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Once considered only a human behavior, reports of tool use by a variety of animals have accumulated. Likewise,
various definitions of tool use have also amassed. Although some researchers argue that understanding the evolutionary
drivers of tool use is more important than identifying and describing these behaviors, the central issue of defining what
constitutes tool use has not been fully addressed. Here we analyze prominent definitions of tool use and review the
application of these definitions in scientific and educational literature. We demonstrate that many behaviors recently
described as tool use do not meet criteria for prevalent definitions, while other neglected behaviors may constitute a
form of tool use. These examples show how the use of inconsistent definitions of tool use in research can result in
different conclusions from the same observations. Our aim is to demonstrate that a universally acceptable definition of
tool use based on traditional, evolutionary, and operational understanding of behavior is needed. The rationale is that
this review will stimulate the consistent and explicit use of specific terminology in tool use research. This would help
define specific examples of each natural observation from a common measuring stick, allowing better comparative
studies and classification of these unique behaviors.

When Plato defined man as “a two-footed featherless animal,” and was applauded, Diogenes
plucked a fowl and brought it in, saying, “Here is Plato’s man.” Afterward, Plato added,
“having broad flat nails” to the definition.

-From Diogenes Laertius

Historically, prominent researchers considered tool use to be a critical behavior that
separated humans from other animals (e.g., Bartholomew & Birdsell, 1953; Darwin, 1871). As
time passed, however, researchers began to question that claim in light of newer evidence relating
to the evolution of humans (e.g., Alcock, 1972; Lovejoy, 1981) and because of the relatively
consistent discovery of apparent tool use in other species (see Bentley-Condit & Smith, 2010 and
references therein). Consequently, these discoveries have generated tremendous fascination with
potential tool use behavior by non-human members of the animal kingdom.

Recently, Finn, Tregenza, and Norman (2009) documented an intriguing behavior of the
veined octopus (Amphioctopus marginatus), emphasizing that this behavior constitutes a new
example of tool use. They report that these octopodes collect, carry, and then assemble shelters
with discarded coconut husks. More recently, (Bernardi, 2012) documented a behavior of the
orange-dotted tuskfish (Choerodon anchorago), where the fish uses a rock anvil, as a form of tool
use. These discoveries are undoubtedly as significant as they are fascinating, but are they really
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tool use? These examples and similar behavioral studies (e.g., Caffrey, 2000; Levey, Duncan, &
Levins, 2004) motivated us to question what specifically defines a behavior as tool use.

Here we examine the concept of tool use, review how the term is defined and applied in
animal behavior studies, and discuss the common issues associated with the use of prominent
definitions (Bentley-Condit & Smith, 2010; Hansell & Ruxton, 2007; Preston, 1998; St. Amant
& Horton, 2008). To expand upon previous analyses of tool use concepts, we provide a concise
breakdown of the prominent definitions and assess how they are applied historically and
contemporarily by reviewing their application in books, primary literature, and in the classroom.
Our aim is not only to offer a comprehensive discussion of tool use concepts, but to present a
suitable reference for students, researchers, and educators who focus on these behaviors. This
review will provide a thorough analysis of the issues surrounding tool use definitions and perhaps
serve as a model that leads to further discussions of this important area of science in both
classrooms and laboratories.

Background

The specific concepts used to describe and interpret animal behaviors stimulate
comparative or cross-species investigations, aid classifications, and determine types of questions
asked by biologists. While many research groups (e.g., Finn et al., 2009; Fragaszy, lzar,
Visalberghi, Ottoni, & De Oliveira, 2004) have documented interesting behaviors that they
consider forms of tool use, they often neglect to reference a precise definition of the term, making
it difficult to draw explicit conclusions or critiques. This is especially problematic for scientists,
teachers, and students alike, since precise definitions of phenomena are a fundamental
requirement for repeatability and reproducibility in science (e.g., Jasny, Chin, Chong, & Vignieri,
2011). Perhaps such difficulties are a consequence of the variety of definitions that have been
published in recent times (see Table 1). This tendency exposes an imperative and recurring issue
in ethology and indeed all sciences, namely, the need for overt and universal definitions that
allow for comparative analysis and repeatable scientific testing (see Abramson, 1997; 2010;
Abramson & Place, 2005; Parker & Gibson, 1977; Preston, 1998; Réale, Reader, Sol, McDougall,
& Dingemanse, 2007).

The use of variable definitions in biology has led to apparent contention among
researchers in several instances (e.g., Hansell & Ruxton 2007). A few terms that are used
regularly in biological research can serve to highlight some of the issues that can arise from
ambiguity in terminology. For example, the debate over how to define a “species” is multi-sided
and often heated (e.g., Coyne & Orr, 2004; Harrison, 1998; Hey, 2001, 2006; Templeton 1992).
Such irresolution can generate significant problems, for instance, when the conservation status of
an organism is dependent on its status as a “true species.” Thus, a universal definition is
warranted in this case to prevent delays in regulatory procedures.

Likewise, differential interpretations of the term “sexual selection” have resulted in an
impassioned dispute regarding applications and revisions of the term. In this instance, some argue
that the term sexual selection needs to be updated or redefined to align with current evidence
while others vehemently disagree with the idea and make the claim that doing so would
undermine the basic canons of science (Carranza, 2010; Clutton-Brock, 2010; Roughgarden &
Akcay, 2010a, 2010b; Shuker, 2010). In the end, it appears that no agreement has been reached
because the arguments and evidence presented are grounded in various interpretations of the
definition. Consequently, comparative analyses on the topic of sexual selection will be inherently
subjective.

- 282 -



Table 1

Categorical breakdown of the various components of published definitions of tool use. Note that for many of the
definitions, at least two listed criteria must operate simultaneously to define tool use behavior (e.g. use of an external
object to extend range).

Category Paraphrased Criteria References
Objects Use of another living organism Hall, 1963
Use of an external object Beck, 1980; Bentley-Condit & Smith, 2010; Hall,
1963; Pierce Jr., 1986; Shumaker et al. 2011; St.
Amant & Horton, 2008; van Lawick-Goodall 1970
Use of inanimate object Alcock, 1972; Pierce Jr., 1986
Use of object not internally manufactured Alcock, 1972; Pierce Jr., 1986
Use of a manipulated object Alcock, 1972; Bentley-Condit & Smith, 2010; Pierce
Jr., 1986; Shumaker et al. 2011; St. Amant & Horton,
2008
Use of unattached object Beck, 1980; Shumaker et al., 2011
Actions Use of object that alters form or position Alcock, 1972; Beck, 1980; Pierce Jr., 1986; Shumaker
etal.,, 2011
Use of object that alters condition Beck, 1980; Pierce Jr., 1986; Shumaker et al., 2011
Use of object that alters the user Beck, 1980; Bentley-Condit & Smith, 2010; Pierce Jr.,
1986; Shumaker et al., 2011; St. Amant & Horton,
2008;
Use of object that is held Beck, 1980; Shumaker et al., 2011
Use of object that is carried Beck, 1980
Use of object that is oriented by the user Beck, 1980; Pierce Jr., 1986; Shumaker et al., 2011;
Adaptively relating one object to another Matsuzawa, 2001
Use of an object involving a dynamic Bentley-Condit & Smith, 2010; St. Amant & Horton,
interaction 2008
Use of abject as a functional extension of van Lawick-Goodall, 1970
mouth, beak, hand, or claw
Use of an object that alters physical Bentley-Condit & Smith, 2010; St. Amant & Horton,
properties of a target 2008
Purposes Use of object to attain an immediate goal van Lawick-Goodall, 1970; Westergaard, 1993

Use of object or organism to extend range of Hall, 1963; Pierce Jr., 1986

movement, increase efficiency, or gain

advantage
Use of an object to mediate the flow of Bentley-Condit & Smith, 2010; St. Amant & Horton,
information 2008

Similarly, there have been lengthy debates over the appropriate definition of “eusociality”
(Batra, 1966; Costa & Fitzgerald, 1996, 2005; Crespi & Yanega, 1995; Gadagkar, 1994; Lacey &
Sherman, 2005; Reeve, Sherman, & Keller, 1996; Sherman, Lacey, Reeve, & Keller, 1995;
Weislo, 1997a, 1997b; Wilson, 1971). Although these debates demonstrate that defining a term to
describe observations in nature before all the “data” are in, say on the 10+ million known species,
may arbitrarily limit questions and potential observations, a shared definition may work as a
collective point of departure. A common, operational, and traditional definition (such as for
eusociality) then could serve as a useful measuring stick.

The debate surrounding the definition of tool use is perhaps even more convoluted and
certainly a common measuring stick is needed (Preston, 1998; Shumaker, Walkup, & Beck,
2011). Over time, numerous researchers have attempted to develop a universally applicable
definition, an undertaking that has been easier to attempt than to accomplish (Bentley-Condit &
Smith, 2010; Lestel & Grundmann, 1999; Pierce, 1986; Preston, 1998; Shumaker et al., 2011).
Variation in the morphology, perceived intelligence levels, and intentions of various animals
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make it an inherently difficult task (Pasko, 2010). Within primary literature, claims are often
made that Beck’s (1980) concept of tool use:

the external employment of an unattached environmental object to alter more efficiently
the form, position, or condition of another object, another organism, or the user itself
when the user holds or carries the tool during or just prior to use and is responsible for the
proper and effective orientation of the tool (page 10)

is the most influential and the validity of it has been repeatedly examined on several grounds.
Morphological, behavioral, cognitive, and evolutionary differences between species have led to
numerous criticisms (e.g., Lestel & Grundmann, 1999; Preston, 1998; St. Amant & Horton,
2008). Thus it is not surprising that revised versions, e.g., Shumaker et al., 2011:

the external employment of an unattached or manipulable attached environmental object
to alter more efficiently the form, position, or condition of another object, another
organism, or the user itself when the user holds and directly manipulates the tool during
or prior to use and is responsible for the proper and effective orientation of the tool (page
5)

or entirely new definitions, e.g., St. Amant & Horton, 2008:

the exertion of control over a freely manipulable external object (the tool) with the goal
of (1) altering the physical properties of another object, substance, surface or medium
(the target, which may be the tool user or another organism) via a dynamic mechanical
interaction, or (2) mediating the flow of information between the tool user and the
environment or other organisms in the environment (page 1203)

have been put forth recently. Nevertheless, for the purposes of behavioral description,
experimentation, and analysis, a precise and universally accepted definition of the concept is still
required as behavioral research on tool use continues to advance in multiple directions from an
inconsistent foundation. The lack of a common or clearly identified definition makes
reproducibility (see Jasny et al., 2011 and references therein) more difficult in this dynamic field
of science.

A Review of Tool Use Definitions

Although Beck’s (1980) definition is often considered the current standard in the field, a
review of scientific literature quickly reveals an assortment of widely cited definitions of tool use
(e.g., Alcock, 1972; Bentley-Condit & Smith, 2010; Hall, 1963; Matsuzawa, 2001; Pierce, 1986;
Shumaker et al., 2011; St. Amant & Horton, 2008; van Lawick-Goodall, 1970; Westergaard,
1993), each of which contains a unique, although sometimes overlapping, set of criteria (Table 1).
For the sake of comparison, these criteria may be summarized and divided into three broad
categories: 1) types of objects used, 2) types of actions performed, and 3) purposes of the actions.
When summarized, there is no criterion shared by all of these definitions and none of the
definitions includes each of the criteria on the list. The only frequently shared criterion (included
in seven of ten definitions) is the “use of an external object.” Four of the 19 listed criteria are only
included in a single author’s definition. Specific details about the types of objects that may be
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used (e.g., inanimate, unattached, or external), how the object is employed (e.g., by hand, foot,
mouth, claw, or beak), and the types of tasks the tool must be used for (e.g., alteration of form,
position, or condition of an object, organism, or self) are distinctive within each definition.
Nevertheless, each of the definitions in the aforementioned publications is frequently cited in
behavioral research and each of them is unique (Table 1; Appendix 1).

The problem with defining tool use in the scientific literature is also evident in the
materials used to train our students. Textbooks and encyclopedias are the primary source of
information for students and professionals within a given area of study (Coleman, Fanelli, &
Gedeon, 2000) and are often an undergraduate’s only exposure to a particular research area. As
such, inconsistent definitions can be especially problematic in these settings. For example, a
survey regarding the term “behavior” in textbooks produced intriguing results that demonstrated a
lack of consistency among definitions and their usage (Abramson & Place, 2005). Given the
many definitions associated with tool use in the scientific literature, we thought it would be
informative to survey animal behavior textbooks and encyclopedias on their coverage of tool use
and for discussions of definitional issues.

We selected a wide variety of books associated with the field of animal behavior to
review for definitions and discussions of tool use behaviors (Table 2). The selection included a
series of texts and encyclopedias in the fields of comparative psychology, learning, and zoology.
These disciplines were selected because the dominant focus is the study of animal behavior. In
total, we sampled 24 textbooks, seven encyclopedias, and a dictionary with publication dates
ranging from 1908-2009 for the texts and from 1998-2004 for the encyclopedias; the dictionary
was published in 1962. Overall the selected publications offered a highly diverse and
representative sample of books dealing with the subject of animal behavior over time.

Of the 24 textbooks reviewed (Table 2) only eight discuss tool use (33%). Of these eight
texts only two, Papini (2002) and Tolman (1932), made substantive comments regarding
definitional issues and what constitutes a tool. The Tolman text is especially interesting because
he considers language as a tool and reviews some of the pre-1932 literature on tool use in
animals. The remaining six texts did not discuss definitional issues and provided only examples
of animals using what the author(s) considered a tool. The series of Alcock texts (Alcock, 1989,
1998, 2001, 2005, 2009) was intriguing because the fourth edition (Alcock, 1989) includes a
discussion of tool use that reviews several examples of the behavior but no definition. After 1989,
however, this discussion is excluded from the series, although some of the examples are included
in other sections on topics such as prey capture (Alcock, 1998, 2001, 2005, 2009). The Danchin,
Giraldeau, and Cézilly (2008) text does not discuss definitions of tool use but does suggest
experimental designs in which tool use can be examined. Of the seven encyclopedias reviewed
(Table 2) only two discuss tool use. Both the encyclopedias edited by Bekoff (2004) and by
Greenberg and Haraway (1998) provide some substantive comments on issues related to tool use.
The dictionary (Hanson, 1962) provides no definition of tool or tool use behaviors. Overall, it
appears that the topic of tool use is often overlooked in books and presented in an inconsistent
manner.

Such discrepancies between definitions of tool use make it extremely difficult to
characterize tool use behavior systematically (Bentley-Condit & Smith, 2010). This is particularly
true when attempting to analyze the behaviors of different organismal groups that may have
radically variable morphologies, niches, behaviors, and adaptations. Furthermore, the diversity of
functional definitions provides too much potential for subjective interpretation and introduction
of experimental bias as researchers may be tempted to cite the definition most suitable to their
subject or the behavior they are describing, while ignoring others that may be more problematic
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(Hansell & Ruxton, 2007). As long as observations and experiments are conducted within an
inconsistent methodological framework, comparative analysis of tool use research is implausible.
This fact directly hinders the potential for researchers to address some of the most important
evolutionary issues relating to tool use behaviors, i.e. identifying instances where tool use arises
for addressing problems not solved by morphological or behavioral adaptations or instances
where learning or reasoning may be involved (Seed & Byrne, 2010).

Table 2
Textbooks, encyclopedias, and dictionaries on animal behavior and comparative psychology searched for the term
“tool use.”

Text Book category Information on tool use

1 Alcock, 1989 Textbook Discussion of examples, no definition

2 Alcock, 1998 Textbook None

3 Alcock, 2001 Textbook None

4 Alcock, 2005 Textbook None

5 Alcock, 2009 Textbook None

6 Anderson, 1995 Textbook Briefly mention, no definition, no discussion of
issues

7 Bekoff, 2004 Encyclopedia Discussed, uses definition of Beck (1980), no
discussion of issues

8 Bekoff, 2007 Encyclopedia None

9 Byrne, 2003 Encyclopedia None

10  Cloudsley-Thompson, 1961 Textbook None

11  Danchin et al., 2008 Textbook Briefly mentioned, no definition, suggests
experiments

12  Denny & Ratner, 1970. Textbook None

13 Dugatkin, 2004 Textbook None

14 Freeman & Herron, 2004 Textbook Briefly mentioned, no definition, no discussion of
issues

15  Goodenough et al., 2001 Textbook None

16  Greenberg & Haraway, 1998 Encyclopedia Detailed discussion, definition, discussion of
issues

17  Hanson, 1962 Dictionary None

18  Hutchins etal., 2004a Encyclopedia None

19  Hutchins et al., 2004b Encyclopedia None

20  Hutchins et al., 2004c Encyclopedia None

21  Lester, 1973 Textbook None

22  Maier & Schneirla, 1964 Textbook None

23 Mazur, 1990 Textbook None

24 Papini, 2002 Textbook Detailed discussion, definition, discussion of
issues

25  Pierce & Cheney, 2008. Textbook None

26  Pitt, 1926 Popular text Briefly mention, no definition, no discussion of
issues

27  Stone, 1951 Textbook None

28  Tolman, 1932 Popular text Detailed discussion, definition, discussion of
issues

29  Wardenetal., 1935 Textbook None

30 Wardenetal., 1936 Textbook Briefly mention, no definition, no discussion of
issues

31 Wardenetal., 1940 Textbook None

32  Washburn, 1908 Textbook None

Other complications arise in ethological studies (particularly for their reproducibility)
because it is often unclear exactly which definitions of tool use are being used during analyses;
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the diversity of seemingly acceptable definitions only exacerbates this problem (see Appendix 1).
We reviewed 100 publications issued from 1887 to 2009 that describe tool use behaviors and
found that less than half of them unambiguously cite the specific definition used for describing
their findings (Appendix 1). For instance, Finn et al. (2009) allude to Beck’s (1980) definition of
tool use and briefly discuss a single feature of it: the significance of tools versus shelters, but then
fail to test the behavior of the veined octopus against this definition. Bernardi (2012) makes no
reference to any definition of tool use and yet makes a comparison to other tool use studies that
cite different definitions from one another (Coyer, 1995; Jones, Brown, & Gardner, 2011; Pasko,
2010). Alternatively, some publications cited multiple definitions, while others defined tools but
not tool use (e.g., Brockman, 1985; Clayton & Jolliffe, 1996; Fitch-Snyder & Carter, 1993;
Wittiger & Sunderland-Groves, 2007). In total, 18 unique definitions of tool use were applied in
the publications we reviewed (see Appendix 1).

An argument can be made that the definition of tool use is so obvious that it does not
need to be included in most publications. This argument would be substantiated, for example, if
students were asked to provide a definition of tool use and the definitions were similar. To
provide some anecdotal information on this issue we asked students taking an upper level class on
comparative psychology at a large university in the United States to provide a definition of tool
use. The majority of students were in their third or fourth year of studies and they majored in a
variety of subjects including zoology, psychology, and education. Prior to the exercise, the class
discussed the use of tools by animals, the definition offered by Beck (1980), and examples of tool
use in a variety of invertebrates and vertebrates. The discussion of tool use was part of a larger
lecture on the importance of operational definitions in the analysis of behavior and the dangers
associated with imprecise and conflicting definitions. Thirty definitions were collected from the
students. Although the most common component included among the various definitions was the
use of an external object to reach some desired goal, there was substantial variation among the
definitions provided by the students (Appendix 2). For instance, based on the students’
definitions, for some of them, pressing a lever in a “Skinner box” would be an example of tool
use, for others it would not. This example highlights the fact that the definition of tool use is not
intuitive, a claim that many researchers agree with (e.g., Seed & Byrne, 2010).

Additionally, we further questioned the argument that the definition of tool use is obvious
by asking students whether invertebrates can use tools. This topic is widely cited and discussed in
scientific literature (e.g., Seed & Byrne, 2010) as a borderline or paradoxical example of tool use
because it is often assumed that invertebrates (e.g., insects) lack the cognitive abilities to
understand causality or to demonstrate intent when using tools. The concept of causality is often
included in some form as an important component of describing a behavior as tool use (Beck,
1980; St. Amant & Horton, 2008). Strikingly, twelve students believed that invertebrates can use
tools while the remainder specifically excluded the use of tools by invertebrates. This near equal
split of responses highlights how scholarly concepts can be interpreted differently unless they are
explicitly defined. Thus, in classroom settings an exercise in which students search for definitions
of tool use may be useful to stimulate further discussion on the importance of operational
definitions while providing additional data on their application in contemporary sources of
information.

Overall, the publication review data suggests that authors should include discussions of
tool use and how it is defined. The majority of the articles and books we surveyed did not discuss
tool use, and if they did, provided only cursory information. The anecdotal information gleaned
from the student surveys reflects the lack of sufficient coverage. In short, the inconsistencies
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within publications dealing with tool use highlight the need for an explicit and universal
definition of the concept.

Tool Use Definitions in Practice

Each of the definitions that are regularly employed in scientific research has been
criticized for a number of reasons (e.g., Bentley-Condit & Smith, 2010; Hansell & Ruxton, 2007;
Preston, 1998; Shumaker et al., 2011; St. Amant & Horton, 2008 ). Since each definition includes
unique components, the concept of what constitutes tool use varies greatly between them. Preston
(1998), Lestel and Grundmann (1999), Hansell and Ruxton (2007), St. Amant and Horton (2008),
and Shumaker et al. (2011) outline several significant cases in which tool use definitions
encounter problems and lead to different conclusions. For example, tool use paradoxes can occur
in such instances when an organism uses an attached object (Shumaker et al., 2011; St. Amant &
Horton, 2008), when animate objects or body parts are used (Alcock, 1972; Shumaker et al.,
2011), or when specific goals are considered.

Recently, St. Amant and Horton (2008) have attempted to modify and expand upon
Beck’s (1980) definition to alleviate many of the problems associated with it. Likewise,
Shumaker et al. (2011) have updated Beck’s original definition with similar intentions.
Nevertheless, analytical thought experiments demonstrate that many of the existing problems
with older definitions are unresolved by the new ones that have been put forth until now. As an
exercise, we attempted to develop our own concise definition of tool use that is grounded in the
earlier definitions of Beck (1980), St. Amant and Horton (2008), and Shumaker et al. (2011). Our
aim was to address the issues associated with many of the paradoxical examples discussed in the
literature. Therefore, we define tool use here as: “the deliberate and directed use of a selected
object exclusive of oneself to perform an intermediate task related to the advancement of the
users goal.”

The way that Beck’s (1980) definition treats attached objects is a primary concern among
critics (Bentley-Condit & Smith, 2010; Shumaker et al., 2011; St. Amant & Horton, 2008).
According to his definition, tool use behaviors require the external employment of an unattached
object (Beck 1980). Beck presents the example of a rat pressing a lever on a Skinner box to
receive a reward as a behavior not to be considered tool use based on the attachment clause. St.
Amant and Horton (2008) argue that Beck’s definition raises questions concerning unattached
objects. They contend that Beck’s unattached clause is actually referring to manipulability of an
object and present the scenario where an inaccessible reward in a container is retrieved with a
hook and string that is tied to the container as an example of tool use with an attached object.
Similar examples of apparent tool use with attached objects are relatively abundant (e.g.,
Bernardi, 2012; Jones et al., 2011) and are troublesome for Beck’s definition.

St. Amant and Horton (2008) presented a new definition to address the issue of
attachment that includes a clause stating that tool use is the exertion of control over a freely
manipulable external object. Shumaker et al. (2011) also expressed concern over the issue of
attachment and revised Beck’s original definition to state that tool use is the external employment
of an unattached or manipulable attached object. Causes of concern regarding this issue seem to
remain unaddressed by each of these updates, however. For example, according to each
definition, an otter is using a tool when it holds a rock to pound open a shell (Hall & Schaller,
1964) whereas a wrasse is not using a tool when it pounds a shell (or other food source) on a
specific rock to open it (Bernardi, 2012; Coyer, 1995; Jones et al., 2011; Pasko, 2010). Clearly,
the behaviors are very similar, yet they are treated as very different by Beck (1980), St. Amant
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and Horton (2008), and Shumaker et al. (2011) because the rock used by the wrasse is attached or
un-manipulated. It could be argued that this distinction is simply a consequence of morphological
limitations of the wrasse, however (see Pasko, 2010). It is because of examples like these that we
refrained from differentiating attached objects in our own definition.

Furthermore, the rocks used by wrasses can be seen as analogous to an anvil, i.e., a
common tool used by humans that is attached and does not require manipulation. In some
instances, the anvil is considered a proto-tool because it is manipulated prior to use and not
during (Bentley-Condit & Smith, 2010; Parker & Gibson, 1977; Shumaker et al., 2011).
Returning to the otter example, however, in many instances the otter lets the stone anvil rest on its
body and manipulates the shell by pounding it on the anvil. Is this behavior still to be considered
true tool use? It is according to the new definitions of St. Amant and Horton (2008) and
Shumaker et al. (2011) despite the fact that the behavior becomes virtually identical to that of the
wrasse, which would still be excluded. Consequently, this example demonstrates that the issue of
attached/unmanipulated objects in tool definitions has yet to be fully resolved and how variable
conclusions can result from the chosen definition.

A second concern among critics of the early definitions of tool use is in regard to
appendages, internally made objects, or “animate” objects (Shumaker et al., 2011). While many
researchers would agree that identifying such objects as tools would be far too inclusive (e.g.,
Alcock, 1972; Shumaker et al., 2011), their exclusion is not explicit in many definitions (e.g.,
Beck, 1980; Shumaker et al., 2011; St. Amant & Horton, 2008). In fact, Shumaker et al. (2011)
acknowledged this fact after presenting their definition by simply stating later in their work that a
tool cannot be an attached part of the user’s body. In light of this, the employment of the tool
user’s body parts is specifically excluded as a form of tool use in our definition. Still, several
paradoxical instances of behaviors that make use of animate objects exist in the literature.

As an example, consider the “bait fishing” behavior of an angler fish, whereby its
elongated dorsal spine with a prominent skin tag resembling a small fish is used to lure in prey
(Alcock, 1998; Wilson, 1939). This behavior is in many ways comparable to the behaviors of
crocodiles that use fish to lure in bird prey (Shumaker et al., 2011) and to the behavior of green
herons that toss bread into a pond to attract fish which can then be captured (Lovell, 1958;
Robinson, 1994). Despite the similarities of these behaviors, whether or not they are considered a
form of tool use depends on the definition. It could be argued that each of these behaviors could
be considered tool use according to St. Amant and Horton (2008) since each behavior involves
the control of a manipulable external object. Likewise, there is nothing inherent to Beck’s (1980)
or Shumaker et al.’s, (2011) definitions that would exclude these behaviors although they
stipulate otherwise later in their work. Conversely, according to Alcock (1972) only the heron is
exhibiting tool use behavior as the others are using appendages and animate objects. Accordingly,
if we accept Beck’s (1980), St. Amant and Horton’s (2008), or Shumaker et al.’s (2011)
definitions we can consider external appendages and animate objects as tools. Alcock’s definition
forces us to exclude each of the behaviors while our own definition would only exclude the
behavior of the angler fish.

Another example highlights the shortcomings of many tool use definitions with regard to
internally produced objects. According to Alcock (1972), the use of a spider web is not a form of
tool use since the web is internally produced and could perhaps be considered part of an animate
object. Robinson and Robinson (1971) documented a unique behavior involving spider webs,
however, whereby the ogre-faced spider (Dinopis longipes) makes and holds a small web which it
uses to actively net prey items. This behavior seemingly fits the definitions of St. Amant and
Horton (2008) and Shumaker et al. (2011), yet it could also be argued that the behavior does not
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fit these definitions if the web is considered an internal object as each of these definitions
excludes such objects. According to our own definition, how this behavior is perceived depends
on whether the web is exclusive of the user. Thus, the example underscores how ambiguity within
and among tool use definitions can lead to conflicting interpretations of the same observation.

A third concern among critics of the foundational definitions of tool use is in regard to
goals (Shumaker et al., 2011; St. Amant & Horton, 2008). While it seems that most researchers
would agree that tool use behaviors are aimed at some sort of goal (Alcock, 1972; Beck, 1980;
Shumaker et al., 2011; St. Amant & Horton, 2008; van Lawick-Goodall, 1970), the range and
scope of these goals is the subject of debate. For example, Alcock (1972), Beck (1980), and
Shumaker et al. (2011) emphasize “physical” goals, i.e., altering form, position, or condition in
their definitions. These criteria certainly limit the types of goals that can be attained and seem to
be overly restrictive. For example, consider the use of a ruler, which could be considered
comparable to the western lowland gorilla (Gorilla gorilla) using a stick to measure water depth
(see Breuer, Ndoundou-Hockemba, & Fishlock, 2005). According to Alcock (1972), Beck
(1980), and Shumaker et al. (2011) this behavior cannot be considered tool use because the goal
is not to alter form, position, or condition. Thus, acceptable goals in tool use behaviors appear to
have been overlooked in these definitions. For this reason, we do not stipulate specific types of
goals in our own definition that are applicable to tool use behaviors.

St. Amant and Horton (2008) include goals in their definition that are similar to those that
the others included but also include the goal of mediating the flow of information. Thus,
according to their definition, the gorilla is using a tool when it uses a measuring stick as it is
obtaining information on water depth. Likewise, a bower bird’s (Ptilonorhynchus violaceus) use
of an array of materials to construct a display for attracting a mate (Coleman, Patricelli, & Borgia,
2004) should be considered a form of tool use as it is conveying information about its suitability
as a mate.

This new goal of mediating information is more problematic, however, when considering
the scenario presented by St. Amant and Horton involving an orangutan (Pongo borneo) hiding
behind a detached branch (see van Schaik et al., 2003). The authors argued that this was a form of
tool use as the orangutan was mediating information via deception. By this logic, use of a wide
variety of shelters to conceal an organism, e.g., hermit crab (Paguroidea) shells (Shumaker et al.,
2011) or rocks barricading an octopus lair (Mather, 1994), should be considered forms of tool
use. Many researchers contend that these examples do not constitute tool use, however, because
the shells and rocks are effectively in use all the time (Beck, 1980; Finn et al., 2009). Conversely,
Shumaker et al. (2011) accept the behavior of the hermit crab and the veined octopus (Finn et al.,
2009) as tool use. Thus, the inclusion of certain specific goals in tool use definitions while
omitting others has led to conflicting conclusions among tool use researchers.

A final concern about tool use definitions relates to the paradox between tool use and
construction behaviors as presented by Beck (1980) and Hansell and Ruxton (2008). According to
Hansell and Ruxton (2008), vertebrate nest building is considered construction behavior and
indistinguishable from tool use behavior. Conversely, Beck (1980) specifically excludes the use
of materials for nest construction from tool use behavior because nests are attached. St. Amant &
Horton (2008) appear to reject these behaviors as well because they believe that placing any
object would then be considered tool use.

It seems, however, that construction can be reasonably differentiated from tool use
according to our definition based on the criteria that states a tool must be used to perform an
intermediate task. This criterion separates the goal from the task and tool that is used to obtain it.
Some examples are useful for highlighting this distinction and how these construction behaviors
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are problematic for many definitions. First, consider a beaver’s (Castor canadensis) use of logs to
construct a dam (Naiman, Johnson, & Kelley, 1988) or a bower bird’s use of an array of materials
to construct a display (Coleman et al., 2004). Both of these behaviors are excluded as tool use
according to Beck (1980); St. Amant and Horton (2008); and Shumaker et al. (2011) despite
involving the controlled use of an object to alter the target. According to our definition, however,
these construction behaviors are acceptable forms of tool use since the construction (i.e., the dam
or nest) is the object used to perform the task (increase flooded area or enhance display) that
advances the attainment of a goal (predator defense or mate attraction). Conversely, the use of
materials in the construction of a basic shelter (e.g., as with the veined octopus or the hermit crab)
can be excluded because the coconuts or shells are not used to construct the shelter; in essence,
they are the shelter. Thus, paradoxes will remain for definitions without a criterion that
successfully distinguishes tool use from construction behaviors.

Discussion

The various definitions of tool use put forth over the past 50 years have provided an
important foundation for behavior studies. In the end, however, it seems that attempts to develop
precise criteria for categorizing tool use have generated definitions of tool use that are perhaps
overly restrictive or exceedingly broad. The examples presented here clearly highlight the need
for a consistent basis for studying tool use behaviors and certainly additional examples of
problematic behaviors for the currently accepted definitions exist (see Table 3). The examples
presented here clearly highlight the need for transparency in tool use research which surely
includes citing the definition that a behavior will be tested against.

Table 3
Examples of behaviors not consistently defined as tool use but which meet several criteria outlined in published
definitions. Behavior categories follow Bentley-Condit & Smith (2010).

Publication Behavior category Specific behavior
1 Clark & Mason, 1985; Nest construction, Other European Starlings using specific plants for nest
1988 (parasite defense) construction whose volatiles act as pesticides and
anti-pathogens
2 Hemmesetal., 2002 Nest construction, Other Wood Rats using Bay leaves with volatiles toxic to
(parasite defense) ectoparasites near sleeping nests as a fumigant
3 Lafumaetal., 2001 Nest construction, Other Corsican Blue Tits using specific mixtures of plants
(parasite defense) to repel mosquitoes and to mask chemical cues used
by parasites
4 Prozesky-Shulze et al., Mate attraction Tree crickets using modified leaves to create a sound
1975 baffle to intensify their calls
5 Thomas, 1983 Predator defense Plain-fronted Thornbirds using thorny twigs in nest

construction to deter predators

Presumably, new definitions of tool use behavior are forthcoming based on the
conflicting opinions presented on the topic. New definitions should aim to include behaviors that
are widely considered tool use but also to resolve the paradoxical examples that exist (e.g.,
Hansell & Ruxton, 2007; Preston, 1998; St. Amant & Horton, 2008). This process could certainly
reform the scope of behaviors that may be considered tool use. Beck (1980) argued, however, that
we must accept several important restrictions to what we consider tool use or we will render the
behaviors insignificant. Thus, a universally accepted definition should be structured to maintain
the claim that tool use is a unique and distinct behavioral category (Beck, 1980; Preston, 1998).
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An ideal definition should address several important considerations. First, a universally
acceptable definition should be evolutionarily and comparatively neutral. For example, a suitable
definition should permit innate behaviors as well as intelligent behaviors to be classified or
excluded as tool use under the same criteria. This will allow all forms of tool use to be
encompassed under a single definition and to be delineated as unique from non-tool use behaviors
prior to the assessment of other pertinent factors. An ideal definition should also deviate from the
hominid-centric trends in previous definitions, such as the need to hold tools in one’s hand or the
need to understand how or why a tool works (Hansell & Ruxton, 2007; Shettleworth, 2009; van
Lawick-Goodall, 1970). Since a significant number of insects, fish, birds, and marine mammals
have been observed using tools (Brockman, 1985; Kritzen, Mann, Heithaus, Connor, Bejder, &
Sherwin, 2005; Pasko, 2010; Tebbich & Bshary, 2004), a neutral definition is essential for
catalyzing objective analyses. This distinction should greatly enhance our abilities to
systematically analyze tool use behaviors, and to generate comparative studies and meta-analyses.

Additionally, an ideal definition should eliminate the need to make judgments about the
cognitive requirements of tool use. The diverse examples of tool use behaviors we reviewed
represent a level of plasticity that could be due to experiential, cultural, and/or evolutionary
responses to the environment. Examples of these classes of tool use include, the ability of
woodpecker finches and macaques to learn the use of stick tools through experience (Anderson,
1985; Tebbich & Bshary, 2004), the cultural transmission of tool use by dolphins or captive
chimpanzees (Kritzen et al., 2005; Whiten, Horner, & de Waal, 2005), the apparent instinctive
use of stone hammers by digger wasps (Brockman, 1985), and the various stick tool use
behaviors of New Caledonian crows which may involve multiple driving forces (Kenward, Rutz,
Weir, & Kacelnik, 2006). A suitable definition should allow such variable levels of sophistication
to be considered under the same system so that tool use behaviors could be described
systematically and then more specifically within the context of cognitive demand or level of
plasticity. With a neutral definition in place, behaviors could then be further “qualified” as
experiential or learning-based plasticity, indicating a certain level of cognitive involvement, as
cultural, indicating a different level of cognitive involvement, as inherited behavioral differences,
indicating an evolutionary process likely not directly linked to cognition, or some combination of
the above.

Lastly, a universally acceptable definition should be scientifically testable. Definitions
that are based on inferences or unobservable criteria raise difficulties (St. Amant & Horton,
2008). For example, if inferred components such as goals are included, they must be presented
with a means to systematically test if a tool is used to obtain them.

In sum, we believe there is a high demand for an updated and universally applicable
definition of tool use (Hansell & Ruxton, 2007; Lestel & Grundmann, 1999), especially because
accounts of tool use behavior based on variable or unstated definitions continue to be documented
and published (Bentley-Condit & Smith, 2010). In our opinion, development of a common tool
use definition, perhaps along with a classification system for differentiating various categories of
tool use behaviors, and an understanding of the limitations of inferences based solely on
observing tool use, is critical for studying animal behavior. This review demonstrates this point
and we hope it catalyzes future research and continuing discussions towards this end.
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Appendix A

Summary of publications describing specific behaviors as tool use and the definitions cited therein. Behavioral categories (n = 10) are based on those defined in Bentley-Condit &
Smith (2010).

Publication Behavior category Definition cited?

1 Alp, 1997 Other (protection) None

2 Anderson et al., 1983 Food extraction None

3 Anderson, 1985 Food capture None

4 Anderson, 2002 Food transport, Physical maintenance, Predator defense, Food Beck, 1980
extraction

5 Andersson, 1989 Food extraction McFarland, 1987

6 Antinuecci & Visalbergh, 1986 Food extraction Parker & Gibson, 1977

7 Babitz, 2000 Food extraction None

8 Banschbach et al., 2006 Food transport Alcock, 1972

9 Barber et al., 1989 Food transport Pierce, 1985

10 Barnes, 2005 Other (extension) Alcock, 1972

11 Bauer, 2001 Physical maintenance None

12 Beck, 1976 Food capture Beck, 1976

13 Benhar & Samuel, 1978 Food capture van Lawick-Goodall, 1970

14 Bermejo et al., 1989 Food extraction None

15 Boesch & Boesch, 1990 Food extraction Goodall, 1980

16 Boesch-Achermann & Boesch, 1993 Food extraction None

17 Borsari & Ottoni, 2005 Food extraction Beck, 1980

18 Breuer et al., 2005 Other (measurement) Beck, 1980

19 Brockman, 1985 Nest construction Alcock, 1972; Wilson, 1975

20 Caffrey, 2000 Food extraction None

21  Carpenter, 1887 Food extraction None

22 Chevalier-Skolnikoff, 1990 Agonism, Predator defense, Food extraction None

23 Chevalier-Skolnikoff & Liska, 1993 Physical maintenance, Other (measure), Food capture, Agonism, Beck, 1980
Other (obstruct)

24 Chiang, 1967 Other (cleaning) None

25 Chisholm, 1954 Nest construction, Mate attraction, Food extraction None

26 Clayton & Jolliffe, 1996 Food transport None

27 Ellis & Brunson, 1993 Food preparation None

28  Fay & Carroll, 1994 Food extraction None

29 Fellers & Fellers, 1976 Food transport Alcock, 1972
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Appendix A (cont.)

Publication

Behavior category

Definition cited?

30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66

Fernandes, 1991

Finn et al., 2009
Fitch-Snyder & Carter, 1993
Fox & bin’Muhammad, 2001
Fragaszy et al., 2004
Galdikas, 1989

Gayou, 1982

Goodall, 1964

Green, 1972

Hall & Schaller, 1964
Hamilton I11 et al., 1975
Hannah & McGrew, 1987
Hart & Hart, 1994

Heinrich, 1988

Henry & Aznar, 2006
Hernandez-Aguilar et al., 2007
Hicks et al., 2005

Hirata et al., 1998

Hobbs, 1971

Hohmann, 1988

Huffman & Kalunde, 1993
Hundley, 1963

Hunt, 1996

Hunt & Grey, 2004

Janzen et al., 1976

Jones & Kamil, 1973

Jones & Pi, 1969

Karrer, 1970

Katz, 1980

Kumar et al., 2008
Lethmate, 1982

Levey et al., 2004
Lindshield & Rodrigues, 2009
Malaivijitnond et al., 2007
Marks & Hall, 1992
Matsusaka et al., 2006
McGrew & Tutin, 1973

Food extraction

Predator defense

Food capture, food transport

Other (protection, resource capture)
Food extraction

Physical maintenance, Predator defense
Food extraction

Food extraction, Food capture, Physical maintenance, Agonism
Food extraction

Food extraction

Predator defense

Food extraction

Physical maintenance

Agonism

Food capture

Food extraction

Food extraction

Nest construction

Food extraction

Food preparation

Food capture

Food extraction

Food extraction

Food extraction

Personal maintenance

Food capture

Food extraction

Food capture, Other (communication)
Nest construction

Food transportation

Food capture, Food transport, Agonism
Other (luring prey)

Physical maintenance

Food extraction

Food extraction

Food transport

Personal maintenance

None

None

None

None

None

None
Morse, 1980
None

None

None

None

None

Beck, 1980
None

None

None

None

None

None

None

None

None

None

None

None

Hall, 1963
Hall, 1963
None

None

Beck, 1980
Parker & Gibson, 1977
None

Beck, 1980
None

van Lawick-Goodall, 1970
Matsusaka et al., 2006
None
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Appendix A (cont.)

Publication

Behavior category

Definition cited?

67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100

Mendes et al., 2007
Meyerriecks, 1972
Michener, 2004

Mitchell, 1993
Montevecchi, 1978
Morse, 1968

de Moura & Lee, 2004
Nakamichi, 1999

Oyen, 1979

Phillips, 1998

Pollack, 1998

Pruetz & Bertolani, 2007
Richard-Hansen et al., 1998
Sabater-Pi, 1974
Sherrow, 2005

Shuster & Sherman, 1998
Smolker et al., 1997
Stanford et al., 2000
Starin, 1990

Stoinski & Beck, 2001
Sugiyama, 1995
Thomsen et al., 2007
Tutin et al., 1995

van Lawick-Goodall, 1973

van Lawick-Goodall & van Lawick-Goodall, 1966

Watanabe et al., 2007

Weldon & Hoffman, 1975
Westergaard, 1993

Westergaard & Suomi, 1993
Wheeler & Wheeler, 1924

Wittiger & Sunderland-Groves, 2007
Yamagiwa et al., 1988

Yamakoshi & Sugiyama, 1995
Yamamoto et al., 2008

Food capture
Physical maintenance
Food capture

Food extraction
Agonism

Food extraction

Food extraction

Food capture

Food extraction

Food transport

Food capture

Food capture
Agonism

Food extraction

Food extraction
Other (protection)
Other (protection)
Food transport
Agonism

Physical maintenance, Food extraction
Food extraction
Agonism

Food extraction, Food transport
Physical maintenance
Food extraction
Personal maintenance
Other (weights)

Food transport

Food extraction

Nest construction
Agonism

Food extraction

Food extraction

Food extraction

None

van Lawick-Goodall, 1970
Beck, 1980

None

McGrew et al., 1975
Thorpe, 1963

None

None

None

None

None

Beck, 1980

Beck, 1980

None

None

Alcock, 1972

Beck, 1980

None

None

None

None

Beck, 1980

None

van Lawick-Goodall, 1973
None

None

Weldon & Hoffman, 1975
Westergaard, 1993
Westergaard, 1993
None

Beck, 1980

None

None

None
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Appendix B

Representative samples of definitions of the term “tool use” provided during a survey of university students in an upper
level comparative psychology class.

Definition

1 “Tool use includes taking something in one’s environment that is not part of that individual or any other
individual, performing a task with that object in order to fulfill a desire”

2 “An organism using an internal or external object for their advantage”

3 “The use of an object by an animal in conjunction to reach a desired goal”

4 “Tool use is taking anything from the environment (not a part of the animal itself) and utilizing it to
achieve a particular goal”

5 “The use of an object to help facilitate a goal”

6 “The use of an object for the purpose of completing a task”

7 “Anything used to help perform a task”

8 “The use of another object to help getting the selected reward that the organism would otherwise have a
difficult time in obtaining”

9 “A tool is something that an animal uses to help it perform a task”

10 “A tool is an object of benefit to the organism”

11 “The use of an object to solve a problem.”
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