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Abstract

Unique patterns of animal behavior and life histories are not regarded as seri-

ous targets in making conservation and management decisions. Here we high-
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Introduction

Preserving biodiversity is one of the principal goals
of conservation. Informally, biodiversity often refers to
species richness or species numbers but its formal def-
inition also encompasses diversity of populations, com-
munities, ecosystems and biomes (Groom et al. 2005;
Hunter & Gibbs 2006). It is well accepted that geneti-
cally unique populations and subspecies of wild organ-
isms, and even breeds of domestic animals, are worthy of
conservation efforts (e.g., Soule et al. 1986; Lauvie et al.
2011). However, the outcomes of gene—environment in-
teractions, namely morphological, physiological, and be-
havioral traits, have been relatively neglected. We believe
these components of biological variation should be con-
servation targets too.

Here we focus on behavioral diversity, which we de-
fine as the total number of species- or population-specific behav-
ioral and life history variants in the wild. Preserving behav-
ioral diversity is a worthy conservation goal for several
conceptual reasons (Ryan 2006; Caro & Sherman 2011).
First, loss of behavioral diversity may prevent a popula-

light the conceptual and practical conservation value of preserving such vari-
ations, review recent declines in behavioral diversity in wild populations, and
encourage conservation biologists, animal behaviorists, and wildlife managers
to document and protect behavioral diversity in the wild.

tion from adapting to future environmental changes; and
loss of behavioral flexibility within an individual may pre-
vent it from adapting to sudden habitat alterations. For
example, bird species with large brains and high propen-
sities for behavioral innovation (flexibility) survive bet-
ter in novel environments than less innovative, smaller
brained species (Sol et al. 2005). Second, when behav-
iors disappear it may signal the loss of mechanisms (due
to altered allelic frequencies, hormonal pathways, and
so on) that predispose individuals to behave in a certain
way; or absence of environmental conditions that allow
a particular behavior to develop or to be manifested; or,
in the case of population extinction, loss of all individu-
als that behave in a particular manner. For example, the
spatial distribution of songbird dialects can be a marker
for subpopulation structure (Laiolo 2008) and bird song
diversity can predict the size and productivity of subpop-
ulations, and thus their likelihood of persistence (Laiolo
etal. 2008). Third, behavioral diversity provides a window
on which social and ecological challenges were important
enough in a population’s evolutionary history to result in
presently observable behavioral responses. For example,

Conservation Letters 5 (2012) 159-166  Copyright and Photocopying: ©2012 Wiley Periodicals, Inc. 159



Vanishing behaviors

antipredator behaviors of prey species are matched
closely to particular predators (Seyfarth et al. 1980;
Sherman 1985), and life history characteristics are
matched to particular environments (Dobson 1992).
Therefore, rather than being a nebulous, transient en-
tity, unrelated to population or landscape-level concerns,
behavioral diversity is likely to be instrumental in pro-
moting population persistence in rapidly changing land-
scapes.

Several authors have called attention to the impor-
tance of preserving behavioral and cultural diversity of
animal populations during the current period of rapid an-
thropogenic change (e.g., Clemmons & Buchholz 1997;
Linklater 2004; Whitehead et al. 2004; Laiolo & Jovani
2007; Ryan 2006). However, for most species we know
very little about whether behavioral diversity is declin-
ing, increasing or remaining stable. Neither natural histo-
rians of the past nor contemporary animal behaviorists
have systematically documented behavioral disappear-
ances among species or populations. Here we draw at-
tention to the phenomenon of behavioral disappearance,
suggest which behaviors are likely to vanish next, and
encourage scientists and practitioners to become more
proactive in retaining behavioral diversity in the wild.

Definition of behavioral disappearance

Behavior is a product of gene—environment interactions.
Therefore, behavior provides a window for viewing the
outcomes of selection pressures acting in particular eco-
logical contexts. Behaviors that are selectively retained
over time are those that enhanced individual fitness, and
behaviors that are selectively lost are those which do
not help their bearers to cope with environmental con-
ditions (Schlaepfer et al. 2010). We define a behavioral
disappearance as having occurred when any population- or
species-specific behavior has not been observed in the wild for
more than 50 years.

A few explanations will help justify this definition.
First, although behavior patterns can be broadly simi-
lar across species, for instance territoriality or defense
of offspring, detailed analyses of behaviors always re-
veal species-specificity. Behavior may also be population-
specific, as, for example, in the cultural patterns of
bighorn sheep (Ovis canadensis) (Berger 1979), chim-
panzees (Pan troglodytes) (Whiten et al. 1999), orangutans
(Pongo pygmaeus) (van Schaik et al. 2003), capuchin
monkeys (Cebus) (Perry 2011), whales and dolphins
(Whitehead et al. 2004), and humans (Nettle 2009).
Second, we restrict our definition to the wild be-
cause unusual or aberrant behaviors can develop and
spread in captive populations and domesticated species.
Our definition can also be applied to human cultural
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attributes if wild is broadly defined as preindustrial society
(Sutherland 2003). Third, we chose 50 years to be in
line with widely accepted definitions of species extinc-
tions (see Brook etal. 2003).

Behaviors can disappear as a result of natural changes,
for example, through losses of old individuals with spe-
cific behavioral attributes (dialects in birds or language in
human populations), or with accumulated wisdom, such
as migratory routes or locations of widely scattered food
and water sources. But behavior can also disappear as
a result of human-induced environmental changes, drift
in dwindling populations, or because of population or
species extinction. It is the anthropogenically mediated
drivers of the latter phenomena that are of increasing
concern.

Examples of behavioral disappearance

To illustrate the problem of behavioral disappearances,
we have compiled a noncomprehensive list of exam-
ples (Table 1). These are drawn primarily from birds and
mammals because these taxa have been studied most
intensively.

Populations of animals endemic to islands often exhibit
little fear of humans or introduced mammalian predators
when they are first contacted, making it easy to eradicate
them. Examples include Steller’s sea cows (Hydrodamalis
gigas) on the Aleutian Islands and perhaps moas on New
Zealand being exterminated by humans, and naive is-
land endemics being killed off by introduced domestic
cats (Felis domesticus) and rats (Rattus) (Donlan & Wilcox
2008). Strong selection for avoiding unusual, predatory
heterospecifics results in rapid loss of behavioral naiveté.
Since nearly all islands have been visited and exploited
by humans or their commensals, only a few contempo-
rary populations remain behaviorally naive (e.g., those
in remote or strictly protected areas such as the Galapa-
gos Islands: Nelson 1968).

Conversely, loss of top predators from ecosystems
(Estes et al. 2011) results in disappearances of antipreda-
tor behaviors. For example, Berger et al. (2001) used play-
backs and olfactory stimuli to demonstrate that moose
(Alces alces) lose their ability to distinguish predators
where important carnivores such as wolves (Canis lu-
pus) have been eliminated. Following reintroduction of
wolves and loss of moose calves to these predators,
mothers redeveloped hypersensitivity to wolf howls. In
long-lived species in which old individuals have supe-
rior knowledge of predation threats, selective hunting of
larger, older animals by humans can result in losses of so-
cial knowledge (e.g., in elephants Loxodonta africana, Mc-
Comb et al. 2011).

Despite decimation of migratory bird (Terborgh 1989)
and butterfly populations (Brower & Malcolm 1991) due
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Table 1 Aspects of behavior that are known to have disappeared as a result of human causes

Type of disappearance Causes Documentation? Reference
Loss of behavioral naiveté
African ungulates Hunting by people Good Caro (2005)
Loss of predator recognition
Moose Extirpation of wolves Good Berger et al. (2001)
Loss of migratory routes
Elephants Agriculture, hunting, dams, roads Poor Pamo & Tchamba (2001)
Bison Conversion of prairie to crops and fencing Poor Seton (1909)
Springbok Fences, livestock farming, shooting Fair Roche (2008)
Malayan sun bears and bearded pigs Forest fragmentation caused by logging Poor Wong et al. (2005)
Loss of song dialects
White-crowned sparrows Urban noise Good Luther & Baptista (2010)
Interacting in very large groups
Green turtles Hunting Poor Jackson et al. 2001

@Good refers to quantitative documentation; fair to written historical accounts; poor to anecdote or supposition.

to habitat alteration, hunting and pollution, populations
continue to migrate. Migrations by nonflying mammals,
by contrast, can be curtailed by land conversion and ur-
banization (reviewed by Bolger et al. 2008; Harris et al.
2009). For example, during the 1700s and 1800s huge
herds of springbok (Antidorcas marsupialis) irregularly
moved across parts of South Africa. Today these move-
ments have been blocked by large-scale fencing and com-
petition with livestock, as well as hunting and drought
(Roche 2008). Other examples of thwarted migratory be-
havior of African mammals include gazelles being pre-
vented from traveling north and south through the Sa-
hel because of human settlement and livestock grazing
(Sinclair & Fryxell 1985), restriction of many large mam-
mals to increasingly isolated national parks due to agri-
culture and fencing outside (e.g., Williamson et al. 1988),
and anthropogenic blocks to migratory routes of ele-
phants on many parts of the continent (Loarie et al.
2009). If migrations are thwarted long enough, knowl-
edge of migratory routes to seasonally separated re-
sources will be lost as old individuals die off; eventually,
migratory behavior itself may disappear.

In the 1800s in North America, millions of American
bison (Bison bison) emigrated from woodlands to gras-
sands in the early Spring, and herds would continue to
wander throughout the Spring and Summer months in
search of forage (Seton 1909). Some western popula-
tions of bison migrated north into Canada in summer
and then back to the Great Plains in the USA in win-
ter. Today, the ~20,000 extant bison are restricted to
large fenced ranches or to unfenced national parks where
annual movements are severely limited by adjacent hu-
man activities. Fences and roads associated with oil and
gas exploration may likewise sever the last remaining

pronghorn antelope (Antilocapra americana) migration on
the continent (Berger 2004).

Vocal dialects change over time in birds (e.g., Catchpole
& Slater 1995) and mammals (e.g., Rendell & Whitehead
2003) and in some species dialect extinction has occurred.
In a 30-year study of white crowned sparrows (Zonotrichia
leucophrys) in urban San Francisco, USA, Luther and
Baptista (2010) showed considerable dialect turnover,
with one dialect declining from 64% to 0% between
1969/1970 and 1998, and another declining from 93 %
to 32%. These changes were attributed to low frequency
ambient noise pollution, with dialects being replaced by
songs with higher minimum frequencies. In a natural ex-
ample, male field crickets (Teleogryllus oceanicus) on Kauai
Island of Hawaii have stopping singing altogether in re-
sponse to parasitism by flies (Ormia ochracea) that are at-
tracted to calling males (Zuk et al. 2006).

Many species consumed by humans once attained far
greater population sizes than occur today. Examples from
the marine environment include abalone, shrimp, crabs,
lobsters, tuna, anchovies, salmon, great whales, and sea
turtles (Jackson ef al. 2001), and from terrestrial habitats
include ungulates such as the Saiga antelope (Saiga tatar-
ica) (Singh & Milner-Gulland 2011) and American bison
(Insenberg 2000). Individuals that collected in foraging
areas or moved together in large schools, herds or flocks
required a suite of social skills to maintain contact with
conspecifics, and cope with challenges over food, shelter,
or mates. However, we know little about the social in-
teractions within such groups, because populations liv-
ing under native conditions are becoming increasingly
rare. Unfortunately, these behaviors will gradually disap-
pear as populations dwindle and interindividual contact is
reduced.
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The foregoing examples illustrate that not all be-
havioral disappearances adversely affect populations or
species. Indeed, behavioral disappearances can result in
both positive and negative consequences. On the one
hand, failure to express a behavior may be adaptive, re-
sulting in greater survival and reproductive success. Thus,
loss of naiveté toward humans and their commensals and
failure of Kauai field crickets to sing increase fitness be-
cause they result in avoidance of predators and parasites,
respectively. On the other hand, failure to express a be-
havior may have negative fitness consequences. For ex-
ample, loss of migratory behavior or knowledge of tra-
ditional migratory routes may prevent populations from
making latitudinal shifts in response to local resource de-
pletion or rapid climatic changes.

Losses of adaptive components of behavioral diver-
sity resulting from anthropogenic habitat alterations are
of greatest concern from the conservation perspective.
Losses of nonadaptive behaviors are lower priority for
two reasons. First, nonadaptive behaviors are expected to
disappear naturally over time due to selection, whereas
losses of adaptive behaviors should occur infrequently
unless the habitat changes suddenly. Far more adaptive
behaviors than nonadaptive behaviors are being lost as
the climate changes, native habitats are destroyed, and
invasive species are introduced. Second, adaptive behav-
iors represent long histories of selection for matches be-
tween organisms and their environments and are there-
fore worthy of conservation; nonadaptive behaviors are
not finely tuned in this way. Of course, which behaviors
are adaptive will change in changing landscapes, but evo-
lutionarily such changes occur gradually, and one adap-
tive behavior will be substituted for another.

Behavioral change over time

Novel behaviors can arise in undisturbed animal popula-
tions in several ways including vocal imitation of other
groups (Janik & Slater 1997), incorrect copying (Lemon
1975), cultural drift (Mundinger 1980), and a variety of
social learning mechanisms (Whiten 2011), as well as
through selection arising from living in different habi-
tats (Seddon 2005). However, new behaviors often at-
tract more immediate attention when free-living popu-
lations begin to interact with people and their artefacts.
Japanese macaques (Macaca fuscata) washing potatoes be-
fore consumption is a famous example (Itani 1965).
Similarly, certain behavior patterns may become more
prevalent following disturbance, such as fear of humans
in exploited ungulates (Caro 2005), or birds singing at
a lower frequencies in urban contexts (Slabbekoorn &
Peet 2003). Although comparative rates of behavioral ap-
pearances and disappearances in natural and disturbed

T.Caro & P.W. Sherman

[
]

B

8.2 .

E2 Undisturbed
< Disturbed
2= Captivity
Bru |

R

g~C

j=]

@]

Time

Figure 1 Schematic graph showing the expected cumulative number
of behaviors gained or lost over time in a single species in three differ-
ent environments: captivity (C), disturbed habitats (D), and undisturbed
habitats (U). Points of intersection between acquisition and loss curves
extrapolate to the equilibrium number of behaviors on the y-axis. At equi-
librium, we expect numbers of different behaviors to decrease in the order
U>D=>C.

habitats are known in only a few cases (e.g., Nishida
et al. 2009), we can nonetheless prognosticate about
the balance between appearances and disappearances of
behaviors in natural undisturbed environments, in an-
thropogenically perturbed environments, and in captivity
(Figure 1).

We hypothesize that when free-living individuals are
brought into captivity they will acquire a small number of
new behavior patterns rapidly as they settle into the nar-
row confines of their radically altered enclosures. Free-
living populations in newly disturbed wild settings may
also acquire new behaviors but more slowly due to less
severe habitat modification. Eventually they will acquire
more behaviors than in captivity due to the greater com-
plexity of even disturbed natural habitats. We expect pop-
ulations in undisturbed highly complex habitats will ac-
quire a greater number of behaviors in total but far more
slowly. Figure 1 also illustrates that captive populations
may quickly lose many of their natural behaviors due to
habitat simplification and small population sizes. Popula-
tions living in disturbed habitats also should lose behav-
iors because anthropogenic disturbance often results in
habitat simplification and loss of heterospecific pressures.
Undisturbed populations, the “null model” in Figure 1,
will lose behaviors at the slowest rate due to selective
maintenance of adaptive responses and occasional losses
due to gradually changing selection pressures.

Our hypothetical curves bear on the issue of how to
maintain populations during the demographic bottleneck
that is envisioned by conservation biologists to occur in
the next ~100 years. Figure 1 illustrates that the num-
ber of behaviors in populations living in captivity is likely
to be lower than in free-living populations; and that
behavioral diversity is likely to be more depauperate in
disturbed than in undisturbed habitats. Assuming these
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curves are roughly correct, in situ conservation in un-
altered habitats is preferable to ex situ conservation if
our goal is to preserve evolved behavior and life history
patterns; preventing behavioral extinctions is yet another
reason for preserving native habitats.

Where might we see the next wave of behavioral dis-
appearances? Some attempts have been made to predict
future species extinctions based on life history charac-
teristics and behaviors of related threatened species. For
example, large-brained, behaviorally innovative species,
which tend to be habitat generalists (Overington et al.
2011) and live socially (Schultz & Dunbar 2006), sur-
vive better than small-brained species in novel envi-
ronments (Sol et al. 2005); carnivores with large home
ranges are particularly prone to population extirpation
due to hunting outside protected areas (Woodrotfe &
Ginsberg 1998); and primates that exhibit low reproduc-
tive rates are prone to extinction due to anthropogenic
causes (Purvis ef al. 2000). This suggests that other ver-
tebrates which are solitary, habitat specialists, and have
extensive ranging behavior or low reproductive rates are
at risk too. In a similar fashion, we may be able to foretell
future behavioral disappearances by examining regions
of the behavioral landscape where behavior is vanishing.
As illustrations, we predict disappearances of antipreda-
tor behaviors in larger herbivorous mammals due to loss
of apex carnivores (Berger et al. 2001); continued loss of
migratory routes and perhaps migratory behaviors among
terrestrial mammals due to habitat fragmentation (Berger
2004); reduction in escalated fighting in species where
males are shot for their weaponry (Jachmann et al. 1995;
Coltman et al. 2003); and a parallel lowering of criteria ac-
ceptable to females when choosing mates due to reduced
variance in male ornamentation (Anthony & Blumstein
2000); breakdown in territoriality in rodents when in-
dividuals are crowded into urban and fragmented pop-
ulations (Berdoy & Drickamer 2007); increased behav-
ioral Allee effects where behavior cannot be manifested
in overly small group or population sizes (Courchamp
etal. 1999); and even reduced cultural diversity in human
populations due to globalization and the internet (Maffi
2001).

Proactive attempts to save behavior

From a practical standpoint, why should we be concerned
if behaviors disappear? There are at least five reasons:

(1) Behavioral variation gives populations the opportu-
nity to escape from environmental stressors now and
in the future.

(2) Preservation of behavioral diversity allows us to seed
wild populations with behaviors that may prevent

Vanishing behaviors

Table 2 Examples of human interventions to restore animal behavior in
the wild

Training captive marsupials to recognize  Griffin et al. (2000)
nonnative predators prior to their
release

Teaching whooping cranes (Grus
canadensis) to undergo annual
migrations following an ultra-light
plane

Removing of dams to allow salmon to
migrate upstream

Taking down fences that prevent large
mammal movements

Feeding California condor chicks
(Gymnogyps californianus) destined
for release using puppets

Teaching black-footed ferrets (Nustela
nigripes) to hunt their prey

Langenberg et al. (2002)

Stanley & Doyle (2003)
Bartlam-Brooks et al. (2011)

Utt et al. (2008)

Tresz (2007)

their extermination by invasive species (“behavioral
rescue:” Schlaepfer et al. 2005).

(3) A wide suite of behaviors can provide us with
a toolkit for tutoring captive born individuals for
reintroduction into the wild giving them the sur-
vival tools necessary to live in a novel environment
(Moore et al. 2008).

(4) Variations in behavior can unlock evolutionary puz-
zles and teach us about the power of natural selec-
tion to mold adaptation. Studies of behavioral vari-
ants are essential to testing many central hypotheses
in behavioral ecology (Caro & Sherman 2011).

(5) Animal behavior and population-specific variations
in behavior are important conservation tools for rais-
ing public awareness as witnessed, for example, in
the popular David Attenborough and Steve Irwin TV
series.

In regard to points 2 and 3, Table 2 outlines some well-
known examples of behavioral rehabilitation. All were
expensive, and they were conducted with the intent of
bolstering animal populations in the wild; however, they
additionally serve to maintain species- and population-
specific behaviors. Some of these efforts would have been
facilitated if behaviors could have been copied from other
individuals (Lefebvre 1995). Many species of free-living
and captive mammals quickly learn to imitate behaviors
of conspecifics that result in rewards of food or avoidance
of predators (Galef 2007). Use of these novel conserva-
tion approaches depends on the existence of behavioral
variants that can serve as tutors for the population that is
being reinforced (Schlaepfer et al. 2005).

In essence, however, these (see Table 2) and other
conservation management techniques, informed by stud-
ies of animal behavior (Blumstein & Fernandez-Juricic
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2010), are last ditch attempts to reinstigate behavior
in discrete populations. Instead, we suggest a more
proactive conservation strategy: that field behaviorists
document and share information necessary to compare
behaviors among study populations and identify where
consistent similarities and differences in behavior are
found. A beautiful example comes from comparison of
seven chimpanzee populations where only seven out of
65 behavior patterns were common to all sites (Whiten
et al. 1999). Perry (2011) and van Schaik et al. (2003)
provided similar data on cultural uniqueness among free-
living populations of capuchins and orangutans, respec-
tively. As a start, we suggest that zoologists identify
aspects of behavioral and life history variation in the
population(s) on which they work, focusing first on be-
haviors that aftfect Ne, the effective population size (e.g.,
reproductive suppression, dispersal, mating systems:
Anthony & Blumstein 2000), as well as traditional themes
such as territoriality, hunting, and foraging behavior, and
social systems, and then collaborate to assess whether
any are unique (i.e., occur only in that population) and
hence merit special consideration for preservation. Such
collaboration would be facilitated by developing a web-
based data depository with uniform reporting formats.
Next, we encourage conservation and management agen-
cies to use behavioral uniqueness as a criterion for decid-
ing which populations of a species deserve special protec-
tion. Whereas there are many criteria currently employed
in targeting conservation efforts including identifying ar-
eas of species richness (e.g., Conroy & Noon 1996), en-
demic species (e.g., Loyola et al. 2007), and evolution-
ary uniqueness (e.g., Crozier 1992), to our knowledge
none has used unique behaviors or life history charac-
teristics of species or populations as a conservation goal
despite their being an organism’s best solution to ecolog-
ical pressures and hence an important product of natu-
ral selection (i.e., another type of evolutionary unique-
ness). Of course population-specific behaviors—just like
population-specific genetic characteristics—can change
naturally or even disappear over time. Since we cannot
predict the course of such changes, however, the prudent
approach is to document and protect all forms of popula-
tion uniqueness, including in the behavioral realm.

We hope to elevate the status of behavior as a crite-
rion for protection of a species or population. To help
achieve this end, granting agencies should encourage
well-planned comparative studies of populations of the
same species in habitats that differ in ways predicted to
affect behavioral traits of interest, rather than discourag-
ing such studies just because one or a few studies of that
species already have been done. We also urge conserva-
tion decision-makers to adopt policies to protect uniquely
behaving populations when they are discovered.
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