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Animal Behavior as a Tool in
Conservation Biology

J. Michael Reed

The behavior of animals is important to conservation biology because behavior affects
species persistence through a wide variety of mechanisms. These mechanisms can include
social disruption of breeding, dispersal and settlement decisions, learned and socially
facilitated foraging, translocation success, and canalized behavior that is maladaptive (Reed
1999). In addition, understanding behavior can be critical to solving problems such as reserve
design. As an example, one of the current controversies in conservation biology is how to
create proper corridors to facilitate dispersal among protected areas (Beier and Noss 1998).
Haddad (1999) showed how corridor use might be predicted from animal behavior at habitat
boundaries. If we understood endangered species’ behaviors as well as we do those of some
domestic species, e.g., domestic sheep do not like walking into their own shadows (Kilgour
and Dalton 1984), we could solve one aspect of corridor design. Behavior also can be critical
to determining species’ management goals. For example, a recent study of pilot whales
(Globicephala melas) showed that its unusual group structure and mating system requires
management for many pods rather than management for large numbers of individuals within
a single pod (Amos et al. 1993). Even beyond setting management goals, behavior sometimes
can be manipulated to achieve a particular goal. In nature we observe predators taking
advantage of their prey’s behavior (Jabtonski 1999), and there is no reason we cannot take
advantage of species’ behaviors to achieve conservation goals.

Despite the importance of behavior to species conservation, animal behaviorists only
recently have entered the field of conservation biology (Clemmons and Buchholz 1997; Caro
1998; Gosling and Sutherland 2000), and have yet to do so en force. Sutherland (1998)
demonstrated clearly the lack of overlap between the fields of animal behavior and
conservation biology. He reviewed the subject matter of papers published in 1996
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Table 12.1. Examples of how various species are censused and the behaviors exploited by
the census method to increase effectiveness

Species (or taxon) Census Method Behavior(s) Citation
Exploited

Black bear (Ursus Counting opened cans of  Olfactory prey Powell et al.

americanus) sardines that were detection (1996)

nailed to trees

Red-cockaded Counting “active” cavity = Excavating resign Reed et al. (1988)

woodpeckers trees wells and scraping

(Picoides borealis) bark from nest
and roost trees

Most frogs Counting calling males Attracting mates Zimmerman
by calling (1994)

in Animal Behaviour and in Conservation Biology; none of the 229 papers in the former journal
dealt with conservation, and only 9 of 97 in the latter focused on animal behavior. It is
possible that the lack of overlap so far in these fields is due to not understanding the myriad
ways in which animal behavior can influence species’ conservation. Of all areas of
conservation biology, censusing and monitoring are the only ones where the methods center
on species’ behaviors. All animal censusing, monitoring, and inventory methods take some
advantage of behavior (Table 12.1). When census methods are refined for particular target
species, refinements often take advantage of specific behaviors, and the effectiveness of
inventory and monitoring depend on the effectiveness of these methods (Bibby et al. 1992;
Reed 1996).

In this chapter | present examples of the ways in which behavior can be used
specifically as a tool to achieve conservation goals. Although most examples come primarily
from birds and terrestrial mammals, behavior can be a tool in conservation of other taxa.
Because of recent symposia (Clemmons and Buchholz 1997; Caro 1998; Gosling and
Sutherland 2000), | do not review all the ways behavior can relate to species conservation.
Rather, | address several important issues in conservation biology: finding behavioral
indicators of ecosystem health, increasing reproductive success and survival, facilitating
movement, improving population viability analysis, facilitating species translocation or
reintroduction, and reducing loss of genetic variability. For each, | provide examples of how
behavior might be manipulated to achieve specific goals. It is my intent to stimulate interest
in considering and applying behavior to solve specific conservation problems.

12.1 Behaviors as Indicators of Ecosystem Health
Indicators are relatively simple measures intended to reflect complex phenomena (Bibby

1999). Popular biological indicators of ecosystem health or integrity include the
presence or abundance of particular pollutants in wildlife, specific habitat
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structures, and the presence or abundance of particular species (e.g., Furness and Greenwood
1993; Karr 1994). The disadvantages of many indicators include high economic cost of
measurement, destruction of the individual being tested, necessity of long-term data, and a
long time lag between the introduction of a problem and response of the indicator. Although
not often used, particular behaviors or disruption of typical behaviors also can be indicators of
ecosystem health, and they sometimes avoid the above problems associated with other
bioindicators (Warner et al. 1966). Here | briefly review the use of behaviors to indicate the
presence of pollutants, and their potential to act as indicators of other types of environmental
impacts. The principles | present also can be applied to the presence of diseases, which can
alter behavior or produce specific atypical behaviors.

Although most research on ecotoxicity focuses on determining lethal doses of
toxicants, sublethal effects can result in population decline by disrupting normal behaviors
(Cohn and MacPhail 1996) (Table 12.2). A wide variety of effects of pollutants on normal
behaviors have been reported, including tremors in limbs, altered time/energy budgets,
disrupted motor and sensory functions, and decreased performance in learned tasks (Peakall
1985; Dgving 1991; Kulig et al.1996). For example, Galindo et al. (1985) found northern
bobwhites (Colinus virginianus) exposed to methyl parathion were more susceptible to
predation, and Nocera and Taylor (1998) found that very young common loons (Gavia immer)
exposed to mercury spent less time brooding, resulting in decreased fledging rates. Despite
the lethal impact of toxicants, however, not all studies find behavioral responses to sublethal
doses (e.g. Fox and Donald 1980). Consequently, if one wants to determine specific responses
or lack of response to particular chemicals, experimental work is needed. However, if one is
interested in determining only if a toxicant in general is a problem in an ecosystem, rather
than initially determining the specific toxicant, observing a suite of behaviors to determine if
they deviate from typical behaviors can be sensitive indicators. Determining what constitutes
atypical behavior requires fairly extensive data on the behaviors of healthy individuals for use
in comparison (Dgving 1991; Cohn and MacPhail 1996; Kulig et al. 1996). Given the rapidly
expanding number of chemicals released into the environment with often-unknown effects
(Colborn et al. 1998), this type of research should receive a high priority.

Although they have not been addressed formally, behaviors could be used as
indicators of other types of ecosystem health. Forexample, it is reasonable to

Table 12.2. Population decline can result from a variety of sublethal impacts on behaviors

Type of Behavior Impact to Population via:

Parental Care Fewer offspring produced

Mating and Reproduction Fewer matings, fewer offspring

Predator Avoidance and Alarm Response  Increased mortality

Behavior During Development Increased mortality

Predatory Increased starvation

Migration or Dispersal Increased mortality, decreased colonization

Source: Adapted from Dgving (1991) and Cohn and MacPhail (1996).
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assume that population density and habitat quality would be related for a given species.
However, more-detailed studies have demonstrated this to be incorrect in many
circumstances. For example, high population density might be associated with non-territorial
(not breeding) animals, rather than with territorial (breeding) individuals (Van Horne 1983).
Higher densities also could be associated with social disruption, and ultimately reduced
reproductive success (Purcell and Verner 1998). In many species reproduction can be difficult
to assess, and behavioral indicators of reproductive status might be used (e.g. Vickery et al.
1992). Changes in time budgets, such as time spent foraging, also can reflect changes in
environmental condition, such as sea bird foraging time reflecting fish prey stocks
(Montevecchi 1993).

Potential downsides to using behaviors as indicators include the necessity of deciding
on discrete, quantifiable behaviors to measure, and the difficulty of determining specific cause
and effect, particularly for identifying particular toxicants (Kulig et al. 1996; Peakall 1996).
However, if one has as a goal to determine if there is a problem, rather than what the specific
problem is, these concerns are less important. Developing behavioral indicators of ecosystem
health will involve an interesting blending of experimental psychology, ethology, and field
studies (Cohn and MacPhail 1996).

12.2 Increasing Reproductive Success

When the intrinsic rate of increase (r) of a closed population (one with no emigration or
immigration) is less than zero, its numbers decline over time. Intrinsic rate of increase is a
composite variable that combines death rate and birth rate. The birth rate in some species is
dependent on behaviors that lend themselves to manipulation.

Many of the mechanisms by which behavior can affect reproductive success can be
grouped under the rubric of social facilitation. Of conservation interest is the breakdown of
these social factors at small population sizes, which can result in a sudden reduction in
reproductive success or survival (Fowler and Baker 1991). Another behavioral problem
related to small population size is increased frequency of hybridization, which results from
inadequate behavioral barriers to mating (Rhymer and Simberloff 1996). The obvious solution
to problems of inadequate population size is to increase its size. This option is not always
available, such as with rare species or with some captive populations. Researchers working on
captive populations of flamingos (Phoeniconais spp.) found a unique solution to the problem,
however. Flamingos are social breeders and small groups of birds do not breed (Stevens
1991). Pickering and Duverge (1992) were able to stimulate pre-reproductive displays in a
captive flock by putting up mirrors. This suggests the possibility of other methods for social
stimulation, particularly in captive populations, such as showing still or videotaped pictures of
conspecifics. Some species of birds and lizards are known to respond to projected images
(e.g., Clark et al. 1997), though to my knowledge this method has not been used to facilitate
breeding.
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12.3 Increasing Survival

Survival rate is the other component of the intrinsic rate of increase in a closed population.
Behavior contributes to individual survival in terrestrial vertebrates primarily through learned
behaviors or responses. Here | show examples of two behaviors that affect survival rate, i.e.,
predator avoidance and learned foraging skills, and briefly discuss how they might be
manipulated to increase survival rate.

Predator avoidance is key to survival for most species. For some vertebrates, effective
predator avoidance is related to local habitat familiarity (Isbell et al. 1990; Clarke et al. 1993).
For some other species, predator defense can be a social behavior that depends on a
minimum group size. For example, when groups of pronghorn (Antilocapra americana) drop
below 12-15 individuals, their typical defensive behavior breaks down, making them more
susceptible to predation (Leopold 1933). These behaviors are important to decisions about
how to release individuals when reintroducing them to a new site, but are not readily
manipulated in wild populations. In contrast, for some species, recognizing predators and
developing escape reactions are cultural skills that must be learned when the animals are
young. This can be a problem when translocating animals or when introducing naive
(captively bred) animals to the wild because these skills might be lacking. Recently,
researchers have used models of predators to condition wild and captive-reared animals to
predators (e.g., McLean et al. 1995; Bunin and Jamieson 1996). Any increase in predator
recognition escape proficiency could increase survival rate.

In many species, foraging efficiency increases with practice and learning (Kamil and
Yoerg 1981) and social learning plays an important role in diet learning by juveniles (Provenza
and Balph 1987). Work on domestic species (ruminants, goats, sheep) in particular has shown
the importance of social learning of food selection. For example, experience early in life
affects food selection by adults (Distel and Provenza 1991), food preference by mothers
affects that of offspring (Mirza and Provenza 1990), and aversions or preferences to novel
foods can be transmitted culturally to offspring (Thorhallsdottir et al. 1990). An extreme
example of social learning affecting diet selection of young comes from research on domestic
cats. Wyriwicka (1981) electrically stimulated pleasure areas in cats’ brains while feeding
them unusual foods (e.g., bananas). This resulted in a food preference for the cats, and this
preference was learned by their offspring.

Social facilitation also affects proximate foraging behaviors. For example, group size
can affect prey selection in species that sometimes cooperatively forage (Major 1978). In
some species there is conspecific attraction to other foraging animals (Poysa 1991b;
Beauchamp et al. 1997), and decreased predation risk associated with large foraging groups
can increase the amount of time spent foraging (P6ysa 1991a). Foraging behaviors in many
species have already been manipulated to increase survival probabilities, particularly in the
use of feeding stations (Helender 1978). For example, although diurnal cycles and weather
affect white-tailed deer (Odocoileus virginanus) foraging patterns, Henke (1997) showed that
deer enclosed in natural areas could be conditioned to feed at any time of day at feeding
stations. Feeding stations can be used for more than just increasing food avail-
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ability, however. They also could be used to train individuals on a new food type, to train
aversion to a food type that is associated with increased mortality (such as crops, or a food
type that has become poisonous through pollution), or to train animals to avoid high-risk
areas. For species that feed in groups, decoys can be used to attract species to new feeding
areas (Kear 1990).

Castro et al. (1994) used supplemental feeding to enhance habitat quality for
endangered Hihi (Notiomystis cincta, a honeyeater) that had been translocated to an island
for protection. They found that in the new habitat type, with the altered distribution of food
(feeding stations) the birds adopted polygamous mating patterns not normally exhibited in
this monogamous species. These accidental alterations of behavior could have negative
effects on species and should be guarded against. For example, polygamous mating results in
a lower effective population size than monogamous mating of the same number of males and
females, thus increasing the rate of loss of genetic variability (see below) (Falconer 1989).

12.4 Facilitating Movement

The primary cause of species extinction worldwide is habitat loss and fragmentation. These
mechanisms put species at risk by reducing population size and through edge effects, which
are biotic and abiotic intrusion into interior habitat from an ecotone (Harris 1984). The
isolation associated with habitat fragmentation has two components, physical isolation and
psychological isolation. Physical isolation is a function of distance (MacArthur and Wilson
1967). Psychological isolation is based on behavior and has received less attention. Despite
the capacity to disperse a given distance, many species will not cross a habitat gap or an
ecotone (Desrochers and Hannon 1997; St. Clair et al. 1998). Not knowing the behavioral
response of individuals can lead to incorrect predictions of the impacts of habitat isolation.
For example, bighorn sheep (Ovis canadensis) tend to avoid entering timber when moving
among feeding sites (Geist 1971). A resource manager unaware of this behavioral tendency
would make incorrect predictions of species responses to some reserve designs and habitat
management plans. Here | discuss three types of conservation problem associated with
individuals moving among sites (dispersal, colonization, and corridor use), and methods that
have been or might be used to manipulate behavior to help solve the problem.

12.4.1 Dispersal and Colonization

When a population becomes diminished and isolated, its chances of persistence are
diminished because smaller populations are subject to stochastic factors affecting genetic
variability, demography, chance environmental events (Shaffer 1981), and reduced
opportunities for population rescue through immigration (Brown and Kodric-Brown 1977).
Here | am concerned with the problems of reduced dispersal among populations because it is
the driving force in metapopulation dynamics (Wu et al. 1993). Dispersal among populations
typically is treated in population biology as a mechanical or diffusional process, where an
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animal leaves its natal or breeding territory, travels in a random direction, and settles in the
first appropriate site it finds (e.g., Johnson and Gaines 1990). However, dispersal in many
species, particularly vertebrates, involves behavioral decisions regarding if or when to
disperse, what path to travel, and where to settle (Stamps 1991; Reed et al. 2000).

In addition, the nature of the landscape that defines population distributions can
affect the behavioral decisions involved in dispersal (Lima and Zollner 1996). For example,
behavior can affect emigration decisions, either by increasing dispersal in response to local
interactions or by inhibiting emigration. Inhibition can be due a reluctance to cross an
ecotone (Stamps et al. 1987; Hansen and di Cristi 1992) or a gap in habitat (Desrochers and
Hannon 1997; St. Clair et al. 1998), or avoidance of a particular habitat type (Geist 1971). An
example of a behavioral inhibition to emigration comes from hyraxes (Heterohyrax brucei and
Procavia johnstoni) living in the Serengeti (Hoeck 1989). These species live on isolated rock
outcrops, and individuals tend to not disperse to other outcrops if they do no see or hear
conspecifics at that outcrop (other examples given by Reed 1999). Similar behavioral
mechanisms can inhibit immigration once an individual has dispersed, such as failure (or
inhibition) to settle in suitable habitat because of the absence of some cue correlated with
habitat quality (e.g., Stamps 1991; Weddell 1991). The most commonly studied behavioral
mechanism affecting immigration is the effect of conspecific attraction on settlement
decisions (e.g., Stamps 1987, 1991; Danchin et al. 1991). This can affect growth rates and
persistence (Reed and Dobson 1993).

Behavior of emigration, immigration, and colonization (which | distinguish as a special
case of immigration to empty habitats) can be exploited in conservation settings. Colonization
of new or unused areas could be encouraged if the cues used by a particular species to assess
habitat suitability were known and could be altered. Hunters have used cues to manipulate
behavior for centuries, e.g., in attracting waterfowl by means of calls and decoys (e.g., Kear
1990). Along the same lines, nest boxes have been employed to attract cavity-nesting ducks
to areas from which they had been absent (Kadlec and Smith 1992). Decoys and playback also
have been used to induce colonially nesting birds to establish new colonies (e.g., Kress 1983),
and dispersing Griffon Vultures (Gyps fulvus) were attracted to former breeding sites by
spreading white paint to simulate droppings (Sarrazin et al. 1996).

Immigration rate or success could be enhanced for some species by creating breeding
sites (e.g., Blanco et al. 1997), but this represents a change in habitat suitability rather
than being a behavioral manipulation. The best examples of manipulating behavior to
encourage natural colonization of suitable sites come from colonially nesting birds. This
work was pioneered by Kress (1983), who presented painted decoys and played sound
recordings of least terns (Sterna antillarum) to attract potential breeders to sites where he
wanted colonies to be formed. These methods have been used successfully with at least
seven other species of colonial seabird (Kress 1997; Veen 1997), and have potential for
species with other breeding systems (e.g., Rodgers 1992). The goal of this work is to provide a
conspecific cue of habitat suitability. This takes advantage of
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prospecting behavior, which is exhibited by species across the animal kingdom, whereby
animals gather information about potential breeding sites and make decisions based on
expected reproductive success (Reed et al. 2000). Cues might include as widely differing
actions as playing conspecific song (Verner 1992) and spreading white paint to simulate
droppings (Sarrazin et al. 1996). Results from colonial waterbirds have been dramatic, and the
approach used has potential for success for any territorial species.

Considering movement behavior and how it might be manipulated to solve
conservation problems for the most part is poorly developed, but has many possibilities. For
example, threats to amphibian persistence include roads bisecting breeding and adult
habitats, and breeding pond loss. Efforts to provide tunnels under roads have shown that
species can be very particular in their requirements for use (Langton 1989). Behavioral
tendencies and restrictions should be considered in reserve designs (Schultz 1998) and in so-
called sustainable development to ensure target species can take advantage of the landscape
design.

12.4.2 Corridor Use

Another way to facilitate dispersal among patches of habitat is through corridors. Reserve
designs and sustainable development plans often depend on corridors because of their
theoretical importance to sustaining otherwise isolated populations (Saunders and Hobbs
1991). The efficacy of corridors in different situations, particularly what constitutes a corridor
for different species, is controversial, but a recent review concluded that corridors can be
effective (Beier and Noss 1998). Corridors can be as short as a highway underpass (Reed et al.
1975) or tens of kilometers long, such as buffer zones along railroads or highways (Walters et
al. 1988). What constitutes a suitable corridor depends in a large part on behavioral
decisions, which means corridor construction needs to take target species’ behaviors into
account.

Understanding how an animal uses its environment can help predict what will
constitute a corridor. For example, some species use roads for foraging or dispersal
(Munguira and Thomas 1992; Seabrook and Dettmann 1996), so roads might make useful
corridors for some species of bat. In other taxa, roads can be barriers to dispersal
(Richardson et al. 1997). Studies of movement behaviors and their consequences are
critical to understanding corridor use. Rosenberg et al. (1998) found that Ensatina
eschscholtzii, a plethodontid salamander, move across bare soil as well as across ground
covered by vegetation, but the movements across the former habitat were much quicker.
It is unknown, however, which cover type is better for the salamander. What actually
constitutes a corridor for different species remains controversial (Beier and Noss 1998). The
best approach for determining this is to develop replicated studies with different
treatments for each species in question. However, time and money constraints often
preclude this. Recently, Haddad (1999) provided a method that could shorten this process
by showing that corridor use might be predicted from behaviors at ecotones. In looking
at the behaviors of three species of butterfly, Haddad (1999) found that habitat specialists
responded to ecotones by changing course and that they used corridors
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to move among patches, while habitat generalists moved regardless of ecotones. Using
simulation modeling of movement behavior, he showed that some increases in corridor width
increased movement among patches, but that after some width the added benefit was
minimal. Using his methods, combining behavior observations with simulation models, one
might predict the efficacy of corridors for habitat specialists.

Behavior might even be influenced to encourage corridor use. White-tailed deer
become more nocturnal and avoid roads and certain habitat types during the hunting season
(Kilgo et al. 1998). For this species, placing corridors away from roads could result in
increased use during the hunting season. The same type of detailed knowledge of behavior
for species targeted for conservation might provide similar management tools.

12.5 Improving Population Viability Analysis

One basic problem in conservation biology is predicting population persistence, which can be
done for some species through population viability analysis (PVA). PVA is a modeling tool that
uses demographic data (survival and reproductive rates) and its relationships with
environmental factors to project population sizes over time (Boyce 1992; Beissinger and
Westphal 1998). Incorporating behavior in these models can increase prediction accuracy for
some species. Because Reed (1999) recently discussed incorporating behavior into PVA
models, | will only highlight some salient points.

Effects of behavior on survival and reproduction can be incorporated directly as a
model parameter or indirectly by modifying the probability density function of a parameter.
For example, density-dependent effects on survival or reproduction due to behavioral
processes such as finding a mate, predator defense, or mating disruption (e.g., Hagan et al.
1996), can be incorporated as a parameter that modifies reproduction or survival. PVA
models also can be modified to incorporate the results of altered mating preferences, or in
metapopulation models, the results of altered dispersal patterns (e.g., Boulinier and Danchin
1997). Spatially explicit population viability models can be developed for single populations
and for metapopulations (Dunning et al. 1995), and if the model is individually based, it has
great potential for incorporating behavior. For example, one could incorporate decision-
making during dispersal, mating preference, mate encounter rates, effects of habitat shape on
encounter rate and selection, etc.

Incorporating behavioral data into PVA, however, is only simple in theory.
Incorporating behavior into demographic models requires translating behaviors into
demographic or spatial consequences (Beissinger 1997), which can be difficult because
the data required for this incorporation normally will not exist and would be difficult
to gather. As a consequence, one often must rely on best guesses of the effects
of different behaviors on model parameters, and PVA predictions can be very
sensitive to small changes in some parameter values (e.g., Stacey and Taper 1992).
In addition, even if there is a demonstrated impact of behavior on any
demographic parameter, it is not always necessary to incorporate it into a



154  Monitoring Ecological Health

PVA. Hanski (1994) developed a metapopulation model that can incorporate behavior in
multiple ways, but the model predictions appear to be insensitive to its incorporation.
Sensitivity analysis, or more specifically elasticity analysis (de Kroon et al. 1986), can be used
to anticipate the potential importance of incorporating behavioral effects in modeling
population persistence. If predicted persistence is insensitive to the degree of change in
demographic parameters anticipated from incorporating behavior, it should not be
incorporated into the PVA.

12.6 Successful Translocation and Reintroduction

Translocation and reintroduction are used commonly for species conservation (e.g., Griffith et
al. 1989). They are used to create or augment populations and increase genetic variability.
They can be done artificially, by moving adults, juveniles, or eggs (including by implanting
ova), or more naturally by manipulating behaviors. The importance of behaviors in these
processes varies by species and sometimes by individual, and could manifest at many stages.
For example, behavioral adaptations of translocated individuals might not be suitable for local
conditions (Warren et al. 1996), introduced animals might not be incorporated into local
populations (Clarke and Schedvin 1997), or hybridization with related species could occur
(Parkin 1996). How animals are reared in captivity also can have important impacts on the
success of released animals. Rearing Nene (Branta sandvicensis) in captivity with adults
increases survival of released birds over that experienced by young reared in the absence of
adults (Marshall and Black 1992). Black-footed ferrets (Mustela nigripes) reared in semi-
natural pens have higher post-release survival than do those reared in cages without pen
experience (Biggins et al. 1998). This pattern has been observed in other species as well, and
can be a particular problem for species with complex social interactions (Watts and Meder
1996).

12.7 Decreasing Loss of Genetic Variability

Loss of genetic variability threatens species persistence by increasing the frequency of
homozygosity of deleterious alleles and by decreasing the variability available for
selection (Frankel and Soulé 1981). The rate of loss of genetic variability from a
population is predicted by its effective size (Ne), which is determine by population size,
sex ratio, skew in reproductive success, mating system, and similar traits (Parker and
Waite 1997). Of most immediate concern to conservation biologists are problems
associated with increased homozygosity within a population, which can result in inbreeding
depression, which increases extinction risks (Allendorf and Leary 1986). One way to slow the
rate of loss of genetic variability from a population is through immigration. The methods
described above to increase dispersal or colonization would increase genetic variability. It is
important to be aware of the potential problems created by these actions, such
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as outbreeding depression or disruption of local adaptation (e.g., Frankel and Soulé 1981).
Consequently, benefits of these actions need to be weighed against potential detriments.

Another method of decreasing the rate of loss of genetic variability is through selective
breeding. By allowing more animals to mate and by reducing variance in reproductive success
among individuals, a greater amount of variability is passed to the next generation (Ballou and
Foose 1996). This possibility seems relatively simple for captive populations, but unlikely for
wild populations. However, observations of mating preferences based on characteristics that
can be manipulated suggest avenues for altering mate selection in wild populations of some
species. Research on zebra finches (Poephila guttata) showed that colored leg bands could
affect mate selection and reproduction (Burley 1986a). Reproductive success was twice as
high for “attractive” birds (i.e., those banded with “attractive” colors) (Burley 1986b) and the
sex ratio of offspring favored the “attractive” mate (Burley 1981, 1986a, c). In addition,
mortality rates were higher for “unattractive” birds (60% vs. 13% for “attractive” birds during
the time of the experiment; Burley 1985). Patterns of mating preference or reproductive
success associated with artificial marking have been observed in some other species (Hagan
and Reed 1988), but not in all (Weatherhead et al. 1991; Cristol et al. 1992). Whether band
color affects reproduction and survival more generally is controversial, as are the proposed
mechanisms driving these patterns (Ratcliffe and Boag 1987; Burley 1986a). However, recent
manipulative experiments where unique adornments were provided to breeders reinforce
some of Burley’s ideas. For example, Witte and Curio (1999) provided novel traits (a colored
feather to the head, altered bill color, and stripes under the tail) to Javanese mannikins
(Lonchura leucogastroides) and found they affected mate choice and that males and females
responded differently to the traits.

From a conservation perspective, if individual “attractiveness” could be manipulated in
wild populations of a target species, it is theoretically possible to increase effective population
size with a minimum of intrusion. This would allow slowing the rate of loss of genetic
variability through two mechanisms, altering the breeding sex ratio and decreasing variance in
reproductive success among individuals, which would reduce inbreeding depression.
Blumstein (1998) modeled simple scenarios of the impacts of female mate selection
preferences on effective population size. He focused strictly on the impact of mate selection
on breeding sex ration, and some of his results can be shown simply using the following
expression for calculating effective population size (Ne):

4N N,
N, =——
° N, +N;

where N, and N are the effective number of males and females in a population; i.e.,
approximately the number of males and females breeding (Falconer 1989). For a fixed
number of breeders, as the sex ratio becomes more skewed the effective size decreases
(Figure 1). Altering mating preference also would affect variance among individuals in
reproductive success. This relationship can be shown simply as



156 Monitoring Ecological Health

y _AN-2
© Vo +2

where N is the number of breeders and Vi = variance in gamete production, or variance in
family size (Falconer 1989). If all individuals have the same reproductive success (Vx = 0), N¢ is
maximized at 2N-1, and N, declines with increased variance in among individuals (Figure 12.1).

Based on the above models, manipulating mate preference and relative reproductive
success among individuals can increase effective population size. In fact,
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Figure 12.1. Effective population size (Ne) estimates for populations under different mating
and reproductive scenarios. N, is a measure of the rate of loss of genetic variability; the
smaller N, is the faster genetic variability is lost. Upper: N, for a population with 100 breeders
with different sex ratios of breeders (M/F). Lower: N for 100 breeders with different
variances among individuals in reproductive success. In both graphs it is assumed that
populations are ideal except for the variable being altered on the X-axis and that generations
do not overlap; see text for equations.
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even habitat manipulation can affect mating patterns in some species (Apollonio et al. 1998).
Based on experimental manipulations of mate choice, these methods have the potential for
working in both sexually dimorphic and monomorphic species. However, each species should
be tested for an effect, and it should be determined whether the effect, if found, is enough to
merit manipulation.

12.8 Conclusions

In this chapter | have shown that there are important problems in conservation biology that
can be solved or ameliorated for some species by manipulating behaviors. Some of the
solutions discussed here are being used for active conservation, while others are at the
planning stage. My goal was to show the myriad and often quite creative uses to which
behavior might be incorporated or manipulated to achieve specific conservation goals. More
attention needs to be paid to the behaviors of wild animals, with particular reference to
altering the environment to enhance reproductive performance, survival, and dispersal. | also
encourage researchers to review methods used in domestic animal care and captive-breeding
programs to look for other ways in which behavior might be manipulated. Researchers in
these areas have long recognized the importance of animal behavior in their work, and have
tools or approaches that could be adopted for in situ and ex situ animal conservation (e.g.,
Kilgour and Dalton 1984). Interesting introductions to behavior relevant to conservation,
particularly for captive breeding of wild animals, exist for invertebrates (Demarest and
Bradley 1995), fishes (Francis-Floyd and Williams 1995), reptiles and amphibians (Burghardt
and Milostan 1995), birds (Hutchins et al. 1995), and mammals (terrestrial: Gittlemen and
McMillan 1995; marine: Ellis 1995; non-human primates: Kholkute and Dukelow 1995).
Greater interaction among conservation biologists, animal behaviorists, captive breeders, and
domestic breeders would advance the field quickly. Not coincidentally, it is this type of
disciplinary crossover that is necessary to develop the field of conservation medicine.
Veterinarians, physicians, and biologists have been working in related and often overlapping
fields of research. Conservation medicine will draw on all the sub-disciplines in these fields to
develop the tools required to maintain ecosystem health.
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