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ABSTRACT - Livestock is the largest driver of landscape change in the 
world, depleting land and water resources, negatively impacting biodiversity 
and contributing significantly to climate change. Though the environmental 
impact of livestock farming has been well documented, the role of the 
fence in shaping the form and function of livestock production landscapes 
deserves more attention. The evolution of fencing technology from 
wooden post to barbed wire has transformed vast swaths of the American 
landscape, facilitating agricultural intensification at the cost of ecological 
fragmentation. Emerging technologies in virtual fencing offer the opportunity 
to subvert this paradigm by electronically corralling and moving livestock via 
GPS-enabled collars. This article places the application of virtual fencing 
technologies within design discourse and outlines untapped opportunities 
for design intervention. The first section comprises a survey of historical and 
contemporary fencing technologies, highlighting the economic drivers and 
ecological consequences of innovation. The second section explores the 
emergence of sustainable ranching systems and virtual fencing technology. 
Finally, a speculative design proposal considers the potential of responsive 
fencing technologies to reformat grazing landscapes for adaptation and 
ecological production.
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The environmental impact of livestock farming has been well documented, 
yet, the role of the fence in shaping the form and functioning of livestock 
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production landscapes as architecture, infrastructure, and cultural identifier 
deserves more attention. Landscape architects have primarily studied 
fences in relation to gardens.
In the 1816 edition of Fragments on the Theory and Practice of Landscape 
Gardening, Humphry Repton defines a garden as “a piece of ground fenced 
off from cattle, and appropriated to the use and pleasure of man.” 1 By 
looking beyond the enclosed space and assuming the view of the cattle, 
the fence can be understood as much more than a formal framing device. 
Whether wooden post, planted hedge, or barbed wire, the fence bounds 
and segregates the land, controlling the movement of people, livestock 
and wildlife. As a cultural artifact, the fence identifies both the land and the 
livestock contained within as private property. Fencing has transformed vast 
swaths of the American landscape, facilitating agricultural intensification at 
the cost of ecological fragmentation.

Recent advances in flexible and virtual fencing systems have the potential 
to challenge this paradigm. Virtual fencing technology allows farmers to 
electronically corral and move livestock via GPS-enabled animal collars. 
To date, the main driving force behind virtual fencing technologies has 
been maximizing economic return to the farmer, with environmental impact 
mitigation considered a secondary benefit.
What if ecosystem services were prioritized alongside production? How 
might design inform that process? By integrating virtual fencing technology 
with remote-sensing data and ecological modeling systems, this technology 
could contribute to a more sustainable, adaptive and humane system of 
livestock production. While virtual fencing technologies for livestock still 
exist in a period of experimentation and innovation, it is critical to examine 
and propose alternative applications of these innovations through the lens 
of landscape architecture.

This article places the application of virtual fencing technologies within the 
discourse of landscape architecture and outlines untapped opportunities for 
design intervention.
The first section comprises a survey of historical and contemporary 
fencing technologies, highlighting the economic drivers and ecological 
consequences of innovation. The second section explores the emergence 
of sustainable ranching systems and virtual fencing technology. The article 
concludes with a speculative design proposal, considering the potential of 
responsive fencing technologies to reformat grazing landscapes according 
to the principles of adaptation and ecological production.

CATTLE FENCE DESIGN OVER TIME: ECONOMIC DRIVERS AND 
ECOLOGICAL CONSEQUENCES

Cattle have transformed the formal, operational and ecological dynamics of 
landscapes across the United States. The gross income generated by more 
ninety million head of cattle and calves represents the most economically 
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valuable agricultural commodity in the country, worth nearly $80 billion 
each year. Because contemporary production methods have prioritized 
economy over ecology, cattle have degraded ecosystems across multiple 
scales and countless American geographies. The productivist impulses 
undergirding cattle production systems have progressively homogenized 
and standardized agricultural space, particularly in the Great Plains.
This section highlights the centrality of fencing technology to that 
transformation.

The material and spatial dimensions of cattle fencing in the United States 
evolved from the dynamic interaction between agricultural tradition, 
natural resources, and technological innovation. In their 1954 essay “The 
American Fence,” John Eugene Hart and Eugene Cotton Mather note “Few 
landscape elements combine so finely the characteristics of the resource 
base, the cultural matrix, and its historical antecedents.” 2 As settlers 
moved westward, agricultural journals, state-funded extension efforts, and 
private enterprises facilitated the adoption of new fencing technologies. 
The first American fences employed brush, timber, and stone harvested 
on-site. When the surrounding environment could not be mined for fence 
construction, farmers renewed European traditions of live hedging, 
adapting Old World techniques to New World plant varieties. Later, at the 
onset of industrialization, the invention of barbed wire dramatically lowered 
the cost of fencing and allowed for the continental-scale proliferation of a 
productive land tenure regime. This would support the intensification of 
cattle production and the transformation of fields into feedlots.

In an effort to increase profits and decrease costs, each phase in fencing 
technology directly and indirectly altered the ecology of the edge. Within 
landscape ecology, the importance of edges is well documented. Thick 
ecological edges function as “ecotones,” defined as transitional zones 
between two ecosystems where the sum of biodiversity is greater than its 
adjacent parts. An ecotone exists along the boundary, displaying distinct 
characteristics that allow it to be considered a system unto itself.3

Thus, we can understand the edge as not just a dividing line, but a 
landscape. The ecological productivity of the ecotone is a function of width, 
material composition, and morphology. An ecotone must be thick enough 
to support a unique ecological community, but porous enough to enable 
exchange between sides. Ecotones are also not static: they change over 
time. The spatial and temporal rates of this change are relatively higher 
than those of the landscape as a whole.4

The history of cattle fencing technology reveals the transformation and, 
at times elimination, of the ecotone. Over time, the physical footprints of 
fencing systems shrank while their environmental footprints grew. Thin 
barbed wire and metal fences supplanted the thick edges of brush fences 
and live hedging, thereby impairing the ecological productivity of the 
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edge. This reduction of the fence from a thick edge to thin line impacted 
surrounding ecosystems by altering both the boundaries between and 
makeup of landscape patches. The following section describes the four 
primary phases of fencing technology in the United States, outlining both 
the productivist impulses behind their development and the oft-unintended 
ecological consequence of their deployment.

Early Colonial Fencing

In colonial New England, the fence stood as both physical infrastructure 
and cultural identifier, delimiting edge from the field and distinguishing 
native from the settler. As a tool of colonization, fence construction 
“improved” the land and in so doing bestowed property rights to the builder. 
The fence transformed the landscape mosaic of America, “bounding the 
land” and “segregating the uses to which that land was put.” 5 During 
the initial stages of colonial development, the materiality of the fence 
related directly to the natural resources of the surrounding landscape. As 
farmers cleared underbrush, they upended roots from felled trees, pushing 
twigs and litter into tangled brush fences. Later, as forests were cleared, 
timber was assembled into “zig-zag” or so-called “snake” fencing. Simple 
in construction, these angled rail fences used only materials collected 
on site and did not require the laborious digging of post holes. Later, in 
the sixteenth and seventeenth centuries when the exposed topsoil of 
deforested New England combined with the freezing temperatures of the 
“Little Ice Age,” frost-heaves pushed buried stones upward to the surface 
where they littered fields in the spring.6 After clearing them from pasture and 
farmland, farmers stacked the stones along the edge of the fields (Fig. 1).

Fencing represented the colonial farmer’s largest expense, at times costing 
two to three times more than the land itself and often worth more than the 
value of the livestock it was containing. By the mid-nineteenth century, 
fencing constituted one of the largest capital investments in the country. 
The United States Department of Agriculture appraised the value of fencing 
in 1871 at an astounding $1,750,000,000.7  In addition to costing the farmer 
money, constructing fences resulted in the loss of useful acreage, as the 
land occupied by fences could not be farmed. In an 1842 issue of American 

Figure 1. Illustrations of stump, stonewall, and snake rail fencing (from left to right). 
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Agriculturalist, a farmer laments “a mile [1,6 km] of worm-fence occupies half 
an acre [0,4 ha] of ground. If there are 100,000 mi. [160.934 km] of fencing 
in the State [of South Carolina], then 50,000 acres [20.234 ha] of land is 
covered and made useless by fences. Supposing its average value to be 
$5/acre [$2/ha], here are $250,000 more of capital lying idle.” 8 Hart and 
Mather note that the ten-foot [3m] strip of land required for angled rail 
fencing cannot be cultivated and “produces only taxes and weeds.” 9 The 
desire to minimize capital investment while maximizing cultivatable area 
would ultimately result in fence experimentation and innovation.

The “wasted” land laid idle by early fencing was quickly colonized by native 
plants and animals. The uncultivated area required for stacked stone walls 
and brush fences created a linear landscape feature, functioning as both 
habitat corridor and ecotone.
Stone walls in colonial New England provided habitat for a range of fauna 
including rodents, snakes, foxes, and wild bees. Naturalist John Burroughs 
wrote of red squirrels that could be found “spinning along the tops of the 
fences, which afford not only convenient lines of communication but a safe 
retreat if danger threatens.” 10 Because fence edges were hard to maintain, 
opportunistic tree and shrub species grew over time, while the wood posts 
and rails eventually decomposed and added to the organic matter of the 
underlying soil. Unkempt fencerows evolved into wild hedges where birds 
and mammals provided the seed dispersal for a native and heterogenous 
forest mix. The opportunistic plants of the wild hedgerow invaded adjacent 
land, allowing the hedgerow to spread laterally.11 Such feral fences became 
landscapes unto themselves, supporting a variety of native flora and fauna 
while altering ground and surface water flows, preventing soil erosion and 
stabilizing slopes.

Though colonial fence edges generated novel ecologies at the site 
scale, they also transformed the surrounding landscape matrix through 
deforestation and ecological simplification. Zig-zag fencing required an 
ample supply of timber, with thousands of rails required for each linear mile 
of fence. Indeed, a farmer would need to harvest 20 acres [8 ha] of mature 
locust to fence a 200 acre [80 ha] plot.12 When no suitable timber was 
accessible, pioneers altered the landscape to provide material resources 
for fence construction. Farmers across the American South and Midwest 
planted groves of Locust from which to harvest rails. These practices 
shifted the species composition of wooded landscapes at both local and 
regional scales. Old growth New England forests were cleared and mixed 
woodlands in the South and Midwest were transformed into ordered, single-
species lots.

Hedging the Plains

Although building fences was an essential part of life for settlers across 
the United States, the need for fencing was greatest in the western 
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prairie landscapes. As pioneers moved westward, wood and stone were 
in short supply while the extreme climate of the plains was not amenable 
to the cultivation of trees. As attempts to arborize the plains were largely 
unsuccessful, farmers fell back on the traditional European practice of live 
hedging. Settlers initially attempted to hedge with European varieties of 
shrub like hawthorn, followed by native varieties like crab apple, buffalo berry, 
cherokee rose, and white willow.13 Yet such plants could rarely withstand the 
extreme heat, frequent drought and the unique suite of New World pests. 
By the middle of the nineteenth century, horticultural experimentation had 
identified a hardy native tree species that appeared up to the task of hedging 
the Plains: the Osage orange (Maclura pomifera). In his eponymous treatise 
on hedging, Joseph A. Caldwell writes detailed instructions on Maclura hedge 
propagation, planting and maintenance (Fig. 2).14 By applying traditional 
hedging techniques to this New World species, Caldwell’s treatise hoped to 
transfer the spatial order of the English rural landscape to the western frontier.

Figure 2. The geometry of osage orange hedge cultivation and maintenance.

The convictions of Osage orange advocates and the proven success of 
Maclura hedging methods created a “hedgemania” during the 1850s. This 
movement resulted in the formation of entire horticultural industries and 
the diffusion of the species across the country, vastly expanding its native 
range. Nurseries in Arkansas and Texas shipped plants and seeds to 
the North. By 1868, the Midwestern Maclura seed trade reached 18,000 
bushels [approx. 450 tonnes] per year,15 enough to establish 100,000 mi. 
[160.934 km] of fence.16 Though it was proclaimed an “everlasting fence,” 
the living hedge was a costly and time-intensive endeavor. Farmers had 
to protect saplings from predation and, once established, had to control 
the hedge’s spread by routinely pegging down, pleaching and plashing 
its thorny branches.17 Because individual plants would frequently die 
during harsh winters, farmers had to constantly patch openings. As one 
nineteenth-century farmer lamented “Bad hedges are a nuisance to the 
eye, to the pocket, and to any farmer’s crops.” 18

In light of the time costs of establishment and maintenance, the 
“hedgemania” of the Plains was ultimately short-lived. Following a series of 
harsh winters, Plains farmers began to tire of the laborious requirements 
of hedge maintenance and looked to more economical alternatives. With 
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the abandonment of hedging came the loss of critical ecosystem services. 
Though Caldwell writes that the properly constructed Maclura hedge “will 
scarcely afford shelter even to mouse or snake,” 19 planted hedgerows 
functioned as both ecotones and habitat corridors. Hedges offered 
forage, nesting sites and cover for small animals. Game and songbird 
populations were consistently higher in hedged fields than those with 
unplanted edges.20 Because hedge maintenance was so labor intensive, 
single species hedgerows often evolved over time. Birds and wind would 
bring in new species, creating a successional ecology. In these beginning 
stages field and forest-edge species would colonize the open and semi-
open spaces of the edge. Later, as the hedge trees matured, interior 
forest species would emerge.21 Through these stages of succession, the 
hedgerow became a corridor for both forest flora and terrestrial fauna.

Hedgerows also generated new microclimates, controlling water and 
nutrient runoff and minimizing wind-blown soil erosion. The decline in 
hedging in the Plains ultimately contributed to the agro-natural disaster 
of the Dust Bowl. With deep-rooted prairie grasses plowed over and no 
hedges or shelterbelts to slow the raging winds, dust storms blew across 
the plains with such force that Oklahoma dirt rained down as far away as 
New York City. The Osage orange later figured prominently in President 
Franklin D. Roosevelt’s Great Plains Shelterbelt Program, meant to mitigate 
soil erosion and stimulate economic growth in the years following the Great 
Depression, suggesting an alternate history might have unfolded had 
hedging practices been longer lived.

Barbed Wire

Because fencing and hedging was cost and time prohibitive, much of the 
Plains remained open in the mid-nineteenth century. Ranchers moved 
cattle freely throughout the public grasslands of the Plains. The informal 
code of the range drew no boundaries and allowed for a “common” sharing 
of the unfenced American frontier. Having displaced the Native American 
communities and decimated the population of bison that sustained them, 
cattlemen drove herds 1,000 to 10,000-headstrong over the vast open 
ranges of prairie. Altogether, some five million head of longhorn cattle were 
driven up from Texas to northern markets between 1866 and 1888 (Fig. 3). 
The invention of barbed wire in 1873, however, would quickly begin 
impeding the mobility of cattle herds, transforming the cultural landscape of 
the Plains.

With a design that mimicked the thorns of the Osage orange hedge (Fig. 4), 
farmers favored barbed wire for its affordability, durability, ease of 
installation, and small footprint. As landowners began fencing off and 
making lands that had hitherto been publically grazed into private property, 
conflicts over land and water rights quickly escalated. Homesteaders and 
owners of large ranches began fencing off roads, waterways, and  
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Figure 3. Major cattle trails 1866-1890. 

ever-larger swaths of land. Cattlemen resorted to cutting wire fencing as 
a symbolic act of resistance to the proliferation of private property and the 
loss of the agricultural commons (Fig. 5). Ultimately, the cattlemen lost 
their fight with barbed wire and began fencing their own land.22 The rise of 
barbed wire thus marked the end of the open range and the expansion of 
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Figure 4. From thorn to barb; 
left: Osage orange thorns, 
right: J.F. Glidden patent.

Figure 5. Reenactment of 15 mi. [24 km] of fence cutting in 1885. 

private property in the Plains. By 1910, over two million mi. [three million km] 
of barbed wire divided the Plains (Fig. 6).23 The wire fence thus became a 
physical marker of the cadastral map, bringing the Jeffersonian grid to the 
surface of the previously boundless landscape.
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Though the Homestead Act offered free land in the Plains as early as 
1862, the lack of effective fencing had limited the number of people who 
could settle in the region. By allowing homesteaders to protect their farms 
from roving herds of cattle, barbed wire increased land values, quickly 
transforming the fertile plains into the most valuable agricultural land in 
the United States. In addition to intensifying crop production, barbed wire 
transformed every facet of cattle ranching in the plains, from genetics to 
geography. Deeply dug wells, pumped by windmills, allowed ranchers to 
raise cattle on smaller lots of land.24 The prairie became pasture and the 
rancher a stockman. As new rail-connected stockyards opened, ranchers 
no longer had to drive their herds long distances to market, thus marking 
the end of the cattle drive. Because cattle did not need to endure the harsh 
life of the trail and ranchers could keep their own purebred bulls, European 
stock like Herefords and Angus gradually replaced the feral Longhorn.25 
The fence altered, therefore, not only the occupation and land use patterns 
of ranching, but the very animals themselves.

In addition to altering the lives of ranchers and the cattle they tended, the 
invention of barbed wire fundamentally transformed the ecology of the 
Plains. In the Great Plains, barbed wire fencing enabled the shift from 
an expansive grassland mosaic to one with increasingly smaller, fenced 
pasture units. This impaired the density, distribution and mobility of native 
hooved animals, including the bison, pronghorn antelope, deer and elk 
that had grazed the Plains for millennia. The grazing habits of these large 

Figure 6. Fence types in the Great Plains, from 1850-1910. Data adapted from Primack 
1977 and Hornbeck 2010.
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ungulates created a unique soil disturbance by trampling vegetation, 
wallowing, trailing and depositing manure and urine. Augmented by the 
fires regularly set by Native Americans, these disturbances encouraged 
vegetative competition, increasing biodiversity and enhancing the vigor of 
prairie grasses.26

The animal movement also altered hydrology across multiple scales: hoof 
action increased water infiltration at the plant scale, while the congregation 
of animals along water sources changed the plant communities and erosion 
rates at the landscape scale.27 Prior to colonization, large herds migrated 
nomadically in response to the seasonal vegetation changes associated 
with the fluctuation of local and regional patterns of rain and intentionally 
set fires. These factors created a unique landscape-scale rotation wherein 
no one area was grazed at the same time each year.

Ultimately, barbed-wire fencing altered the spatial and temporal dynamics 
of this Prairie-Ungulate ecosystem by restricting animal movement and 
altering the hydrologic and vegetative composition of the Plains. By 
confining wild herds to increasingly small areas, remnant prairie patches 
became prone to overgrazing. Wire fencing also directly resulted in 
increased wildlife mortality. By studying 600 mi. [965 km] of fences in 
Utah and Colorado, researchers at Utah State University documented the 
number of pronghorn, mule deer and elk carcasses found in and along 
fences. On average, one ungulate could be found for every 2.5 mi. [4 km] 
of fence. Animals often become ensnared in the top two wires of a fence, 
with juveniles being eight times more likely to die than adults.28 Fences also 
create cultural challenges to wildlife reintroduction. Where bison have been 
reintroduced, damage to fencing is an ongoing source of rancher-wildlife 
conflict.

From Field to Feedlot 

The drive for economic efficiency catalyzed by the introduction of barbed 
wire continued into the twentieth century. As stockmen were confronted 
with the constraints of raising grass-fed beef within enclosed ranches, 
they turned to new feed technologies that permitted still greater forms of 
concentration. By the 1950s, Concentrated Animal Feeding Operations 
(CAFOs) replaced the ranch system entirely. Economies of scale, 
biotechnology, and global trade encouraged the development of this highly 
efficient mode of production. The modern-day cattle drive consists of semi-
tractor trailers moving young heifers and steers from ranches across the 
country to centralized feedlots clustered across the Central Great Plains.
While cow-calf operations still rely on an extensive system of grazing, the 
intensive feedlot system fattens thousands of cattle in the final months 
of their lives using federally subsidized grain. Corn and soy is shipped 
from commodity farms in the Midwest to feed mills by rail, where it is then 
picked up by trucks. The average feedlot requires twenty-four truckloads 
of feed daily.29 The cattle reside in small rectangular paddocks bounded by 
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metal rods and high-tensile cables for six to seven months until they reach 
slaughter-weight, at which point they are transported to nearby processing 
facilities.

The feedlot industry evolved as advances in plant genomics and chemical 
amendments, specifically the emergence of hybrid corn in the 1930s 
and synthetic fertilizers in the 1950s, produced increasingly large grain 
surpluses. By finishing cattle on high-energy surplus grain, the CAFO 
system accelerated the timeline of beef production, lowering costs and 
improving efficiencies. Feedlot cattle reach slaughter weight at fourteen 
months, four to ten months faster than their grass-fed counterparts. 
By centralizing production, the feedlot industry also enabled corporate 
consolidation of cattle finishing, processing and distribution (Fig. 7). 
Through mergers, joint ventures, and strategic alliances, the top four beef 
processors have been able to hold 85% of the market share, allowing them 
to stabilize supplies and prices at higher and more profitable levels.30

Figure 7. National beef cattle feedlot distribution.
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The CAFO has fundamentally altered the geography and ecology of cattle 
production. With so many resident animals, it is not uncommon for a 
single CAFO to generate the same amount of waste as a city of 100,000 
people. The waste is often left untreated to sit in large lagoons before being 
sprayed or spread on adjacent fields. Problems arise when the scale of 
this massive production outstrips the ability for waste to be applied to and 
safely absorbed by the surrounding fields and farmland. Fields may be too 
wet or the surrounding area not large enough. Rain may wash manure from 
lagoons, piles and fields into ditches, creeks and subterranean tributaries, 
contaminating adjacent waterways. Moreover, by supporting intensified 
corn and soy production in the Midwest, the CAFO indirectly pollutes water 
quality across the United States, contributing to aquatic dead zones in the 
Great Lakes and Gulf of Mexico.

SUSTAINABLE RANCHING AND VIRTUAL FENCING 

The ongoing use of this centuries-old barbed wire fencing technology has 
effectively de-territorialized cattle ranching. No longer tied to seasonal 
production of grass, the geography and morphology of contemporary 
cattle production is driven by commodity markets, federal subsidies, and 
logistics. As the planet becomes increasingly urbanized and its climate 
becomes more unpredictable, there is intense pressure to produce safe 
and sustainable livestock products. This pressure has encouraged research 
in alternative modes of livestock production, including managed intensive 
rotational grazing systems. In such systems, farmers strategically manage 
the movement and grazing of the herd. Farmers divide pastures into 
smaller paddocks, only grazing one paddock at a time, while the remainder 
of grassland rests and regrows. This process stimulates plant vigor, 
deepens grass root systems, and maximizes overall forage production.31

Rotational grazing has several environmental advantages, including a 
decrease in soil erosion rates and an increase in grassland habitat. Resting 
paddocks provide spring nesting habitat, while ungrazed early summer 
grasses provide cover for maturing birds. Because forage quality and 
regrowth rates vary by season and the size of the herd often fluctuates 
across the year, the size of paddocks and the timing of rotation must be 
flexible. Portable electric wire fencing provides farmers with such flexibility, 
allowing them to customize their rotational system according to the needs 
of the pasture and the herd. Rotational grazing systems typically employ 
both barbed wire perimeter fences and portable electric wire subdivisions. 
For ease of construction and rotation calculations, farmers generally 
construct square or rectangular pastures that can be easily subdivided into 
uniform paddocks (Fig. 8).

Virtual fencing technology has recently emerged as a means to lower 
the capital and labor costs of rotational grazing systems. Researchers 
have trained cattle to respond to tactile, visual and aural stimuli (Fig. 9). 
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Figure 8. Rotational paddock design.

Figure 9. Virtual fencing system.
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A wearable collar emits an unpleasant sound or small electric shock 
that encourages cattle to stay within designated areas and/or move in 
the desired direction.32 Melbourne-based agri-tech company Agersens 
introduced the first commercialized virtual fencing technology, eShepardTM 
in 2017. Agersens and pasture management software company, 
MaiaGrazing, are currently collaborating to provide a fully automated 
grazing system, employing the eShepardTM and software that monitors 
and collects data to improve decisionmaking. This product became 
available commercially at the end of 2018.

Cost savings and the optimization of herd rotation are the primary driving 
forces behind commercial virtual fence technology. Constructing and 
maintaining physical fences to control cattle is an expensive and  
time-consuming endeavor. Enclosing a 500-acre [202 ha] ranch requires 
a minimum of 3.5 mi. [5,6 km] of barbed wire fence, priced at $18/ft. 
[$57,6/m], costing the farmer over $300,000. As wildlife and fallen trees 
damage fences, farmers face additional costs in the form of ongoing 
maintenance. A rotational grazing system requires additional temporary 
electric fencing, which is time-consuming to move. The eShepardTM costs 
about A$5,000 [US$3,597] for initial set up, with an additional A$60-90 
[US$43-65] per collar. While currently impractical for large scale cattle 
ranches, the technology is feasible for small operations. Outfitting a herd 
of 350 head would cost a farmer around US$30,000. In addition to offering 
the flexibility of field placement, this represents a significant saving over 
physical fences.

By lowering the cost of fencing, virtual fencing could encourage more 
cattle producers to transition to pasture-based production systems. By 
streamlining rotational grazing practices, it could also allow ranchers to raise 
more cattle on less land, thereby increasing profit margins. This system 
could also leverage growing consumer interest in animal welfare and 
sustainability, as evidenced in the rising market share of grass-fed beef.33

Virtual fencing entails a variety of ecological implications. Existing 
applications of virtual fence technology mitigate the environmental harm 
of traditional cattle ranching both directly and indirectly. Research has 
suggested that domestic livestock can be managed to mimic wild ungulates 
and, by so doing, support a native grassland ecology.34,35 Yet even when 
cattle are intensively managed to support vegetative diversity, fences still 
present an ongoing obstacle to the reestablishment of native ungulates. 
By controlling the movement of cattle while eliminating physical barriers to 
wildlife movement, the virtual fence has the potential to improve the habitat 
connectivity of native ungulates.

The flexibility of virtual fences allows farmers to define the fencing polygons 
away from sensitive streams and waterbodies, thereby improving local 
water quality. By facilitating rotational grazing and transitioning from 



174

The Plan Journal 4 (1): 159-185, 2019 - doi: 10.15274/tpj.2019.04.01.12 www.theplanjournal.com

grain-feed to grass, the virtual fencing system can further improve regional 
water quality indirectly. The commodity farms of the Midwestern Corn Belt 
that currently supply the bulk of livestock feed are large contributors to 
nutrient runoff into the Gulf of Mexico and Great Lakes watersheds. By 
reducing the market for cattle feed, the virtual fence could create space for 
alternative, less nutrient-dependent crops in the Midwest and, in so doing, 
reduce harmful runoff.

VIRTUAL FENCING AS RESPONSIVE TECHNOLOGY

Heretofore, conventional fencing technologies have been static. The 
virtual fence, however, has the potential to be a responsive technology: a 
technology designed to sense environmental phenomena, process these 
phenomena according to a set of rules or goals, and then respond and 
adapt according to these rules.36 In their book  Responsive Landscapes 
(2015), Brad Cantrell and Justine Holzman note that “the biologies that 
comprise landscapes have their own individual behaviors, logics, and 
reasoning that allow these systems to evolve through connectivity and 
response.” 37 Building on the innate responsivity of landscapes, responsive 
technologies can enable “cyborg landscapes” that embrace adaptation 
and interaction, dynamically connecting human and non-human systems 
through a series of feedback loops.38 Moreover, machine learning and 
artificial intelligence can enable responsive technologies to operate in real-
time.

Landscape architectural discourse around responsive technologies 
has primarily focused on infrastructure within and in support of cities. 
Within architecture, responsivity has primarily been employed to shape 
perceptions, augment reality, and the mediate socio-spatial interactions. 
Virtual fencing technology can expand the scope of disciplinary 
engagement with responsive technologies to include the rural working 
landscape. In this context, the technological spaces of livestock fencing 
represent untapped opportunities for design intervention. The potential for 
lower costs, increased efficiencies, and environmental mitigation has driven 
virtual fencing research to date. A responsive design approach to virtual 
fencing provides opportunities to prioritize ecosystem services alongside 
production.

Technological Opportunities

A suite of remote and in-field sensing technologies and computational 
modeling methods could allow a virtual fencing system design to operate 
across multiple scales, from field edge to region. At the landscape scale, 
remote sensing and geospatial models can reveal how patterns of 
movement and herd density impact the dynamics of ecological disturbance 
and recovery. Satellite imagery can be analyzed thematically, mapping 
classes of vegetation and vegetative cover, assessing biomass and 
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monitoring landscape change. Vast areas of grassland can be monitored 
daily using imagery such as that from MODIS (Moderate Resolution 
Imaging Spectroradiometer), a NASA satellite that images the entire earth 
every one-to-two days. At a coarse spatial resolution (about 1 km [0.6 mi.]), 
such imaging can monitor vegetation cover and a range of geological and 
hydrological variables such as soil moisture and surface temperature.

At the scale of the individual, technologies exist for animal identification, 
tracking their movements and monitoring their health. Data collected from 
such technologies can inform agent-based models that can predict the 
dynamic interaction between animal grazing, vegetation growth, and soil 
erosion. Agent-based modeling has a long tradition in ecology, exploring 
how system-level dynamics emerge through the behavior of individual 
agents.39 Livestock, as living sentient organisms, are complex, unique 
and responsive to environmental conditions and circumstances in real-
time. In this context, it is useful to think of livestock as not just “animals” 
but “agents” individuals that are autonomous, interact locally and adapt 
to the state of themselves and their environment in order to maximize 
fitness.40 A virtual fencing system that positions livestock as autonomous 
agents could, therefore, generate novel landscape systems driven by 
biological intelligence. Through an agent-based design approach to cattle 
movement, the fencing technology, and the semiautonomous animals it 
corrals could create complex, self-organizing, non-linear systems that 
respond to feedback across scales —ultimately resulting in emergent 
ecological conditions.

Articulating the Edge: Field-Scale Design Opportunities

Responsive design has the potential to improve habitat outcomes at the 
field scale. Farmers in temperate prairie states could design rotational 
systems that support native grassland birds like upland sandpipers, 
bobolinks, and meadowlarks. Grassland birds typically build nests, hatch 
their eggs and raise their young in a four-to-five week period between early 
May and mid-July. Yet in most rotational paddock designs, cattle return to 
graze in around three weeks, resulting in nest trampling. Proximal thermal 
and multi-spectral sensing from un-manned aerial vehicles could monitor 
vegetation growth and identify nesting sites.41 The virtual fence could be 
calibrated to leave at least 4 in. [10 cm] of growth in order to increase 
the chances of nesting success while keeping cattle away from identified 
nesting sites.

A design approach to virtual fencing could also enhance the productivity 
of the ecotone by changing the spatial structure of paddock rotations. 
Construction and labor constraints limit typical paddock design to simple 
rectilinear geometries. Virtual fencing could support multiple paddock 
morphologies, increasing microclimatic and horticultural heterogeneity 
across the edge-of-field ecotone. Research highlights the importance of 
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edge shape to the functioning of the ecotone: the more convoluted the 
edge, the more complex the ecological processes.42 Virtual fencing could 
allow for paddock reticulation, thereby increasing the ecological complexity 
of the edge (Fig. 10).

The efficacy of a responsive, field-scale sensing design will vary by soil 
type, topography, geology, herd stocking rate, and climate. A successful 
design strategy will, therefore, need to address the spatial and operational 
heterogeneity of the farm. Designers can develop a user-friendly mapping 
platform that allows farmers to import geospatial data about their farm, 
identify which rotational strategies would be most suitable for their herd, and 
help them decide where that herd should be sited. The fact that farmers and 
ranchers increasingly employ precision technologies in their daily operations 
suggests that such a platform would be well received.

From Rotation to Migration: Landscape-Scale Design Opportunities

A more ambitious design approach to the virtual fence could impact 
ecosystems at the landscape scale. Most of the native grasslands across 
the United States have been converted for agriculture. Through targeted 
grazing, precision ranching could regenerate and reconnect remnant 
prairie ecologies (Fig. 11). The flexible virtual fencing system could 
employ the aforementioned precision technologies, combined with novel 
management techniques, to generate a hybrid livestock-grassland ecology. 
At the landscape scale, remote sensors and unmanned aerial vehicles 
could continuously assess vegetation activity and the dynamic interaction 
between livestock disturbance and ecological recovery. Geospatial data 
could calculate path suitability as well as create buffers around ecologically 
or hydrologically sensitive areas like endangered bird nesting sites and 
contaminated streams (Fig.12). The rotational grazing system could be 
coordinated with the migratory routes of birds and pollinators, maintaining 
habitat when critical species need it most. In this way, the virtual fence could 
enable not just herd rotation, but territorial migration of native species.

Figure 10. Speculative paddock ecotones.
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Just as barbed wire was designed to replicate the morphology of a thorny 
hedge, the migratory virtual fencing system could be designed according 
to the grassland ecosystem. Employing a system-scale approach to 
biomimicry, the virtual fencing system could be open, self-organizing 
and adaptive. As animal welfare data points are collected, the system 
could adapt to optimize individual and overall fitness. As the landscape is 
monitored, the system could adjust to unexpected changes, such as signs 
of overgrazing, erosion, and fire. As climate patterns continue to shift over 
the coming century, livestock herds could be managed to facilitate the 
northward expansion of the grassland ecosystem. In this way, virtual fencing 
could enable adaptation across both space and time. Unlike typical livestock 
operations, this migratory system would not allow the rancher to fully control 
the herd. Rather, emergent technologies would allow the grazing ecosystem 
to re-design itself to optimize the health of the herd and habitat. The system 
could, therefore, generate positive ecological externalities rather than merely 
mitigate environmental impact.

Developing and implementing a migratory system design presents a number 
of unique challenges. Design experiments will need to be conducted in 
different ecosystems, with different herd sizes and compositions, and with 
rotations at widely varying spatial and temporal scales. Such experiments 
will require careful engagement with varied stakeholders, including industry, 
policymakers, and ranchers. Because a responsive grazing system would 
fundamentally transform the physical spaces and day-to-day operations 
of cattle ranching, stakeholder participation must be coupled with rigorous 
public outreach in order to solicit stakeholder priorities and educate ranchers 
and industry representatives on the merits of responsive and sustainable 
ecological design.

Design experiments will also necessitate coordination among agricultural 
engineers, ecologists, and computer scientists, all of whom use different 
models, platforms and datasets. There will be issues of software 
fragmentation, data sharing and security to overcome. Social networks 
for sharing agricultural data and knowledge have historically existed in 
the form of Agricultural Extension, a network formed at the turn of the 
twentieth century in response to national food shortages. Because precision 
agricultural technologies like eShepardTM are developed for capital 
interests, extension offices do not currently have the infrastructure to collect 
and diffuse private agricultural data. While some companies are creating 
models of data acquisition and distribution, current platforms are not open 
source and thus cannot be easily analyzed or integrated with ecological 
modeling systems.

In order for virtual fencing systems to successfully adopt the organizing 
principles of a grassland ecology, herds must be able to move across 
the landscape. Yet infrastructural constraints like roads, highways, and 
interstates crisscross the country.
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Figure 11. Enabled ecological succession.
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Figure 12. Responsive migration system design.
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The movement of cattle would need to take advantage of existing wildlife 
crossing structures or be timed in coordination with traffic data in order 
to protect animals and minimize disturbance to regional transportation 
flows. Because cattle need frequent access to water, a virtually fenced 
landscape would also require the installation of strategically distributed, 
low-cost, solar-powered wells. Moreover, the industrial consolidation of 
beef cattle processing would limit the migratory range of cattle herds. The 
development of a decentralized processing system employing mobile 
abattoirs could allow processing infrastructure to follow production, rather 
than the other way around.43

Perhaps the biggest barriers to the success of this proposed system 
are not physical, but cultural. A migratory system design would require 
the movement of animals across property lines. Just as barbed wire 
enabled the expansion of private property across the Great Plains 
through enclosure, virtual fencing technology affords the opportunity to 
fundamentally transform the notion of public versus private space.
Though the concept of private property is deeply ingrained in the American 
ethos, the history of cattle ranching and the open range reveals unique 
and at times contradictory attitudes toward shared land resources. “No 
trespassing” signs mark the barbed wire fences of most cattle ranches, 
yet many ranchers graze cattle on public lands. The armed standoff 
between federal officers and Nevada rancher Clive Bundy in 2014 
highlights the extent to which ranchers often see grazing on public land as 
a fundamental right. If a virtual fencing system is to blur public and private 
property lines, it could exploit such cultural attitudes while alternative legal 
frameworks for managing land use are developed.

CONCLUSION

The evolution of fencing technology, from stacked brush to barbed-wire, 
has shaped the form and function of American livestock production at least 
since the time of colonization. The fence has straightened, sharpened and 
simplified boundaries across the working landscape. Fencing has fixed 
the landscape, rendering dynamic gradients static and segregated. It has 
constructed spatial binaries, perpetuating the view of private and public as 
two distinct realms that must be sharply delineated.
The potential for higher profit margins and increased efficiencies 
has historically prompted advances in fencing technologies with the 
widespread adoption of new practices. The virtual fencing system 
could transcend this productivist paradigm by adapting the fence to the 
principles of landscape ecology and responsive technologies. Using 
livestock as agents, we could enable the ecology to be flexible and 
adaptive. Capable of responding to a variety of unexpected changes, 
such as unexpected weather events or the seasonal movements of 
reintroduced wildlife, the system could autonomously modify both its 
structure and behavior.
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The landscapes and instruments associated with the virtual fencing of livestock 
production present an opportunity for the discipline of landscape architecture 
to imagine the potential for responsive technologies to impact ecological 
systems at heretofore unprecedented scales. Virtual fencing and location-
sensing devices can break down landscape barriers, while drone and satellite 
reconnaissance relay detailed data in real-time. The feedback loop established 
between sensing, processing, and actuating would allow for greater resilience in 
the face of changing ecological conditions through adaptively managed, rule-
based and goal-oriented systems. Hybrid forms of biological and computational 
intelligence could position livestock as agents within a responsive landscape. 
The nascent technologies discussed herein provide an opportunity for multi-
scalar experimentation. Moving beyond mitigation, these technologies afford 
new methods of practice that prioritize complex ecologies alongside production. 
This article does not aim to be a definitive discussion of fencing technologies 
and their environmental impacts, but rather a springboard for further design 
speculation and experimentation.

Notes

1. Humphry Repton, Fragments on the Theory and Practice of Landscape Gardening (London: 
T. Bensley and Son, 1816), 141-42.
2. James E. Hart and Eugene C. Mather, “The American Fence,” Landscape 6, no. 3 (1954): 4.
3. Richard T. Forman, “Some General-Principles of Landscape Andregional Ecology,” 
Landscape Ecology 10 (1995): 133-42.
4. Andrew J. Hansen and Francesco di Castri, eds., Landscape Boundaries: Consequences 
for Biotic Diversity and Ecological Flows (New York: Springer, 1992), 423-38.
5. William Cronon, Changes In The Land: Indians, Colonists, and the Ecology of New England 
(New York: Hill and Wang, 1983), 137.
6. John-Manuel Andriote, “The History, Science and Poetry and New England’s Stone Walls,” 
Earth 59, no. 6 (2014): 28.
7. Clarence H. Danhof, “The Fencing Problem in the Eighteen-Fifties,” Agricultural History 18, 
no. 4 (1944): 168-86.
8. Anthony B. Allen, The American Agriculturist, 5 (1846): 81.
9. Hart and Mather, “The American Fence,” 6.
10. John Burroughs, “The Snow Walkers,” Atlantic Monthly: A Magazine of Literature, 
Art and Politics 17 (1886): 308.
11. Peggy Eppig, “Farm Boundaries as Agroecological Systems,” Pennsylvania History 79, 
no. 5 (2012): 451-62.
12. Hart and Mather, “The American Fence.”  
13. Joseph A. Caldwell, Caldwell’s Treatise on Hedging: History of Hedging: Giving a 
Complete Theory of Its Culture (Columbus OH, USA: Segners & Condit, 1870).
14. Ibid.
15. James P. Barnett and James D. Burton, “Osage-orange: A Pioneering Stewardship Species,” 
Tree Planter’s Notes 48, no. 3 (1997): 81-86.
16. Hart and Mather, “The American Fence,” 4-9.
17. Michael L. Ferro, “A Cultural and Entomological Review of the Osage Orange and the Origin 
and Early Spread of ‘Hedge Apple’ Folklore,” Southeastern Naturalist 13, no. 7 (2014): 1-34.
18. J. Jay Smith, The Horticulturist and Journal of Rural Art and Rural Taste 13 (1858): 25.
19. Caldwell, Caldwell’s Treatise on Hedging, 40.
20. Hugh A. Steavenson, Harry E. Gearhart, and R. L. Curtis, “Living Fences and Supplies 
of Fence Posts,” The Journal of Wildlife Management 7, no. 3 (1943): 257-61.
21. Richard T. T. Forman and Jacques Baudry, “Hedgerows and Hedgerow Networks in 
Landscape Ecology,” Environmental Management: An International Journal for Decision 
Makers, Scientists and Environmental Auditors 8, no. 6 (1984): 495-510.



184

The Plan Journal 4 (1): 159-185, 2019 - doi: 10.15274/tpj.2019.04.01.12 www.theplanjournal.com

22. Susanne Bentley, “How the West was Wired,” in Western Technological Landscapes, 
ed. Stephen Tchudi (Reno NV, USA: University of Nevada Press, 1998): 17-35.
23. Richard Hornbeck, “Barbed Wire: Property Rights and Agricultural Development,” 
Quarterly Journal of Economics 125, no. 2 (2010): 767-810.
24. Rodgers Taylor Dennen, “From Common to Private: The Enclosure of the Open Range” 
(PhD diss., Economics Department, University of Washington, 1975).
25. Lauren C. Post, “The Upgrading of Beef Cattle on the Great Plains,” The California 
Geographer 2 (1961): 23-30.
26. Doug Ladd, “Ancient Players, New Game: The Origins of Our Tallgrass Prairies,” 
Missouri Prairie Journal 39, no. 3 & 4 (2018): 8-13.
27. David C. Hartnett, Allen A. Steuter, and Karen R. Hickman, “Comparative Ecology of 
Native and Introduced Ungulates,” in Ecology and Conservation of Great Plains Vertebrates, 
eds. Fritz L. Knopf and Fred B. Samson (New York: Springer, 1997), 72-101.
28. Justin L. Harrington and Michael R. Conover, “Characteristics of Ungulate Behavior and 
Mortality Associated with Wire Fences,” Wildlife Society Bulletin 34 (2006): 1295-305.
29. John J. Wagner, Shawn L. Archibeque, and Dillon M. Feuz, “The Modern Feedlot for 
Finishing Cattle,” Annual Review of Animal Biosciences 2, no. 1 (2014): 535-54.
30. Grain Inspection, Packers and Stockyards Administration, “Packers and Stockyards 
Program Annual Report,” 2016, retrieved from: https://www.gipsa.usda.gov/psp/publication/
ar/2016_psp_annual_report.pdf. 
31. Lawrence Oates and Randall Jackson, “Potential Carbon Sequestration and Forage 
Gains with Management-Intensive Rotational Grazing,” Center for Integrated Agricultural 
Systems Technical Report (2015), doi: 10.13140/RG.2.1.1379.6326.
32. Dean M. Anderson, “Virtual Fencing—Past, Present and Future,” Rangeland Journal 29, 
no. 1 (2007): 65-78. doi: 10.1071/RJ06036.
33. Stone Barns Center for Food and Agriculture, “Back To Grass: The Market Potential for 
U.S. Grassfed Beef,” 2017, retrieved from: https://www.stonebarnscenter.org/wp-content/
uploads/2017/10/Grassfed_Full_v2.pdf. 
34. Samuel J. McNaughton, “Grasses and Grazers, Science and Management,” Ecological 
Applications 3, no. 1 (1993): 17-20.
35. Allan Savory, “The Savory Grazing Method or Holistic Resource Management,” 
Rangelands 5, no. 4 (1983): 155-59.
36. Bradley E. Cantrell and Justine Holzman, Responsive Landscapes: Strategies for 
Responsive Technologies in Landscape Architecture (New York: Routledge, 2015).
37. Ibid., 41.
38. Kees Lokman, “Cyborg Landscapes: Choreographing Resilient Interactions between 
Infrastructure, Ecology, and Society,” Journal of Landscape Architecture 12, no. 1 (2017): 
60-73.
39. Volker Grimm and Steven F. Railsback, Individual-Based Modeling and Ecology 
(Princeton NJ, USA: Princeton University Press, 2013).
40. Justine Holzman and Forbes Lipschitz, “Robotic Ecologies: Landscape Strategies for 
Precision Agriculture Technologies,” in Landscape Architecture as Necessity Conference 
Proceedings 1, eds. Alison Hirsch and Kelly Shannon (Los Angeles: University of Southern 
California, 2016), 201-8.
41. Martin Israel and Aline Reinhard, “Detecting Nests of Lapwing Birds with the Aid of a 
Small Unmanned Aerial Vehicle with Thermal Camera,” 2017 International Conference on 
Unmanned Aircraft Systems (ICUAS) (2017): 1199-207, doi: 10.1109/ICUAS.2017.7991393. 
42. Almo Farina, Ecology, Cognition and Landscape: Linking Natural and Social Systems 
(Dordrecht, The Neth.: Springer, 2010).
43. Lauren Gwin, “Scaling-up Sustainable Livestock Production: Innovation and Challenges 
for Grass-Fed Beef in the U.S,” Journal of Sustainable Agriculture 33, no. 2 (2009): 189-209.



185

Forbes Lipschitz
Expanding the Field:  

Virtual Cattle Fencing as Responsive Landscape Technology

Credits

Figure 1: illustration by C. W. Jefferys, retrieved from Harry Symons, Fences (Toronto: 
McGraw-Hill Ryerson, 1958).
Figure 2: image retrieved from Caldwell, 1870.
Figure 3: image through the courtesy of © National Park Service.
Figure 4: image retrieved from J.F. Glidden patent, 1874. 
Figure 5: image through the courtesy of © Solomon D. Butcher, 1885.
Figures 6-12: images provided by the Author.

Forbes Lipschitz is an Assistant Professor of Landscape Architecture at the Knowlton 
School of Architecture, at The Ohio State University. As a faculty affiliate for the Initiative 
in Food and AgriCultural Transformation, she investigates the potential of design to 
improve the social and ecological dynamics of conventional working landscapes. She has 
been awarded teaching and research grants from the Louisiana State University Office of 
Research and Development, the Coastal Sustainability Studio and the Graham Foundation 
for Advanced Studies in Fine Arts. She received her Master in Landscape Architecture from 
the Harvard Graduate School of Design and a Bachelor of the Arts from Pomona College in 
Claremont, CA. E-mail: lipschitz.4@osu.edu 




