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Summary

Despite numerous attempts to define animal tool use over the past four decades, the defini-
tion remains elusive and the behaviour classification somewhat subjective. Here, we provide
a brief review of the definitions of animal tool use and show how those definitions have
been modified over time. While some aspects have remained constant (i.e., the distinction be-
tween ‘true’ and ‘borderline’ tool use), others have been added (i.e., the distinction between
‘dynamic’ and ‘static’ behaviours). We present an updated, comprehensive catalog of docu-
mented animal tool use that indicates whether the behaviours observed included any ‘true’
tool use, whether the observations were limited to captive animals, whether tool manufacture
has been observed, and whether the observed tool use was limited to only one individual and,
thus, ‘anecdotal’ (i.e., N = 1). Such a catalog has not been attempted since Beck (1980). In
addition to being a useful reference for behaviourists, this catalog demonstrates broad tool use
and manufacture trends that may be of interest to phylogenists, evolutionary ecologists, and
cognitive evolutionists. Tool use and tool manufacture are shown to be widespread across
three phyla and seven classes of the animal kingdom. Moreover, there is complete overlap
between the Aves and Mammalia orders in terms of the tool use categories (e.g., food extrac-
tion, food capture, agonism) arguing against any special abilities of mammals. The majority
of tool users, almost 85% of the entries, use tools in only one of the tool use categories. Only
members of the Passeriformes and Primates orders have been observed to use tools in four
or more of the ten categories. Thus, observed tool use by some members of these two orders
(e.g., Corvus, Papio) is qualitatively different from that of all other animal taxa. Finally, al-
though there are similarities between Aves and Mammalia, and Primates and Passeriformes,
primate tool use is qualitatively different. Approximately 35% of the entries for this order
demonstrate a breadth of tool use (i.e., three or more categories by any one species) compared
to other mammals (0%), Aves (2.4%), and the Passeriformes (3.1%). This greater breadth in
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tool use by some organisms may involve phylogenetic or cognitive differences — or may
simply reflect differences in length and intensity of observations. The impact that tool usage
may have had on groups’ respective ecological niches and, through niche-construction, on
their respective evolutionary trajectories remains a subject for future study.

Keywords: tool use, animal, catalog.

Introduction

The definition of ‘tool use’ is problematic, often arbitrary or subjective,
sometimes anthropocentric, and open to interpretation. Over the years, most
animal behaviour researchers have relied upon some version of definitions
suggested by Hall (1963), van Lawick-Goodall (1970), Alcock (1972) and
Beck (1980), but recent attempts to clarify and refine the definition of ani-
mal tool use (e.g., Pierce, 1986; Lefebvre et al., 2002; St. Amant & Horton,
2008) have been made. Despite these concerted efforts at removing subjec-
tivity and adding precision and consistency to the definition, a completely
objective definition of animal tool use remains elusive. This is, after all, ani-
mal behaviour and animal behaviour is interpreted by an observer. This does
not mean that the study of tool use is closed to rigorous scientific investiga-
tion because of its inherent subjectivity, but it does mean is that there will
always be some ambiguous occurrences.

In this paper, we have three objectives. First, we present a brief overview
of the development of, and changes in, the definition of animal tool use and
the current state of the discussion. Second, we offer an updated, expanded,
and comprehensive catalog of tool usage and manufacture for all animals.
A catalog such as this has not been attempted since Beck (1980) and has
never been presented in a format that clearly differentiates between true vs.
borderline use, use in the captive setting, circumstances/categories of tool
use, etc. by species in an easily accessible format. The catalog, and the sum-
mary tables, provide not only easily accessible data on types of tool use ob-
served in any species, but also provide data on broad trends both within and
across phyla/classes — only some of which we explore in this manuscript.
Finally, we present some brief remarks regarding areas of research where
we see this catalog as potentially providing insight. We believe our work
here will be useful to behaviourists, behavioural ecologists, phylogenists and
cognitive evolutionists alike.
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Tool use defined

There have been numerous attempts to develop and refine the definition of
tool use over the past half century. One of the earliest systematic investiga-
tions of tool use was that of Hall (1963). While not providing a precise de-
finition of tool use, his examples included social interactions, but excluded
“applying a primary object to a secondary object” (Hall, 1963: 479). Ad-
ditionally, he did not consider tool-using and tool-making as indicators of
intelligence, per se. Dissenting voices at that time questioned whether any
animal behaviour was tool use suggesting the ‘tool-user’ classification be
restricted to hominins (Gruber, 1969).

Van Lawick-Goodall addressed tool use more systematically, defining it
as “use of an external object as a functional extension of mouth or beak,
hand or claw, in the attainment of an immediate goal” (1970: 195) but also
noted that it was not an indicator of intelligence. Soon thereafter, Alcock
(1972: 464) expanded upon van Lawick-Goodall’s definition to incorporate
aspects of Millikan & Bowman’s (1967) discussion of woodpecker finch tool
use and defined tool use as “.. . the manipulation of an inanimate object, not
internally manufactured, with the effect of improving the animal’s efficiency
in altering the position or form of some separate object”. Meanwhile, in a
series of papers, Boswall (1977a—d, 1978, 1982, 1983) made the important
distinction between ‘true’ and ‘borderline’ tool use; true tools were objects
not a part of the substrate that were manipulated by the users while borderline
tools remained a part of the substrate. For example, a thorn broken from a tree
and used by an individual would be a true tool while a thorn that remained
a part of the tree would be a borderline tool. Each of these early researchers
laid important ground-work for discussions to come.

Beck (1980: 10) refined and broadened both Alcock’s and van Lawick-
Goodall’s descriptions when he defined tool use as “...the external em-
ployment 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”. Like Hall
(1963), Beck also included ‘social tool’ use, i.e., the manipulation of another
individual, within his definition and argued against the ‘chimpocentric’ ap-
proach to tool use that awarded chimpanzees special status for their tool use
capabilities. The latter was important in its recognition of other animals’ abil-
ities. His volume not only offered more precise definitions for tool use and
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tool manufacture, but also presented a catalog of animal true and borderline
tool use and tool manufacture — an update of which has not been attempted
until now.

While many researchers have utilized and simply restated Beck’s (1980)
tool use definition over the years (e.g., Anderson, 2002), others have made
modifications. For example, Pierce (1986: 96) excluded social tool use and
included “structurally modified inanimate environmental object(s)”, which
allowed the inclusion of nest and burrow building by insects. St. Amant
& Horton (2008: 1203) argued that Beck’s (1980) definition required clar-
ification of the rationale for including/excluding various behaviours. They
defined tool use as “. .. the exertion of control over a freely manipulable ex-
ternal 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 environ-
ment or other organisms in the environment”. The first part of this definition
includes most behaviours that have traditionally been classified as tool use.
However, the second part includes behaviours where the tool mediates the
relationship between the user and the environment — a change from Beck’s
(1980) work because no object or organism is altered by another object that
the user controls. The second part of the St. Amant & Horton (2008) defini-
tion also includes using tools to influence or alter another organism’s percep-
tion of the environment. So, in addition to the alteration of physical aspects of
the environment, they explicitly include sensory and communication-related
uses of tools. Ultimately, they retained the fundamentals of Beck’s (1980)
earlier definition but added the ‘dynamic’ and ‘flow of information’ compo-
nents.

Our definition

The definition of tool use that we used in constructing the catalog (see Ap-
pendix A) is an amalgamation of those presented in the preceding para-
graphs. We begin with Beck’s (1980) definition but, like Pierce (1986), we
exclude social tool use. If tool use is to remain a useful behavioural clas-
sification, some behaviours/categories must be excluded and we firmly be-
lieve that social interactions are one such category. For this same reason,
we disagree with Pierce (1986) and do not include nest/abode building as
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a tool. Thus, we are essentially utilizing St. Amant & Horton’s (2008) def-
inition (see above). As such, birds (or other animals) building their abodes
from twigs or other materials would not be considered using tools since the
abode is not dynamic. However, we disagree with some of St. Amant & Hor-
ton’s (2008) interpretations of ‘dynamic’. By their definition, the stacking of
boxes by chimpanzees to retrieve a reward (e.g., Kohler, 1925), a behaviour
traditionally classified as tool use, can be decomposed into two separate and
static behaviours — stacking and climbing — neither of which are, thus, tool
use. Conversely, a chimpanzee using a box to knock a reward to the floor is
dynamic and is, therefore, tool use.

This example highlights some of the subjectivity in making tool use be-
havioural distinctions. St. Amant & Horton (2008) presented another classic
experiment (e.g., Kohler, 1925) where chimpanzees fitted two pieces of pipe
together to create a pole that could be used to reach a reward as an example
of tool manufacture. Using the pole to reach the reward was then considered
tool use — unlike the stacking of boxes described previously. This difference
in classification of what is and what is not considered tool use is unclear at
best. We believe that the stacking of one box on top of another should be clas-
sified as tool manufacture and the use of that stack to reach the reward should
be tool use. If the assembled pole could be viewed as an artificial ‘arm’ that
extends a chimp’s reach, the created tower of boxes could be viewed as an
artificial ‘leg’ that does the same thing. While it is likely that this level of
subjective interpretation will not arise often, even new and improved def-
initions of tool use have their short-comings. Thus, our tool-use definition
is very similar to that of St. Amant & Horton (2008) with somewhat more
leeway in what constitutes ‘dynamic’ behaviour.

Tool manufacture defined

Defining tool manufacture is somewhat more straight-forward than defining
tool use. Beck (1980) noted four, relatively self-explanatory, types of tool
manufacture: detach, subtract, add/combine and reshape. Detaching involves
separating or disconnecting the tool from the substrate or another object such
as removing a branch from a tree. Subtracting is the removal of something
from the object so that it is a more useful tool such as pulling leaves off of
a twig so that the twig can be used to fish for termites. Adding/combining is
when two or more objects are put together to make a tool such as attaching
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two short sticks to make one long stick. Finally, reshaping is a fundamental
restructuring of an object such as creating a sponge by crumpling a handful
of leaves. Of these four categories, detaching is the most ambiguous since
‘manufacturing” may be difficult to distinguish from simply retrieving an
object from the substrate. However, key to Beck’s (1980) categories of man-
ufacture is that each requires an active act of creation as opposed to the mere
acquisition of the object. We use these criteria in determining tool manufac-
ture.

The catalog

To facilitate ease of use, we present the catalog data in a tabular format as
Appendix A. The data are divided into nine sections according to phylum and
class by descending size (i.e., class with the most orders first) (e.g., Phylum:
Arthropoda, Class: Insecta; Phylum: Arthropoda, Class: Malacostraca, etc.)
and listed alphabetically by genus/species within each class. The two excep-
tions are the Aves Order Passeriformes and the Mammalia Order Primates
which have been extracted for ease of reference and to facilitate compar-
isons similar to those by Marler (1996) and Lefebvre et al. (2004). Each,
however, immediately follow their respective class.

We have necessarily forsaken detail for streamlining. Tool use is classi-
fied into ten categories. Food preparation (Food Prep) is the use of a tool
to prepare, but not extract, food. For example, curlews slamming a large
food item against the ground until the item is broken into smaller pieces
and that can be swallowed (Marks & Hall, 1992) is classified as an exam-
ple of food preparation as is the observation of a red-tailed hawk bashing
a captured snake against boulders (Ellis & Brunson, 1993). Food extraction
(Food Extrac) occurs when a tool is used to gain access to a food item that
is enclosed/encased and not immediately accessible. Gulls dropping clams
on rocks (Maron, 1982) and macaques using sticks as dipping tools (Babitz,
2000) are clear examples of food extraction. Food transport (Food Trans) is
the use of a tool to transport food and/or water. Barber et al. (1989) observed
fire ants using sand to absorb and transport honey back to the nest while
Antevs (1948) observed Gila woodpeckers to do the same thing using larger
objects such as lumps of bark to absorb the honey. Food capture (Food Cap)
occurs when a tool is used to acquire food not using extraction. The use of a
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stick to pull a food item into reach by chacma baboons (Bolwig, 1961) is an
example of food capture, as is the plugging of hibernating ground squirrels’
tunnels by hunting badgers (Michener, 2004). Physical maintenance (Phys
Main) is the use of a tool to affect one’s appearance or body. The use of a
thorn by a lion to remove another thorn from its paw (Bauer, 2001) and the
use of a towel by a sandhill crane to dry itself (Bartlett & Bartlett, 1973) are
tools used in physical maintenance. Mate attraction (Mate Attrac) includes
only those cases of tool use where the purpose is unambiguously determined
to affect the behaviour of potential mates. There are, thus, relatively few ex-
amples. One common example is the decoration of bowers by bowerbirds
(Crook, 1960); the use of sound baffles by African tree crickets to amplify
their calls (Prozesky-Shulze et al., 1975) is another example. Nest construc-
tion (Nest Const) is the use of a tool to construct an abode. Numerous digger
wasp species use pebbles to compact the soil around their nests (Brockmann,
1985) while the common octopus builds a ‘wall’ in front of the entrance to
its den from rocks, glass, and other objects (Mather, 1994). Predator defense
(Pred Defen) is the use of a tool to defend oneself. Hermit crabs fortify them-
selves against octopus attack by transferring sea anemones to their shells
(Ross, 1971), while sawfly larvae apply pine resin acid to their attackers
(Eisner et al., 1974). Agonism (Agon) is the use of a tool in an aggressive
encounter with another, often as a threat but not as defense against preda-
tion. An African black eagle (Dick & Fenton, 1979), white-faced capuchins
(Chevalier-Skolnikoff, 1990), and elephants (Chevalier-Skolnikoff & Liska,
1993) engaged in agonism by directed throwing/dropping of objects at or on
another individual. Finally, Other (Other) are those examples of tool use that
do not easily fit into any of the previously described categories. A common
blackbird was observed to use a twig to clear snow from the ground (Prid-
dey, 1977) while white-handed gibbons have been observed to create their
own swings in a cage (Rumbaugh, 1970). These, then, are the ten categories
used in the catalog. In each column applicable to a specific entry, we indicate
whether the observations were limited to Captive (C), Free Ranging (F), or
Semi-free Ranging (S) animals or in a combination of these living condi-
tions. Thus, if a particular species has been observed to use tools in all ten
of the conditions described previously and in each of the living situations
listed above, that species would have a ‘C, F, S’ in each of the ten columns.
Similarly, observations of a given species limited to food capture in a free
ranging living condition would have only an ‘F’ in that particular column.
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We also indicate (a) whether the tool use is limited to captive animals,
(b) whether the species has been observed to manufacture tools, (c¢) whether
any of the tool use is considered true tools and (d) if the tool use observations
were limited to just one subject (i.e., N = 1). It should be noted that we were
forced to put a *?” in some of these columns as the original research did not
always indicate the number of subjects or whether the animal was captive.

Despite our best attempts to include all documented cases of both true and
borderline tool use, there are probably examples that we have missed. We
have limited our examples to published sources. Thus, tool use reported by
others as ‘personal communication’ is not included. As stated previously, we
have also excluded social interactions/behaviours, abodes, and abode con-
struction as examples of tool use. Consequently, we limit our catalog en-
tries to published reports of individuals utilizing objects in the ten categories
described above. These observations of tool use, thus, represent a species’
material culture reported to date — less the excluded abodes (see McGrew,
1992a; van Schaik et al., 1999, 2003a; Malaivijitnond et al., 2007, for dis-
cussions of the evolution of material culture). We utilized numerous sources
in compiling the catalog — including extensive database searches and pub-
lished reviews (see Appendices B and C). From the reviews, we used the
bibliographies to acquire copies of the original works to determine if the ex-
ample should be included. For each of the taxa listed in the catalog, we have
included representative references to every different type of tool use and/or
every different population that we were able to locate. However, where multi-
ple authors report the same behaviour, we have limited the number of entries.
We have also limited the entries of any one author who has written exten-
sively on tool use in a species to those references on different populations or
different uses of tools. While we have endeavored to include every species
and every different type of tool use reported, we have not tried to include
every article ever written on animal tool use. Our goal was to provide a sur-
vey of the extent of tool use, not in-depth case studies of particular species.

There are three other catalog caveats. First, McGrew’s (1992b) statement
that there is a positive correlation between the number of reports of tool use
by a population, the length of the study, and the degree of habituation of
the group undoubtedly applies to this catalog. Thus, it is not surprising that
decades-long studies of continuously monitored chimpanzee populations re-
port many examples of tool use and manufacture. On the other hand, while
some species have been observed extensively and demonstrated very little
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tool use (e.g., Papio primates), it is possible that even extensive observations
may have missed population-specific tool use due to the specific individuals
or classes of individuals observed (see, for example, Tebbich et al. (2002) on
locale-specific tool use by Cactospiza pallida and Higuchi (1988) on individ-
ual variation in Butorides striata tool use dependent upon feeding-site qual-
ity). Second, the observation of tool manufacture is likely to be even more
difficult and rare than the observation of tool use. Thus, an ‘N’ in the tool
manufacture column does not prove that manufacture never occurs, merely
that manufacture has not been observed. Finally, the indications of whether
data reported for a species are actually limited to only one individual (i.e.,
N = 1), and, thus, an ‘anecdote’, are provided following Sarringhaus et
al.’s (2005) caution that reports on tool use often gloss over this information.
In doing so, the reported behaviour can easily become reified as a popula-
tion/genus/species characteristic when no such pattern may actually exist. It
is not that anecdotal information is not useful (see, for example, Reader &
Laland’s (2002) and Lefebvre et al.’s (2004) use of such data to discuss in-
novations), but it should be identified. Thus, we have labeled the entries for
species where the tool use was limited to only one individual by placing a
‘Y’ in the ‘N = 17’ column and these entries account for almost 28% of
the catalog (see Table 1). However, any species with more than one citation
cannot be classified as anecdotal (N = 1) since there are reports on more
than one individual or population. However, it is still possible that each of
those referenced studies reported on only one subject.

Discussion

In the following paragraphs, we summarize some of the patterns and trends
we observed in the catalog. It should be noted that these summaries are spec-
ulations, not inferences. To test these patterns/trends would require the use
of phylogenetic controls; that testing is beyond the scope of this manuscript.

One point that arises from even a cursory examination of the catalog is
that tool use occurs in a wide variety of species and in a diversity of con-
texts. Three phyla of the animal kingdom, Arthropoda, Mollusca and Chor-
data, and seven classes, Insecta, Malacostraca, Gastropoda, Cephalopoda,
Actinopterygii, Aves and Mammalia, are represented. Numerically, there are
more Aves entries (including Passeriformes; N = 277) followed by Mam-
malia (including Primates; N = 65) and then Insecta (N = 53) (see Table 1
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below). However, comparison across classes by number of entries alone is
extremely limited as 11 of the entries for Insecta each represent an entire
genus and, thus, hundreds of entries at the species level. Still, the distribution
is informative. First, there has been a tendency over the years to focus upon
primate tool use (chimpanzees, in particular). In fact, Marler’s (1996) com-
parison of primate and avian tool use and manufacture showed that birds used
tools in the same primary categories — food preparation/acquisition, against
intruders/predators, sexual display/mate acquisition, and self-maintenance
— and as often as primates. Similarly, Lefebvre et al. (2002) documented 125
cases (39 true, 86 borderline) of tool use in 104 avian species. Our catalog is
consistent with these works as it demonstrates that Aves and Mammalia use
tools in all ten of the categories, followed by Insecta with six, Actinopterygii
with four, Malacostraca with three, and Gastropoda and Cephalapoda with
only two each. This complete overlap in tool-use categories between Aves
and Mammalia and 60% overlap with Insecta certainly speaks to the wide-
spread distribution, and varied forms, of tool use within the animal kingdom.

However, even complete (100%) or extensive (60%) overlap in tool use
categories does not mean that tool use by these classes is identical. For ex-
ample, the distributions of tool use within the ten tool use categories differ
for Aves and Mammalia. Aves used tools primarily (i.e., 220% of entries)
for physical maintenance (46.2%), food extraction (23.8%) and food prepa-
ration (20.9%), while Mammalia observations were primarily of food cap-
ture (41.5%), food extraction (40.0%), physical maintenance (36.9%) and
agonism (24.6%). It is important, though, to remember the potential bias in
tool use observations that arises from a concentration of long-term studies
(McGrew, 1992b).

Second, the distribution of true tool use is also broad — occurring in all
three plyla. Although comparisons are difficult, some patterns emerge. For
Insecta, Malacostraca, Gastropoda and Mammalia, the proportion of true tool
use is quite high (e.g., Mammalia: 87.7%; Insecta: 88.7%). However, for
Cephalopoda, Aves and Actinopterygii the proportion is much lower (e.g.,
Aves: 60.6%), suggesting that much of the observed behaviour is borderline
tool use. For the two orders, Primates and Passeriformes, the difference is
striking (i.e., Primates: 95.3%, Passeriformes: 72.2%).

Finally, when the data are examined by the distribution of tool use cate-
gories we find that most animals use tools in only one category (84.7% of
catalog entries). These data are summarized in Table 2. Lancaster (1968)
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Table 2. Comparison of catalog entries by breadth of tool use.

Phylum/class/order Number and % of entries by number of tool use categories

1 2 3 4 5 6 7 8 9 10 Total

Arthropoda/Insecta 53 0 0 0 0 0 o 0 0 0 53

(100)
Arthropoda/ 5 1 0 0 0 0 o 0 0 O 6
Malacostraca (83.3) (16.7)
Mollusca/Gastropoda 3 0 0 0 0 0 o 0 0 O 3
(100)
Mollusca/ 0 1 0 0 0 0 0O 0 0 O 1
Cephalapoda (100)
Chordota/ 10 3 0 0 0 0 0O 0 0 0 13
Actinopterygii (76.9) (23.1)
Chordota/Aves 74 7 2 0 0 0 o 0 0 0 83
(wlo Passeriformes) (89.2) (8.4) (2.4)
Chordota/Aves/ 167 21 4 1 1 0 0O 0 0 0 194
Passeriformes (86.1) (10.8) (2.1) (0.5) (0.5
Chordota/Mammalia 19 3 0 0 0 0 0O 0 0 0 22
(w/o Primates) (86.4) (13.6)
Chordota/Mammalia/ 23 5 6 3 1 3 1 0 1 0 43
Primates (53.5) (11.6) (14.0) (7.0) (2.3) (7.0) (2.3) (2.3)
Total 354 41 12 4 2 3 1 0 1 0 418

84.7) (9.8) (29 (1.0) (0.5) (0.7) (0.2) 0.2)

noted that most tool-using animals use only one type of tool, and our cata-
log supports this view. In Table 1, the category with the highest number of
entries is Physical Maintenance, followed by Food Extraction, Food Prepa-
ration, and Food Capture. These data tell us that not only are most of the
taxa observed to use tools in only one context but, for most, they are doing
so either in self-care or the acquisition/preparation of food.

If we expand the examination of taxa to include one or two types of tool
use, then 97.1%—-100% of the entries in all classes are accounted for with
the exception of Mammalia where only 76.9% of the entries documented
either one or two categories of tool use. Closer inspection reveals that it is
the Primate order that is responsible for the difference between Mammalia
and the other taxa. Without the Primates, all of the entries for Mammalia are
with either one or two categories of tool use. For the Order Primates, one
or two categories of tool use accounts for only 65.1% of tool use and it is
entries demonstrating only one type of tool use in particular (53.5% com-
pared to >76.9% for all of the other classes/orders) that is responsible for
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the difference. While Aves (without Passeriformes) has some entries demon-
strating three categories of tool use, only the Passeriformes and Primates
have entries with four or five — and only Primates has entries with greater
than five. The proportion of entries with three or more tool use categories
is much higher for the Primates than for other mammals, Aves, or Passer-
iformes. When combined, 34.8% of the Primates taxa use tools in three or
more categories compared to the other mammals (0%), Aves without Passer-
iformes (2.4%), and the Passeriformes (3.1%). From these data, it appears
that some primates have the edge in the breadth of their tool use.

Relevant to the patterns described in the previous paragraphs, Lefebvre
et al. (2002: 961) argued that true tool using birds have a larger average
brain size than borderline tool users, and that true and borderline tool using
may be indicative of ‘different degrees of cognitive ability’. There are also
data showing that tool use has a direct impact on the brain (e.g., Cardinali
et al., 2009). Corvus, some members of which are reported in our catalog as
using tools in four or five categories, is generally recognized as being a large-
brained bird genus. Lefebvre et al. (2002) also stated that the independent,
parallel co-evolution of large brains and tool use may have arisen not only
in different vertebrate lines but, potentially, at least six times in different
avian taxa. Within the primate family tree, tool use may have arisen at least
three different times — on the great ape/human branch, the macaque/baboon
branch, and the capuchin branch (van Schaik et al., 1999; Panger, 2007). The
nine catalog entries with four or more tool-using categories observed within
the Primates (see Table 2) represent seven primate genera — one from the
capuchin branch, two from the macaque/baboon branch, and four from the
ape/human branch. A detailed analysis of comparative brain development,
phylogeny, and the degree and types of tool use exhibited by various animals
is beyond the scope of this paper, but we believe our catalog may be a useful
tool in these future discussions.

While it is tempting to think that breadth of tool usage is indicative of
‘better adapted’ forms, the true ‘adaptiveness’ of each type of tool use re-
quires further study. Alcock (1972: 472) stated that woodpecker finches, sea
otters, and humans, all ‘major tool-using species’, have invaded new niches.
A meta-analysis of niche-expansion and tool use would be of considerable
interest in this regard. Furthermore, the extensive studies of some species
(e.g., New Caledonian crows, black-capped capuchin monkeys, woodpecker
finches, long-tailed macaques) is particularly fertile ground for the study of
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niche-construction through tool usage on the ‘ecological inheritance’ of a
population (see Odling-Smee et al., 2003) or how an acquired characteristic
such as tool usage may shape the environment which, in turn, acts selec-
tively on the population. It is likely that innovation rate, positively correlated
with variety of tool use, may have played a role in evolutionary diversifica-
tion (Reader & Laland, 2002; Lefebvre et al., 2004), an idea that is currently
being explored regarding the great ape-early hominin divergence. See, for
example, Boesch et al.’s (2009) discussion of chimpanzees using complex,
multi-function tools in collecting honey and similarities with tool use by
early hominins. What is evident from our catalog is that observations of taxa
demonstrating a breadth of tool usage are quite limited and, in that sense,
these taxa are different.

In compiling this catalog, our primary goal was to present a concise,
user-friendly, updated resource for researchers interested in animal tool use
that would illustrate trends in animal tool use within and across taxonomic
classifications. We did not expect to resolve the issue of what is or is not tool
use but we believe this updated catalog to be a significant contribution. In
creating the catalog, we have obviously used our definition of tool use and
our interpretations of the available data, including some behaviours while
excluding others. By highlighting breadth of tool use among Passeriformes
and Primates, we made the choice to bring to the forefront this particular
aspect of tool use and these two groups of tool users over others. It is these
types of patterns and comparisons that make further exploration of animal
tool use an exciting topic worthy of continued investigation.
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I Dropped grains of sand directly on social halictine bee (Lasioglossum zephyrum) that was guarding an
underground nest. Sand was used as weapon by the ants against the bees guarding the nest (elimination
of foraging competition).

2 Peel bark from branches that is then inserted into the nest as a perch.

3 Placed the base of the upper mandible against a large rock, and kick gravel from beneath itself with its
feet, moving the legs in rapid succession as if it were running, the bill being used as a brace.

4 Caught small trout (Salmo trutta) rubbed it wings with the fish, with a second fish preened neck and
breast feathers, upper wing coverts and carpal areas.

5 Covered stores of food with lichens and bits of bark.

6 Used ‘bill-bracing technique’ for stealing a masked booby (Sula dactylatra) egg. One individual used
its bill as a lever shoving it under the egg and lifting, while another individual anchored its bill in the
soft ground and then against a nearly stone and kicked the egg forcefully with both feet at the same time.
Succeeded in moving an egg away from nest.

7 Took food that had been placed out for stray cats and hid it under roof tiles for later consumption.
8 Wring moss in beak to give chicks water.

9 Used a feather loosened in the moulting process to apply secretion from uropygial gland to extended
wing using sweeping motions.

10 Used cup to bail water.

' Used 8 cm forked twig to remove snow from ground in order to search for insects.
12 Carried a 6-7 inch feather to bird bath, immersed the feather, then swallowed it.
13 Used pipe to bail water.

14 Used small stones to right itself. Small stones were transferred to the posterior portion of the foot
where they accumulated and allowed snail to right itself.

152 5 year old deserted by mother attempted to cover the remains of a kill with bits of snow and ice.

16 Used branch as walking stick to test water depth while crossing a pool. Also used detached branch as
bridge to cross swamp. Threw grass/branch towards observers. Used logs as ladders.

17 Used a branch as a hook to pull a distant branch closer. Made a protective pad of leaves to protect
hands and feet from thorns of Erythrina sp. Used leaves to amplify vocalizations. Used tools for sexual
stimulation.

18 Wet hands and feet with urine. Concluded that urine washing was a means of improving grip.

19 Used leaves of parasol tree (Musanga cecropioides) as a leaf cushion, as well as leaves of the carapa
tree (Carapa procera).

20 Used poles as ladders to escape from outdoor enclosure. Manufactured pitons from saplings to aid in
escape from enclosure.

21 Adult male used a twig (5 mm in diameter and 10 cm long) to extract and separate ‘bite sized’ stone
fragments from a rock and clay matrix.

22 Created swings in cage by hanging rope and hose on mesh and bars.
23 Stones used as hammers to break cement.
24 Used branch as ladder and another as a club.

25 Used a piece of cloth to transport other objects.
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Appendix B: Databases consulted in compiling catalog

Database

Web address

Biological Sciences

Biosis Previews

EBSCO Host/Academic
Search Premier

Environmental Sciences

JSTOR

Medline

Primate Lit

PsycInfo

Science Direct

Searchable Ornithological
Research Archive (SORA)

Web of Science

Zoological Record Online

http://csaweb103v.csa.com/factsheets/biolclust-set-c.php
http://library.dialog.com/bluesheets/html/bl0005.html
http://support.ebsco.com/help/index.php?help_id=DB: 687

http://csaweb105v.csa.com/factsheets/envclust-set-c.php?
http://www.jstor.org
http://www.oclc.org/us/en/support/documentation/
firstsearch/databases/dbdetails/detailssMEDLINE.htm
http://primatelit.library.wisc.edu/
http://csaweb105v.csa.com/factsheets/psycinfo-set-c.php?
http://www.sciencedirect.com/science/
http://elibrary.unm.edu/sora/

http://thomsonreuters.com/products_services/scientific/
Web_of_Science
http://library.dialog.com/bluesheets/html/bl0185.html
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Appendix C: Reviews consulted in compiling catalog

Author (year)

Citation

Alcock, J. (1972)

Anderson, J.R. (2002)
Beck, B. (1980)

Boswall, J. (1977b)
Boswall, J. (1977¢)
Boswall, J. (1977d)
Boswall, J. (1978)
Boswall, J. (1982)
Boswall, J. (1983)

Chisholm, A.H. (1954)
Hall, K.R.L. (1963)

Lefebvre, L.,
Nicolakakis, N. &
Boire, D. (2002)

Marler, P. (1996)

Morand-Ferron, J.,
Lefebvre, L., Reader,
S.M.,, Sol, D. &
Elvin, S. (2004)

Panger, M.A. (2007)

Pierce, J.D. (1986)
Potter, E.F. (1970)

van Lawick-Goodall, J.
(1970)

Whitaker, L.M. (1957)

The evolution of the use of tools by feeding animals. — Evolution
26: 464-473.

Gone fishing: Tool use in animals. — Biologist 49: 15-18.
Animal tool behaviour: The use and manufacture of tools by ani-
mals. — Garland STPM Publishing, NY.

Tool-using by birds and related behaviour I — Avic. Mag. 83:
88-97.

Tool-using by birds and related behaviour II — Avic. Mag. 83:
146-159.

Tool-using by birds and related behaviour III — Avic. Mag. 83:
220-228.

Further notes on tool-using by birds and related behaviour. —
Avic. Mag. 84: 162-166.

Tool-using and related behaviour in birds: More notes. — Avic.
Mag. 89: 94-108.

Tool-using and related behaviour in birds: Yet more notes. —
Avic. Mag. 89: 170-181.

The use by birds of “tools” or “instruments”. — Ibis 96: 380-383.
Tool-using performances as indicators of behavioural adaptabil-
ity. — Curr. Anthropol. 4: 479-494.

Tools and brains in birds. — Behaviour 139: 939-973.

Are primates smarter than birds? — In: Current ornithology,
Vol. 13 (Nolan Jr., V. & Ketterson, E.D., eds). Plenum, New York,
NY, p. 1-32.

Dunking behaviour in Carib grackles. — Anim. Behav. 68: 1267-
1274.

Tool use and cognition in primates. — In: Primates in perspec-
tive (Campbell, C., Fuentes, A., MacKinnon, K., Panger, M. &
Bearder, S., eds). Oxford University Press, New York, NY, p. 655-
677.

A review of tool use in insects. — Fla. Entomol. 69: 95-104.
Anting by wild birds, its frequency and probable purpose. — Auk
87: 692-713.

Tool-using in primates and other vertebrates. — In: Advances in
the study of behaviour, Vol. 3 (Lehrman, D.S., Hinde, R.A. &
Shaw, E., eds). Academic Press, New York, NY, p. 195-249.

A résumé of anting, with particular reference to a captive orchard
oriole. — Wilson Bull. 69: 195-262.




