corps qui se faufilent dans les passages forment eux aussi des lignes. Dans l’article, on considère à la fois les lignes tracées
au crayon sur du papier et les traces laissées par les corps dans la terre afin d’envisager l’exploration et la représentation
cartographique comme des engagements naissants. Ce cas illustre superbement la nature ontogénique des cartes et met
en relief la (re)production des relations sociales qui les font constamment naı̂tre, ainsi que l’environnement qui crée ces
engagements. Enfin, l’exploration spéléologique et la cartographie illustrent les limites de notre vision et des technologies
permettant de comprendre et d’ordonner la nature.

Mots clés : cartographie, émergence, réseau, environnement, pratiques, exploration, spéléologie, souterrain, cavernes, Venezuela

Introduction

With the end of the survey tape in hand, I crawled down

a wide and low passage somewhere below the surface

of Venezuela’s Roraima plateau. The floor below me was

damp sand, sloping slightly upward. As I forged ahead, ceil-

ing and floor drew closer together. I dropped from knees

and hands to my stomach. I pushed onward with effort,

propelling my weight forward by pushing off with the

tips of my boots. Moving ahead became increasingly diffi-

cult. I had to turn my head sideways to keep my helmet

from getting stuck. Suddenly, claustrophobia gripped my

throat. It was not just the falling ceiling. It was the wet

sand, the fear of drowning. But I could see the passage

continuing. To back off would not just mean abandoning

what could be a promising passage. It would mean failing

my survey team and producing an incomplete map.
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Cave mapping often involves experiences like this: engage-

ments in the earth that are at once physical and affective.

Yet these engagements also occur in the context of the

disciplined social and material pulse of cartographic prac-

tice. Here, mapping is at once embodied, emplaced, and

coordinated to an intensity rarely experienced elsewhere.1

Mapping is also emergent: it comes into being in practice

(Kitchin and Dodge 2007). But this is true not just of

maps. Humans, their tools, and the very environment

where practice goes on are emergent, too. By this I mean

that they are all – maps, humans, tools, and environment

– actively involved in the material and energy fluxes of the

world (Ingold 2011). Cave exploration and mapping is

a perfect case to examine this proposition. Humans, or

more specifically, humans in synchronic movement with

each other, probe the earth, their tools going in only as

far as their owners push in. Consider this: there is no

technology that can accurately map a cave from the sur-

face. Even locating caves challenges existing technologies.2

One must enter a cave to explore it and map it. To some,

‘‘[w]e live in a post-explorer era in which it is widely con-

sidered that the feats of the great adventurers are rem-

nants of history and that the Earth’s mysterious places

and peoples have long ‘been discovered’ ’’ (Gordon 2006,

1). Not so for cave explorers. On the contrary, cave ex-

plorers expect that many discoveries remain to be made.3

The case of cave exploration and mapping illustrates a dia-

lectic between cartographic and exploratory practices that

are shaped by two key factors: first, the experience of prob-

ing humans ‘‘pushing passages’’ with no obvious end in

sight, and second, the coordinated and skilled use of tools

by explorers working in teams. The ways the underground

environment engenders these practices must be under-

stood in relation to the ways humans make themselves

home in the world by exploring and mapping it. To be

more precise, humans are always already in and part of

this world, so the analytic emphasis shifts toward the pro-

cesses by which they are enmeshed and changing, emer-

gent. The processes in focus are exploration and mapping.

Building on recent scholarship calling for an ethnographic

examination of mappings, the present case emphasizes the

role of experience and sociality in these processes, along

with the ontogenic or emergent nature of maps (Crampton

2010; Del Casino and Hanna 2006; Kitchin and Dodge

2007; Kitchin, Gleeson, and Dodge 2012). Such an exam-

ination begs theorizing relations between tools, humans,

maps, and the environment. For this purpose, however,

actor-network theory (ANT) might only take us so far.

As an alternative, I suggest we build on Tim Ingold’s con-

cept of meshwork, ‘‘interwoven lines’’ of the ‘‘web of life’’

(Ingold 2011, 63). Ingold presents ‘‘the meshwork’’ as an

alternative to ANT’s ‘‘network’’ because this latter con-

ceptual and analytical perspective limits our capacity to

apprehend the ways in which all material flows – of tools,

of humans, of maps, of the environment – intermingle

and shape each other (Ingold 2011, 84–86, 89–94; Ingold

2012, 436–37). My contention is that this view is more in

line with the perspective of mappings as emergence. Ana-

lytically, as a way to highlight process and emergence in a

method that is relevant to both representation and experi-

ence, I focus on Ingold’s anthropology of lines, dynamic

constituents of meshworks that unsettle the dichotomy

between experience and representation (2007). It is in this

context that I hope to make lines – on paper, in the earth –

come alive.

My evidence is primarily a reflexive ethnographic descrip-

tion conducted among cave explorers and scientists in

Venezuela in 2004, 2007, and 2008.4 Much of this ethnog-

raphy involves myself (the researcher) ‘‘deeply immersed

in the mapping context’’ alongside these explorers and

scientists (Perkins 2009, 128). In the case of an analysis

of cave mapping, there hardly is any other way to conduct

research. First, the capacity for observation is limited: not

only are cave environments typically dark, they are also

amorphous, ranging dramatically in shape and size. Sec-

ond, cave survey teams are constantly on the move, so

the researcher must move with them. This means another

human causing impact on the cave environment, another

human to watch for and even to depend on, particularly

when negotiating treacherous cave passages. Third, narra-

tives of cave exploration tend to overlook many of the

seemingly trivial specificities of surveying, and likewise

with interviews. Fourth and perhaps more important, be-

ing a full participant in a cave survey team signals a will-

ingness to embrace the responsibility and commitment to

the task at hand: to explore and map caverns as a collabo-

rative effort. In the case of the cave explorers and scien-

tists among whom I conducted research, this collaborative

effort has, for over 50 years, brought this particular group

of cave explorers and scientists together in the form of the

Sociedad Venezolana de Espeleologı́a (Venezuelan Speleo-

logical Society or SVE). This autonomous and volunteer-

based group, founded in 1967 in Caracas, Venezuela, is

dedicated to speleology (cave science). Its goal: exploring

anywhere in the country with potential for caves. Once

located, caverns are surveyed and mapped. The maps,

along with detailed descriptions, are published in a na-

tional cave registry in the group’s yearly publication, the

Boletı́n de la Sociedad Venezolana de Espeleologı́a. The re-

gistry contains maps and descriptions of over 700 caverns.5

Once mapped, a cave becomes a site for further speleolog-

ical research in geology, hydrology, biology, and anthro-

pology. But these maps, or rather mappings, also bring

people together, simultaneously reproducing geography,

relatedness, and, in my case, the opportunities for and re-

sponsibilities of research. As a long-time SVE member told

me, ‘‘We came together at the map.’’6

Mappings/lines

In this article I focus on the lines inscribed by under-

ground mappings that both sustain and reproduce this
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cartographic project. These inscriptions, I argue, also sus-

tain and reproduce both the social relations and the envi-

ronment that make this cartographic project possible in

the first place. I do so in reply to recent critical cartogra-

phy scholarship that calls for analyses of maps that chal-

lenge their ontological position as stable and authoritative

representations of the world (Kitchin and Dodge 2007;

Kitchin, Gleeson, and Dodge 2012). These analyses require

a broad range of qualitative methods that ‘‘capture and dis-

til the unfolding and contextual craft of mapping’’ (Kitchin,

Gleeson, and Dodge 2012, 5). The present case illustrates

an ethnographic approach to cartographic practice.

These efforts are not enough, however, if at the end of the

day the resulting map retains the static and seemingly

objective qualities that grant it its authority, its power

(Del Casino and Hanna 2006; Kitchin and Dodge 2007;

Kitchin, Gleeson, and Dodge 2012). In 1999 Cosgrove had

already argued for the need ‘‘to explore some of the con-

texts and contingencies which have helped shape acts of

visualizing, conceptualizing, recording, representing and

creating spaces graphically – in short, acts of mapping’’

(1999, 1; original emphasis). Even as he emphasized the

‘‘troubling’’ qualities of maps by challenging their ‘‘appar-

ent stability and their aesthetics of closure and finality’’

(Cosgrove 1999, 2), the dichotomy between maps as

representations and acts of mapping has remained diffi-

cult to overcome (Kitchin, Gleeson, and Dodge 2012, 2).

A conceptual and analytical shift from maps to mappings

addresses this challenge. To Kitchin and Dodge,

all maps are beckoned into being to solve relational problems;

all are (re)mappings – the (re)deployment of spatial knowl-

edges and practices. And all emergence is contextual and a

mix of creative, reflexive, playful, affective and habitual prac-

tices, affected by the knowledge, experience and skill of the

individual to perform mappings and apply them to the world.

Conceiving of mapping in this way reveals the mutability of

maps. (2007, 341)

But why limit this mutability to maps alone? This ‘‘world’’

to which mappings are ‘‘applied’’ does not remain un-

changed during mapping processes. To more fully grasp

mappings as emergence, we must develop an analytical

perspective that embeds mapping processes into the very

dynamic ‘‘context’’ in which they take place. This sugges-

tion has been made before (Pickles 2004). Kitchin and

Dodge emphasize the view of a map as ‘‘a co-constitutive

production between inscription, individual and world; a

production that is constantly in motion’’ (2007, 335).

They suggest we think of maps as ‘‘‘networks of social-

material interactions rather than simply reflections of

human capacities or innately alien objects’ ’’ (Mackenzie

2003, cited in Kitchin and Dodge 2007, 342).

There are limits to conceptualizing mapping as ‘‘net-

works.’’ Networks suggest connections, connections be-

tween ‘‘innately alien objects.’’ But this is precisely the

idea that Kitchin and Dodge are trying to get away from,

at least for maps. Moreover, it is not clear how ‘‘social-

material interactions’’ help us develop an emergent view

of these objects. How can we go from connections, objects,

networks, and hyphens to mutually constituting, to pro-

cess, to ontogenic modulation, to events? These concerns

echo Ingold’s critiques of the ‘‘network’’ approach of actor

network theory. In place of networks, he proposes we

conceptualize relations within a ‘‘meshwork’’ (Ingold 2007,

80–84; Ingold 2011, 84–86, 89–94; Lefebvre 1991, 117–

18). Lines of a network connect objects and humans,

which act because of a distributed view of agency among

all the elements of a network.7 In contrast, lines in a

meshwork ‘‘lay down conditions of possibility’’ for interac-

tions of mutually constituting things. In this latter view,

action ‘‘emerges from the interplay of forces that are con-

ducted along the lines of the meshwork’’ (Ingold 2011,

92). Life is lived along these lines (Ingold 2011, 69).

Organisms and the world, understood as dynamic flows

of substances and materials in a constant state of becom-

ing, change and grow into each other. In other words,

they are in a constant state of emergence. Indeed, living

organisms are understood, following Deleuze and Guattari,

as a bundle of lines (Deleuze and Guattari 1987; Ingold

2011, 64). It is in this context that Ingold’s anthropology

of the line is so appealing when dealing with ethnographic

accounts of cave exploration and mapping (Ingold 2007).

The ‘‘meshwork’’ provides a conceptual framework to

think of maps as processes along with humans, their tools,

and the caves they explore and survey. The focus on flows

of materials and substances, whether lines on paper or

lines left by humans slithering through the muddy or

sandy floors of a cavern, invites an analysis of the emer-

gent qualities not just of mappings but of exploration

and habitation in an emergent world.

Other scholars who have thought of the relationship be-

tween the lines, cartographic practice, human experience,

and landscape also inform my being drawn to lines in this

ethnographic context (Carter 1999; Burnett 2000; Orlove

2002). More recently, Erik Mueggler (2011) analyses lines

on maps and the landscape as clues to the dialogues

among British and Naxi botanists that took place during

the first half of the twentieth century in China. He upsets

the distinction between landscape on the one hand and

representation on the other. Instead, he proposes thinking

of representations as part of the archival, material character

of the earth, an earth that is agent in the complex social

relations that humans forge. I build on these scholars’

insights in the context of cave exploration and mapping.

To uncover the stories of the lines on cave mappings, we

must go underground.

Introduction to caves and cave science and
exploration

Caves are distinctly polyvalent environments, charged

with intense symbolic and material qualities (Aitken 1986;

Lines Underground: Exploring and Mapping Venezuela’s Cave Environment
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Cant 2003; Eshleman 2003; Moyes 2012; Shortland 1994;

Williams 2008). These qualities come into being as human

(and other) bodies traverse underground passages.8 In

many ways, cave exploration is the perfect example of

how ‘‘landscape’’ is produced ‘‘when it is put to task’’

(Rose 2002).9

The historical development of speleological knowledge

parallels developments in cave exploration (Shaw 1992).

The French speleologist E.A. Martel (1859–1938), widely

regarded by the international speleological community as

a key promoter of the science, ardently espoused both as-

pects of speleology: the exploratory ‘‘sporting’’ and ‘‘scien-

tific’’ sides (Cant 2006, 775; Shaw 1992, 2). For him,

sports and science came together at the map (Chabert

and Watson 1981, 3).

Not only are the tools and techniques necessary to survey

a cave relatively accessible, economical, and practicable,

their accurate use depends on a team effort. This fact,

combined with the appeal of cave exploration ranging

from the explicitly scientific to the adventurous, typically

results in a mixed group of practitioners (Cant 2006;

Kuklick and Kohler 1996). Moreover, speleology remains

primarily an amateur science – what Withers and Finne-

gan (2003) call ‘‘civic science.’’ Most speleological societies

and clubs are made up of a mix of career academics (typ-

ically geologists, biologists, archaeologists) and non-aca-

demics who practice speleology as a ‘‘serious hobby’’

(Stebbins 2007). This is the case of the Venezuelan Spe-

leological Society.

Sarah Cant, a human geographer, has considered caving

in the context of scholarly debates regarding human rela-

tions with the environment. Analysing caver subjectivities,

she suggests we think about caving as a form of poetics

that ‘‘flux between human geographies of exploration and

encounter, and physical geographies of space within rock:

limestone, water and calcite’’ (Cant 2003, 69). Further,

caver accounts of their experiences, some of them ex-

pressed through poetry and sculpture, suggest ‘‘relational

understandings of bodies and environments that dwell on

the human-ness of a subterranean physical geography’’

(Cant 2003, 69). Here Cant focuses on caving as leisure

pursuit and does not follow her analysis into the context

of cave mapping. Elsewhere, she analyses the ‘‘geographies

of speleology’’ among British caving groups (2006). While

she addresses topics relevant to the social, political, and

historical dynamics of cave exploration and mapping as a

field of sports-science, the sensuous and poetic aspect of

cave mapping as a central component of the experience

of cave exploration and the production of speleological

knowledge itself are not considered. My work, with its

ethnographic emphasis on exploration and mapping,

aims to bridge this gap.

Mapping caves

I experienced that pang of claustrophobia back in 2004 in

Sistema Roraima Sur or SRS (Southern Roraima System),

an extraordinary cavern located in Mt. Roraima.10 Since

2003, the Venezuelan Speleological Society, at times col-

laborating with international cavers, had been exploring

and mapping SRS (Figure 1). This 2004 expedition

brought together both more veteran and younger mem-

bers of the Society, along with cavers from Spain and

Venezuelan expatriates living in the United States.

Figure 1. Detail of Sistema Roraima Sur. Photo by Rafael Carreño (SVE 2004).
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During the morning of the first day of work, we divided

into three survey teams. Each team would be involved in

creating a scaled two-dimensional line plot that represents

the length, horizontal orientation, and vertical displace-

ment of cave passages, which are divided up into straight

segments, or ‘‘legs.’’ For each segment, the length, inclina-

tion, orientation, height, and width are recorded (Figure 2).

There were three of us in my group, with Wilmer Pérez

taking on the role of sketcher. As sketcher, he was respon-

sible for taking notes of the cave’s shape (a ‘‘plan view’’ or

view from the top) and measurements in his water-resis-

tant survey notebook. He did this in pencil since ink

might smudge if wet. A compass to measure horizontal

displacement and a clinometer to measure vertical dis-

placement hung from his neck, both instruments rugged

enough to withstand bumps, water, sand, and mud (Figure

3). I was assigned the role of tape leader.

As tape leader, I was always ahead of Pérez, unrolling the

survey tape that physically connected us and measured

the distance between us. My job was to move ahead in

straight-line segments, as much as the cave allowed, and

to establish survey stations, points at which measurements

would be taken. To determine the segment’s azimuth

(bearing), Pérez peeked through the viewer of the hand-

held compass and read the value that coincided with my

headlight in the distance. It was a similar process with

the clinometer, which provided the inclination (vertical

displacement) between the point I was standing at and

Figure 2. Detail of Wilmer Pérez’s survey notes made while exploring SRS. Author has retraced in black portions dis-
cussed in the text. The original survey notes and sketch were done in pencil and have poor contrast when reproduced.
The basic principle of cave mapping involves creating a scaled two-dimensional line plot that connects the survey points,
horizontal orientation, and vertical displacement of cave passages. As an example of personal preference in survey tech-
niques, Wilmer Pérez’s sketch does not include the line plot, although it is implicit in his work. The line plot would involve
connecting with a line the numbered survey points. Note too that Pérez does not sketch to scale, nor does he depict the
actual horizontal orientation of passages. This he does when translating his survey notes into a cleaner, more detailed
second draft, using the data in the columns to the left (see Figure 7).

Lines Underground: Exploring and Mapping Venezuela’s Cave Environment
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his previous ‘‘station.’’ I stood still, my light steady in the

dark distance. As the sketcher of the team, Pérez entered

the following values in the left-hand page of his survey

book: (1) the name of the passage segment between two

points (e.g., ‘‘1–2’’), (2) the compass bearing, (3) the ver-

tical displacement, and (4) the distance between these two

points. He also noted the distances to the ceiling, to the

floor, right, and left on the facing page in his notebook,

where he swiftly sketched in freehand the plan view of

the passages we traversed. A number value next to the

passage sketch corresponded to its estimated width, while

a value in a circle corresponded to its height, also estimated

(see Figure 2).11

As I moved along the cave passage, unrolling the survey

tape as I went, I looked around me and ahead of me, the

beam of my headlight in a constant swirl. I searched for

any salient features, such as side openings to other passages

or a sudden change in passage orientation. Either of these

cases would warrant I stop and establish a survey station.

This awareness illustrates the dialectic between cartography

and exploration: my focus and bodily rhythms were in tune

with the kinds of information that would make our cave

map more legible, given the spatial constraints imposed

by the cavern and my body’s capacity to negotiate them.

This awareness also underscores my role as part of a col-

laborative effort, an effort that has espoused the idea that

caves explored must be surveyed and that these survey

notes must be translated into final maps, which are then

published in the national speleological registry (Chabert

and Watson 1981; Ganter 1988). At the same time, map,

bodies, cave, and, crucially, the social relations that have

maintained the Venezuelan Speleological Society together

for over 40 years are in the process of becoming. They

are emergent: the map slowly came into being in the

sketcher’s pad as lead traced on paper. Our bodies sweated,

tired out, bruised but also became stronger and more

skilled as we flexed joints and muscle while negotiating

the environment. At the same time, our activities affected

the cave: despite our very best efforts, at more fragile places

the cave crumbled, sand was displaced by our movements,

the heat of our body and lights presumably had some im-

pact on a minute ecology that has yet to be fully under-

stood. Finally, a new generation of speleologists was being

trained both in terms of the skills and ethics of science

and exploration.

I stopped next to what appeared to be the opening to a

side passage. ‘‘On station!’’ I called back and read out loud

the distance off the survey tape: 12 m. I stood still, facing

Pérez so he could focus on my light. Ten degrees: the pas-

sage veered slightly northeast, with no vertical displace-

ment. Pérez estimated the height and width of the passage

to be 5 and 10 m. He sat on the passage floor and sketched.

He worked swiftly, handling the tools with expert agility;

he had been doing this, on and off, for almost 50 years.

When our sketcher was ready and had caught up with me

(winding up the survey tape along the way), I turned to

face the dark passage, again unravelling the tape measure

as I moved along. ‘‘On station!’’ again I called out. Dis-

tance: 7.5 m. Compass reading: 10 degrees (no change in

orientation). I stopped at a point where there appeared to

be another passage to my right and a small pool of water

to my left. Survey station 3. The process repeated itself for

several hours. Another team would explore and survey

those tantalizing side openings that we passed up and

marked as potential leads in our notes.

Whenever we took a break, I glanced at Pérez’s field notes.

As the plan view of the cavern began to take shape, it

helped us determine where we were and where we had

been. His sketch worked as a ‘‘computational device’’ that

helps create ‘‘positional consciousness’’ in much the same

way that navigational charts help seafarers locate them-

selves within a vast sea (Burnett 2000, 100–101; Hutchins

1995). By reading this map-in-the-making, we engaged in

mappings: ‘‘practices’’ that lead to ‘‘decisions and actions

Figure 3. As sketcher, Wilmer Pérez was responsible for
taking notes of the cave’s shape and measurements in his
water-resistant survey notebook. He did this in pencil
since ink might smudge if wet. A compass to measure
horizontal displacement and a clinometer to measure
vertical displacement hung from his neck, both instru-
ments connected by a string. Photo by author.
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that ‘grow the map’ ’’ (Kitchin and Dodge 2007, 338). In-

deed, Kitchin and Dodge do not distinguish between mak-

ing and using maps: ‘‘to us all engagement with ‘maps’ are

emergent – all maps are beckoned into being to solve rela-

tional problems; all are mappings – the (re)deployment of

spatial knowledges and practices’’ (2007, 341). But there is

something else going on here. As I handled Pérez’s field

book – a leather-bound mining field book that contains

survey notes of past expeditions – I was careful not to soil

its pages with the dirt on my hands. These gestures of

marking, sharing, and caring for this book are part of our

engagement with tools, the environment, and each other.

The book as tool changes; it literally grows. These gestures,

along with the field notes, are part of the flows that make

this textured world. Kitchin and Dodge suggest the concept

of technicity to attend to how technologies ‘‘mediate, sup-

plement, and augment collective life’’ (Kitchin and Dodge

2007, 341). But precisely how we are to operationalize this

concept is not spelled out. My treatment of technologies

as part of the same material flows of environment and

humans is my attempt to address just how technologies

themselves might be thought of as emergent in the con-

text of mapping practices.

While surveying a cave, team members must be aware of

each other’s position and movements as they negotiate the

cave environment that encloses them but also opens up as

they push along. This fact makes cave mappings excellent

illustrations of collaborative, embodied, and performative

mappings (Perkins 2009). For one, the tape leader has to

select points that balance survey accuracy and the team’s

resources: time, food, lighting fuel, and stamina.12 More-

over, selecting stations requires considering the physical

conditions of fellow group members, who will proceed to

stand – or sit, stretch out, crouch, or hang – at each spot,

where they will stop to sketch the passage just traversed

(e.g., stopping under a waterfall is not a good idea). Also,

each leg must be a straight shot connecting the two points.

Otherwise, the survey tape will bend and the distance read-

ing between the two points will not be accurate. Further,

the tape leader must stand at a point where he (his helmet

light) is visible to his partner behind him because that light

serves as a reference point in the black horizon. Two im-

portant consequences result from this process: the first is

that every member of the survey group is aware of all other

members’ physical condition in relation to the cave en-

vironment and to each other. The second is that the

sequential construction of the cave map, as determined

by the progressive addition of stations, is a function of

the interplay of spatial and material qualities of the envi-

ronment, the conditions and familiarity among members

of the group, and their tools. So are the social bonds

among the team members and their ideological commit-

ments to the greater speleological project.

These qualities make cave surveying a distinctly disciplined

process that requires particular ways of moving and per-

ceiving.13 Indeed, they illustrate the processual quality of

mappings as a mode of engagement in the environment

whereby perceiving is moving (Gibson 1979; Ingold 2011,

11). The cave opened up to us only insofar as we moved

along and pushed its passages and its passages pushed

back (we had the bruises and soreness to remind us of

that fact). Along the way, we shone our lights where abso-

lute darkness usually reigns, creating a unique and ever-

changing display of shadows (Bille and Sørensen 2007).

But we only moved as fast as we could survey along the

way. Slowly the draft of the cave’s plan view came into be-

ing. During this process, communication was key. If I did

not speak clearly, Pérez might not write down the correct

distance measurement. I also had to tell him whether I

was sitting or standing. Not knowing could introduce an

error of +/� 1.5 m at every survey point. These concerns

not only required constant awareness of and engagement

with other team members and with the distinct affordances

of the cave environment (Ingold 2000, 166–68; Gibson

1979). They also reflected an awareness of the purpose of

the activity enfolding: to thoroughly explore and survey

underground passages to produce a two-dimensional rep-

resentation of the space.

I want to stress that the basic principle of cave mapping –

creating a scaled two-dimensional line plot that represents

the length, horizontal orientation, and vertical displace-

ment of cave passages – holds regardless of the specificities

of the cave environment. These environments are extremely

diverse in terms of size, shape, temperature, presence/

absence of water, and ecologies contained therein. In

negotiating the underground environment, whose charac-

teristics become evident only as they unfold to the mov-

ing/sensing human.

Survey teams are exploration teams in the full sense of the

term.14 Team members must work together while facing

both the risk and thrill that characterizes much cave explo-

ration. To Francisco Herrera, who was an SVE member for

over 30 years, caves are uniquely adrenergic, spaces that

produce adrenaline. To many cavers, cave exploration has

the potential of producing special bonds among its actors

since they are constantly putting their lives in the hands

of others (P. Kambesis, personal communication, 5 August

2011).

Vision and perspective of underground mappings

The final map of Sistema Roraima Sur claims 10.8 km of

passages, making it, at the time of publication, the longest

quartzite cave in the world (SVE 2004).15 Along with a

detailed description of the cavern, and suggestions of

how it might have formed, the map grants two perspec-

tives of the cavern. The first is a plan view, or view from

the top (Figure 4). This requires an imaginative leap: the

fantasy of observing the cave from above. But ‘‘above’’

where or what? Certainly not ‘‘above’’ the cave, given that
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this would amount to ‘‘seeing’’ the outer shell of the

cavern, as if we were standing on the top of a water pipe

looking down. Another imaginative leap is required:

‘‘slicing’’ the pipe horizontally along the plane determined

by the position of the sketcher and ‘‘opening it up’’ like a

Fabergé egg. What the plan view depicts is the inner con-

tour of the sliced pipe. Two measurements (or estimates)

aid this process. At each survey point, the sketcher notes

the distances, from this point, to the left and to the right

walls of the cavern. These assessments are often subjective

(Chabert and Watson 1981). What if to the right of the

sketcher there is a wide limestone column? Is this the

wall or an element contained within the passage? More-

over, the sketching team usually does not physically tra-

verse along all inner contours of the cavern but travels

roughly along the middle of the passage (or, rather,

wherever it can). This means that the sketcher often relies

on vision (which is only as good as his light source) to

ascertain the shape of these inner contours. In tight pas-

sages barely big enough for one’s body to pass through,

however, the environment is not so much seen as touched.

The intimacy with the environment that cave mapping

affords (indeed, demands, given the technological limits

described in this article) is categorically different from

other kinds of cartographic and exploratory endeavours.

Surface surveying has been and remains a practice of de-

fining and delimiting the landscape at a distance.16 In the

cartographic toolkit of empires, options included deter-

mining the location of ‘‘control points’’ by astronomical

readings and the distance between them (Edney 1999, 19).

Yet, as Matthew Edney notes in the case of Britain’s map-

ping of India, these astronomical readings were plagued

with uncertainties (1999, 18). Trigonometric survey techni-

ques appeared to solve these problems: their mathemati-

cally rigorous way of linking the location and relative dis-

tance and angles among these points did not depend (or

depended much less) on astronomical readings (1999, 21).

These techniques gave rise to a cartographic ideal: that

more sophisticated technologies could deliver complete

and accurate knowledge of the world as it is (1999, 24).

In practice, however, these technologies and their applica-

tions had serious shortcomings that challenged the myth

of empires as monolithic and all-encompassing (Edney

1999, 25). Even as the new technologies were ‘‘following’’

surveyors along the landscape – in their entangled rela-

tions with inhabitants, struggling to make technologies

work properly – these survey efforts remained limited to

paths that either circumvented, connected, or delimited

‘‘control points’’ used to anchor, connect, and produce

two-dimensional views of the landscape.

In the case of the traverse survey, which Graham Burnett

examines in regard to the mapping of British Guiana,

cartographic practice remains bound to a series of paths

that connected ‘‘nodal points’’ that fixed surveys in the

environment (Burnett 2000, 129). As the traverse surveyor

moved along paths that would eventually represent boun-

daries in maps, the engagement with the environment re-

mained limited to a minuscule portion of the area these

maps aimed to represent. Indeed, these maps and the

practices involved in their production remain wedded to

an epistemological project whereby vision, aided by in-

creasingly sophisticated technologies, defined the object.

Traversing the environment, surveyors and explorers alike

rely on vision to anticipate the course of their journeys.

This is true even in environments lacking landmarks that

aid orientation. Whether guided by stars, a point in the

horizon fixed by the sextant, or a GPS reader, the traveller

usually is able to see what comes ahead (or at least imag-

ine with relative certainty what awaits).17 Underground,

this reliability on vision (even when technologically aided)

to inform anticipated moves is very limited, if not impos-

sible. The reliability on vision is a function of the intensity

and range of the team’s lighting sources. This changes as

explorers penetrate passages with their lighting technolo-

gies, usually propped on their heads, leaving their hands

free to climb, crawl, or slither along. The result is ever-

shifting lightscapes, ‘‘changing landscapes of light and

darkness’’ that determine ‘‘the appearance of the world’’

as they cast ‘‘shadows in the relationship between things,

persons, and light’’ (Bille and Sørensen 2007, 267). This

relationship, however, does not happen in a vacuum. It

takes place in a medium that makes the dynamic relation-

ship possible in the first place (Ingold 2011, 134–38). In a

‘‘dry cave,’’ this medium is primarily air, but this air could

be full of dust or the spray of water from a nearby drip-

ping stalactite or underground waterfall. Critically, cavers

are always in tune with the movement and temperature of

air because these provide clues to whether and how long a

cave ‘‘goes.’’

Drawing the plan view amounts to sketching wiggly lines

of variable accuracy, a practice that improves with experi-

ence, a skill that develops through repeated and continu-

ous engagements with tools and environment (see Ingold

2011, 94). The final result of sketching the cave’s plan

view looks like two lines representing the shoreline on

each side of a river, with its ‘‘axis’’ corresponding to the

straight lines connecting each survey station (Figure 2).

These survey lines typically are a close estimate of the

explorers’ actual traverse within the cavern. Consider

the contrast to a coastal surveyor. The precise path that

the surveyor takes to survey the coast is not recorded.

The focus is on the coast, that (perhaps hazy) object in

the distance that is in the process of being transformed

into a coastline (Carter 1999, 125). The cave surveyor’s

focus is also on the cave itself, the passages’ inner con-

tours. But unlike the case of the coast, these passages

contain and delimit the explorers’ path.18 With the advent

of satellite and laser technology, the process by which ‘‘the
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coast itself [is] linearized, reconceptualized as a coastline’’

(Carter 1999, 125; original emphasis) now resembles a

visual scanning of the landscape from a distance. The ex-

periential link between the surveyor and the coast along

which he navigates has been broken. Not so in the case

of caves. Even with the incorporation of laser distance

meters, exploration of cave passages is required. A cave

passage that is not traversed is not surveyed and thus not

mapped. The body, or rather bodies, in movement with

the tools determines the scale and perspectives of map-

ping the underground.

The second perspective of the represented cavern is its

profile (Figure 5). This view slices the cave lengthwise

along a vertical axis. It requires projecting all of the seg-

ment lengths onto a plane using trigonometric conver-

sions. This side view does not represent actual distance

traversed, what cavers refer to as continuous linear devel-

opment (Chabert and Watson 1981, 7). It visually repre-

sents the verticality of the cavern, how high or low passages

are, where they slope up or down, and also how several

levels of passages relate to each other in a three-dimen-

sional space.

A cavern’s final map often contains a third and final per-

spective, its cross sections (the SVE’s final cave map of

Sistema Roraima Sur has no cross sections, but see Figure

6). These cross sections correspond to yet another vertical

slice of the cavern, this time along a plane perpendicular

to the explorers’ traverse. The afforded view is the same

that a doctor might show a patient to illustrate the amount

of obstruction in an artery. Cross sections are drawn while

in the cave, usually at a point corresponding to a survey

station. They are challenging to sketch. The tendency to

draw depth in perspective must be suppressed, and one

must emphasize instead a flat two-dimensional vertical slice

along the plane perpendicular to one’s traverse. These cross

sections are then featured in the final cave map composite,

usually with a line graphically linking them to the point

along the plan view that corresponds to where they were

actually drawn.

The process from cave exploration, during which the sur-

vey notes and sketches are produced, to published maps is

sometimes as complex and tortuous as cave exploration

itself. This process requires collaborative efforts that extend

beyond the cave environment. It also requires a commit-

ment to make implicit knowledge explicit: John Ganter, a

caver from the United States, stresses this point: ‘‘So how

are we to learn about caves, to ‘see’ them, unless tacit

knowledge is promptly refined into maps and descrip-

tions?’’ (Ganter 1988, 1). A commitment to this transfor-

mation espouses the idea that caves are to be explored and

made visible to others. In practice this dictum is fraught

with tensions. For some in the international caving com-

munity, the best-conserved caves are those not explored,

much less surveyed. Others jealously guard their explor-

atory efforts, particularly if they hold potential for signifi-

cant discoveries: they do not want to ‘‘get scooped’’ by a

competing caving group. An appreciation of the politics

of speleological knowledge begins in the field, in that

very space that is simultaneously a stage and object of

inquiry. These are politics that are inscribed in the lines

of maps as well. Whether or not lines are sketched in field

notebooks at all is already a clue to how cave explorers

understand and experience the underground environment.

Deeply committed to both the ‘‘map as you explore’’ and

‘‘map what you survey’’ dictums, the members of the

Venezuelan Speleological Society’s 2004 Roraima expedi-

tion organized a dinner party once back in Caracas. The

main purpose of this event was to make sure that all

sketchers of the recent trip transformed individual survey

notes into explicit knowledge in the form of a map read-

able by others in the team (Ganter 1988). Not doing so

would betray the society’s core identity as a scientific

organization (as opposed to an ecotourism group). There

was a special interest that Wilmer Pérez do his part, since

he was about to return to the United States, where he lives.

I sat next to Pérez as he plotted to scale on graphing paper

the data points we had gathered during our exploration of

Sistema Roraima Sur (Figure 7). He used a ruler and a

protractor. On this dinner table in an apartment over-

looking a Caracas neighbourhood lush with tropical vege-

tation, there was no concern about light. Nor was there

any concern with dropping one’s tools in water or mud,

the dirt stains on his field notebook reminding us how

conditions are otherwise underground. Better yet, there

was no fear of claustrophobia, the ceilings a safe distance

above our heads. As Pérez drew freehand the lines repre-

senting the inner contours of the passages we explored

together, the shape of galleries began to take shape. I tried

to find a one-to-one correspondence between what I saw

drawn on paper and the memory of traversing passages.

‘‘What about that point where I did not continue, where

we had to turn back but the passage did not end?’’ I asked.

‘‘[It’s] that point I mark here with a question mark [una

interrogante],’’ Pérez replied. On a follow-up expedition,

cavers would return to this point and explore further, if

possible. If not, the question mark would remain, a sym-

bolic reminder of the human limits of exploration, a re-

minder of a cave’s resistance at being completely bounded,

totally knowable.

Challenging dichotomies of ways of experiencing/
representing the world

My description of the different views of a cave map (plans,

profiles, and cross sections) is not settled. These views,

these lines, these maps, are all mappings. Every time they

are opened up and read and reread, they are called into

being and, in the process, transduced and reinscribed in

a process of emergence (Kitchin and Dodge 2007).19 But

as I have argued, thinking of this process of emergence in

terms of maps alone is not enough. Considering maps as

part of a ‘‘networked’’ view of action does not help us
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account for ever-changing material flows that are at play

here. Instead, I turn to Ingold’s meshwork and, specifi-

cally, his anthropology of the line as a way to unsettle the

experience/representation dichotomy while at the same

time emphasizing mappings as one mode of engagement

in an emergent environment.

In his ‘‘comparative anthropology of the line,’’ Ingold

(2007) offers a general taxonomy, including threads and

traces. A thread is ‘‘a filament of some kind, which may

be entangled with other threads or suspended between

points in three-dimensional space’’ (2007, 41). A trace is

‘‘any enduring mark left in or on a solid surface by a con-

tinuous movement’’ (2007, 43). This could be the lines

the cave surveyor sketches in her pad but also the path

her body makes as she drags herself along the muddy or

sandy floor of a cave passage. Not only does this under-

standing help us overcome the often arbitrary distinction

of representation and experience/world. It also stresses,

simultaneously, the processual quality of map-making, or

mappings, as engagement in the world.

Traditionally the line on the pad would fall into the first

category of representation and the body in movement

into the second. But to take the first case, drawing involves

skilled movement in time and place. Moreover, the pencil’s

lead and the paper upon which it leaves traces are materials

of this world (Ingold 2011; Mueggler 2011).20 This drawing

is also tied to the experience of exploring passages. A

human exhausted after challenging hours of exploration

might not be as keen to sketch with detail. The sketcher

might have difficulty keeping a steady hand. Mud from

the traverse might smudge the paper and cover the lead

tip, challenging the sketcher even further. Following

Mueggler, we might ‘‘read’’ these traces on paper as clues

to the rhythms of explorations of the environment

(Mueggler 2005, 455–58). Indeed, traces on paper and

paths in the landscape ought to be considered equally,

dialectically, as engagements in an emerging world.

But paying attention to lines in their myriad instantiations

is not enough if the specific contexts in which they are

produced are ignored. This is particularly true in the case

of the underground, both as a symbolic and a physical

environment, and here, Ingold betrays his emphasis on

ethnographic description of worldly engagements. He cites

the story of Theseus as an example of how mazes and

labyrinths are considered powerful sites of ‘‘wayfaring in

a world of the dead’’ (Ingold 2007, 53). In his Mazes and

Labyrinths, Matthews (1922) features a sketch of Crete’s

Caverns of Gortyna, which some had suggested was the

Labyrinth of Knossos (Ingold 2007, 54). The sketcher was

traveller F.W. Sieber, who produced, in 1817, a plan view

of the cavern. But Ingold, who reproduces the image, does

not consider Sieber’s experience of traversing and map-

ping this cavern and instead focuses on the mythical qual-

ities of labyrinths as places where the disembodied souls

of the dead roam. This emphasis misrepresents human

experience underground.

To Ingold, ‘‘whereas the living, in making their way in the

world, follow the traces left by their predecessors upon the

surface of the earth, the dead have to thread their way

through its interstices’’ (2007, 54). Within this stark di-

chotomy, the possibility of thinking about Sieber travers-

ing the passages of Gortyna, or SVE teams exploring and

surveying Sistema Roraima Sur, is shut out. Moreover,

caverns themselves are denied their inner and variously

decorated surfaces, their inner ecologies and hydrologies,

and their porous connection and relation to the ‘‘outer

world.’’ To Ingold (2007, 54), the ghostly traveller, whom

he equates to ‘‘potholers’’ – the British term for ‘‘caver’’ –

does not have the perception of walking upon solid ground,

with the earth beneath his feet and the sky above, nor does

he have the advantage of an all-round vision and hearing. He

is not, as we would say, ‘‘out in the open.’’ To the contrary, he

is fully enclosed within the earth, shut up in a medium that

affords movement only along its cracks and crevices, and that

insulates him from sensory contact with his surroundings.

Figure 6. Example of cave cross sections (from Guácharo
Cave, also surveyed by SVE in the 1960s and 1970s) (SVE
1971).

Figure 7. Pérez drafting his survey notes in an apartment
in Caracas. This draft of the plan view will be done to
scale and include the proper passage orientations. Photo
by author.
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For those who venture underground to explore and survey,

this characterization could not be farther from their experi-

ence. Most speleologists I have interviewed enjoy the expe-

rience of cave exploration first and foremost and repeatedly

spoke of caves as if they were sensuous living beings (Pérez

2012). In their view, caves do not close in on them but

instead ‘‘open up’’ (see also Brucker and Watson 1987).

To Cant (2003, 74),

as an activity practiced (in most cases) ‘‘away from everyday

life,’’ cave exploration is constructed as an experience which is

characterized by a rediscovery of the body, a bringing of

somatic awareness albeit in very specific circumstances.

This poetic perspective on caving, however, focuses on

caving as leisure pursuit and makes no mention of cave

surveying. I suspect this is due to a tendency to deny any

activities that resemble cartographic practices their own

sensuous and emergent potential. Even Ingold categori-

cally pronounces ‘‘surveying [as] a mode of occupation,

not habitation’’ (2007, 89). To Ingold, surveying is associ-

ated with knowledge that makes a ‘‘categorical distinction

between the mechanics of movement and the formation

of knowledge, or between locomotion and cognition’’ (In-

gold 2007, 89). And yet practice-focused analyses, whether

of past or present-day surveying practices, challenge this

distinction (Burnett 2000; Carter 1999; Mueggler 2011).

Indeed, the very notion of mappings is the most compel-

ling challenge of them all (Kitchin and Dodge 2007).21

The views these maps confer are filled with the perils of

representation that many have directed at cartographic

practice. There is the danger of seeing representation

‘‘take on aspects of spatialisation in the latter’s action of

setting things down side by side; of laying them out as a

discreet simultaneity’’ (Massey 2005, 23; original emphasis).

Massey’s concern here is the pervasive conceptualization of

space and time as opposing tendencies. Maps, as all repre-

sentations, are selective with regards to what elements of

reality they symbolically incorporate. By definition, then,

maps flatten and simplify reality. As such, maps are tools

of power (Harley 1989; Wood 1992). Cave maps also court

the perils of scientific representational practices that tout

detached objectivity, their products (maps, reports) editing

out undesirable elements – for example, the ‘‘human’’ ele-

ments that ‘‘muddy’’ science but are, inevitably, part of its

practice (Latour 1999).

Ironically, many of these critiques run the risk of fetishiz-

ing maps by detaching them from the very processes that

produce them and the environments in which these prac-

tices take place (Kitchin and Dodge 2007; Pickles 2004).

Viewed within this context of production, use, and envi-

ronment, the map opens up to alternative readings of

our relation to place, our attempts at its representation,

and our analyses and understandings of these processes.

Often lost in accounts that malign cartographic represen-

tations as tools of power and erasure is the fact that they

are themselves a result of a creative and imaginative process

(which does not automatically make them benign) (Cos-

grove 1999; Corner 1999; Kitchin and Dodge 2007, 338).

What my analysis of cave mapping emphasizes is that

mappings as processes are about movement in the world

and that this movement is ‘‘not a casting about the hard

surfaces of a world in which everything is already laid

out, but an issuing along with things in the very processes

of their generation’’ (Ingold 2011, 12). Thus, my focus on

paths and lines, whether of the pencil lead on a field note-

book or humans exploring passages that ‘‘open up’’ as

they push along, is meant to stress the emergent quality

of mappings as part and parcel of the emergent quality of

our life in the also-emergent world.

Conclusion

There is an intimate relation between cave mapping and

exploration. Cave maps, of course, do more, such as sig-

nalling a community of practice’s allegiance to a particular

ethic of exploration and relation to the earth. Paying at-

tention to the ways these maps are produced – these map-

pings – and the specific environments where this produc-

tion takes place reveals a no less embodied, emergent, and

collective endeavour simply because they tout some degree

of objectivity. In fact, many cavers emphasize the sensual

aspects of their practice and in no way see this as a threat

to their cartographic and geological knowledge (Cant 2003;

Watson 1994). Cave maps are not merely attempts at

representing the world but material instantiations of ways

we explore it, together, and change in the process.

The lines inscribed on cave maps not only attempt to

represent the environment. They also tell stories about a

social practice marked by distinct human spatial relations

and technologies (Ingold 2007; Mueggler 2005, 725). They

offer clues to the traces we make on/in the earth, including

those we mark on paper. I have suggested that consider-

ation be given to the specificities of the environment in

which these activities occur, for they have direct implica-

tions on how individuals engage with each other in and

with the environment. This engagement is intimately tied

to the process of knowledge production (including the

knowledge that made this essay possible) and mappings

of the environment. It also has the potential of nurturing

social bonds as explorers trust their safety on each other

as they explore and survey the underground. Moreover, it

is important to think of exploration and mapping dialec-

tically, with both activities defining both caves and the

Sociedad Venezolana de Espeleologı́a. Without understand-

ing the precise conditions of these mappings, we might

drown out the social, material, and historical specificities

of this practice. Lost too is the chance of a more nuanced

analysis of and appreciation for the range and intensity of

human experience in an ever-emerging world.
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Notes

1. I use the terms ‘‘body’’ and ‘‘embodiment’’ sparingly and with
caution throughout the text, aware of some important cri-
tiques that betray the view of humans as experiencing organ-
isms on the move (Ingold 2011, 134–35, 138–39; Sheets-
Johnstone 1988).

2. Some geophysical methods such as negative density con-
trast, ground-penetrating radar, electrical resistivity, and 3D
seismic imaging point to the possible existence and volume
of ‘‘missing mass’’ underground, but applying these methods
remains a challenge (Stierman 2004). The equipment in-
volved can also be cumbersome and too expensive for most
caving clubs around the world, so their use is typically limited
to state or privately funded engineering projects. Moreover,
most of these tools are not accurate enough to determine
the actual size of these voids or whether or not there are
several levels of passages. Gaps in the bedrock can be filled
with air, water, or sediments, characteristics that are difficult
to determine from the surface. Without thorough exploration
of underground passages, important mineral and biological
specimens or archaeological artefacts would be missed.

3. There are other ‘‘frontiers’’ with discovery potential such as
the deep ocean floor and space, but their technological bar-
riers to entry hardly make them accessible to the amateur
scientist or explorer. There is one important exception in
caving, and that is underwater caving (cave diving). Although
not necessarily expensive (certainly not within the magnitude
of deep ocean or space exploration), this risky activity in-
volves sophisticated scuba gear, much of it developed by
cave divers themselves (see Stone, am Ende, and Paulsen
2002). In this article, I focus primarily on ‘‘dry’’ caving, under-
ground cave exploration that can and often does involve
swimming or diving pools or subterranean sumps to make
connections and advance discovery but remains primarily a
‘‘dry’’ affair.

4. The National Speleological Society, the Rackham School of
Graduate Studies of the University of Michigan, and the
Department of Anthropology of the University of Michigan
funded this research.

5. While other national caving groups have contributed to the
registry, the SVE has produced the majority of the cave maps
and descriptions.

6. As I elaborate at length elsewhere, this society has been
throughout its history a relatively small and at times closed

group. By ‘‘closed’’ I mean that membership often depended
on personal connections with well-established members
(Pérez 2012). The fact that I have kin connections with the
group (my godfather was one of the founders and my father
was a member for many years) facilitated the extraordinary
openness and support I experienced from all members of the
group. But I trust that that would not have been enough.
My capacity to participate fully as explorer, surveyor, and
ethnographer, while at the same time embracing the ethic
of collaborative effort, was, I believe, a crucial aspect of my
work with the SVE.

7. To be fair, early proponents of actor-network theory, who
were inspired by Deleuze, did not have this characterization
in mind. Even Bruno Latour, a popular ANT proponent, has
regretted this characterization of networks (see Ingold 2011,
85; Latour 2005).

8. And bodies, far from biological givens, are profoundly af-
fected in the process, as Mlekuž (2011) argues in the context
of the Karst Neolithic.

9. I prefer the term ‘‘environment’’ over ‘‘landscape.’’ As Ingold
and others have argued, ‘‘landscape’’ is too visual-centric, too
associated with a European painting tradition that focuses
on what we can see from a distanced vantage point (Ingold
2011, 126–27; Olwig 2008, 81–91). These associations betray
the sense of engagement and emergence I hope to empha-
size in my analysis of mappings. Cave explorers and scien-
tists, or speleologists, have also debated the definition of
caves as space of exploration/object of study (Chabert and
Watson 1981; Curl 1964; Klimchouk 2004; Shaw 2000). A
sticking point in these debates is the place of humans in
relation to the environment. As the Ukrainian speleologist
Alexander Klimchouk notes, ‘‘a cave’s definition is necessarily
anthropocentric, [since it] relies on the ambiguous criterion
of accessibility by man, has no genetic meaning, and is
therefore non-scientific [. . .] The concept of a cave is [. . .]
an exploration notion’’ (2004, 203).

10. This tabletop mountain, or tepuy, as the indigenous Pemón
call it, is located in southeastern Venezuela’s Canaima Na-
tional Park. What makes the cave so extraordinary is that it
formed in quartzite and not the more typical and much
more soluble limestone that makes up most karst landscapes
in the world. While there are other caverns of its kind else-
where, no other explored and surveyed cavern is as long and
complex as SRS (so far).

11. Sketchers with more experience are better able to estimate
sizes and draw details with greater accuracy without com-
promising swiftness. In some areas of the world, caving
groups have access to laser distance meters, but they remain
relatively costly and delicate technologies that are not ac-
cessible to many and, some argue, are not really necessary
to produce an accurate cave map.

12. In SRS, for example, what was supposed to be a five-day work
session was cut down to three because of problems with our
permit, which we thought had been cleared in Caracas, prior
to our trip down to Canaima National Park. Thus, we knew we
had to work swiftly, aware that trips to this region of the
country represented a more serious investment of time and
resources, relative to other cave areas of the country.

13. See Lynch and Law (1999) for an analysis of birdwatchers in
the wild.
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14. Together, members overcome physical challenges (their own
and the cave’s) and sometimes expose themselves to great
risks. Indeed, cave exploration is similar to other adventure
pursuits such as mountaineering and rock climbing (Cosgrove
and Della Dora 2009; Ortner 1999; Ness 2011).

15. There is an ongoing dispute over this cave, which members
of the Slovak Speleological Society and the Czech Speleolog-
ical Society also have explored and surveyed and call Crystal
Eyes Cave (Šmida, Audy, and Vlček 2003). The SVE filed a
formal complaint to the International Union of Speleology,
claiming that these cavers breached international caving
ethical standards (SVE 2005). As of September 2013, this issue
had not been resolved to the satisfaction of the SVE.

16. It seems appropriate to think of the environment as land-
scape here, given that it is perceived as a ‘‘view’’ in the dis-
tance (Ingold 2011, 126–27).

17. Mountaineers and rock climbers also produce route maps.
Even if they might not know the exact route they will take,
they know they need to get to the top (Brucker and Watson
1987; Ness 2011; Ortner 1999).

18. This is true for those cave explorers who limit their movement
to the cave ‘‘as is.’’ As it turns out, the practice of ‘‘cave mod-
ification,’’ namely, of digging through sand and rubble and
even blasting with controlled used of explosives, is part of
the explorers’ and surveyors’ toolkit in some parts of the
world (although not for the SVE).

19. With the term ‘‘transduction,’’ Kitchin and Dodge aim to
emphasize the emergent qualities of mappings. Quoting
Mackenzie (2003, 10), they define transduction as ‘‘a kind
of operation, in which a particular domain undergoes a cer-
tain kind of ontogenic modulation [. . . transduction] involves
a domain taking-on-form’’ (Kitchin and Dodge 2007, 340).

20. This engagement with materials is present in the act of read-
ing maps as well (see Della Dora 2009). But see Ingold (2011)
and (2012) for a critique of the term ‘‘materiality.’’

21. I will risk the suggestion that cavers might agree with
Kitchin and Dodge’s argument that ‘‘maps are never fully
formed and their work is never complete’’ (2007, 331). Indeed,
some cavers might be the first to state that the same applies
to caves. This very point was raised during the discussion that
followed my presentation on ‘‘cave mappings’’ in a speleology
congress in Venezuela (in November 2012). Several in the au-
dience, many of them experienced cave explorers, surveyors,
and scientists, agreed with a more processual approach to
mapping. In the same breath, one stated the need to wrap
up projects and get the maps done and published, even as
their insecure ontological status is acknowledged.
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