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Familiarity with the landscape increases foraging efficiency and safety. Thus, when

animals are confronted with a novel environment, either by natural dispersal or

translocation, establishing a home range becomes a priority. While the search for a home

range carries a cost of functioning in an unfamiliar environment, ceasing the search carries

a cost of missed opportunities. Thus, when to establish a home range is essentially a

weighted sum of a two-criteria cost-minimization problem. The process is predominantly

heuristic, where the animal must decide how to study the environment and, consequently,

when to stop searching and establish a home range in a manner that will reduce the cost

and maximize or at least satisfice its fitness. These issues fall within the framework of

optimal stopping theory. In this paper we review stopping theory and three stopping

rules relevant to home range establishment: the best-of-n rule, the threshold rule, and

the comparative Bayes rule. We then describe how these rules can be distinguished

from movement data, hypothesize when each rule should be practiced, and speculate

what and how environmental factors and animal attributes affect the stopping time. We

provide a set of stopping-theory-related predictions that are testable within the context

of translocation projects and discuss some management implications.

Keywords: movement ecology, stopping rule, search theory, behavioral types, translocation, dispersal

INTRODUCTION

For mobile, sentient animals moving through an air-, sea-, or landscape with some level of
predictability, knowledge is a major determinant of fitness. This knowledge pertains to where and
when resources, threats, and refuges exist, promoting foraging efficiency and consequent fitness.
Devoting time to learning comes at the cost of other fitness-related activities, thereby generating
an exploration-exploitation dilemma (Berger-Tal et al., 2014). Familiarity with the landscape is
therefore a key contributor to fitness because it reduces the necessity for searching and learning,
allowing more time to be devoted to exploitation. Consequently, in most species, individuals will
tend to establish residency in a given space, referred to as its home range (HR, Spencer, 2012).

Typically, animals venture into an unfamiliar environment during a post-natal dispersal phase,
which in some species may be soon after hatching/birth while in others at time of sexual
maturation. Occasionally, however, animals may find themselves in a novel environment due to
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external factors—e.g., translocation or forced abandonment of
a former HR. Regardless of the cause, the animal becomes
nomadic, searching for a new space in which to establish a
HR. The establishment of a HR in unknown space is essentially
a heuristic problem: as the animals explores the environment
it accumulates information based on which, at some point, it
should transition from a nomadic phase to a residential phase.
During the nomadic phase a relatively high proportion of the
individual’s time needs to be devoted to exploration, while in
a residential state a much greater proportion of its time can be
devoted to resource exploitation.

The decision to switch phases should be based on information
accumulated during exploration and previous past-experience.
The timing of the transition between the two phases is important.
On the one hand continued searching in an unknown landscape
has considerable costs in terms of finding resources, exposure
to risk, intra-specific competition (forgoing a potential HR
that is then occupied by a conspecific), and even postponed
reproduction. On the other, stopping the search and establishing
a HR carries a cost of missed opportunities—i.e., missing out on
a better HR had the search continued. Thus, the establishment
of a HR is essentially a stopping problem (Hill, 2009), where an
individual attempts to maximize or, at least, satisfice its fitness
(i.e., additional HR improvements do not actually improve its
fitness) by deciding how to search and when to stop searching
and establish a HR.

Successful translocations offer a unique opportunity to
study ecological processes such as range expansion, density
dependence, and learning behavior (Sarrazin and Barbault,
1996). Specifically, translocated animals are released into a novel
environment that in many instances is vacant (reintroductions)
or nearly vacant (restocking) from conspecifics. The translocated
individuals must then explore the landscape and eventually
establish a HR. Studying the movement and behavior of these
individuals can elucidate the stopping rules that are used to
establish a HR and the conditions that impact the timing of
stopping. These conditions include individual animal attributes,
landscape characteristics, and population density effects resulting
from the growth of the newly established population.

In this paper, we briefly review stopping theory and relevant
rules and present a general model for the case of an animal
searching for a place to establish a HR in an unknown
environment. We then discuss various key factors that should,
in theory, impact the stopping decision in a predictable manner
and delineate potential scenarios where these predictions can be
tested as a part of translocation projects.

STOPPING THEORY

Optimal stopping theory addresses the problem of when to
stop a current activity and take a particular action so that
expected net rewards are maximized. As such, it underpins many
animal-decision-making processes. Thus, a number of behavioral
transitions in animals can be studied and explained within the
framework of optimal stopping theory. Examples include HR
establishment, optimal foraging and patch-use theory (when
to leave a patch), mate choice (particularly females deciding

when to accept a particular suitor), and predation procedures
(e.g., when to give up a chase). The decisions are typically
based on experience and conditions (both the animal’s and
the environment’s) from which the expected future return is
estimated and the costs and benefits of executing or forgoing the
action at a given time are assessed. However, while the costs and
benefits of the current activity are mostly experienced at present,
the costs and benefits of stopping are a projection into the
future and involve levels of uncertainty that may be reduced with
additional knowledge acquired through continued search. Thus,
a key issue in many stopping behaviors is the search time needed
to infer a reliable assessment of the long-term cost and benefits
of continuing the current activity vs. stopping and establishing
a HR.

Numerous formulations of stopping theory exist (e.g.,
Ferguson, 2006 Chapter 1), most focused on non-ecological
problems. Depending on the type of data and uncertainties,
several have varying relevance to ecology and can help typify
the specific case of establishing a HR in a novel environment.
Common examples are:

• Marriage/secretary problem (aka best choice problem). The

object of this problem is to select the best (according to an
a priori defined criterion) of a set of n objects (e.g., potential
spouses/interviewees). The rule is that these objects must
be assessed in some arbitrary sequence, with a decision on
whether to accept the object and stop the process, or to move
onto the next object being required to be made after each
assessment (so there is no going back). Theory demonstrates
that the optimal procedure is to peruse the first n/e (∼0.368n)
objects and then select the first object after this that is better
than every object assessed thus far. This procedure selects the
best object 37% of the time, though could infrequently result
in the last object being a forced selection, no matter its value.
A parallel ecological example would be mate choice at a lek
where a given number of males (n) compose the lek and a
female must evaluate the males and select one to mate with.
The optimum, in terms of cost (time invested in evaluation)
and benefit (quality of the male) would be to evaluate a 0.368
proportion of the males and chose the next one that is better
than all those previously evaluated.

• House Selling problem (aka job search problem). An owner

selling a house receives one offer per unit time for all time
into the future (infinite horizon). However, keeping the house
on the market has a cost (advertising, mortgage repayments,
lost investment opportunities). Once an offer is received a
decision must be made whether to accept or keep searching.
A rejected offer cannot be reconsidered. The longer one waits,
the higher the cost, but the opportunity to get a better offer
than the one rejected exists. If one expects the value of an offer
at time t = 0,1,2,. . . , denoted by Xt , is known to be randomly
distributed on [0,1], and the cost per unit time is c<1/2, then
the optimal solution is to choose Xt the first time it exceeds
(1-(2c)1/2). In limited sense, this scenario can be applied to a
sit-and-wait predator deciding whether to forgo a small prey
and wait while its hunger increases for a larger prey to arrive
or to consume the current prey and then set out to find a new
ambush spot.
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• Job Search problem. This is a generalization of the house
selling problem to one that involves several factors that need
to be considered each time (e.g., salary, commuting distance,
work environment) where some of these parameters may not
be easily quantifiable. The optimal solution to this problem
varies with n (Mazalov and Konovalchikova, 2015). In an
ecological context, predators may confront a similar problem
when deciding whether to chase a particular quarry (e.g., size
of prey, speed of prey, distance to prey, features of the terrain)
or continue to search for a better quarry.

• The Parking problem. An individual wants to find the closest

parking spot to a particular location (i.e., the value of the spot
is its proximity to this location). There are several variants
of this problem, one of ecological interest being that if an
individual cannot find a parking spot close the location, a
revisit to those further away may reveal, with some increasing
probability over time, that these previously vacant spots have
now become occupied. Solutions for particular formulations
of this problem are found in Tamari (1982). In ecology, this
problem has similarities to post-natal dispersal in territorial
species where available vacant territories are quickly occupied
by conspecifics and on a first-come-first-serve basis (i.e.,
scramble competition).

Although not a necessity in stopping theory, in the above
examples the current activity is a search process. Thus, stopping
theory is strongly linked to search theory. However, search theory
is a wider concept despite this term often being interchangeably
used with stopping theory (Lippman andMcCall, 2001), and even
being specifically applied to the Job Search problem.

In ecology, search theory is predominantly associated with
movement patterns within the context of foraging theory
(Bartumeus and Catalan, 2009) and typically is not associated
with stopping theory. However, although not referred to by name,
stopping theory is commonly used in behavioral ecology. Patch-
use, in particular, is noteworthy. Here, an individual foraging
in a patch slowly exhausts available resources and the effort of
finding those remaining increases with time. When the costs
of continued foraging in the patch equal or exceed the benefits
gained from continued foraging, individuals should cease feeding
in the patch and abandon it. The resource density in the patch
at this stopping point is termed the giving-up-density (i.e., the
amount of food left in a patch at the point when the forager
leaves it; Brown and Kotler, 2004; Makin et al., 2020). In this
formulation of stopping theory, the search area is restricted, the
number of objects (n) is fixed (finite horizon) but unknown, and
the objects sought are removed (consumed) from the available
pool, so search effort increases with time.

THE HOME RANGE ESTABLISHMENT
PROBLEM

As with the particular problems discussed above, the current
activity of individuals in the HR Establishment Problem is a
search process, but it differs in presenting a more complex
scenario. The HR Establishment Problem is similar to the
Job Search problem in that n is not fixed (the animals may,

in theory, keep searching indefinitely), several factors are
involved, and evaluating the quality of objects is a complex
and imperfect process. However, it also bares resemblance
to the Parking Problem in that the competition may be on
a first-come-first-served basis. Further, the search associated
with HR establishment bears a high cost due to elevated risk
of predation and inefficient foraging resulting from lack of
familiarity with the landscape. In the case of translocations (as
opposed to natal dispersal) there is another key difference. This
is the lack of residence from which to carry out the search
and no familiarity with the immediate surroundings, although
habituation within a local enclosure prior to release may enable
some familiarity. Hence, we view HR Establishment as a unique
stopping problem with unique attributes, resulting hypotheses,
and testable predictions. Empirical studies addressing these
issues can provide insight into the process and may have
management implications.

STOPPING RULES IN HOME RANGE
ESTABLISHMENT

Various rules for assessment and decision making in stopping
problems have been proposed. Some may be applicable only
to specific problems. Their efficacy may vary depending on the
specific conditions and attributes of the decision maker and the
environment in which the problem is set. The following three
appear particularly relevant to HR establishment (Luttbeg, 2002):

• Best-of-n rule: The animal should assess n options and can
select the best of these. In practice this means being able to
return to any of the formerly assessed options. The optimal
value of n depends on the cost of the search and the variance
in the quality of options.

• Threshold rule: Based on experience (a set of n previous HR
assessments), the individual sets a threshold, and chooses the
next encounter that exceeds this threshold. In practice this
is best applied under a no return situation that precludes a
best-of-n rule. The secretary problem is a specific case of the
threshold rule fixed a priori at 0.368n.

• Comparative Bayes rule: The information obtained on each
option is assumed to be incomplete and the animal, after a
relatively cursory study of n options, will return to gather
further information on the better ones and then re-evaluate.
This tactic reduces the effort involved in the initial exploration
and if revisiting previously investigated options for re-
evaluation is possible, is superior to the above rules (Luttbeg,
2002).

The specific stopping rule and timing for optimizing or satisficing
HR establishment are expected to depend on the species
characteristics, environmental conditions, and individual-animal
attributes and perceptions. Two basic questions of ecological
interest can be formulated regarding HR establishment: Q1.
What conditions favor the use of which specific stopping rule?
Q2. When to stop and establish a HR—or, more pointedly,
how are varying environmental conditions, animal traits and
experience expected to influence the time to HR establishment?
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From these questions we formulate specific predictions that are
testable in the field. We note here that we consider the stopping
time as the point at which an animal sets up its initial HR and
does not include partial shifts and improvements of the HR that
occur after settling (Maor-Cohen et al., 2021).

Q1. What Conditions Favor the Use of
Which Specific Stopping Rule?
The future fitness associated with the various stopping rules
depends largely on whether random re-encounters are possible
(i.e., whether there is a finite set of options) and whether
animals can resample previously encountered options (Luttbeg,
2002). These issues underpin potential differences between
HR establishment under natural conditions and planned
translocations. Seeking to establish a new HR under natural
conditions is predominantly a phenomenon associated with
post-natal dispersal and, to a lesser extent, catastrophic events
such as fire. In both cases the availability of vacant HRs
is expected to be limited, especially in vertebrates that tend
to be “K-selected” and which, unless reduced by stochastic
environmental conditions or heavy hunting, their population is
near carrying capacity (McCullough, 1992). Thus, in contrast
to the typical translocation, animals dispersing on their own
initiative within relatively undisturbed populations are expected
to confront a landscape nearly saturated with conspecifics and
fewer opportunities for HR establishment. For example, in large
territorial-predators adult survival is expected to be high, and
the dynamics are dictated mostly by reproductive success and
post-natal survival (Kapota and Saltz, 2018) so vacant territories
are expected to be rare. Further, given that post-natal dispersal
occurs within a narrow window of time, the landscape during the
dispersal season will typically be flooded with individuals seeking
to establish a HR (e.g., Hawlena et al., 2010). Consequently,
the probability of returning to a previously evaluated area and
finding that it had not yet been occupied is low. Hence, post-
natal dispersers in such species are expected to rely on the
threshold rule (e.g., Macdonald and Bacon, 1982). Although less
restrictive, for individuals of non-territorial, semi-social species
(such as many ungulates), establishing a permanent HR that
likely overlaps with conspecifics, the conspecific saturation of
the landscape during dispersal season is still expected to be a
major factor.

By contrast, in “r-selected” species or, following a population
crash, in species typified by slow growth rates, post-natal
dispersers will find themselves in a relatively vacant environment
where the probability is high of returning to previously explored
sites and finding them still vacant. In such cases, the best-of-
n rule or Comparative Bayes rule will be the better options.
Further, the best of these two options will depend on whether
the quality of the better sites can be reliably distinguished based
on the initial exploration (thereby favoring the best-of-n rule) or
further exploration is required (thereby favoring theComparative
Bayes rule).

The presence of conspecifics in sites targeted for translocation
depends on the time, place, and purpose of translocations. For
example, in reintroductions, individuals in the first wave of

release will be confronted with a vacant environment, while
later boost releases will experience an increasingly occupied
landscape after successful establishment of initial releases. Thus,
in reintroductions we may expect the stopping rule to shift from
a best-of-n rule or comparative Bayes rule in early releases to a
threshold rule in later releases.

Which rule is being practiced by specific individuals can be
determined using high resolution movement tracks from GPS
platforms. Specifically, the different rules can be distinguished
by analyzing the movement trajectories of individual animals
during the search phase and determining whether they revisited
one or several sites before HR establishment and whether these
revisits were associated with an area-restricted-search (Kapota
et al., 2017). For example, individuals that: (i) settled in the
last explored area without returning to any of the previous sites
would be indicative of the Threshold rule; (ii) explored a set of
potential sites and returning to the best one would be indicative
of Best-of-n rule); (iii) settled after repeated returns to several
sites would suggest the possible application of a Comparative
Bayes rule.

Dispersal patterns will also be impacted by the starting
conditions. Post-natal dispersers benefit from having a “home-
base” (the maternal HR) from which to carry out pre-dispersal
exploration (Debeffe et al., 2012) while benefiting from the safety
offered by the maternal HR, in addition to acquiring a general
understanding of the surrounding habitat characteristics from
the maternal HR characteristics. This enables the animals to
gain knowledge of the surrounding matrix from the safety of
the maternal HR and return to it following exploratory foray in
different directions—forming a start-like movement trajectory.

In translocation, animals can be released using an interim
stage of adjustment by confining them to a habituation enclosure
at the site of release (soft release) or released immediately on
site (hard release). Soft releases enable individuals to gain some
familiarity with the habitat and immediate surroundings. If soft
releases provides some level of security, individuals (especially
those belonging to species subject to predation) may view the
release location as a safe “home-base” from which to carry out
exploration forays similar to post-natal dispersal. On the other
hand, hard-release individuals will not be familiar with the release
site and are expected to move away immediately in search of a
HR. Studies have shown that in soft-releases individuals tend to
establish a HR closer to the release site (e.g., Attum and Cutshall,
2015). Regardless of the type of release, the criteria for assessing
what stopping rule is being practiced still hold. Although data
for determining which stopping rule is practiced clearly exist, in
numerous previously reported translocation studies these ideas
remain to be tested.

Q2. When to Stop Searching and Establish
a Home Range?
The optimal stopping time (i.e., the point at which the animal
decides to establish a HR) is the outcome of two cost functions:
(i) the cost of continuing the search (not stopping); and, (ii) the
missed opportunity costs (MOC, discussed more fully below)
associated with stopping the search. This holds for all three rules.
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The costs associated with continued search are those resulting
from movement through an unfamiliar environment, such as
elevated risk, difficulty in finding resources, time devoted to
learning the landscape, and forgoing breeding opportunities.
Generally, these costs are expected to be constant over time, and
the accumulated costs, therefore, are expected to increase linearly
with time from the onset of the search.

MOC are those associated with foregone alternatives when
stopping the search. MOC can only be assessed by the animal
through exploring the novel landscape and forming some
database of availability. As information is accumulated, the
relative contribution of each additional bit of information
declines so the MOC function is expected to be a positive,
monotonically decreasing function of search time (e.g., a
negative exponential function). These costs are also reduced with
competition because the probability of realizing the benefits of
the forgone alternatives declines as they become occupied by
conspecifics. The optimal stopping time is, therefore, the point
at which a weighted sum of search and missed-opportunity costs
are minimized (Figure 1; the two costs have been reduced to the
same units so they are given the same weightings).

The exact formulation of cost-of-search and MOC functions
depends on conditions, including the expected quality of
the environment and its variance in terms of food and
shelter, presence of conspecifics, predation risk, and individual
animal attributes such as age, body conditions, gender, and
behavioral type. Based on these, numerous hypotheses can
be formulated. Translocations, and specifically reintroductions,
offer an opportunity to test specific hypothesis derived
predictions concerning theHREstablishment problemwithin the
stopping theory framework using comparative designs:

• Quality of the environment and risk of predation. As quality

of the environment decreases or risk of predation increases,
the cost of continued search increases so the function becomes
steeper, and the optimal stopping point is predicted to
be earlier (Figure 1A). This can be tested by comparing
translocations between habitat types or in the same area
between seasons.

• Variance in habitat quality over space. As the variance of the

quality of potential HRs over space declines, the MOC decline
(Figure 1B) and expected stopping time is shorter.

• Presence of conspecifics. This depends on the social structure
of the species. In territorial species (either solitary of group),
as the presence of conspecifics increases, fewer opportunities
become available, the better patches are expected to be
unavailable causing the mean value of a potential HR and
the variance around that mean to decline. Thus, as we see in
Figure 1C, time to stopping shortens. Further, the probability
of finding a previously visited option still unoccupied declines,
so using the Threshold Rule becomes the better option.
If this is combined with the decline in the variance of
available HRs and lower MOC, stopping times should become
particularly short. In semi-social animals that are non-
territorial, the shorter stopping time may be confounded
because the presence of resident conspecifics may also be used

FIGURE 1 | The two costs involved in establishing a home range: search

costs in black and missed opportunity costs (MOC) in green. Search costs

increase with time. MOC increase with the variability of habitat conditions over

space and decrease with time as the animal’s assessment of space improves.

The sum of both costs is in red, and the optimal stopping time is when this

sum is minimized (indicated by the blue arrows). Each of the three sub-figures

(A–C) compares the stopping time between two formulations of one of the

cost functions. (A) If search costs increase (black dashed line) optimal

stopping time is reduced. (B) If habitat variability over space is reduced (green

dashed line) stopping time is reduced. (C) If competition is high (i.e., the better

areas become unavailable) the variance in potential habitats declines reducing

optimal stopping time.

as a cue to habitat quality, potential mates, and a safer and
quicker way to study the habitat by following them. Thus, in
translocation projects involving multiple releases, individuals
from later releases are expected to establish a HR earlier (Dolev
et al., 2002). This also points to the difficulty in evaluating
this response under conditions where the landscape is nearly
saturated and stochastic processes in the form of the chance
of finding a vacant spot overwhelm the process. As a result,
few individuals may be lucky to establish a HR early on while
others will have to perform a long-distance search (Lutz et al.,
2015), thereby making the variance on the stopping time too
large to draw any conclusions.

• Body condition. Individuals in better condition

(larger/heavier) have reduced risk of starvation and
depredation. They thus are expected to devote more
time to search and will travel farther in an effort to find a
better HR. This will result in a later stopping time (Debeffe
et al., 2012). Differences will be similar to those depicted in
Figure 1A but will be evident among individuals in the same
translocation having different body condition (as determined
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prior to release by one of existing indices of body condition;
see Servello et al., 2005).

• Behavioral types, sex, and age. Within a species, individuals

vary in their behavior according to age, sex, and behavioral
types. These behavioral tendencies—whether active, bold,
exploratory, sociable, or aggressive—have been shown to
be relatively consistent within individuals over a given
time period and in different contexts (Réale et al., 2007).
There generally appears to be a linkage between these
traits—more active individuals tend to be more explorative,
more aggressive, and bolder. For example, in roe deer
(Capreolus capreolus) dispersers explore more than philopatric
individuals (Debeffe et al., 2013), and bold, more active
amphibians tend to explore more and travel farther than their
counterparts (Kelleher et al., 2018). The bolder behavioral
types are expected to perceive the novel environment as
less threatening and evidently assume better opportunities
(i.e., greater MOC). Thus, bold individuals are expected to
have a later stopping times. Younger animals with greater
life expectancy also have higher MOCs, as do males in
polygynous species and, thus, are also expected to have delayed
stopping times.

Such studies can provide insight into HR ecology and species-
specific behavioral ecology which may also have management
implications. Testing these predictions can be done by
determining individual-based time-to-settlement analyses
using, for example, the distance from the release location (or
some other movement parameters) as a function of time. This
could be done using a two-segment broken stick regression
function that separates the search and HR residency movements
(McNicol et al., 2020). The time to establishment of an individual
is determined as the point the two segments meet. The time
to establishment can then be used as a dependent variable in
analyses assessing the impact of the various environmental and
individual animal attributes on stopping time.

MANAGEMENT IMPLICATIONS

Translocation projects are typified by a high rate of failure, with
the behavior of the released individuals being one of the key
determinants of success (Berger-Tal et al., 2020). The process
requires individuals to adapt rapidly to a novel environment
and go through a behavior-adjustment process termed post-
release behavioral modification (PRBM; Berger-Tal and Saltz,
2014). PRBM is dependent not only on objective environmental
conditions and animal attributes, but also on how the animal
perceives its own condition and surroundings.

The establishment of a HR is a vital step in this process because
familiarity with the landscape is an important contributor to an
animal’s fitness. HR establishment is commonly considered an
early indicator of translocation success (Yang et al., 2018; Briers-
Louw et al., 2019) and is a parameter frequently assessed in
reintroductions. Delayed HR establishment following the initial
releases in a reintroduction delays recruitment and decreases
survival of the released individuals, thereby slowing the growth
of the population and subjecting it to stochasticity-related risk

of elimination. Understanding the factors that influence the
timing of HR establishment (i.e., stopping time) and validating
the aforementioned predictions can help design translocation
protocols and achieve better results. Not all factors affecting
stopping time are manageable, but several can be manipulated
to accelerate HR establishment. These include individual animal
attributes such as behavioral types, age, and body condition. They
also include release protocols such as timing and methods of
release. Notwithstanding, it is important to realize that certain
traits that favor early stopping time may also have negative
aspects. For example, older animals are expected to show shorter
stopping time due to lower MOC, but their life expectancy is
shorter (hence the lower MOC). Similarly, release in the low-
productivity seasonmay reduce stopping-time; but it may impact
the animal’s condition and the resulting long-term dynamics of
the population.

Individual personality and the tendency to disperse are
correlated with bold individuals being more prone to disperse
further (Cote et al., 2010), which translates into a later stopping
time. More specifically, bold individuals perceive risk as being
lower and MOC as being higher. Thus, translocating bolder
animals may delay the establishment of a permanent resident
population. This, in turn, may weaken propagule pressure and
lower the probability of translocation success. Alternatively,
translocating timid individuals may result in faster settlement
in and around the release site, but continued releases of such
individuals in the same location may cause “piling” near the
release site. This would occur because the search and MOC
costs are evaluated by the animals based on landscape conditions
and how they vary over space. An individual released into an
area that is locally saturated would be ignorant of the vacant
landscape further from the release site. Near the release site the
individual would experience few opportunities (vacant spots)
with little variance between them (only the poorer spots remain
unoccupied).With the perception of few opportunities, stopping-
time would be shorter than needs be, resulting in “piling” that
may well reduce population performance. It follows that some
combination of both types may improve translocation results
(Watters and Meehan, 2007). Specifically, varying the ratio of
timid and bold individuals in subsequent releases may be optimal
if early releases include a greater proportion of timid individuals
than later releases. Empirical data, however, are needed to
support this hypothesis.

Simulating future population performance can benefit
the planning of translocations, specifically in the context
of reintroductions (Saltz, 1998; Maor-Cohen et al., 2020).
Incorporating animal and environmental attributes that affect
the timing of HR establishment into population projection
models may aid in deciding the composition of individual
attributes and release methods that will maximize future
population performance.

The ideas presented herein highlight the importance of post-
release monitoring and new research opportunities regarding the
impact of various parameters on stopping time because, as we
have argued above, stopping times affect individual movement
patterns with consequences for population viability. Findings
from studies testing the predictions put forth in this paper
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can later be incorporated into meta-analyses supporting the
formulation of hypotheses and the articulation of paradigms that
can then be incorporated into translocation protocols.
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