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Fence

Figure 1—Three types of fence exclosures are being tested on the Continental Divide between 
Montana and Idaho.

Figure 2—Six-foot tall, high-tensile steel electric fences and polyrope electric fences are designed 
to exclude moose from aspen groves in areas used for research.

Introduction

The Missoula Technology and Devel-
opment Center (MTDC) was asked 
to evaluate various fence materials 

and designs to exclude elk and moose 
from plantations, riparian areas, and 
aspen regeneration areas. Our goal was 
to design a reasonably priced fence that 
would last up to 8 years and that was 
easy to install and remove when it was 
no longer needed. MTDC installed three 
different types of temporary fence exclo-
sures in the fall of 2002. The exclosures 
are relatively small in size, but materials 
were chosen that could be adapted easily 
for larger exclosures. 

The fences are on a steep, north-
facing slope near the Continental Divide 
in the Beaverhead-Deerlodge National 
Forest in Montana, (elevation 8,200 
feet). This location, known as Buffalo 
Springs, receives large amounts of snow 
and high winds, making it a worst-case 
testing ground as far as the weather is 
concerned. The enclosed areas allow re-
searchers to study regeneration in aspen 
groves without the pressure of grazing 
animals. Each fenced area is about 1 
acre (figure 1). Two battery-powered 
electric fences with solar charging sys-
tems are 6 feet tall (figure 2). The plastic 
mesh fence is 71⁄2 feet tall (figure 3).

The two electric fences are moni-
tored remotely by a satellite telemetry 
system.

MTDC helped install another plastic 
mesh exclosure fence near Philipsburg, 
MT, in the Beaverhead-Deerlodge 
National Forest. The exclosure is a 
cooperative project involving the Forest 
Service, Montana Department of Fish, 

Plastic mesh

Polyrope electric

High-tensile electric steel

High-tensile electric steel Polyrope electric

 Solar 
panels

Battery
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Figure 3—A 71⁄2-foot-tall plastic mesh fence exclosure is supported by metal T-posts and high-tensile 
wire.

Figure 4—This 71⁄2-foot tall plastic mesh fence protects a riparian willow patch from grazing moose 
on the Middle Fork of Rock Creek near Philipsburg, MT.

Introduction

Wildlife, and Parks, and the U.S. Depart-
ment of the Interior Fish and Wildlife 
Service. The fence encloses almost 1 

acre and protects a riparian willow patch 
in an area heavily populated with moose 
(figure 4). 
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Fence

Figure 5—The 6-foot-tall polyrope electric fence has metal T-post supports spaced every 20 feet.

Figure 6—A fence post driver designed by MTDC helps workers 
install 10-foot-long metal fence posts without using ladders.

The three types of exclosures are 
relatively easy to install. Any of 
these 1-acre exclosures can be 

installed in 1 day with a six- to eight-
person crew. Accessibility, terrain, rocks, 
trees, brush, roots, moisture, clay, equip-
ment accessibility, and the amount of 
fencing experience of the workers all 
factor into the time required to install 
the fence. 

Polyrope Electric Fence
This 6-foot-tall, seven-rope fence 

is supported by metal T-posts with 
insulators (figure 5). Heavy-duty, 8-foot-
long T-posts were driven every 20 feet. 
Pounding steel posts can be difficult in 
dry, rocky soil. MTDC designed a special 
driver for setting 10-foot-long T-posts 
(figure 6). Tech Tip 0324–2340–MTDC 
(Manual Post Drivers for 8- to 10-Foot-
Long Metal Posts, http://www.fs.fed.us/ 
t-d/pubs, username: t-d, password: t-d, 
search for post driver) and the mechan-
ical drawing (MTDC-1026) of the post 
driver are available from MTDC. 

Braces using 10-foot long T-posts 
and special hardware connectors support 
the corners and gate opening. Porcelain 
insulators are tied to the corner and end 
posts with 12-gauge high-tensile wire on 
10-inch spacing. Plastic T-post insulators 
are attached to posts between the corners 
with two built-in nylon ties (figure 7). In 
past tests, standard snap-on insulators 

tended to pop off T-posts. 

Polyrope (Gallagher Turbo Horse 
Rope) was used on the exposed sides of 
this fence exclosure. The rope is 1⁄4-inch 
diameter polyethylene braided rope 

Fence Details
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Figure 7—Plastic strap-on insulators clamp tightly to the T-post and pin the polyrope at the proper 
spacing. Standard snap-on insulators tend to pop off.

Figure 8—Special clamps tie off polyrope to insulators and connect the rope to the energizer and 
ground wires.

Fence Details

(polyrope) with nine strands of highly 
conductive metal filaments. Joint clamps 
(part number G603044) from Gallagher 
(figure 8) are used to anchor the rope to 
the porcelain insulators. Gallagher Rapid 
Wire Tighteners were used to tension 
the ropes. A Gallagher B260 energizer 
supplies electricity. The fence was 
hooked up as an alternating hot- and 
ground-wired system with a three-rod 
grounding system.

It is advisable to install at least one 
gate on all exclosures in case an animal 
finds a way in and becomes trapped. A 
gate that is 20 feet wide or wider is re-
commended on electric fences because 
the animals will be hesitant to approach 
the edges of the opening of an electric 
fence. 

Plastic Mesh Fence 
(Nonelectric)

This 7 1⁄2-foot-tall fence was sup-
ported by metal T-posts and had three 
horizontal tension wires. The 10-foot-
long, heavy-duty metal T-posts were 
driven 2 1⁄2 feet deep. The posts were 
spaced 20 feet apart. Braces using two 
T-posts welded together and special 
hardware connectors support corners 
and gate openings (figures 9a and 9b). 
High-tensile steel wire coated with poly-
vinyl chloride (PVC) is stretched and 
tied between corners and gates, along 
the top, bottom, and middle of the posts. 
The wires clip to the T-posts after they 
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Fence

Figure 9a—Corner and end posts on the polyrope and plastic mesh fences are braced with T-posts 
using special hardware connectors that install with a hammer.

Figure 9b—Detailed view of a corner post.

Fence Details

have been tensioned with Gallagher 
Rapid Wire Tighteners. 

The mesh material is made of poly-
propylene plastic and comes in 7 1⁄2-
foot-wide rolls that are 164 feet long. 
MTDC chose a heavy-duty 13⁄4-inch-
square mesh, Cintoflex-P, manufactured 
by Tenax, because it was more likely 
to withstand the heavy snow loading at 
Buffalo Springs and last at least 8 years. 
The plastic mesh attaches to the T-post 
with nylon ties and to the tension wires 
with hog ring staples (figure 10). The 
plastic mesh is sandwiched between the 
T-post and a length of No. 4 rebar that 
helps hold the mesh tight to the T-post. 
The rebar helps keep the mesh from 
tearing out at the nylon ties (figure 11). 
Another option would be to use more 
ties at the posts and eliminate the rebar. 
Getting some of the slack out of the 
fence, especially around swales or dips, 
is an issue. Straighten out puckers by 
pulling loose areas tight with nylon ties. 
Driving extra fence posts and adding 
extra plastic mesh may help in ditches 
or low areas. 



6

Figure 12—Corner posts on the high-tensile fence are sunk 3 feet deep in holes dug by hand, then 
supported with a floating knee brace. The low end of the brace sits on a flat rock or board and is tied 
to the base of the corner post with high-tensile wire. The pointed end of the post is up to shed water.

Posts braced at 
ends and corners, 
sunk 21⁄2 to 3 feet Fiberglass stay

Tension wire between 

post and brace

Figure 11—A piece of rebar 
helps hold the mesh tight 
along the full length of the 
post. Nylon cable ties hold 
the rebar to the T-post.

Figure 10—Hog rings every 
couple of feet hold the plastic 
mesh fence to high-tensile 
wires stretched between posts.

Fence Details

High-Tensile Steel Electric 
Fence

This 6-foot-tall, seven-wire fence 
is supported by wooden corner posts 
with fiberglass rods used as posts (11⁄2 
inches in diameter) or stays (5⁄8 inch in 
diameter). The heavy-duty, 10-foot-
long, 6-inch-diameter wooden tension-
ing posts are buried 2 1⁄2 feet deep at 
the corners and gates. Braces made from 
wooden poles, 3 to 4 inches in diameter, 
help support the corners and gate open-
ings (figure 12). Heavy posts and braces 

Hog 
ring

High-tensile

wire

Nylon tie

Rebar

are required because up to 1⁄4 mile of 
wire can be stretched between tension-
ing posts.

Porcelain insulators were tied to 
the wooden posts on a 10-inch spacing 
(figure 13), using high-tensile wire. 
Seven high-tensile wires were tied to the 
insulators and tensioned with Gallagher 
Rapid Wire Tighteners (figures 14a and 
14b). A wire reel (spinning jenny) for 
unrolling high-tensile wire can save a 
lot of frustration trying to uncoil loops. 
If the run between corner posts is short, 
as in our case, the wire is run through 
plastic insulators nailed to the outside 
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Fence

Figure 14a—Adjustable tighteners simplify tensioning and retensioning the 
high-tensile wire without cutting it.

Figure 14b—Detailed view of an adjustable 
tightener.

Figure 13—High-tensile wires can run through insulators nailed to the outside of a corner post and 
then tie off to the next post if the wire runs are shorter than 800 feet and the ground is relatively flat.

Fence Details

of the wooden post, then tied off at the 
next post. The Gallagher Rapid Wire 
Tighteners are very convenient for 
tensioning wire and rope. Gallagher sells 
a special tool (G645004) for the Rapid 
Wire Tighteners that makes tensioning 
easy for one person. On relatively flat 
ground, runs of 1⁄4 mile and more are 
possible between corner posts sunk 3 
feet deep and supported by a floating 
knee brace. 

Fiberglass support posts (figure 15) 
are driven 12 to 18 inches in the ground 
every 60 feet between the wooden posts. 
Fiberglass stays were used every 20 feet 
to help maintain the spacing of the 
wires between the posts. Clips that slid 
through holes in the fiberglass posts and 
stays held the high-tensile wires in place 
(figures 16a and 16b). Fiberglass does 
not conduct electricity, so it is ideally 
suited for electric fences. A Gallagher 
B160 energizer supplied electricity to 
the fence. This fence was hooked up 
as an alternating hot and ground wired 
system with a three-rod grounding 
system. 
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Figure 16a—Special clips attach the wire to the fiberglass posts after 
the wire has been tensioned.

Figure 16b—Clips used for fiberglass stays.

Figure 15—Fiberglass posts and stays help hold high-tensile wires upright and at the proper spacing. 

Fiberglass 
stay

Fiberglass 
post

Fence Details

Clip

Fiberglass  
post

Clip

Fiberglass
stay
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Designing tall temporary fences 
that are strong enough to exclude 
large animals and stand up to snow 

loading and high winds is a challenge. 
There may be cheaper alternatives than 
the fences we tested. Such fences could 
be more portable and might hold up in 
environments that are not as harsh. 
MTDCʼs goal was to test fences that 
would last 3 to 8 years, that could be 
constructed at a reasonable cost, and 
that could be maintained without a lot 
of additional labor or materials.

Table 1 shows the cost per foot of 
each fence design used in this evalua-
tion. These costs are based on 800 lineal 
feet of each style of fence. Electric fence 
costs include an energizer, solar panel, 
and battery. Materials were bought in 
relatively small volumes, which in-

Costs and Economics
creased the cost of materials. Labor was 
supplied by agency staff who were not 
necessarily fence installation experts, 
which increased the time needed to con-
struct the fence. Accessibility to the 
Buffalo Springs site was difficult be-
cause of ditches and steep terrain. Large 
exclosures in open areas should cost less 
per foot, particularly if materials were 
purchased in volume and the fence was 
constructed by experienced laborers 
using mechanized equipment. 

Electric fence energizers are 
capable of charging more than 800 
feet of fence, so the cost per foot will 
drop for longer fences. Donʼt try to 
charge a longer section of fence than 
the maximum length specified by the 
energizerʼs manufacturer. Usually, 
specifications are based on optimal 

Fence Type Material Cost Labor Cost Total Cost
 ($ per foot) ($ per foot) ($ per foot)

Polyrope electric 2.21 0.51 2.72
Plastic mesh (nonelectric) 1.67 0.45 2.12
High-tensile steel electric 1.60 0.73 2.33

Table 1—Relative costs of three types of fence used to exclude elk and moose.

conditions, which arenʼt likely to 
resemble field conditions. Although a 
lighter version of the polyrope, called 
polywire or turbo wire, is typically 
used for portable fences, we did not 
test polywire. The material costs of the 
fence could be reduced by almost 10 
cents per foot if we had used polywire. 
We used polyrope because it was more 
visible and because it looks like more 
of a barrier than polywire.

Some fence materials may be 
reusable after 8 years, but the plastic 
mesh and polyrope will probably need 
to be replaced. For a cost comparison, 
a standard 4-foot, 5-strand permanent 
barbed wire fence costs about 80 cents 
to $1.50 per foot for materials and 
labor. Such a fence would not be high 
enough to keep large animals out.
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Figure 17—After wind or snow forced 
the polyrope out of its slot on the T-post 
insulator, grounding the fence, we used 
nylon ties to secure the rope to the 
insulator.

There has been no sign that large 
animals have entered any of the 
exclosures in the last 2 years. 

These areas are exposed to pressure 
from moose and elk, but not to heavy 
pressure from deer. As the protected 
areas inside the exclosures begin to 
outgrow the more heavily grazed area 
outside, the elk and moose will have 
more incentive to get inside. Some 
fences have been damaged by snow and 
wind during the winter.

These fences are not being tested in 
areas with high deer populations. Deer 
are known to be persistent in their effort 
to get over, under, or through fences. It 
is not known how well these fences will 
hold up to heavy pressure from deer. 

Test Results

Polyrope Electric Fence
The polyrope fence shorted out both 

winters. The first year, the rope slipped 
out of an insulator at one of the corner 
braces. To correct the problem, MTDC 
installed nylon ties that hold the rope 
in place at all brace insulators (figure 
17). During the second year, one of the 
positively charged ropes appeared to 
have been pushed down by snow until it 
shorted out on the ground rope below 
it. The energizer battery was totally 
discharged and could not be revived (it 
probably froze during the early spring). 
Polyropes tend to sag, especially when 
new, and require retensioning a couple 
of times a year. There was some concern 
about maintaining the electrical circuit 
when the fine wires braided into the rope 
were clamped together at connection 
points, but that has not been an issue. 

Nylon tie

Insulator
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Fence

Figure 18—This plastic fence and support posts were probably bent over by a 
melting snow bank.

Plastic Mesh Fence 
(Nonelectric)

During the first year, a 60-foot 
section of fence bent outward at a 30-
degree angle (figure 18). A melting 
snowbank was the suspected culprit. To 
repair the problem, the fence posts were 
straightened and braced with several guy 
wires inside the exclosure. The longest 
run between braced tensioning posts is 
about 400 feet. Testing shows this run 
may be too long, given animals  ̓attempts 
to get inside and the heavy snow loads. 
A run of 200 feet between tensioning 
posts may work better. 

The PVC-coated support wires are 
difficult to retension after they have been 
tied to the steel posts. Our test fence 
required retensioning once during the 
first year. A clip that would allow the 
wire to stay in position vertically on 

the post, but slide horizontally would 
be a great improvement. The fence 
required no maintenance during the 
second year. So far, the plastic mesh 
shows no sign of degrading. 

Test Results

High-Tensile Steel Electric 
Fence

This fence has proven to be almost 
maintenance free. Each spring, the wires 
have a little slack in them and require 
retensioning. One wire slipped out of an 
insulator on the wooden bracing post, 
but did not ground out the fence. 

 



12

Table 2 presents a summary of three 
fences used to exclude elk and 
moose.

Polyrope Electric Fence
As installed, the polyrope fence is 

not reliable. The heavy metal posts were 
used because of the fenceʼs height and 
the heavy snow loading. The fiberglass 
or plastic poles typically used with port-
able polyrope or polywire fences are 
too weak for 6-foot-high fences. Steel 
posts and electric wires offer many 
possibilities for accidentally grounding 
the fence, making this installation inef-
fective as an exclosure. The polyrope 
was selected because of its high visibil-
ity. This is the most expensive option 
of the three fences tested.  

Observations 

Plastic Mesh Fence 
(Nonelectric)

This fence does not require electri-
cal components. In many locations it 
would be nearly impossible to keep a 
battery, energizer, and solar panel from 
being vandalized or stolen. The fence 
is relatively quick and easy to install. 

Autoloading hog ring pliers are 
essential for attaching the plastic mesh 
to the support wires. At least two pairs 
of pliers are recommended for instal-
lation efficiency, even on a small 1-acre 
exclosure. Overall, the fence is a good 
choice for fences that donʼt need elec-
tricity. Will the plastic mesh hold up for 
8 years at an elevation of 8,200 feet? 
Weʼll find out in 6 more years.

High-Tensile Steel Electric 
Fence

The high-tensile steel fence appears 
to be the most durable fence in the test. 
Itʼs closer to a permanent fence than a 
temporary fence and should hold up for 
8 years or longer. Keeping the battery 
and charging system up and running 
will be the biggest challenge for this 
exclosure. 

Promising Electric Fences
GEOTEK, Inc., makes a fence that 

was not tested, but might have promise. 
The company sells 4- to 6-foot tall 
fiberglass animal control fences with 
fiberglass rods. The cost for a 1-acre 
exclosure is slightly higher than the 
three fence options tested. The com-
panyʼs contact information is included 
in the Resources section.
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Fence Factors Polyrope Electric Plastic Mesh High-Tensile Steel Electric

Total cost per foot $2.72 $2.12 $2.33
(Materials and labor)

Height 6 7 1⁄2 6 

Maximum spacing for  200 feet 200 feet 1,000 feet, (1⁄4 mile possible in 
tension posts1   some applications)

Maximum spacing for  20 feet 20 feet 60 feet for support posts, 20 
support posts2   feet for spacing stays3

Fence material 7-rope/1⁄4-inch-diameter  1 3⁄4-inch square plastic  7-wire/12-gauge high-tensile  
 braided polyethylene mesh steel

Dependability Low4 High5 High to medium6 

Maintenance Medium Low Low

Installation 6 people, 1 day 6 people, 1 day 8 people, 1 day

Removal Plastic insulators must be  Plastic mesh may be brittle  Tension wire can be rolled up 
 cut off. Puller will simplify and break easily. Mesh may with a spinning jenny. Post 
 removing T-posts. be hard to retrieve or roll up. braces can be dug up. Wooden 
  Retrieving hog rings is slow.  posts probably can be cut off 
  Tension wire can be coiled at grade.
  up with a spinning jenny. A
  puller will simplify removing
  T-posts. 

Reusable components (after  Metal posts, braces, porcelain  Metal posts, braces,  Steel wire, braces, porcelain 
8 years estimated exclosure insulators, energizer, solar  tension wire insulators, energizer, solar 
life) panel  panel

1Tension posts are anchor points for wire and mesh that have been pulled tight.
2Support posts, set between the tension posts, maintain the wire spacing and hold materials upright.
3Spacing stays maintain the spacing of the alternating hot and ground wires.
4Rope grounds out easily on metal posts. When ice builds up on the ropes, they sag and ground each other out.
5Even when snow bent posts over, the fence would have kept animals out. Eventually (after 8 to 10 years of so), the plastic will begin to degrade.
6The fence itself is dependable, but the power to the fence is not, especially in cold weather.

Table 2—A summary of the characteristics of three fences used to exclude elk and moose. The two electric fences used a 12-volt deep-cycle battery with 
a 20-watt solar panel. Both electric fences have alternating hot and ground wires. The polyrope electric fence uses the Gallagher B260 energizer. The 
high-tensile steel electric fence uses the Gallagher B160 energizer.

Observations
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Figure 19—The satellite transmitter sends fence voltage readings hourly, updating a Web page.

Figure 20—A typical Web page showing the status of the electric fence.

MTDC is using a satellite transmit-
ter to monitor the electric fences 
at Buffalo Springs remotely. This 

monitor transmits hourly fence and 
battery voltage readings from the area, 
which is not easily accessible and does 
not have radio or cell phone coverage. 
The monitor, Model AQF-2000 devel-
oped by AIRSIS LLC, costs about $1,000 
(figure 19). AIRSIS downloads hourly 
readouts of the fences to a Web page for 
about $50 per month. There is a one-
time $40 hookup fee. Figure 20 shows 
the Web page. 

Monitoring high-voltage electric 
fences has its problems. The quick 
7,000-volt pulse must be converted into 
a signal that can be read and transmitted 
by the satellite. The first voltage con-
verter in the AIRSIS transmitter proved 
unreliable and was not accurate enough. 
A second converter was more accurate, 
but faltered as the temperatures dropped. 

Monitoring Electric Fences

AIRSIS is correcting the problem caused 
by low temperatures, and MTDC will 
test the new design during the winter of 
2004–2005. Satellite monitoring of 

electric fences has not proven reliable 
so far. MTDC is investigating other 
satellite technologies that may be more 
cost effective.
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Resources

Fences
•  Gallagher Power Fence, Inc.
Phone: 800–531–5908
Web site: http://www.gallagherusa.com
•  Specialty Agricultural Products,  
   LLC
Phone: 800–483–8889 or 203–387–3458
Web site: http://www.nodeer.com
•  Wayside Fence Co.
Phone: 631–968–6828
Web site: http://www.waysidefence.com
•  Quik Sʼport fence bracing
Web site: http://www.electric-fence.com 
/nf_prod.html
•  GEOTEK, Inc.
Phone: 800–533–1680
Web site: http://www.geotekinc.com

Satellite Transmitters
•  AIRSIS, LLC
Contact: Jim Drewett
Phone: 619–585–0435
Web site: http://www.airsis.com
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Missoula, MT 59808–9361 
Phone: 406–329–3978
Fax: 406–329–3719
E-mail: wo_mtdc_pubs@fs.fed.us
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