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Introduction 
 
Predicting the biological implications of human-made barriers dividing natural 
populations is a critical and urgent challenge for scientists and policymakers worldwide 
(Carroll et al. 2014). Inspired by the documented increase of ‘border barriers,’ or 
anthropogenic barriers along international borders, on a global scale (Figure 1; Vallet 2014; 
Linnell et al. 2016; Trouwborst et al. 2016), this report addresses the biological impacts of 
these barriers on natural populations, with a focus on evolutionary changes. While typically 
built for geopolitical and security reasons, border barriers can also have unintended 
consequences for biodiversity.  
 
The construction of border barriers is not a new phenomenon (Figure 1; Vallet 2014; 
Linnell et al. 2016; Trouwborst et al. 2016). From the Great Wall of China, to the Berlin 
Wall, to the contemporary walls between the U.S. and Mexico, humanity’s history of 
erecting border barriers spans thousands of years (Linnell et al. 2016; Trouwborst et al. 
2016). Current border barriers exist between Israel and the West Bank, Malaysia and 
Thailand, India and Pakistan, Iran and Iraq, China and Mongolia, and Botswana and 
Zimbabwe, among others (Linnell et al. 2016; Trouwborst et al. 2016). Given the global 
scale of border barriers, we know surprisingly little about their impact on ecological and 
evolutionary outcomes in natural populations (e.g., Lasky et al. 2011). Moreover, there is no 
clear review directly summarizing the potential evolutionary impacts of border barriers, at 
a time when biodiversity is rapidly declining on a global scale (Butchart et al. 2010). 
 
There are many reasons for this lack of information, which is partially due to the 
fundamental characteristics of border barriers. First, border barriers are built between two 
countries, which have different laws and practices associated with conducting scientific 
research on the biological impacts of these structures (Trouwborst et al. 2016). Second, 
border barriers are commonly built for security reasons, and there is often restricted access 
to these areas on either side as a result. Third, best practices and strategies for mitigating 
the negative effects of human-made barriers on wildlife could compromise the intended 
security purposes of border barriers. Fourth, environmental laws intended to protect 
biodiversity along border areas can be temporarily waived in the interest of national 
security and safety. Fifth, borders are often created along natural geographic boundaries 
(Newman and Paasi 1998), therefore border barriers can amplify the historical effects of 
natural barriers on biodiversity.  
 
This report addresses the evolutionary impacts of border barriers. We summarize data 
directly from border barriers studies and provide supporting information from studies of 
other anthropogenic barriers, such as roads, dams, and game fences. To this end, we first 
provide a brief overview of what can be learned from geographic isolation under natural 
conditions. Second, we address changes to the movement of individuals and gene flow 
between populations. Third, we highlight three predicted evolutionary outcomes in 
response to border walls: (1) divergence due to natural selection and/or genetic drift as gene 
flow decreases; (2) immediate and long-term changes to effective population size, 
including population bottlenecks and changes to genetic variation; and (3) inbreeding and 



Borders on the Rise	

4 

inbreeding depression. For each of these outcomes, we provide evidence from theory and 
previous studies on the biological consequences of human-made structures to show how 
local populations can respond to border barriers. 

 
Predictions from natural geographic isolation  
 
Border barriers are a human-made form of geographic isolation, which is defined as 
population or species that live in areas that are typically near each other but do not overlap 
in space because of some barrier that keeps them separated. Typically, geographic isolation 
arises when geographic barriers prevent gene flow between previously interbreeding 
populations of the same species (Mayr 1963). Geographic isolation has been the subject of 
extensive research and can therefore provide a framework for what we might observe 
among populations and species divided by a border barrier (Mayr 1963). Natural 
geographic barriers can include glaciers, mountain ranges, and continental drift, and 
physical distance may also be considered a geographic barrier to gene flow (Hutchinson 
and Templeton 1999).  
 
Geographic isolation decreases gene flow by reducing movement between isolated 
populations (Wright 1943). Thus, one might predict that as gene flow decreases, 
populations can diverge and evolve along different paths. Consistent with this prediction, 
many studies have documented a strong negative association between the amount of gene 
flow between populations and the degree of divergence in their behavior or morphology 
(Mayr 1963; Räsänen and Hendry 2008). Moreover, this observation has been supported by 
verbal and quantitative genetic models demonstrating that as the number of individuals 
moving between populations decreases, populations can diverge and evolve differently 
(Räsänen and Hendry 2008). 
 
In addition to evolutionary divergence, data on the effects of reduced gene flow between 
populations suggest a set of correlated or sequential effects that can ultimately lead to 
decreased fitness and local extinction. First, theory predicts that reductions in gene flow 
due to changes in geographic barriers are expected to (1) decrease genetic diversity within 
populations, and (2) increase the effects of genetic drift, which is the influence of random 
chance on the genetic variation within populations (Nei et al. 1983). These effects should be 
stronger if the emergence of the geographic barrier also reduces population size (Nei et al. 
1975). In certain cases where population sizes decrease dramatically, this can also lead to or 
increase inbreeding depression, which is the reduced biological fitness of a population as a 
result of breeding among related individuals that leads to an increase in the expression of 
deleterious, or harmful, mutations (Nei et al. 1975; Frankham 1995). As population sizes and 
genetic diversity decrease and inbreeding depression increases, isolated populations may 
be prone to local extinction due to the lack of genetic variation and inability to respond to 
future environmental changes (Frankham 1995; Frankham and Ralls 1998), such as the 
barrier itself and/or sudden shifts in ecological conditions caused by the barrier. 
Collectively, this work on natural geographic isolation provides a framework for 
understanding the potential effects of border barriers on natural populations. 
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Biological impacts of border walls and other human-made barriers 
 
Changes to movement and gene flow  

Human-made barriers reduce animal movement and gene flow through multiple 
mechanisms, including changing movement directly by physical obstruction and indirectly 
through behavioral avoidance, or by killing migrants through entanglement (i.e., getting 
tangled or caught in a barrier) and direct strikes (i.e., hitting a barrier directly, which causes 
injury and death). These mechanisms can operate independently or in combination to 
reduce gene flow between populations separated by a barrier. 
 
Figure 1. Number of Border Barriers Present Globally 

 
Source: Vallet 2014 and Elisabeth Vallet, University of Quebec at Montreal. 
 
 
First, border barriers present a physical obstruction to an organism’s movement (Aspi et al. 
2009; Flesch et al. 2010; Ito et al. 2013). Aspi et al. (2009) found the genetic differentiation 
between adjacent grey wolf (Canis lupus lupus) populations separated by the Finland-Russia 
border barrier to be similar to the genetic differentiation between more geographically 
separated wolf populations, suggesting the possible role of the border barrier in reducing 
genetic exchange between populations. Ito et al. (2013) tracked Mongolian gazelles 
(Procapra gutturosa) and Asiatic wild asses (Equus hemionus) across the international border of 
Mongolia and China. They found that none of the 36 individuals tracked crossed the 
border during their 2002-2012 study, even though some animals used areas adjacent to the 
border (Ito et al. 2013). In addition, Flesch et al. (2010) explored the potential impact of 
border barriers in blocking the migration of a flying species, the ferruginous pygmy owl 
(Glaucidium brasilianum), whose habitat lies along the U.S.-Mexico border area. Flesch et al. 
(2010) discovered the average flight height is 1.4 meters, well below the height of a 4 meter 
high border wall, and only 23% of the owls where observed to fly higher than 4 meters. The 
authors concluded that the construction of a border wall in this region would likely reduce 
the owls’ ability to migrate across the border.  
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Reduced movement due to border walls can also occur due to active avoidance of the barrier 
itself. Unfortunately, very few studies have directly tested the impact of border barriers on 
animal behavior. However, for other human-made border types like roads or fences, 
construction is usually accompanied by the removal of vegetation and increased human 
activities, which change microhabitats and increase human disturbance in the surrounding 
areas (Mader 1984; Flesch et al. 2010; McCallum et al. 2014). Several studies suggest that 
animals might develop avoidance behavior in response to these changes. For instance, in the 
study of the effect of roads on the movement of eight forest-dwelling carabid beetle species 
(Carabidae; Coleoptera) and two species of mice (Apodemus flavicollis and Celthrionomys 
glareolus), Mader (1984) found that these organisms rarely crossed roads despite their high 
mobility. Of the 10,186 individual carabid beetles included in this mark and recapture study, 
only 11 individuals were captured on the opposite side of the road. Highways also proved to 
be absolute barriers for both species of mice, as none of the 121 individuals released were 
found to have crossed these roads. Mader (1984) argued that changes to the microhabitats 
along the road (e.g., removal of vegetation and microclimate change) and increased human 
disturbance (e.g., road noise and car headlights) may explain why animals avoid the road 
barrier. In a more recent example, McCallum et al. (2014) found a decreased appearance of 
puma (Puma concolor) and coati (Nasua narica) in areas with barriers (roads, railways, and 
fences) relative to areas without barriers in four protected areas in Arizona. Similarly, 
D’Amico et al. (2015) discovered that the presence of a road network decreased the 
probability of observing red deer (Cervus elaphus) by 40% and wild boar (Sus scrofa) by 55%. 
The red deer populations exhibited significant genetic differences consistent with reductions 
in gene flow associated with roads in this region (D’Amico et al. 2015).  
 
Finally, border barriers can reduce gene flow by killing migrants. Multiple studies have 
demonstrated the effect of roads on animal mortality, which can impact population 
persistence, genetic variation, and gene flow (reviewed by Fahrig and Rytwinski 2009; 
Jackson and Fahrig 2011). In addition, some studies have explored the impact of border 
barriers on animal mortality specifically (Olson et al. 2009; Pokorny et al. 2017). Pokorny et 
al. (2017) conducted a ten-month study to estimate the mortality rate of ungulates 
attempting to cross a razor-wired fence along the 455 km Slovenia-Croatia border. They 
found 0.12 deaths per kilometer, or over 50 observed deaths in the ten-month period 
(Pokorny et al. 2017). Olson et al. (2009) described a mass death event due to entanglement 
of Mongolian gazelles (Procapra gutturosa), where hundreds of individuals were found dead 
after the migration of thousands across the Mongolia-Russia border.  
 

Three evolutionary outcomes in response to border barriers 
 
Natural selection and genetic drift due to reductions in gene flow  

The changes in migration and gene flow between populations due to border barriers have 
the potential to induce evolutionary change. In fact, many studies have suggested that 
border barriers can and do result in evolutionary divergence between populations (Hartl et 
al. 1991; Aspi et al. 2009; Atwood et al. 2011; Kaczensky et al. 2011). For example, Su et al. 
(2003) examined populations of six plant species found on either side of the Juyong-guan 
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section of the Great Wall of China, which was constructed more than 600 years ago. 
Populations of all six plant species, including wind- and insect-pollinated species, exhibited 
significant genetic differentiation when separated by the wall compared to populations 
separated by comparable geographic distances without a wall (Su et al. 2003).  
 
Experiments have also manipulated gene flow between populations and measured 
evolutionary divergence. In general, experimental evidence shows that gene flow 
suppresses adaptive evolutionary divergence, such that populations will diverge quickly 
when barriers are constructed (Reichert 1993; Nosil 2009). Reichert (1993) tested whether 
gene flow was constraining adaptive divergence in the spider Agelenopsis aperta, which 
exhibited a genetically based difference in antipredator behaviors between environments. 
In one pair of populations that did not exhibit this difference, Reichert (1993) constructed a 
barrier to gene flow using fences that reduced dispersal between the environments. After 
just a single generation, one population evolved the predicted antipredator behavior for 
that environment, thereby confirming that gene flow was constraining adaptive 
divergence. In a complementary study, Nosil (2009) reported increased adaptive 
divergence in genetically based cryptic color patterns between a pair of stick insect (Timema 
cristinae) populations following the construction of a parking lot in the middle of a long-
term research site. These two studies provide experimental evidence that human-made 
structures may reduce gene flow in nature and that these reductions can prompt rapid 
adaptive divergence in genetically based phenotypes between separated populations. 
 
When human-made structures are created, there is another important effect where the 
environments are physically changed due to the barrier. This can increase the magnitude 
of natural selection between environments. For example, Heinen-Kay et al. (2014) sampled 
three species of Gambusia fishes in 43 tidal creeks across six islands in the Bahamas. They 
found that anthropogenic barriers changed the environmental conditions experienced by 
populations on one side, including decreased abundance of predators, increased 
conspecific density (i.e., increased competition), and decreased salinity. This led to 
consistent evolutionary changes in each of the three species, including changes to male 
genital shape and allometry (Heinen-Kay et al. 2014). In a separate study of the same three 
species of Gambusia fishes, Giery et al. (2015) found that populations in fragmented habitats 
had fewer dorsal-fin spots, which is an important trait in mate choice. However, the 
magnitude and trajectory of divergence differed among species.  
 
Dams and other impoundments along rivers also reduce gene flow and increase the 
magnitude of natural selection due to changes in environmental conditions. Upstream 
reservoirs in impounded systems exhibit changes in the resources available to fish, along 
with abiotic changes to depth and flow rate, which can lead to stronger divergent selection 
between populations upstream and downstream of the dam. Two conceptually similar 
studies demonstrate rapid changes in two stream fishes, the bullhead minnow (Pimephales 
vigilax; Haas et al. 2010) and the black-tail shiner (Cyprinella venusta; Cureton and 
Broughton 2014). In each study, comparisons across multiple river systems found changes 
in morphology between populations, including significant changes to body depth, head 
shape, and fin placement in the upstream populations in reservoirs relative to the 



Borders on the Rise	

8 

downstream populations in flowing waters, consistent with the changes to environmental 
conditions (Haas et al. 2010; Cureton and Broughton 2014). 
 
Figure 2. View of a field beyond U.S.-Mexico border barrier in Penitas, Hidalgo County, Texas 
 

 
 
Source: Image courtesy of Jeffrey Glassberg, Ph.D. (December 5, 2010) 
 
 
Random effects causing genetic drift may also play an important role in generating 
divergence following the construction of a human-made barrier. This may be especially 
true if the construction of the barrier causes a reduction in population sizes in that area due 
to phenomena like habitat destruction associated with barrier construction (Nosil 2009) or 
death due to the barrier itself, such as direct physical strikes, entanglements, or separation 
of resources (Olson et al. 2009; Pokorny et al. 2017). For example, Nosil (2009) 
documented a significant decrease in stick insect population associated with a human-
made barrier, from over ~140,000 individuals before construction to estimates around 
1,200 individuals after the barrier had been built. In addition, Olson et al. (2009) described 
the death of hundreds of Mongolian gazelles due to entanglement at the Mongolia-China 
border. Furthermore, genetic drift has greater effects in populations that are already small 
prior to barrier construction, such as among endangered or threatened species. This is 
especially critical for the U.S.-Mexico border region, as the ranges of over 100 U.S. 
endangered species overlap with this area (IPaC 2018).  
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Population bottlenecks and changes in genetic variation 

Population bottlenecks occur when the size of a population is greatly reduced, thereby 
decreasing the size of the gene pool because much of the genetic variation in the original 
population has been lost. This may occur in association with border barriers if the creation 
of a barrier rapidly reduces population size. Severe bottlenecks will reduce genetic 
diversity (Nei et al. 1975), as will splitting one connected population into multiple smaller 
populations (i.e., metapopulations) (Gilpin 1991). More genetically diverse individuals and 
populations often have higher fitness (e.g., Reed and Frankham 2003; Leimu et al. 2006), 
which allows them to adapt to local environments (e.g., Bridle et al. 2009; Paaby and 
Rockman 2014; Takahashi et al. 2016). Reductions in genetic diversity and decreased fitness 
caused by border barriers could thus have important implications for the long-term 
persistence of populations and species residing along the border.   
 
Studies examining border barriers suggest that these structures influence genetic diversity 
(Hartl et al. 1991; Aspi et al. 2009; Atwood et al. 2011; Kaczensky et al. 2011), but few studies 
address this issue explicitly. A study that examined bighorn sheep (Ovis candadensis nelsoni) 
living in the U.S.-Mexico border region found that the sheep do not appear to be negatively 
impacted by the border, as they exhibit high genetic diversity and show little or no evidence 
of having gone through a population bottleneck (Buchalski et al. 2015). However, it is difficult 
to draw broad conclusions about how border barriers impact genetic diversity based on the 
handful of studies that have directly addressed this issue. Other anthropogenic barriers may 
provide some insights here as well. For example, roads are also anthropogenic barriers that 
are frequently associated with a reduction in genetic diversity (Reh and Seitz 1990; Keller and 
Largiadèr 2003; Epps et al. 2005; reviewed by Holderegger and Di Giulio 2010). For 
example, a study of the same species of bighorn sheep (Ovis canadensis nelsoni) demonstrated 
that anthropogenic barriers (including roads) that have separated populations for over 40 
years are associated with a 15% loss of genetic diversity over this time period (Epps et al. 
2005). However, not all studies observe bottlenecks or reductions in genetic diversity 
associated with roads (Keller et al. 2004; Kuehn et al. 2007; Gauffre et al. 2008). For example, 
in the flightless ground beetle (Abax parallelepipedus), highways result in genetic 
differentiation but not a loss of genetic diversity or evidence of a bottleneck—likely because 
of large population sizes (Keller et al. 2004). In general, more work is needed to fully 
understand the impact of anthropogenic barriers on genetic diversity. 
 
Inbreeding and inbreeding depression 

Inbreeding is the biological phenomenon in which two genetically related individuals mate 
and produce offspring; it is a symptom of small population size and/or a lack of outbreeding 
opportunities with genetically dissimilar individuals (Andren 1994). Inbreeding over multiple 
generations will lead to an increased assembly of recessive deleterious mutations 
(Charlesworth and Charlesworth 1987). This genetic erosion has negative fitness 
consequences that are both immediate (e.g., sterility, offspring inviability, and reduced 
phenotypic plasticity) and latent (e.g., reduced offspring fecundity) (Ralls et al. 1988; 
Acevedo-Whitehouse et al. 2003). The sum of these resulting fitness costs is referred to as 
inbreeding depression (Keller and Waller 2002). Populations with inbreeding depression 
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experience increased risk of extinction (Frankham 1995; Saccheri et al. 1998; Reed et al. 
2002). In the special case of border barriers, this extinction risk may be magnified, as 
inbreeding depression has been shown to reduce a population’s ability to overcome 
environmental change (Lande 1988; Takahashi et al. 2016; Sandner and Matthies 2018). 
 
Theoretical and empirical evidence have also shown that the fragmentation of natural 
habitats increases inbreeding rates in plant (e.g., Jump and Penuelas 2006) and animal (e.g., 
Andersen et al. 2004) populations due to isolating effects. Consequently, isolating barriers, 
such as those constructed along geopolitical borders, have the capacity to dramatically 
affect inbreeding depression potentials (Reh and Sietz 1990). The small number of studies 
that have examined the effects of border barriers on inbreeding have found that when such 
obstacles were coupled with small population size, the probability of inbreeding increased. 
For example, Aspi et al. (2009) followed grey wolves (Canis lupus lupus) that reside along the 
Russia-Finland border and found strong indicators of inbreeding in the smaller Russian 
wolf populations. Additionally, inbreeding complicates other challenges brought on by 
barriers. For example, studies of the ocelot (Leopardus pardalis) in the southern U.S. have 
observed decreased genetic diversity and elevated levels of homozygotes as a consequence 
of isolation due to anthropogenic habitat fragmentation (Haines et al. 2005). The only 
viable remedy for mediating the risk of ocelot inbreeding is an effort to reinvigorate gene 
flow with the larger adjacent Mexican ocelot population (Janecka et al. 2014), and the 
likelihood of success in reuniting populations on either side of the border would be greatly 
hindered by the development of a southern border wall dividing the U.S. and Mexico 
(Lasky et al. 2011). In a related study, Daleszczyk and Bunevich (2009) argue that the 
removal of a border fence between Belarus and Poland would greatly reduce the 
probability of inbreeding depression in reintroduced bison populations that were already 
genetically similar prior to their separation.  
 
The probability of inbreeding can also change when movement corridors in or around 
border barriers are sealed or altered relative to an organism’s natural movement patterns, 
ranging behavior, and spatial land use. As a result, a herding effect can occur, when large 
numbers of individuals from the same species are funneled or congregate into an area either 
adjacent to a barrier or into a smaller core area away from a disturbed barrier habitat (Tracy 
et al. 2013; Williamson and Williamson 1984). Reh and Seitz (1990) studied the land use 
effects on the genetic structure of the common frog (Rana temporaria) and demonstrated that 
roads acted as impermeable barriers to frogs, instantaneously reducing local population 
sizes. They also found that these anthropogenic barriers altered not only the frog’s habitat 
but also its behavior, in that reproduction was favored along roadside ditches rather than in 
ephemeral ponds. As a result, the roads led to increased adult contact with siblings and 
therefore more inbreeding. Similarly, fence barriers like those along protected borders have 
been shown to herd larger herbivores and carnivores. Fence lines have led to the herding of 
blue wildebeest (Connochaetes taurinus) in Kruger National Park in South Africa (Whyte and 
Joubert 1988), grey wolves (Canis lupus lupus) along the Russia-Finland border (Aspi et al. 
2009), and African wild dogs (Lycaon pictus) in the De Beers Venetia Limpopo Nature Reserve 
in South Africa (Davies-Mostert, et al. 2013). Consistent with these observations, bobcats 
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(Lynx rufus) and coyotes (Canis latrans) spend more time along the sides of major highways 
than anywhere else in their ranges in California (Riley et al. 2006).          
 

Conclusions 
 
Border barriers are expanding rapidly on a global scale (Figure 1; Vallet 2014; Linnell et al. 
2016; Trouwborst et al. 2016). In this report, we show that border barriers can have 
unintended but important biological consequences for biodiversity by (1) restricting or 
altering migration and movement of individuals or populations; (2) inducing changes to 
the selective environment and increasing the effects of genetic drift; (3) changing effective 
population sizes and reducing genetic diversity; and (4) increasing inbreeding and 
inbreeding depression. Despite a dramatic increase in the proliferation of border barriers 
in recent years and their documented biological impacts on biodiversity, there is much 
more work to be done. Studies of other anthropogenic barriers can inform predictions on 
the effect of border barriers and provide a framework for analyzing their impact. As 
border barriers are being constructed at a near exponential rate, there is a dire need for 
more research on their evolutionary implications. 
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