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Site fidelity is a ubiquitous example of behavioral specializa-  
  tion or rigidity (Berger-Tal and Saltz 2016) in which ani-

mals reuse locations that remain fixed in geographic space. 
Returning to previously visited sites involves spatial memory 
(Merkle et al. 2014), which can be costly to develop and 

maintain (Dukas 1999) yet provides a rather simple way of 
choosing where to forage, nest, breed, or migrate. Site fidelity is 
exhibited at various scales, from daily foraging patches to sea-
sonal migration routes, and has evolved in taxa as diverse as 
insects (Dyer 1996), birds (Piper 2011), fish (Block et al. 2005), 
reptiles (Broderick et al. 2007), amphibians (Bucciarelli et al. 
2016), and both marine (Horton et al. 2017) and terrestrial 
(Sawyer et al. 2019) mammals (Figure 1).

Although site fidelity evolved in predictable environments 
(Schmidt 2004; Abrahms et al. 2018), it can be advantageous in 
unpredictable environments as well when developing site famil-
iarity is beneficial (Switzer 1993; Piper 2011), or when outcomes 
are beneficial when integrated over relatively long timescales 
(Abrahms et al. 2018). Site fidelity reduces costs associated with 
sampling behavior, assessing and choosing habitat, switching 
locations, and/or natal dispersal. For example, returning to birth 
sites to breed can be adaptive because an animal survived there, 
which theoretically provides information about past resource 
quality (Kokko and Sutherland 2001). Returning to a previously 
visited location provides information (ie familiarity) that can 
improve an animal’s future dominance interactions, foraging, 
movement efficiency, predation response, social capital, and 
local adaptation (Switzer 1993; Piper 2011). Beyond benefits to 
the individual or population, site fidelity can ultimately play a 
major role at the ecosystem scale through nutrient and energy 
transfers (eg subsidizing terrestrial ecosystems with aquatic 
nutrients) and alteration of trophic interactions (eg population 
regulation; Bauer and Hoye 2014).

In certain situations, however, site fidelity may be maladap-
tive, in which the use of a site results in lower fitness than 
would occur in other available sites. Site fidelity varies among 
individuals and populations along a continuum, with two of 
the most common strategies consisting of a “win-stay/
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In a nutshell:
•	 Because Earth’s environment has been relatively stable 

over geologic time, many animals habitually return to 
places visited in the past to forage, breed, or find shelter, 
a behavior termed site fidelity

•	 However, humans are altering habitats much faster than 
natural change has previously occurred

•	 Animals that employ site fidelity will have difficulty ad-
justing to human-induced rapid environmental change 
because their ability to adjust their behavior in response 
to habitat alteration is relatively slow

•	 Researchers and practitioners should expect site fidelity to 
become more frequently disadvantageous, initiate projects 
to identify and understand why such changes are occurring, 
and prioritize conservation of site fidelity behavior
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lose-switch” strategy that depends on previous experience, and 
an “always stay” strategy that is independent of past experience 
(Switzer 1993). Habitat degradation that shifts spatial patterns 
in habitat quality could make strong fidelity maladaptive 
(Kloskowski 2021). Indeed, numerous observational studies 
have found that individuals with strong fidelity forego the use 
of higher quality sites in favor of previously visited sites 
(Williams et al. 1993; Merkle et al. 2015). For example, experi-
mental manipulation of habitat availability revealed that great 
tit (Parus major) pairs often did not shift from poor-quality 
habitat to higher quality habitat when vacancies in quality hab-
itat became available. Individuals that did switch tended to be 
first-year breeders without established territories, suggesting 
that established individuals were more likely to remain in their 
occupied site even when high-quality alternatives were present 
(Krebs 1971).

The effects of maladaptive site fidelity can scale up from 
individual fitness to population productivity. For instance, 
food resources on traditional feeding grounds of lesser snow 
geese (Anser caerulescens caerulescens) declined by 50% from 
1979 to 1991, and birds that exhibited strong fidelity to these 
locations had smaller brood sizes (Williams et al. 1993). Strong 
fidelity to breeding sites by Baltic eiders (Somateria mollissima 
mollissima) has also resulted in a drastic decline in their popu-
lation, as predation on adults at those sites has increased 
because of population recovery of white-tailed sea eagles 
(Haliaeetus albicilla; Ekroos et al. 2012). Similarly, an “always 
stay” strategy for breeding site selection led to reduced 

breeding success and a 40% loss in colony size 
in Cape gannets (Morus capensis) following a 
rapid reduction in prey availability within 
their foraging range (Pichegru et al. 2010). 
Given the global prevalence of site fidelity and 
the rapid pace of contemporary environmen-
tal change, there is an urgent need to consider 
how the Anthropocene affects organisms 
employing this behavior.

Site fidelity and human-induced rapid 
environmental change

We are living currently in the Anthropocene, 
a period signified by human-induced rapid 
environmental change (HIREC; Sih et al. 
2011) characterized by swift and widespread 
land-cover change for such purposes as agri-
culture and resource extraction (Foley et al. 
2005). Human-induced climate change has 
also facilitated global ecosystem alteration 
(Walther et al. 2002), including shifting phe-
nologies and greater environmental variability 
(Wang et al. 2017). Site fidelity did not evolve 
in such quickly transforming environments. 
Stated simply, if an animal returns to a given 
location because of site fidelity, and the rel-

ative fitness benefits of that site are reduced because of 
HIREC, the animal will inherently be more likely to make 
a maladaptive decision, particularly if other options exist.

An emerging theme that characterizes the Anthropocene is 
the creation of evolutionary and ecological traps (Robertson 
et al. 2013), which can accelerate population declines 
(Robertson and Chalfoun 2016; Sigaud et al. 2017). 
Evolutionary traps are situations in which rapidly changing 
conditions lead to a decoupling of the cue an organism uses to 
guide its behavior from that cue’s fitness outcome. Ecological 
traps are a subset of evolutionary traps, focused on habitat 
selection, in which individuals prefer habitats that confer lower 
fitness over other available options (Robertson and Hutto 
2006; Robertson et al. 2013; Robertson and Chalfoun 2016). In 
other words, an ecological trap is characterized by both prefer-
ence for equal or lower quality sites and a lower fitness out-
come derived from the preference (Robertson and Hutto 
2006). For example, lizards (Acanthodactylus beershebensis) in 
Israel’s Negev desert continued to use areas despite higher rates 
of predation after the experimental addition of structures that 
facilitated predator activity (Hawlena et al. 2010).

Ecological traps are rooted in habitat selection theory, 
wherein animals choose between available habitat options given 
their real or perceived fitness benefit. Whereas site fidelity was 
originally noted in the scholarly literature on ecological traps as 
an index of evolved preference of a given site (Robertson and 
Hutto 2006), the behavior of site fidelity is based on a different 
decision framework (Merkle et al. 2015). With fidelity, 

Figure 1. Representation of temporal scales in which site fidelity is observed and at which 
human-induced environmental change may undermine its adaptive value. Within years, site 
fidelity can be affected by short-term environmental changes (such as extreme weather 
events, release of dam water, or severe fires caused by fire suppression regimes). Interannual 
site fidelity can be affected by increasing environmental variation (for example, more frequent 
or more intense swings between climatic phases). Perhaps the most detrimental impacts 
result from long-term, monotonic changes (such as climate warming and land-cover change).
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individuals decide whether or not to return to a given site based 
on previous experience at that geographic location (eg knowl-
edge of the site, reproductive output) and not necessarily 
because of the habitat conditions at that location (Switzer 1993). 
To specify site fidelity as a mechanism underlying an ecological 
trap, we propose the term fidelity-induced ecological trap to 
define situations in which site fidelity, rather than habitat selec-
tion, underlies an ecological trap. We envision fidelity-induced 
ecological traps as scenarios in which individual organisms 
continue to prefer a site (eg foraging patch, migration route) 
because of site fidelity, despite the reduced fitness benefits of 
that site and the availability of other options that may confer 
higher fitness benefits (sensu Kloskowski 2021).

Whereas previous research has hypothesized that species 
exhibiting strong site fidelity may be particularly vulnerable to 
ecological traps (Weldon and Haddad 2005; Hale et al. 2015), 
examples of fidelity-induced ecological traps are increasingly 
emerging (Ekroos et al. 2012; Kloskowski 2021). For example, 
migratory ungulates often exhibit strong site fidelity (Sawyer 
et al. 2019; Morrison et al. 2021); in the western US, popula-
tions of mule deer (Odocoileus hemionus) continue to return to 
their traditional winter ranges each year despite human-caused 
habitat alterations. At the same time, population sizes of mule 
deer have declined broadly in recent decades (Figure 2; 

Johnson et al. 2017; Sawyer et al. 2017). Northern elephant 
seals (Mirounga angustirostris) displaying strong site fidelity in 
their migrations to the central Pacific Ocean have poorer body 
condition in anomalous climate settings than their more site-
flexible counterparts (Figure 3; Abrahms et al. 2018). Likewise, 
space use patterns of American bison (Bison bison) in and 
around Prince Albert National Park in Saskatchewan, Canada, 
can be explained by a fidelity-induced ecological trap (Sigaud 
et al. 2017). Although bison mortality risk is higher outside the 
park from human hunters than inside the park from other 
causes, bison continue to forage daily on the same farmlands 
surrounding the park (ie strong site fidelity), thereby contrib-
uting to a population decline (Sigaud et al. 2017). Similarly, the 
damming of rivers for hydroelectricity and water resources has 
caused declines in many fish stocks worldwide, as impassable 
dams (eg flood control reservoirs) often lead to extirpation of 
populations of migratory fish with strong site fidelity to natal 
streams (Liermann et al. 2012).

How can site-faithful organisms adapt?

Adaptation to HIREC is markedly slower for organisms with 
strong site fidelity than taxa with weaker or no site fidelity 
because adaptation usually occurs over generations rather 

Figure 2. In a natural gas field development in western Wyoming (US), available habitat for overwintering mule deer (Odocoileus hemionus) has 
decreased over the past two decades. (a and c) The cumulative amount of habitat converted to roads and well pads within the gas field has increased. 
Although this population of mule deer has made fine-scale behavioral changes to avoid habitat close to human infrastructure during winter (Sawyer et al. 
2017), (b) individuals exhibited strong site fidelity to their winter range prior to development (in 1999); in the subsequent decades, the mule deer popula-
tion has fallen by 40% (Sawyer et al. 2017). See WebPanel 1 for further details. Panel (c) adapted from Sawyer et al. (2017). Mule deer image credit: J Riis.

(a)

(b)

(c)



Front Ecol Environ doi:10.1002/fee.2456� © 2022 The Ecological Society of America.

JA Merkle et al.4    CONCEPTS AND QUESTIONS

than via behavioral plasticity (Berger-Tal and Saltz 2016). 
Indeed, behavioral plasticity has been linked to the ability 
of species to adapt to HIREC (Sih et al. 2011; Beever et al. 
2017), and behavioral specialization or rigidity (often char-
acteristic of site fidelity; Abrahms et al. 2018) is thought 
to increase extinction vulnerability (Clavel et al. 2011; Berger-
Tal and Saltz 2016). We emphasize three ways in which 
site-faithful species may overcome fidelity-induced ecological 
traps.

First, adaption may occur through reduction in the inten-
sity of site fidelity. Organisms that employ a “win-stay/lose-
switch” site fidelity strategy have greater behavioral flexibility 
than those employing an “always stay” strategy, and thus are 
more capable of proximately adjusting their behavior as a 
result of individual or social information (Doligez et al. 

2003). For example, whereas bison will con-
tinually use and return to the same network 
of meadows, they can modulate their site 
fidelity in response to changes in experience 
(Merkle et al. 2014). When a bison recently 
experiences (ie within days to weeks) poorer 
quality forage than the current location, the 
probability of returning to previously visited 
sites declines. Similarly, male California 
newts (Taricha torosa) can adjust the 
strength of breeding site fidelity in response 
to perceived competitive advantage over 
conspecifics (Bucciarelli et al. 2016). Male 
common loons (Gavia immer) likewise 
increased their breeding success by 41% over 
3 years by employing a “win-stay/lose-switch” 
rule based on the success or failure of the 
previous breeding attempt (Piper et al. 2008). 
Such behaviors provide a mechanism to try 
new sites after experiencing a reduction in a 
site’s quality or fitness output, providing a 
pathway for taxa with site fidelity to cope 
with HIREC. Nonetheless, the extent to 
which different organisms can assimilate 
information about their environment from 
previous experiences and make informed 
decisions, such as whether to be site-faithful 
in different contexts, remains unclear 
(Chalfoun and Schmidt 2012).

Second, for cases in which there is little to 
no plasticity in the strength of site fidelity, 
long-term metapopulation dynamics may 
facilitate persistence. Whereas site fidelity 
reduces the probability that a metapopula-
tion might reach carrying capacity over time 
(Matthiopoulos et al. 2005), species that 
employ strong site fidelity could persist if 
some individuals in the population occasion-
ally disperse and colonize new areas (Pess 
et al. 2014). Such processes have been 

observed in salmonids, taxa iconic for site fidelity, in which 
straying individuals can colonize new habitat (Figure 4; Pess 
et al. 2014). The nature of these straying individuals, how-
ever, is poorly understood, and whether the lack of site fidel-
ity is a genetic trait or a product of environmental conditions 
remains unclear. Adélie penguins (Pygoscelis adeliae) also 
provide a prime example over longer timescales. This species 
exhibits strong fidelity to breeding sites, and to a lesser 
extent, foraging sites (Watanuki et al. 2003). Climate-driven 
changes in sea-ice extent are linked to declines over the past 
several decades across colonies along the Antarctic Peninsula 
(Ducklow et al. 2013). Paleoecological records, however, 
indicate that dispersal-related fluctuations in the existence 
and extinction of colonies along a latitudinal gradient in 
response to climate are “normal” by geological standards 

Figure 3. Many female northern elephant seals (Mirounga angustirostris) exhibit strong site 
fidelity to foraging habitats in the North Pacific Ocean during their migrations. (a) Tagging data 
spanning ~7000 km for the same individual in 1995 and 2006. Quantifying individual-level site 
fidelity and performance metrics over 10 years revealed that elephant seals with strong site 
fidelity performed best in average climate conditions, outperforming those that lacked site 
fidelity (Abrahms et al. 2018). (b) However, this pattern was reversed during anomalous climate 
conditions. Because migration performance is directly linked to reproductive success in north-
ern elephant seals, increasing climate variability projected in the North Pacific may influence 
the evolutionary benefit of site fidelity to this species. “Neutral”, “Warm”, and “Cool” phases 
refer to those of the Pacific Decadal Oscillation. Each colored circle depicts a unique migration 
from 30 tagged females. Lines and shaded areas represent linear model estimates and 95% 
confidence intervals, respectively. Figures and data adapted from Costa et al. (2012) and 
Abrahms et al. (2018).

(a)

(b)



© 2022 The Ecological Society of America.� Front Ecol Environ doi:10.1002/fee.2456

Maladaptive site fidelity in the Anthropocene CONCEPTS AND QUESTIONS    5

(Emslie et al. 2014). Indeed, this process appears to be occur-
ring currently. Although colonies along the Antarctic 
Peninsula are in decline, those farther south in the Ross Sea 
have been increasing since the 1950s (Croxall et al. 2002). 
Moreover, the species’ dispersal rates increase under stressful 
environmental conditions (Dugger et al. 2010). Thus, 
intraspecific variation, dispersal, and source–sink dynamics 
appear to be critical processes for the persistence of species 
exhibiting strong site fidelity.

Finally, behavioral or physiological compensation may 
also allow species with strong site fidelity to adapt via natu-
ral selection. In such cases, adaptive behaviors or physiolo-
gies compensate for maladaptive ones long enough to allow 
maladaptive behaviors to evolve (Sih et al. 2011; Basson and 
Clusella-Trullas 2015). For instance, prey-switching behav-
ior may allow site-faithful organisms to adjust to changing 
community and ecosystem dynamics (Baduini et al. 2006). 
Similarly, in some organisms, physiological plasticity in met-
abolic rates and preferred body temperature can facilitate 
adaptation to changing environmental conditions (Basson 
and Clusella-Trullas 2015). Such behavioral or physiological 
flexibility, if heritable, may then become a target of selection 
(Sih et al. 2011). The challenge with both colonization via 
metapopulation dynamics and compensation, however, is 
whether such long-term processes can keep pace with 
HIREC (Kareiva and Wennergren 1995). Anadromous sal-
monids provide a glimmer of hope, as they have demon-
strated an ability to colonize habitats made available by 
climate change and restored fish passage (Figure 4; Pess et al. 
2014).

Studying and conserving species with site fidelity

Appreciating the role site fidelity plays in causing ecological 
traps is increasingly important in a rapidly changing world. 
Ecological traps are a well-documented phenomenon in the 
Anthropocene (Robertson et al. 2013), and evidence for 
fidelity-induced traps is growing. Both ecological and fidelity-
induced traps have clear repercussions for individuals and 
populations. With ongoing HIREC, research that reveals the 
costs and benefits of site fidelity strategies will be crucial 
for anticipating species’ responses to future change and 
identifying effective mitigation measures. Moreover, 
individual-level behavioral variation within a species can 
have important consequences for population persistence, and 
therefore a better understanding of the degree to which site 
fidelity varies within populations, as well as the causes and 
consequences of such variation, is critical (Abrahms et al. 
2018).

Studying site fidelity requires long-term individual-based 
monitoring, in which habitat choices and resulting space use 
can be related to past experiences and fitness, along with 
concomitant datasets of long-term environmental change. In 
the absence of long-term species monitoring, the inferences 
made in Figures 2 and 3 would not have been possible. 

Long-term satellite imagery has facilitated the monitoring of 
HIREC and its ecological impacts (Foley et al. 2005). 
Furthermore, long-lived species, which are at greater extinc-
tion risk than short-lived species (McKinney 1997), often 
employ site fidelity due to the benefits of site familiarity 
(Piper 2011) and the increased social cost of relocating sites 
(Switzer 1993). Because population declines for long-lived 
species can unfold relatively slowly and include lag effects 
(Kuussaari et al. 2009), long-term monitoring is essential to 
detect and assess temporal consistency of maladaptive 
choices.

Knowledge of the role of site fidelity in species persis-
tence provides opportunities for informing conservation 
efforts. For example, although woodland caribou (Rangifer 
tarandus caribou) display strong fidelity to calving areas, 
such behavior has not been fully integrated into forest man-
agement plans in eastern Canada (Faille et al. 2010). Caribou 
tend to display strong fidelity even in areas that are impacted 
by human activities (eg logging, road development), which 
can result in increased predation by wolves (Canis lupus) 

Figure 4. Pathways in which anadromous salmonids with strong fidelity 
(often migrating >1000 km from marine habitats to breed in their natal 
streams) can persist if natal streams are disturbed or fragmented. (a) 
Variation in age-at-maturity creates overlapping generations in species 
such as sockeye salmon (Oncorhynchus nerka), preventing ephemeral dis-
turbances from extirpating populations. (b) In species that exhibit partial 
migration, such as rainbow trout (Oncorhynchus mykiss), resident (ie non-
anadromous) life-history forms protect populations from fragmentation 
lasting longer than a life cycle by allowing individuals to persist upstream 
of disturbance (Quinn et al. 2017). Finally, although most individuals return 
to their natal stream to spawn, some stray, allowing the species to reclaim 
lost habitat. (c) Species that lack variation in age-at-maturity or a fresh-
water resident form, such as chum salmon (Oncorhynchus keta), are more 
prone to extirpation. Chum salmon image credit: J Ching.

(a)

(b)

(c)
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through apparent competition with moose (Alces alces; 
Losier et al. 2015). Management plans that identify and con-
serve consistently preferred areas will therefore minimize 
negative outcomes for site-faithful species. Indeed, where 
conservation of preferred areas is possible, site fidelity can 
simplify conservation decisions. In such cases, the clearly 
defined areas to which animals consistently return provide 
blueprints for prioritizing sites for protection, habitat resto-
ration, and reintroduction.

Conservation decisions often reflect an implicit assumption 
that animals choose the best habitat possible and are capable of 
a high degree of behavioral flexibility (Berger-Tal and Saltz 
2016). For instance, off-site mitigation, wherein one site is con-
served as mitigation for another site being developed, is increas-
ingly being used in numerous countries to offset the ecological 
consequences of human development or even achieve net envi-
ronmental benefits (McKenney and Kiesecker 2010). Yet off-site 
mitigation may be a futile conservation approach for organisms 
with strong site fidelity because they lack the short-term behav-
ioral plasticity to “discover” the off-site mitigation areas; for 
instance, the endangered Gunnison sage-grouse (Centrocercus 
minimus) displays strong site fidelity to lekking grounds, and 
colonization of unoccupied habitat is rare (Gerber et al. 2019). 
Animals with strong site fidelity may therefore lack the behavio-
ral mechanisms to escape from ecological traps even after expe-
riencing poor outcomes. In such cases, management strategies 
that promote behavioral flexibility and learning at the individ-
ual or population level could be essential (Schlaepfer et al. 2005; 
Greggor et al. 2014). For example, translocation of individuals 
from populations known to be more behaviorally flexible could 
diversify populations with predominately fixed behaviors 
(Schlaepfer et al. 2005; Sih et al. 2011). In addition, where possi-
ble, habitat restoration may be a promising investment for con-
serving taxa with strong site fidelity.

Finally, when very few populations of a given species 
remain, the potential for metapopulation dynamics to “res-
cue” or recolonize populations with strong site fidelity may be 
needed, such as the case for the Adélie penguin colonies out-
lined above. Notably, when conserving based on a metapopu-
lation dynamics strategy, the conservation of suitable habitat 
is necessary even if currently unoccupied (Matthiopoulos 
et al. 2005). Such areas can serve as habitat for dispersal of 
existing populations and for initiation of new populations. 
For many species, however, HIREC may have already reduced 
the availability of unoccupied habitat to such an extent that 
the rate of random subpopulation extinction may exceed the 
rate of colonization of new places (Kareiva and Wennergren 
1995).

Conclusions

Many species rely on the behavioral strategy of returning 
to previously visited sites to persist. From salmonids trav-
eling hundreds of kilometers to spawn in natal waters to 
ungulates and marine megafauna tracking their same 

migration routes hundreds or thousands of kilometers year 
after year, site fidelity has played a critical role in the 
evolution and maintenance of global biodiversity (Bauer 
and Hoye 2014). Site-faithful organisms, however, are having 
difficulty adapting to HIREC, and are experiencing fidelity-
induced ecological traps. Moreover, off-site mitigation efforts 
(eg habitat banking, conservation easements) to minimize 
impacts to species that overlap with HIREC-related devel-
opment (eg residential, agricultural, or energy-related devel-
opment) are largely ineffective for organisms with strong 
site fidelity. We urge researchers and conservation practi-
tioners to initiate comprehensive programs to identify and 
understand fidelity-induced ecological traps, and prioritize 
the conservation of areas and habitats to which individual 
organisms tend to return to throughout their lives.

Acknowledgements

We thank our organizations of affiliation for supporting 
our time in writing this manuscript. Any use of trade, prod-
uct, or firm names is for descriptive purposes only and 
does not imply endorsement by the US Government. Author 
contributions: JAM and BA developed the original idea; all 
authors helped refine the idea; JAM and BA wrote the first 
draft of the manuscript, and all authors helped revise sub-
sequent drafts.

References

Abrahms B, Hazen EL, Bograd SJ, et al. 2018. Climate mediates the 
success of migration strategies in a marine predator. Ecol Lett 21: 
63–71.

Baduini CL, Hunt Jr GL, Pinchuk AI, et al. 2006. Patterns in diet reveal 
foraging site fidelity of short-tailed shearwaters in the southeast-
ern Bering Sea. Mar Ecol-Prog Ser 320: 279–92.

Basson CH and Clusella-Trullas S. 2015. The behavior–physiology 
nexus: behavioral and physiological compensation are relied on to 
different extents between seasons. Physiol Biochem Zool 88: 
384–94.

Bauer S and Hoye BJ. 2014. Migratory animals couple biodiversity 
and ecosystem functioning worldwide. Science 344: 1242552.

Beever EA, Hall LE, Varner J, et al. 2017. Behavioral flexibility as a 
mechanism for coping with climate change. Front Ecol Environ 15: 
299–308.

Berger-Tal O and Saltz D. 2016. Behavioral rigidity in the face of rapid 
anthropogenic changes. In: Berger-Tal O and Saltz D (Eds). 
Conservation behavior: applying behavioral ecology to wildlife 
conservation and management. Cambridge, UK: Cambridge 
University Press.

Block BA, Teo SL, Walli A, et al. 2005. Electronic tagging and popula-
tion structure of Atlantic bluefin tuna. Nature 434: 1121.

Broderick AC, Coyne MS, Fuller WJ, et al. 2007. Fidelity and over-
wintering of sea turtles. P Roy Soc Lond B Bio 274: 1533–39.

Bucciarelli GM, Green DB, Shaffer HB, et al. 2016. Individual fluctua-
tions in toxin levels affect breeding site fidelity in a chemically 
defended amphibian. P Roy Soc B-Biol Sci 283: 20160468.



© 2022 The Ecological Society of America.� Front Ecol Environ doi:10.1002/fee.2456

Maladaptive site fidelity in the Anthropocene CONCEPTS AND QUESTIONS    7

Chalfoun AD and Schmidt KA. 2012. Adaptive breeding-habitat 
selection: is it for the birds? Auk 129: 589–99.

Clavel J, Julliard R, and Devictor V. 2011. Worldwide decline of spe-
cialist species: toward a global functional homogenization? Front 
Ecol Environ 9: 222–28.

Costa DP, Breed GA, and Robinson PW. 2012. New insights into 
pelagic migrations: implications for ecology and conservation. 
Annu Rev Ecol Evol S 43: 73–96.

Croxall JP, Trathan P, and Murphy E. 2002. Environmental change and 
Antarctic seabird populations. Science 297: 1510–14.

Doligez B, Cadet C, Danchin E, et al. 2003. When to use public infor-
mation for breeding habitat selection? The role of environmental 
predictability and density dependence. Anim Behav 66: 973–88.

Ducklow HW, Fraser WR, Meredith MP, et al. 2013. West Antarctic 
Peninsula: an ice-dependent coastal marine ecosystem in transi-
tion. Oceanography 26: 190–203.

Dugger KM, Ainley DG, Lyver POB, et al. 2010. Survival differences 
and the effect of environmental instability on breeding dispersal 
in an Adélie penguin meta-population. P Natl Acad Sci USA 107: 
12375–80.

Dukas R. 1999. Costs of memory: ideas and predictions. J Theor Biol 
197: 41–50.

Dyer FC. 1996. Spatial memory and navigation by honeybees on the 
scale of the foraging range. J Exp Biol 199: 147–54.

Ekroos J, Öst M, Karell P, et al. 2012. Philopatric predisposition to 
predation-induced ecological traps: habitat-dependent mortality 
of breeding eiders. Oecologia 170: 979–86.

Emslie SD, Polito M, Brasso R, et al. 2014. Ornithogenic soils and the 
paleoecology of pygoscelid penguins in Antarctica. Quatern Int 
352: 4–15.

Faille G, Dussault C, Ouellet JP, et al. 2010. Range fidelity: the missing 
link between caribou decline and habitat alteration? Biol Conserv 
143: 2840–50.

Foley JA, DeFries R, Asner GP, et al. 2005. Global consequences of 
land use. Science 309: 570–74.

Ganter B and Cooke F. 1998. Colonial nesters in a deteriorating habi-
tat: site fidelity and colony dynamics of lesser snow geese. Auk 
115: 642–52.

Gerber BD, Hooten MB, Peck CP, et al. 2019. Extreme site fidelity as 
an optimal strategy in an unpredictable and homogeneous envi-
ronment. Funct Ecol 33: 1695–707.

Greggor AL, Clayton NS, Phalan B, et al. 2014. Comparative cognition 
for conservationists. Trends Ecol Evol 29: 489–95.

Hale R, Treml EA, and Swearer SE. 2015. Evaluating the metapopula-
tion consequences of ecological traps. P Roy Soc Lond B Bio 282: 
20142930.

Hawlena D, Saltz D, Abramsky Z, et al. 2010. Ecological trap for desert 
lizards caused by anthropogenic changes in habitat structure that 
favor predator activity. Conserv Biol 24: 803–09.

Horton TW, Hauser N, Zerbini AN, et al. 2017. Route fidelity during 
marine megafauna migration. Front Mar Sci 4: 422.

Johnson HE, Sushinsky JR, Holland A, et al. 2017. Increases in resi-
dential and energy development are associated with reductions in 
recruitment for a large ungulate. Glob Change Biol 23: 578–91.

Kareiva P and Wennergren U. 1995. Connecting landscape patterns to 
ecosystem and population processes. Nature 373: 299.

Kloskowski J. 2021. Win-stay/lose-switch, prospecting-based settle-
ment strategy may not be adaptive under rapid environmental 
change. Sci Rep-UK 11: 570.

Kokko H and Sutherland WJ. 2001. Ecological traps in changing envi-
ronments: ecological and evolutionary consequences of a behav-
iourally mediated Allee effect. Evol Ecol Res 3: 603–10.

Krebs JR. 1971. Territory and breeding density in the great tit, Parus 
major L. Ecology 52: 3–22.

Kuussaari M, Bommarco R, Heikkinen RK, et al. 2009. Extinction 
debt: a challenge for biodiversity conservation. Trends Ecol Evol 
24: 564–71.

Liermann CR, Nilsson C, Robertson J, et al. 2012. Implications of dam 
obstruction for global freshwater fish diversity. BioScience 62: 
539–48.

Losier CL, Couturier S, St-Laurent MH, et al. 2015. Adjustments in 
habitat selection to changing availability induce fitness costs for a 
threatened ungulate. J Appl Ecol 52: 496–504.

Matthiopoulos J, Harwood J, and Thomas L. 2005. Metapopulation 
consequences of site fidelity for colonially breeding mammals and 
birds. J Anim Ecol 74: 716–27.

McKenney BA and Kiesecker JM. 2010. Policy development for biodi-
versity offsets: a review of offset frameworks. Environ Manage 45: 
165–76.

McKinney ML. 1997. Extinction vulnerability and selectivity: com-
bining ecological and paleontological views. Annu Rev Ecol Syst 
28: 495–516.

Merkle JA, Cherry SG, and Fortin D. 2015. Bison distribution under 
conflicting foraging strategies: site fidelity versus energy maximi-
zation. Ecology 96: 1793–801.

Merkle JA, Fortin D, and Morales JM. 2014. A memory-based forag-
ing tactic reveals an adaptive mechanism for restricted space use. 
Ecol Lett 17: 924–31.

Morrison TA, Merkle JA, Hopcraft JG, et al. 2021. Drivers of site fidel-
ity in ungulates. J Anim Ecol 90: 955–66.

Patrick SC and Weimerskirch H. 2017. Reproductive success is driven 
by local site fidelity despite stronger specialisation by individuals 
for large-scale habitat preference. J Anim Ecol 86: 674–82.

Pess G, Quinn T, Gephard SR, et al. 2014. Re-colonization of Atlantic 
and Pacific rivers by anadromous fishes: linkages between life his-
tory and the benefits of barrier removal. Rev Fish Biol Fisher 24: 
881–900.

Pichegru L, Ryan PG, Crawford RJ, et al. 2010. Behavioural inertia 
places a top marine predator at risk from environmental change in 
the Benguela upwelling system. Mar Biol 157: 537–44.

Piper WH. 2011. Making habitat selection more “familiar”: a review. 
Behav Ecol Sociobiol 65: 1329–51.

Piper WH, Walcott C, Mager JN, et al. 2008. Nestsite selection by 
male loons leads to sex-biased site familiarity. J Anim Ecol 77: 
205–10.

Quinn TP, Bond MH, Brenkman SJ, et al. 2017. Re-awakening 
dormant life history variation: stable isotopes indicate anadromy 
in bull trout following dam removal on the Elwha River, 
Washington. Environ Biol Fish 100: 1659–71.

Robertson BA and Chalfoun AD. 2016. Evolutionary traps as keys to 
understanding behavioral maladapation. Curr Opin Behav Sci 12: 
12–17.



Front Ecol Environ doi:10.1002/fee.2456� © 2022 The Ecological Society of America.

JA Merkle et al.8    CONCEPTS AND QUESTIONS

Robertson BA and Hutto RL. 2006. A framework for understanding 
ecological traps and an evaluation of existing evidence. Ecology 87: 
1075–85.

Robertson BA, Rehage JS, and Sih A. 2013. Ecological novelty and the 
emergence of evolutionary traps. Trends Ecol Evol 28: 552–60.

Sawyer H, Korfanta NM, Nielson RM, et al. 2017. Mule deer and 
energy development – long-term trends of habituation and abun-
dance. Glob Change Biol 23: 4521–29.

Sawyer H, Merkle JA, Middleton AD, et al. 2019. Migratory plasticity 
is not ubiquitous among large herbivores. J Anim Ecol 88: 
450–60.

Schlaepfer MA, Sherman PW, Blossey B, and Runge MC. 2005. 
Introduced species as evolutionary traps. Ecol Lett 8: 241–46.

Schmidt KA. 2004. Site fidelity in temporally correlated environments 
enhances population persistence. Ecol Lett 7: 176–84.

Sigaud M, Merkle JA, Cherry SG, et al. 2017. Collective decision-
making promotes fitness loss in a fusion–fission society. Ecol Lett 
20: 33–40.

Sih A, Ferrari MC, and Harris DJ. 2011. Evolution and behavioural 
responses to human-induced rapid environmental change. Evol 
Appl 4: 367–87.

Switzer PV. 1993. Site fidelity in predictable and unpredictable habi-
tats. Evol Ecol 7: 533–55.

Walther G-R, Post E, Convey P, et al. 2002. Ecological responses to 
recent climate change. Nature 416: 389–95.

Wang G, Cai W, Gan B, et al. 2017. Continued increase of extreme El 
Niño frequency long after 1.5°C warming stabilization. Nat Clim 
Change 7: 568.

Watanuki Y, Takahashi A, and Sato K. 2003. Feeding area specializa-
tion of chick-rearing Adélie penguins Pygoscelis adeliae in a fast 
sea-ice area. Ibis 145: 558–64.

Weldon AJ and Haddad NM. 2005. The effects of patch shape on indigo 
buntings: evidence for an ecological trap. Ecology 86: 1422–31.

Williams T, Cooch E, Jefferies R, et al. 1993. Environmental degrada-
tion, food limitation and reproductive output: juvenile survival in 
lesser snow geese. J Anim Ecol 62: 766–77.

Supporting Information

Additional, web-only material may be found in the online 
version of this article at http://onlinelibrary.wiley.com/
doi/10.1002/fee.2456/suppinfo

http://onlinelibrary.wiley.com/doi/10.1002/fee.2456/suppinfo
http://onlinelibrary.wiley.com/doi/10.1002/fee.2456/suppinfo

