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Introduction

Statement of problem

The recovery of the North American beaver 1is
success stories, but thegelonization of a massive historical range that is now widely inhabited

by humans has led to inevitablendlicts. Beavers fell trees and shrubs and impound waters that
flood agricultural lands, timberlands, structures, buildings and roads. Arner and Dubose (1979)
estimated that economic losses attributed to beaver activity exceeded 4 billion dollars in the
southeastern U.S. over the previous 40 years, and Miller (1983) estimated that annual damage
was between 75 and 100 million in the U.S.

Road damage caused by beavers is a costly problem for many transportation departments in the
U.S. Beaver damming behawviis believed to be stimulated by the sound and feel of running

water. As water flows through narrow channels and/or road culverts, especially metal culverts,

which resonate the sound of flowing water, beavers respond by damming channels and culverts,
impounding water against roadbeds and ultimately causing roads to flood and/or wash out

(Langlois and Decker, 1997). Plugged culverts are difficult, dangerous and expensive to clear,

and over time, if they remain fAnsthbleqeahplées s at u
form. Eventually, the road may wash out altogether resulting in expensivegdimsaming road

repairs (Jensen and Curtis, 1999).

For these reasons, beavers are not tolerated at sites adjacent to roadways. Transportation
departmentshroughout the U.S. appropriate funds and resources for trappers and maintenance
personnel to remove beavers, demolish dams, and repair damaged roads. For example, from
2000 to 2005, Virginia Department of Transportation (VDOT) alone lost $800,000.0Mah ac
resources and spent more than $900,000.00 to have a federal agency remove over 1,000 beavers
and 696 dams at 530 damage sites along roadways in Virginia (WW8®2001; USDAWS,

2002; USDAWS, 2003; USDAWS, 2004; USDAWS, 2005). In addition, VDOT mai@nance

crews were required to repeatedly remove dams at sites that were not trapped and/or at trapped
sites subsequently+accupied by immigrants, not to mention the number of person hours and
materials necessary to repair and upgrade roads damageavey aetivity. With this in mind, it

is reasonable to estimate that VDOT spent well over $1,000,000.00 attempting to reduce or
eliminate damage attributed to beaver activity along state roads from 2000 to 2005.

Trapping and dam destruction are widely sidered the most effective and economical methods
for reducing and eliminating road damage caused by beavers. However, these are etdynshort
solutions for situations in which beavers plug culverts or build dams that raise water levels to
undesirableieght s ( D6 Eon, 1995) . Removi ng-efleddivev er s ai
approach to mitigating beaver damage in cases where it is unlikely that immigrants will re
occupy trapped sites. However, in areas with dense concentrations of beavers, dancklgre
re-built due to rapid beaver immigration anda@onization. Houston et al. (1995) reported that
beavers in a bottomland forest in southwest Tennassrediately and repeatedly-oelonized

idle colony sites following eradication because the astidanaintained preferred hahit In

northern Ontario where trapping is also the primary method for beaver control, maintenance
crews revisit the same work sites annually to remove beavers and dams and to repair or rebuild



roads and culverts damageddestroyed by beaver activitp(tario Ministry of Natural
Resources, 1995

Removing or breaching dansalso an immediate, but temporary solutiorilooding problems
caused by beaver. Demolishing damgh explosives or by hand, is dangerous and esipe

(Arner, 1964) ad futile as beavers usually rebuild the dams within days (Miller, 1977) and may
even create larger daraad/orstep dams upstream and downstream of the damagé.a@itglois

and Deckerl997).

In situations where removing beaversl @lams provides only sheiérm solutions to problems
associated with beaver activity, it may be more effective and affordable for transportation
departments to identify chronic beaver damsitgs and take proactiv@easures to protect road
culvertsand citical areas adjacent to roads.

Water Flow Control Devices

The installation and maintenancevediter flow control devicedesigned to prevent goems
associated with beaver damming activity are an alternative and potentially more efficient and
costeffective approach to manage beaver conflict along roadways than the eapansaal

beaver population control, repeated rog@intenance angpairs, and damage to propertglan
buildings due tdlooding and washoutver the years, state and federal Wiiddagencies have
developed, described and installed several types of effective water flow control devices (Arner,
1964; Laramie, 1963; Lisle, 1996; Roblee, 1987; and Wood et. al, 1994).

In 1952, the concept of installing perforated pipes in daassintoduced at the Northeastern

Wildlife Conference as a solution for problem beaver ponds to control water levels (Leighton

and Lee, 1952). Laramie (1963) reported that the New Hampshire Fish and Game Department

had successfully iIinetralpliedésand nmaibntdaimsed | mb d
Department of Environmental Conservation began designing and testing various culvert

protection devices, of which thecllvert guard was most effective and ebeheficial (Roblee,

1987). In 1994, Clemson Uniwaty developed the Clemson Beaver Pond Leveler, a device that
prevented beavers from damming areas of concern by directing water through existing dams

using a strategically designed pipe system (Wood et. al, 1994).

Although these devices effectively pested beavers from impeding water flow at some sites,

the designs could not be modified to address flow problems that occur in a variety of different
landscapes. For instance, the installation of Clemson Beaver Pond Levelers is limited to

situations involing small watersheds, water input to ponds from small streams and springs, and
where occasional flooding is acceptable due t
water during periods of high rainfall (Langlois and Decker, 1997).

Then, in he 1990s, the Penobscot Indian Nation Department of Natural Resources in Old Town,
Maine initiated a program to develop and install kigfality water flow control devices on tribal

lands to prevent road damage caused by beaver activity and to creatdamckewildlife

habitat (Lisle, 1999). The results of the effort led to the development of new, versatile flow
device concepts known as Beaver DeceiversE, t



There are generally two categories of beaver damage Kjtearrow outlets, such as road

culverts, that direct water through a manmade barrier (e.g. an embankment or roadbed) and 2)
beaver dams that are not attached to manmade structures. To prevent beavers from damming

road culverts, the Penobscot nation créatet he Beaver Decei-vamedE, a r uc
fence constructed of braced wooden posts agdugje, steel mesh fencing installed on the

upstream end of road culverts.

Because beaver damming behavior is stimulated by the sound and feel of runningeaater,
DeceiversE are designed to not only deny beav
the Afeel d of running water by spreading stre
Beaver DeceiverE frame t ytardgendrdlyincreasesgiths f r om
stream and culvert size.

Beaver DeceiversE are also strategically shap
may be square, rectangular or pentagonal, but trapezoidal desigrsigkaliwvith two parallel

sides andwo nonparallel sides, tend to be the most effective. From the road, trapszape

Beaver Decei ver sdinriangles. nOnde & place, beawkrs may swim around

the Beaver DeceiverE and attempt cuh@rtdlaton t he ¢
visual, auditory and tactile cues (e.g. the sight, sound and feel of water running through a metal
culvert). The sides of the fence direct beavers away from the upstream side of the culvert at an
unusual angle, and as the beavers work o tiiee area, the fence side forces them away from the
culvert opening, discouraging damming behavior.

Al t hough the underl ying c¢onc e puhlikerotneniowns t he s
devices, are extremely versatile and can be used in wide variety of different conflict site types
because the devices are cust ohyataudscape corr esp
features (Lisle, 2003).

To address flooding problems that occur wheaver build dams that are not attached to

manmade structures, the Penobscot Nation inve
used with a filter calledthe Roud FenceE to control water fl ow
(Lisle, 2003). A Castor MasterE consists of o
submerged and placed through an existing beaver dam with the upstream and downstream sides
ofthe pi pes protected with filt@auge steRmasmd Fence:
fencing, typically between 2 to 4 feet height and 4 to 8 feet in diameter. Filters such as Round
FencesE prevent beavers and de bthroughthedammandp!| ugg
disperse flowing water over a broad area so that it is difficult for beavers to detect (Lisle, 2003).
Castor MastersE with Round FencesE can also b
DeceiversE to prevent dazmvehe fromt a¢neé mef i nhhy:
(Lisle, 2003).

Beaver DeceiversE, Castor MastersE and Round
reduce and prevent damage to roads and other manmade structures at numerous beaver damage
sites in the U.S., bdéw studies have been conducted to determine the effectiveness and cost
benefits of using these versatile flow devices. Over a period of seven years, Lisle (1999 and



unpublished data) eliminated maintenance at 20 damage sites in Maine-trag@ped beasr

colonies where beavers frequently plugged culverts and flooded roads. In another study,

Callahan (2003) reported that of 277 conflict sites, beaver damming was effectively controlled at
83% of sites where devices si milwereinstaledandCast e
at 95% of sites where devices similar to a Be
study was to evaluate the efficacyanden$tf ect i veness of using Beave
MastersE and Round F e withbkesErs anooadwaysiothev e confl i ¢
Commonwealth of Virginia.

Methods

Study Area

Our study was conducted at chronic beaver damage sites along roadways in seven counties
within the three Virginia Department of Transportation (VDOT) districts locateceiCtastal

Plain of Virginia (Figure 1). The Coastal Plain is bordered by the Piedmont to the west and the
Chesapeake Bay and the Atlantic Ocean to the east. The terrain is mostly flat with deep, moist
soils. Average rainfall is approximately 110 cm pemryaal average temperatures arel23C
(McNab and Avers, 1994). Forest cover is predominantly loblolly-parewood (1994) with

the exception of the southeastenost region which is primarily evergreen (Woodard and
Hoffman, 1991). Streams in the Coa$tdin are small to intermediate in size and have very low
flow rates (McNab and Avers, 1994).

VDOT districts in the Coastal Plain of Virginia were selected for this study because of the high
number of reported beaver damage sites compared with PiedrenRiBige, Ridge and Valley

and Appalachian Plateau districts (USIWS, 2001; USDAWS, 2002; and USDAVS, 2003),

and to evaluate the premise that flow devices are effective in streams with higher gradients, i.e.
Piedmont and Mountain regions, but are iaefiive in streams with low gradients, e.g. Coastal
Plain (Menke, USDAWS, 2003).

Site Selection

To maintain objectivity, VDOT environmental and maintenance personnel from three districts
with counties located in the Coastal Plain of Virgihidampton Rods, Fredericksburg and
Richmond selected chronic beaver damage sites (Figure 2), which were defined as sites where
removing beavers and/or dams did not significantly reduce and/or prevent road maintenance,
road repairs or beaver population control codtibated to beaver activity along roadways. A

total of 14 sites were selected for flow device installations: four in the Hampton Roads District
(Figure 3), five in the Fredericksburg District (Figure 4) and five in the Richmond District

(Figure 5).

Site Evaluatiors

To recommend and implement a course of action, site evaluations were conducted to acquire
flooding and beaver damage history from VDOT personnel and/or adjacent landowners based on
criteria established by Nolte et al (2000) and USS (2003) Documented information




included the number of years beavers have inhabited the site, flooding frequency, road
maintenance and repair costs before and after beavers colonized the site, watershed
characteristics, past and present beaver damage and popedetiasl activities, and finally,
management objectives for the site (Table 1).

Prior to installations, VDOT personnel obtain
landowners, and in some instances, manually and/or mechanically removed beavergdammi
material from road culverts and other areas of concern.

Flow device installation

Selected beaver damage sites generally consisted of plugged culverts and/or high water resulting
from freestanding beaver dams located upstream and/or downstreafactédfroads. With the
assistance of the principal investigator and several undergraduate students, wildlife biologist and
flow device consultant Skip Lisle designed, constructed and installed 33 flow devices at 14 study
sites. Beaver Deanemsédprenardyfor treatingelugyed coadneulverts, and

Castor MastersE were i nstal | e-dtanding ddme (Figures h i g h
6-22) . I n some cases, Castor MastersE were insi
efficiency.

Monitoring and Maintenance

Following installations, study sites were monitored by principal investigators and/or VDOT

personnel and inspected at least once every four months to determine if the flow devices were
functioning properly, to note any speciiamage to the device or changes in the landscape, and

if necessary, to remove any accumulated debsgstoh uct i ng t he Beaver Dece
Round FencesE. Any time spent manually removi
than 15 minutes, less than 30 minutes, less than 45 minutes, or less 60 minutes. If time spent
cleaning the device exceededrihutes, actual time cleaning the device was recorded.

Surveys

In March and April of 2006, we surveyed VDOT personnel from all three cooperating districts,
as well as several landowners with property adjacent to study sites, to gather general data on
what, if any, effect flow device installations had on previous flooding frequency, road
maintenance, repair or beaver management costs. Information recorded included when the
devices were installed, the status of the flow devices (including any floodatynraintenance
and/or repairs, beaver damage/population control activities, and any efforts made by VDOT
and/or the landowner to maintain the devices following installation) and whether management
objectives for the study site had been met.

Comparative Cst Analysis

A costbenefit ratio formula utilized by USDAVildlife Services (2003) to compare beaver
management expenditures to VDOT resources saved was used to test the differences in the costs
to manage beavers and repairs roads before and afterttdiatios of flow devices at the 14



selected study sites. For the purposes of this study, the estimat&eest will be considered
favorable if the ratio of expenditures to resources saved is greater than 1 to 2, or for $1 spent on
beaver managementtavities or road repairs, $2 in VDOT resources are saved.

Results

From June 2004 to November 2005, 33 flow devickss8 Beaver DeceiversE an
Ma s t @& werdinstalled at 14 beaver damage sites in seven counties in three VDOT districts

in the Coastal Plain of Virginia. Installation costs per site ranged from $QB&9$5,572.00 at

an average cost of $3,160.00 per site and a total cost of $44,245.00 for installations at all 14

study sites (Table 2). Total installation time ranged from 10 to 50 hours with a total of 390 hours

and an average installation time ofl28urs per site. The total costs for labor at the 14 study sites

was $39,000, or $2,786.00 per site, and the total costs for materials was $5,244.52 or $374.61 per
site.

Flow device maintenance time ranged from 1.0 to 4.75 hours per year and requiaédfa to
19.75 hours per year, or 1.4 hours per site, and at $14.00 an hour, cost a total of $276.50 or
$19.75 per site (Table 2). At the time that VDOT personnel and landowner surveys were
conducted in April 2006, length of time following installations ®ehdrom six months to 22
months with an average length of time following installations of 15 months per site.

Results of VDOT Personnel and Landowner Surveys

VDOT personnel and landowners reported that flooding occurred and preventative maintenance
wasconducted at all 14 sites prior to installatafrflow devicesata total cost 0$149,900.00

for preventative maintenance, am average cost &10,707.0(Qer site. Beaver population

control activities were conductedHl of 14 sitegprior to installaions at an average cost of
$5969.00 per year, or $994.p6r site at the six sites where VDOT paid for beaver population
control activities Following preventative maintenance and lergwopulation control efforts

100% ofthe study sites were reccupia by beaversVDOT personnel and landowners also
reported thatoad repairs attributed to beawetated damage were carried oufi sites prior

to installations at a total cost $145,000.00 and an average cost of $29,000.00 per site.

After flow devce installations, VDOT personnel and landowners reported that the study sites

had not flooded, that road maintenance, flow device maintenance and beaver population control
activities had not been required or conducted, and that overall, they weredatifithe

performance of the flow devices (Table 2). One landowner with property adjacent to the site on
Kingsale Swamp at Route 644 in the City of Suffolk occasionally removed debris from the
Beaver DeceiverE install e terbemeathpte condgRigure I).he ¢ ul

Comparative Cost Analysis

Prior to flow device installations, the estimated beaver management costs at the 14 study sites,
including preventative maintenance and population control activitiesp1###5869.00and the
edimated beaver damage repair cost %45,000.000r a total cost to VDOT d$300,869.00

per yeaTable 3) Following flow device installations, the estimated beaver management costs,



including flow device installations and maintenance costs 34452600, and the estimated

beaver damage repair cost was $0.00 for a total cost to VDOT of $44,526.00 per year (Table 3).
The resources saved were estimate®irat639.0(ased on calculations in USBWildlife

Services (2003) (Table 3). We assumed that the sasources were saved after installation of

flow devices. The total resources saved prior to flow device installations included resources
saved $71,639.00in addition to funds VDOT saved by not installing flow devic$4(526.0)

for a total resourcesaved 0f$116,165.00Total resources saved following flow device

installations included resources sav#dl(,639.00in addition to funds VDOT saved in beaver
management cost$155,869.0pand road repair cost$145,000.0psaved by installing flow
devicesfor a total resources saved$%872,508.00.

The costbenefit ratio at the 14 study sites (total costs divided by total resources saved) prior to
flow device installations 1 to 0.39, or $ 0.39 in resources saved for every $1 VDOT spent.
Following flow device installations, the estimated ebsnhefit ratio was 1 to 8.37, or for every

$1 spent, VDOT saved $ 8.37.

Discussion and Recommendations

The results of our study show thilmw devicessucha® e aver Decei ver sE, Cast
and Roun d refefiicrent esstieneficial tools for resolving conflicts with beavers along
roadways in the Coastal Plain of Virginia. To date, based on the most current survey information,

of the 33 devices installed at 14 beaver damage sites over the past 22 moluifisg 18

Beaver DeceiversE and 15 Castor MastersE, 100
VDOT and landowner beaver management objectives.

These results concur with data published recently by Callahan (2005) who reported an 87%
successrateusingFlexl e Pond Levelers (devices with desi
156 beaver damage sites in New York and Massachusetts, and a 97% success rate using upright

trapezoidal or rectangular culvert fenmces (de
the same geographic region. Several factors may have contributed to the slightly higher flow

device success rates in our study, the most i
relatively small sampl e si z ¢388sites). Gindtee s) compa

weather, topographic and landscape differences may also have contributed to differences in
success rates since our study was conducted i
devices were installed throughout New England. éllbeless, the flow device success rates

reported in both studies were significantly higher than rates reported by other researchers who
conducted similar studies on other flow device designs.

Nolte et al. (2001) reported a 50% success rate after ingtdlli Clemson beaver pond levelers

at beaver damage sites in Mississippi between May 1995 and August 1999. Hamelin and
Lamendola (2001) had a far better success rate (84%) than Nolte et al. with 45 Clemson beaver
pond levelers at beaver damage sites irSthéawrence Plain of New York from 1992 to 2000,

but reported a success rate of only 45% on 29 deep water fences installed in the same geographic
region.



Nolte et al. (2001) also reported that beaver population control activities were conductea prior t
and following flow device installations at 95% of successful sites, leading them to infer that
population control activities contributed to flow device success at these sites. In contrast, we
found no correlation between beaver population control desvénd the success rate of flow
devices. While beaver population control activities were conducted at 71% (10 of 14) sites prior
to flow device installations, VDOT personnel and landowners reported that beaver population
control measures were not condagteecommended or required following installations. Callahan
(2005) recommended beaver population control at 69 of 482 sites evaluated between 1998 and
2005, but he did not conduct beaver population control activities following installation of flow
devicesat 373 successful sites. Callahan (2005) also indicated that beaver removal was only
recommended at sites where landowners did not want beavers, in reservoirs, and in areas where
the installation of flow devices were not feasible due to development pogréphy issues, but

he did not describe these issues in detail.

Although Callahan reported high success rates of flow devices compared to studies conducted on
other flow device designs, such as Clemson Beaver Pond Levelers and deep water fences (Nolte
etal, 2001; Hamelin and Lamendola, 2001), flow devices did fail at a small percentage of sites

for a variety of reasons. At 383 sites managed with flow devices from November 1998 to
February 2005, pond leveler failure rate was 13.5% while culvert fenaeefagdite was only

3.1%. Pond levelers generally failed due to the construction of new dams downstream by beavers
(11 sites or 7.1%), insufficient pipe capacity (6 sites or 3.8%), lack of maintenance (2 sites or
1.3%) and dammed fencing (2 sites or 1.3%ilvert fences failed due to lack of maintenance (4
sites or 1.8%), dammed fencing (2 sites or 0.9%)vandlalism (1 site or 0.4%). Other factors

that contributed to failure included inexperienced installers, poor site selection and/or flow

device designGallahan, 2003).

Results of a previous study conducted by Callahan (2003) also showed that when flow devices

did fail, they failed within the first two to 12 months following installation. In 2003, 221
successful devi ces i nlade ohgerthanaweldesmostits.uldeyfailunea d b e
rate for our 14 study sites was 0%, and therefore, we have no data for comparison. However,
Call ahandés observations differ from Nolte et
beaver pond levelers wenestalled more recently than unsuccessful devices, indicating that that

d evi c epgasmay befretatively low.

Since the flow devices referenced by Callahan (2005) have been in place in New England an

average of 36.6 months, and similar devices irestah our study in the Coastal Plain of Virginia

have been in place an average of 15 months, it is reasonable to attribute the high success rate of
flow devices in these two respective studies
Master scumtmdF&RncesE as opposed to Clemson Bea\
device designs that lack versatility, cannot be modified to address the flow characteristics of

different landscapes, may have comparatively shorsplns. As a result, such flow dess can

only be used effectively in a small percentage of beaver conflict sites.

The results of our study also demonstrated that the flow devices we used can be extremely cost
beneficial due to relatively low installation and maintenance costs compattesitime and
expense of repeated road maintenance, repair of road damage, and annual beaver population



control required for other flow device designs. Prior to installation of our flow devices, VDOT
spent $300,869 a year on preventative mainten&1e¥000.00, road repairs ($145,000.00)

and beaver population control ($5969.00) at an average cost of $21,490.64 per site per year
(Table 3). To install our 33 flow devices at 14 study sites, VDOT spent a total of $44,526.00 for
labor and materials, at anexage cost of $3,180.00 per site. Following installation, annual flow
device maintenance cost a totatb@76.50, or an average of $19.75 per site per year, and
preventive maintenance, road repairs and beaver population control cost a total of $0.00.

Corsequently, the cost comparison revealed that for every $1 VDOT spent on preventive
maintenance, road repairs and beaver population control activities at the 14 study sites prior to
the installation our flow devices, the agency saved $0.39 in resourcesaw/adter installing

and maintaining our flow devices, VDOT saved $8.37 for every $1 spent, for a total of
$372,508.00 of resources saved per year (Tabladjitionally, the cosbenefit comparison
represents both actual damages that occurred atEsmenths prior to installations and

potential damages expected to occur within 12 months without flow device installations. Since
the predicted life expectancy for each successful device is at least 10 ten years (CalHan,
with an average maintenancost of $19.75 at each site per year, compared to $21,490.64 per
site per year for maintenance, repairs and beaver population control prior to the installation of
our flow devices, we believe the value of resources saved by installing flow deviceseatites

will continue to increase over time.

During the course of our study, we also discovered several benefits to using flow devices that are
difficult to quantify, but nonetheless significant. For instance, opening blocked célverts

manually, or by ging heavy equipment or explosidess an expensive, arduous and potentially
dangerous endeavor compared to the routine ma
VDOT personnel noted that culverts are often damaged in the process of cleaning with heavy
equpment and explosives, decreasing the life expectancy of these road structures and forcing the
transportation department to replace them more frequently. By denying beaver access to the

culvert, heavy equipment and explosives are not required for maingrzantcBaver
DeceiversE protect the road structures and re

Cleaning a culvert manually generally involves having one or more people inside the culvert
disassembling the dam using their hands or hand tools (a cultivatostance) to remove the
blockage piece by piece, until the pressure of the dammed up water finally pushes the remainder
of the dam out the downstream side of the culvert. Under these circumstances, the dam could
easily give way while a worker is in the caltand could lead to serious, filereatening

injuries. Compared to clearing a plugged culvert, routine maintenance on a Beaver Beceiver
relatively easy and safe as it simply requires removing any leaves, sticks, twigs or branches that
have accumulated on the upstream side of the receiver fence once or twice a year. Maintenance
workers are never subject to the risk of an unpredicledse of large volumes of dammed

water.

I n its AReport of Beaver Damage Management Ac
Transportation March 7, 2062Mar c h 6, 2-\0/ilIBedServiddsdEfiAes a successful

flow device as one that, among othestéais, does not require maintenance. However,

eliminating the need for maintenance at beaver damage management sites is not a realistic goal



since any beaver management program requires regular, prolonged attention and maintenance.
For example, as statedgviously, VDOT spent $300,869 a year on preventative maintenance,

road repairs and beaver population control at the 14 beaver damage study sites prior to flow
device installations. Now, following flow device installations, it is estimated that VDOT will

spend approximately $276.50 a year to maintain these devices. Furthermore, maintenance can be
accomplished by workers with minimal training and by hand. Based on our data, the economic
incentive for using these tools where feasible is undeniable. Highygilalv devices such as

ours do achieve the goal of minimal effort and maximum benefit for VDOT. No other program

of beaver management that we know of can match this level of efficacy and efficiency.

One potential concern for us when using flow devioamanage beavers near roadways is the
development of new conflict sites following flow device installation203 Callahan

published data showing that of the 177 beaver colonies present where flow devices were installed

in New England between 1998 a2@d03, there were 277 conflict sites, or an average of 1.56

conflict sites per beaver colony. Since data published two years later in 2005 showed the average
conflict sites per colony remained constant, Callahan concluded that by using flow devices to

treata small number of critical beaver conflict sites, a large watershed can be managed without
contributing to the development of new problem sites or removing beavers from the community.

In the future, it may be beneficial to generate data on the raticawébeonflict sites per colony

at our study sites in Virginia to test Call ah

Given the demonstrated low costs to install and maintain flow devices compared to the high

costs of preventative maintenance, road repairs and beaver populatiah activities, a

compelling case can be made to install flow devices in freestanding dams near roads or to protect
culverts that beavers could potentially plug. Nevertheless, a more prudent approach may be for
transportation agencies to identify conflsites and install flow devices at sites that have the

largest impact on road maintenance and beaver management budgets.

In addition to the aforementioned economic advantages, using flow devices to resolve conflicts
with beavers also has tremendous ptisg ecological and environmental benefits. Every year,
transportation departments spend millions of dollars to replace wetlands destroyed in the process
of developing new roads. For most wetland restoration projects, the cost per acre is extremely
high while success rates are generally low. On the other hand, beavers are successfully restoring
wetlands at little to no cost to transportation departments and landowners, except when conflicts
occur. In 2001, Lisle (2001) examined the total wetland acreagéeck by beavers at six sites
managed with flow devices and determined that the average beaver colony created and
maintained 18.5 acres of wetlands. Using this information as a guide, we could estimate that
almost 120 acres of wetlands have been preséhvedgh the use of flow devices in our study.

In the future, it may be useful for us to calculate the total wetland acreage created by beavers at

present and future beawra mage study sites in Virginia and
findings.
Meanwhil e, in order to advance the fino net | os

U.S government, federal agencies should explore developing programs that reward state
transportation departments and cooperating landowners for usidgthahmetlods, such as
flow devices, to manage beavers while permitting these animals to restore and create valuable

1C



wetlands (National Research Council, 2001). An incertiaed program could result in a
substantial increase in the restoration of natural wethahds reducing property damage and
maintenance costs.
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Table 1. Data from surveys conducted with Virginia Department of Transportation
(VDOT) personneland adjacentlandowners before flow device installations at 14 beaver
damage study sites in the Coastdtlain of Virginia. For each site, individuals surveyed
reported whether flooding occurred prior to flow device installations (yes [Y] and no [N]),
and the costs per year for maintenance, road repairs and beaver removal due to beaver

activity.
Beaver
Study Sites Prior Maintenance Repair Removal
Flooding Cost/Yr Costs/Yr Costs/Yr
Lake Cohoon Y $43,500.00 $1,891.44
Kingsale Swamp Y $6,000.00 $1,891.44
Corrowaugh
Swamp (South) Y $7,000.00 $763.25
Corrowaugh
Swamp (North) Y $7,000.00 $799.05
Craney Creek Y $5,600.00 $1,000.00
Briary Swamp Y $10,800.00 $300.00
Pope's Creek
(South) Y $21,600.00 $132,500.00 $117.89
Pope's Creek
(North) Y $21,600.00
Newtons Pond Y $400.00
Winterpock
Creek Y $11,000.00
Swift Creek Y $4,000.00 $10,000.00 $506.32
Blackwater
Swamp Y $3,600.00
Second Swamp Y $4,800.00
Indian Swamp Y $3,000.00 $1,20000
Totals: $149,900.00 $145,000.00  $5,969.40
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Table 2.Data from surveys conducted with Virginia Department of Transportation

(VDOT) personneland adjacentlandowners following flow device installations at 14

beaver damage study sites in the Coastal Plain of Virginia. For el site, individuals
surveyed reported whether flooding occurred following flow device installations (yes [Y]
and no [N]), the total cost for materials and labor to install flow devices, maintenance costs
per year following installations.

Study Site Current Installation Maintenance
Flooding Costs Costs/Yr*
Lake Cohoon N $2,371.05 $17.50
Kingsale Swamp N $1,825.32 $31.50
Corrowaugh Swamp (S) N $1,340.13 $14.00
Corrowaugh Swamp(N) N $1,359.41 $14.00
Craney Creek N $3,829.81 $14.00
Briary Swamp N $3,329.79 $14.00
Pope's Creek (S) N $5,571.76 $14.00
Pope's Creek (N) N $3,882.31 $14.00
Newtons Pond N $2,800.55 $14.00
Winterpock Creek N $4,464.43 $21.00
Swift Creek N $1,752.28 $14.00
Blackwater Swamp N $4,841.68 $14.00
Second Swamp N $2,344.70 $14.00
Indian Swamp N $4,531.30 $66.50
Total: $44,244 .52 $276.50

* Based on an average wage of $14.00 / hour.
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Table 3.The ratio of total resources saved to total costs per year for beaver management
and damage repairs before and with the installation of flow devices at 14 beaver damage
sites in the Coastal Plain of Virginia. Total costs are the sum of beaver management costs
(preventative maintenance and/or flow device installations and beaver population control
activities), and beaver damage repair (funds used to repair roads). Total resources saved
before flow devices is the sum of potential resources saved and the total costs with flow
devices. The total resources saved with flow devices is the sum of potential resources saved
and the total costs before flow devices.

Beaver Management Before With

Cost9Yr Flow Devices Flow Devices

Beaver management $155,869.00 $44,526.00

Beawer damage repair $145,000.00 $0.00

Total Costs $300,869.00 $44,526.00

Potential Resources

Saved* $71,639.00 $71,639.00

Total resourcessaved $116,165.00 $372,98.00

Total resources saved/
Total costs $0.39 $8.37

* Based on data published by USDAWVildlife Services (2003)
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Figure 1. Virginia with the Coastal Plain highlighted in yellow.
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Figure 2. Virginia with the Virginia Department of Transportation (VDOT) districts
located in the Coastal Plain highlighted: Hampton Roads (yellow), Fredericksburg (red)
and Richmond (blue).
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Figure 3. Locations of study sites (highlighted in red) in the Virginia Department of
Transportationdés (VDOT) Hampton Roads Distric

Virginia Department of Transportation  v:rvians
HAMPTON ROADS DISTRICT

FREDERICKSBURG

Route 611 - Corrowaugh Swamp biSTRICT

Route 612 - Corrowaugh Swamp

RICHMOND

DISTRICT

Route 644 - Lake Cohoon

> =]
& ‘I Zp i } 7 _\j = Route 644 - Kingsale Swamp
: S = B =
ﬁ" oy inte Suffelk I},‘l Q@] Virainia LES
/. GREENSVILLE o T Chaupaaka Beach
y: l : s : fLJ t A o & 10 a0

Meorth Carolina

Map courtesy of the Virginia Department of Transportation

21



Figure 4. Locations ofstudy sites (highlighted in red) in the Virginia Department of
Transportationds (VDOT) Fredericksburg Distri
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Figure 5. Locations of study sites (highlighted in red) in the Virgnia Department of

Transportationds (VDOT) Richmond District.
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Figue6. Three Beaver DeceiversE installed in Jur
water underneath Route 644 neat.ake Cohoon in the City of Suffolk, Virginia. A Round

FenceE (left center) and a Castor MasterE (be
Round FencekE and the center Beaver DeceiverE)
the center Beaver DeceiverE to augmbient water

fences.
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Figure7. A Beaver DeceiverE installed in June 20C
underneath Route 644 on Kingsale Swamp in the City of Suffolk, VirginiaA Round

FenceE (top @entoar )Mamsrndcer& Cbet ween the Round
DeceiverE) were attached to the upstream end
flow.
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Figure8.A Round FenceE (top |l eft) and asuieedt or Ma
the water between the Round FenceE and the ex
2004 to protect a bridge directing water underneath Route 612 on Corrowaugh Swamp in

Isle of Wight County, Virginia.
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Figure 9. Theupst eam (a) and downstream (b) views of
MasterE (b) installed through an existing bea
directing water underneath Route 611 on Corrowaugh Swamp in Isle of Wight County,

Virginia.
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Figure 10.TWo Beaver DeceiversE installed in Novemt
directing water underneath Route 619 on Craney Creek in Gloucester County, Virginia.
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Figure 11. A Beaver Decei vprotdettviomdvers! | ed i n N
directing water underneath Route 606 on Briary Swamp in Middlesex County, Virginia. A

Round FenceE (bottom center) and a Castor Mas
bet ween the Round FenceE and t hetheBpEsteaneaend De c e i
of the Beaver DeceiverE to augment water flow
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Figure 12. Two Beaver DeceiversE installed in
directing water underneath Route 624 onPpe 6 s Creek i n Westmorel and
A Round FenceE (right center) and a Castor Ma
the | arge Beaweerre DeetcteacvheerdE)t o t he upstream end
to augment water flow if beavers attemptedda dam the fences.
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Figure 13. A Beaver DeceiverE installed in N
directing water underneath Route 639 on Popebd
A Round FenceE (bottom I(eeheaththessuorfdce af th€waset or Ma s
bet ween the Round FenceE and the Beaver Decei
of the Beaver DeceiverE to augment water flow
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Figure 14. A diversiondam (leftc e nt er ) , a Round FenceE (Il ower
(lower right) and receiver fence (lower center) installed in November 2005 to protect three
culverts directing water underneath Route 616

County, Virginia.
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Figure 15. (a) The view looking upstream of a plugged culvert underneath Route 664 on
Winterpock Creek in Chesterfield County, Virginia prior to flow device installations. (b)
View | ooking downstream of a Beavight),aiac
Castor MasterE (beneath the surface of

Beaver DeceiverE) installed in August 2
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Figure 16. (a) The view looking upstream above a plugged c@lit beneath Route 664 on

Winterpock Creek in Chesterfield County, Virginia in July 2004. (b) View looking

upstream above a Beaver DeceiverE, a Round Fe
(beneath the surface of the wat 8re alvetrwdert eti ve
installed in August 2004 to protect the culvert beneath Route 664.

34



Figure 17. A Round FenceE (top center) and
FenceE and the receiver fence) afetcaicstaled t o t h
in May 2005 to protect a culvert directing water underneath Route 630 on Swift Creek in

Chesterfield County, Virginia.
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