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Thank you for the opportunity to talk with you about the importance of beavers to VermontMy Name is Shayne Jaquith I’m the watershed restoration program manager for The Nature Conservancy.  I’ve been with The Nature Conservancy since 2016 and prior to that worked as a River Scientist in the Vermont Department of Environmental Conservation’s Rivers Program beginning in 1999.TNC’s water work focuses on the three pillars of River Corridor Protections, Dam Removal, and River-Floodplain Restoration.  Through that work we endeavor to increase the biodiversity of Vermont’s aquatic ecosystems, mitigate flood hazards to human communities and improve water quality.



Beaver and Biodiversity

The Beaver Institute
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Beaver create habitat for a huge variety of critters, from amphibians, reptiles, aquatic and land dwelling insects, many different bird species, plants and trees all supported by beaver.



Beaver and Biodiversity

Vermont Association of Conservation Commissions
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And it’s not just the beaver ponds but also the beaver meadows that come after dams are abandoned and drain.  I’ve heard beaver described as rotational grazers that create their pond in a location until the food source is exhausted, then moving up or down valley to create a new pond.  In the meantime, the abandoned pond drains leaving behind a meadow that supports a wide variety of herbaceous growth that supports a wide variety of critters. So, there is continuous change and diversity in areas that would otherwise be continuously forested and far less diverse.  This change and complexity dramatically increases biodiversity.



Beaver and Water Quality
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In addition to providing habitat for so many critters, beaver dams have beneficial impacts on water quality and flood resilience.  Starting at the top of the pond, energy of incoming flow is dissipated.  The water at the bottom of the pond is pushed down into the underlying aquifer where it cools and is filtered as it passes through the roots of aquatic vegetation.  Eventually, and this can be months, it is slowly released, boosting the volume of cold water downstream to the benefit of cold-water fish such as brook trout. 



Beaver and Climate Change: 
Drought and Wildfire

Vermont is seeing natural hazards of increased 
intensity, duration, and frequency due to climate 
change. Severe storms, winter storms, drought, 
flooding, wildfires, temperature extremes, localized 
wind, and public health impacts are a few of the 
hazards that we are already experiencing. 
(State of Vermont Climate Action Office) 
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Beaver ponds help to mitigate the impacts of climate change including drought and wildfire, which even here in the soggy northeast are on the uptick as our climate changes.



Beaver and Climate Change: 
Drought and Wildfire

NOAA

In 2000, 2016, 2020, and 2022, New York 
and New England experienced historic 
drought conditions not seen since the 
1960s
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The National Oceanic and Atmospheric Administration’s National Integrated Drought Information Systems shows that 19% of Vermont is currently in a moderate drought and 72% is abnormally dry.  Additionally, New England experienced historic drought in 2000, 2016, 2020, and 2022.  



Beaver and Climate Change: 
Drought and Wildfire

The Beaver Institute
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Of course, drought and wildfire are far more common in the west and ranchers and others are recognizing the important role that beavers can play in mitigating the impacts of both.



Property damages from flooding in 
Vermont are calculated to exceed $5.2 
billion over the next 100 years.

-UVM Gund Institute

Beaver and Climate Change: Flooding
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And back in Vermont, more pressing hazard is flooding.  We know that climate change will increase the frequency and magnitude of intense precipitation events, and associated costs of flooding.



A history of Settlement and River Management

Vermont Department of Environmental Conservation
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Before jumping into the role of beaver in mitigating flooding, I want to provide the Vermont context and that is largely done by discussing the history of European settlement and river and wetland management.Ben’s book Eager contains quite a number of accounts from early explorers and beaver trappers describing the watercourses they traveled.  One account of beaver in the Adirondacks by a man named Harry Radford described that “it is evident that every lake and pond was occupied, and every river, brook and rill, from the largest to the most insignificant was thickly peopled with these industrious and prolific animals.  The seem to have completely possessed the land……..”.He continues with accounts that describe river valley after river valley as almost chocked with beaver dams.  And in addition to dams, the rivers and valley floors were littered with dead and downed trees.  All together these obstructions slowed the water at its every turn and causing the creation of numerous channels that cris-crossed each other, so that as Ben put it so eloquently in his book, they looked like a plate of spaghetti.  The water moved so slowly that sediments were continuously deposited, keeping channels shallow so that when the water rose, it quickly spread out across a broad floodplain that was covered with dense vegetation and slowed the water further.



White River, VT (VT Digger)

Machias River, ME (2023 Main Sustainability and 
Water conference)

Splash dam (Forest History Society)

A history of Settlement and River Management

Presenter Notes
Presentation Notes
Then came European settlement.  Settlement was hard on rivers.First, beaver were nearly trapped to extinction.  Along with large wood, beaver dams dominated the rivers of North America, with approximately 67 beavers per SQM and one dam every 25 to 100 yards, so this was an enormous change for rivers.Then, Rivers and streams were cleared of all log jams, to make log drives possible.  In his book Tall Trees and Tough Men about logging in the northeast, Robert Pike writes of men working from dawn to dusk, from April through November, waist deep in water and mud hitching horses to the snags that were embedded in centuries worth of accumulated mud to clear the rivers for driving logs.To facilitate drives, splash dams, berms, cribbing, and sluices were built.  Splash dams would create ponds in which logs were stored.  When the time was right, the gates would be opened, releasing a flood of water and wood.  This had enormous impacts on the bed and banks of the rivers.And of course, the forests including riparian trees were nearly completely removed.



A Long History of River Management
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Following the fur trade and the log drives, ditches were dug through wetlands to drain the land and rivers were dredged and armored to keep the water in the channel and keep the channel out of the way to accommodate adjacent land uses including construction of buildings, roads, and agriculture.



Flood Hazards: Inundation and Erosion

Vermont Department of Environmental Conservation

Presenter Notes
Presentation Notes
An important thing to note is that there are two types of flood damage.  The first is inundation or simply property getting wet.  the second is erosion damage, which is what happens when river move and undermine roads and structures.  It is important to keep in mind is that erosion damage is much more extensive and costly in Vermont that inundation damage.  And that largely is because of the long history of snagging, straightening, dredging that we undertook to better drain the landscape.



Increasing Channel Depth to Prevent Flooding: 
Trading in a Flooding Problem for an Erosion 
Problem

Presenter Notes
Presentation Notes
When we dredge rivers to keep floodwaters in the channel, we essentially trade a flooding problem for an erosion problem.  A shallow channel with low banks and connected to an adjacent floodplain will quickly spill water onto that floodplain where the energy of the water is dissipated across that broad landscape.  And while that results in investments getting wet, it is not nearly as costly as what happens when we dig the channel deeper to keep all the water in the channel.  This is because erosive force increases as depth flow increases.  The deeper water that is possible in the deeply dredged channel is much more powerful and erodes the bed further. Eventually the banks get so high that the banks fail, and our investments come tumbling down into the drink.



Straightening Rivers: Increasing Erosive Power
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The other issue is caused by straightening of rivers, which often accompanies dredging.  This is because straightening a river makes it steeper.  We all probably remember that slope of a line equals the rise for the line divided by the horizontal length of the line or the run.  A meandering river has a longer horizontal length than a straight river and thus a greater slope.  The thing with slope is that it – along with depth of flow – is a primary factor determining how much power that flow has.



Widespread Channel Instability

Vermont DEC
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This image is a classic channel evolution model.  It shows how a river that is disconnected from its floodplain, in this case by berming, but as I showed a couple slides back, dredging has the same effect, changes or evolves over time.  Stage 1 is the stable pre-disturbance condition.  Stages 2 through 4 are the stages in which the river is disconnected from its floodplain and highly unstable.  In stage 5 the river has recreated a new channel and broad floodplain.  



Widespread Channel Instability

 5,000 river miles assessed.
 75% undergoing channel 

evolution.
Vermont DEC
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The DEC Rivers Program has assessed 5,000 miles of river and found that 75% of those river miles are in one of the highly unstable stages 2 through 4.  The extensive river instability we have across the state is a major contributor to the amount of damage we endure from flooding.



Escalating Costs of Channelization and 
Encroachment

VT DEC
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Because our channel management began so long ago, we’ve forgotten how rivers functioned previously and we’ve slid into reliance on channelization and a this cycle of escalating damages and recovery costs in which we channelize streams thinking we are making the surrounding landscape developable, with the next flood comes property damage, we respond by dredging, berming and armoring to a greater extent which re-instills our sense of safety so we rebuild, often to a greater extent, and when the next flood hits, the costs are even greater.  And when you include the fact that climate changes is bringing bigger and ever bigger floods, the spiral just speeds up.



Solutions

Vermont Land Trust
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A huge part of the solution to our flood vulnerability problem is to reconnect incised rivers to their floodplains and associated wetlands where floodwaters can be slowed, filtered and infiltrate into underlying aquifers instead of pushing it all down valley and making it the next landowner’s or the next village’s problem.



Mechanized River-Floodplain Reconnection

Vermont Land Trust

Vermont Land Trust
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One approach is to restore the rivers access to its adjacent floodplain by lowering the elevation of the floodplain through excavation. While this approach can be successful, it is expensive to the point of being cost-prohibitive at the scale we need to implement solutions.  However, in developed areas that have proven to be too flood vulnerable to be sustainable, removal of structures and artificial fill as was done along the Whetstone in West Brattleboro, is a great option because it brings significant flood reduction benefits to adjacent properties.



Strategic Wood Addition
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On forested rivers we can add large wood structure which due to centuries of  snagging and logging is largely missing in a majority of our streams.Wood addition is a popular method of restoration because of its habitat benefits, but we are coming to realize its value in trapping mobilized sediments which both can reduce export of phosphorus and fill incised channels to reconnect them with their floodplains which reduces downstream flood damages.The Vermont Fish and Wildlife Department recently reported that sediment stored across 5-miles of streams treated with strategic wood addition from 2012 to 2022 was approximately 1,493 loads carried by a standard dump truck (10-yd3 capacity).



H1

H2

Reversing Channel Evolution Storing Sediment 
and Reconnecting the Channel to the Floodplain
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The next few slides show the outcomes of some wood addition work we did on a TNC property.The stream is deeply incised due to years of manipulation associated with logging.The jam you see here was moved by the 2023 floods and trapped a tremendous amount of gravel on the upstream side that has just about filled the channel for about 150 ft. upstream.The evolution process has actually been reversed.  Once again, the channel is well connected to its floodplain and high flows can be spread onto the floodplain and overall erosion reduced.



Reversing Channel Evolution Storing Sediment 
and Reconnecting the Channel to the Floodplain
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Again, more sediment storage, filling the incised channel so that it is reconnected to the surrounding floodplain.  Would you ever think that this much material moves through such as small stream during a sever flood?  It is amazing.  And it means we can reconnect all the incised headwater rivers if we can continue to add large wood.  We can literally slow the melting of the mountains into the seas.



Store Sediment in Headwaters Not Houses

Vermont Digger



Beaver-Based Restoration
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In the right setting - and that is essentially determined by stream gradient and surrounding topography – restoration is guided by observations of what happens when beavers move into an incised stream.  This image is of a small stream on TNC’s Hubbardton River Clayplain Natural Area which is in the town of West Haven.  It’s a terribly incised stream, similar to the stream shown in the upper left of the figure to the right.  That figure is another evolution model, specifically showing how incised streams are changed and restored by beavers.



Beaver Dam Analogues
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We are experimenting with a low-tech approach that involves construction of beaver dam mimics or beaver dam analogues as they are commonly referred to.  With these structures we are trying to initiate the processes that real beaver dams do and ideally create habitat conditions that are suitable for beaver so they will move back in.  The image on the left shows one of the beaver dams we built and on the right you can see two of the structures from the air and the bit of ponding we are getting upstream of the structures.



Leave it to Beaver
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But true restoration often requires repeated treatments over 5 – 15 years.  In the end, the lowest-cost and really the only way of restoring these systems in perpetuity – is to bring the beavers back into them.  So, finding ways to manage beaver that allows for greater co-existence is critical.



Managing Conflicts: Flow Devices

Vermont Fish and Wildlife Department

Beaver Solutions LLC
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That of course means that we need solutions for managing conflicts.  We haven’t done a lot of work on management of beaver human conflicts but it does seem that flow devices such as those installed by Vermont Fish and Wildlife have promise in managing a good portion of the conflicts created by flooding of adjacent property.Culvert protection devices appear to be effective in preventing culverts from being clogged by beavers.  Beaver Solutions in South Hampton Massachusetts reports having installed over 1,000 culvert protection devices with a 99% success rate.In her 2022 book Beaver Land, author Leila Philip explains that the Town of Billerica, MA has a contract with a company to maintain culvert protective devices and finding it to be less expensive than paying to regularly remove the dams and beavers.



Low Conflict-Potential Areas
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We can also look to implement beaver-based restoration in low conflict-potential areas such as the Crooked Creek on the Vermont Land Trust’s Button Farm property.  You can see in the aerial images that the creek is bordered by route-7 to the west and a farm field to the east.  Yet because the creek – which is terribly incised – is within a deep ravine, beavers could dam this brook and spread it from valley wall to valley wall and nobody would know the difference. 



Beaver Benefits: Biodiversity Water Quality and Flood Resilience

Vermont Fish and Wildlife Department
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Thank you for the opportunity to talk with you about the importance of beavers to VermontMy Name is Shayne Jaquith I’m the watershed restoration program manager for The Nature Conservancy.  I’ve been with The Nature Conservancy since 2016 and prior to that worked as a River Scientist in the Vermont Department of Environmental Conservation’s Rivers Program beginning in 1999.TNC’s water work focuses on the three pillars of River Corridor Protections, Dam Removal, and River-Floodplain Restoration.  Through that work we endeavor to increase the biodiversity of Vermont’s aquatic ecosystems, mitigate flood hazards to human communities and improve water quality.
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