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• Wetland Functions and Values
• Wetland Restoration
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Wetland Identification:  Three (3) Parameters

Hydric Soils: soils 
showing evidence of 
water presence-low 

oxygen

Hydrophytic 
Vegetation

(water-loving)
Hydrology: presence 

of water

Presenter Notes
Presentation Notes
Wetlands are created by the presence of 3 parameters: hydric soils, hydrophytic vegetation and hydrology, demonstrated by this group of kids



 Primary indicator examples: actual 
observation of surface water, soil 
saturation, high ground water table, 
algal mat, oxidized root channels, 
hydrogen sulfide odor, or inundation 
visible on aerial imagery. 

 Secondary indicator examples: water-
stained leaves, stunted or stressed 
plants, geomorphic position, drainage 
patterns

Wetland Hydrology
Criteria: Inundation or saturation to 
within soil surface for at least 5% of 

growing season in most years

~2 weeks in VT

Presenter Notes
Presentation Notes
The primary indicators are the obvious observations like seeing surface water or soil saturation. But sometimes a wetland’s hydrology is not so obvious, because it is only there at certain times of the year. When hydrology is not obvious, we look for clues in the landscape, known as secondary indicators. These examples include water stained leaves, stunted or stressed plants, etc. 



Wetland Soil

Hydric organic 
soils are very 
dark, almost 

black

Hydric mineral 
soils have gray 

colors with 
orange/red 

mottling

Presenter Notes
Presentation Notes
Wetlands have special soils that are created from being in water for long periods of time. You can often tell wet soils by their color. Cool Browns/blacks vs warm browns.



Wetlands Types

• Forested swamps
• Scrub/Shrub wetlands
• Emergent marshes
• Bogs & Fens
•  Seeps
• Vernal pools
• Wet meadows

Presenter Notes
Presentation Notes
Vermont has all of these wetlands; 



10 Wetland Functions & Values

Vermont’s Wetlands Provide

Presenter Notes
Presentation Notes
all the water quality protections; flood storage, erosion control, then all the habitat wetlands provide for fish, wildlife, RTE species, and some are simply exemplary natural community types; but equaly important is the education, research, open spaces, and yes recreation.

FUN FACT: all of Vermont's frogs and toads rely on wetlands for at least part of their life cycle!




Buffer Zone

Buffer Functions: 
• Filters pollution/nutrients  
• Protects water quality 
• Increases wildlife habitat
• Prevents the spread of invasive species
• Protects against other disturbances

Area of upland around a wetland which 
provides protection to function and value

 Class I = 100-ft buffer or larger

Presenter Notes
Presentation Notes
Filtering  sediments/nutrients; 
Preventing erosion- protecting water quality; 
Protecting and providing additional wildlife habitat; 
Preventing the spread of invasives species into the wetland; and 
Buffer protects against other disturbance such as light and noise infiltration or access by dogs.






Wood Frog
(state-wide)

Wood Frogs rely on vernal pools for breeding, 
due to these pools being temporary and 
therefore lacks predators such as fish. 

Presenter Notes
Presentation Notes
Spotted, blue spotted, and Jefferson salamanders also rely upon vernal pool and you can find fairy shrimp and fingernail clams in these pools too./



American Bullfrog
(state-wide)

Both frog species are dependent upon permanent 
bodies of standing water with emergent vegetation
• Ponds
• Deep Marshes

Northern Green Frog
(state-wide)

Presenter Notes
Presentation Notes
Then let’s talk about how all of Vermont's frogs and toads rely on wetlands for at least part of their life cycle!
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Pickerel Frog
(state-wide)

Mink Frog
(north central- 
northeastern)

• Pickerel frogs often rely on beaver ponds
• Mink frogs need ponds and deep marshes



American Toad
(state-wide)

Fowler’s Toad
(southern Connecticut River valley)

Both toad species congregate to breed in shallow, 
grassy areas within wetlands, farm ponds, floodplain 
pools, lakes, and even ditches!



Wet meadows for foraging

Permanent water for overwintering

Floodplains for breeding Northern Leopard Frog
(Champlain Valley)
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Gray Treefrog
(common in lowlands; absent 

at higher elevations)

Spring Peeper
(State-wide)

Both frog species are dependent on emergent 
marshes with abundant vegetation for breeding

Presenter Notes
Presentation Notes
Can you imagine not hearing the sounds of of the spring peeper and other frogs in the spring; how quiet it would be.



Presenter Notes
Presentation Notes
And while we may not have swamp dragons in VT, we do have



Presenter Notes
Presentation Notes
Our own “swamp thing”  Painted turtle in duckweed photographed by Jim Andrews, a VT renowned herpetologist.



VT’s wetland “dinosaurs”
 Snapping Turtle 

& other turtle species

Presenter Notes
Presentation Notes
As well as:



Spiny Softshell Turtle

Northern Watersnake

Young Common Five-lined Skink

Spotted Salamander

Presenter Notes
Presentation Notes
And other reptiles and amphibians that look like miniature wetland dragons in their own way: 

https://oaklandcountyblog.com/tag/northern-water-snake/




VT Land Trust 
Photo by: Allaire Diamond



Presenter Notes
Presentation Notes
This is Mary Ellen Orvis born in 1856 in Manchester, VT. Shortly after graduating from HS expressed an interest in fly tying, so her dad brought New York City fly tier John Hailey to Vermont to give lessons. Four years later, Mary became the manager of the company’s fly-tying operations and won first prize for an exhibit of flies at the Centennial Exposition in Philadelphia.
Mary hired local women through newspaper ads, usually  having between five and seven women in the department at a time.




Littoral Zone-Lake

Presenter Notes
Presentation Notes
The littoral zone of a lake is often wetland and is some of the most highly productive areas.  Lakeside wetlands support any number of macro-invertebrates (bugs), crawfish, clams, frogs, newts, snakes, birds, and are areas for fish to reproduce. This supports the food chain within a lake contributing food for fish as well as areas for fish breeding. 

 Example: Lake Bomoseen. The northern part of the lake is wetland and while is a relatively small percentage of the entire lake area, it contains a disproportionately large percentage of the lake’s entire littoral zone. Taking into account only the area of the wetland that is accessible to fish, this portion is roughly 30% to 40% of the lake’s littoral zone. Lake Bomoseen has one of the most diverse fisheries in the State. 

Just in 2017 alone, eleven fishing tournaments will be held during spring through November 1. In 2016 the annual ice fishing tournament championship weekend was held on Lake Bomoseen, contributing to the local economy. People attracted to the recreational opportunities provided by the LBW camp and use public accommodations in the area and purchase supplies, such as food, drink, and fuel, often from local enterprises. Some of these businesses include privately run marinas for full servicing of boats or boat rentals, the VT State Park, local campgrounds or motels/hotels, local bait and tackle shops/field and sports shops for supplies or the hiring of local guides, lakeside and local eating and drinking establishments from the full restaurant to the small snack bar or local grocery store.
 

 







Wetlands provide nursery areas, feeding and refuge areas, and even for the 
brook trout, wetlands provide cold water recharge and overhanging wetland 
vegetation along streams help to keep water temps cooler. 



Presenter Notes
Presentation Notes
And for all of your bird lovers out there, when you open any bird guide, there are usually pages dedicated to waterbirds, wading birds, in addition to all the passerines that use wetlands.



The West Rutland Marsh is more than a boardwalk, it is 
more than the birds that find sanctuary in the marsh, it 
is more than the marsh itself, it is an interdependent 
community of plants, animals and soils, and the waters 
that sustain them and we the people with our awesome 
potential to affect change.

Presenter Notes
Presentation Notes
To provide access for specific wildlife observation opportunities





Presenter Notes
Presentation Notes
For example, the Missisquoi Wildlife Refuge in northern VT has a mosaic of wetland habitats which offer opportunities to see more than 200 bird species. During the fall migration, 20,000-25,000 migrating ducks use this important wetland habitat.



Snow geese gathering at Dead Creek, Addison VT



Presenter Notes
Presentation Notes
Whether we see them or not (American Bittern), VT has many birds that rely on wetlands



Photo: Enrique R. Aguirre Aves/Alamy



By Charlie Hancock, forester and VLT trustee

Fairlee Town Forest: the site of the beaver pond when an 
abandoned beaver dam gave way on May 23, 2016. 
(Lynne Fitzhugh photograph)



Raven Ridge, Monkton

Presenter Notes
Presentation Notes
Providing safe, easy, and accessible opportunities to view wildlife such as  evidence of beaver with additional educational information at a kiosk.

Boardwalk-AU, overlook deck=permit: locate kiosks and other structure outside the wetland/buffer



Presenter Notes
Presentation Notes
It's also home to mammals like, black bear, moose, mink, otter, bobcat and star nosed moles




Wetlands host 31% of the world’s plants.
Over 50% of Vermont’s plant species are found in wetlands.

Sandbar Wetlands, Class I protection
Colchester / Milton, VT

Presenter Notes
Presentation Notes
So that takes care of the animals, now let’s touch briefly on the plants.



Presenter Notes
Presentation Notes
Plants grow in certain area primarily because of how much water is present and how long that water stays in the area throughout the year.
Lots of herbaceous, non-woody plants and beautiful flowers and sedges



Experience the unusual and rare natural history of this plant community first-hand, without impacting its fragile ecology.

Presenter Notes
Presentation Notes
To promote understanding and appreciation with protection.  Boardwalk AU.   

co-owned and managed by The Nature Conservancy in Vermont and Native Plant Trust. a 460-foot accessible boardwalk allows more people access to enjoy the botanical wonderland of cold-climate holdovers. 



Presenter Notes
Presentation Notes
And there are also wetlands shrubs and trees: here are a few you might recognize, the red stemmed dogwood along the stream and willow which the red winged black bird is sitting on. The tiny pine-cones belong to the specked alder and the fuzzy white flowers are on a button bush which love standing water.



43% of rare, threatened, and endangered species 
in the U.S rely on wetlands for survival

Yellow Bogs, Lewis, VT

Presenter Notes
Presentation Notes
Wetlands occupy about 3.5% of the land area in the United States but 43% of threatened and endangered species, including plant, animal and bird depend on wetlands for their survival.




Northeastern Bulrush
• Federally endangered 
• G3 = “Globally vulnerable”
• Vermont: found in beaver-

influenced wetlands



Presenter Notes
Presentation Notes
Tamara Wight Baskets (Northfield): who said I created this basket for an exhibit at the Vermont Statehouse in Montpelier, Vermont.  The theme of the exhibit is "Legislation as a Source of Art." This piece was inspired by Act 64, the Clean Water Act.
This piece is called “Vermont Wetlands”  and it is a softly shaped basket, woven from hand dyed deep blue reeds emerges from the root, reaching up to the wing, seeming to bring water and sky together.

Willow basket
Black ash pack baskets: Black ash trees are uniquely suited for basketmaking, and members of Vermont's Abenaki community and many others have made baskets from this tree for centuries.



Presenter Notes
Presentation Notes
Many wetlands are formed on clay soils because clay holds water. Clay can also be used to make pottery.

Top right: a piece of Native American pottery from New England and people are continuing to make pottery here in Vermont. The work shown here is my co-worker Shannon Morrison of N3 Pottery, inspired by wetland animals.



Presenter Notes
Presentation Notes
Wetland plants have also inspired glasswork



Presenter Notes
Presentation Notes
And Photos inspire beauty and creativity.

Mount Tabor-Otter Creek: Caleb Kenna drone photography (Brandon)
Ferns by VT Land Trust
DEC Wetlands Photo Gallery



Presenter Notes
Presentation Notes
As well as pieces of art in all mediums:

Monet and Van gogh are only two examples





Presenter Notes
Presentation Notes
 Through the centuries our marshes, swamps, and bogs have also provided food and medicine

Fish-Bass, pike, pickerel, bowfin

Perhaps the most well-known wetland plant is rice, now largely a cultivated plant. Nearly 50% of the world’s population, mainly in Asia, depends on rice as a staple food item. Other wetland plants, such as seaweeds (both naturally occurring and cultivated), also play a significant role in food supply, and many local communities rely upon a number of leafy plants in wetlands as a source of vegetables in their daily diets.

Cattail and The tubers of arrowhead, which grows at the edges of ponds and rivers, was eaten like potato.
Many wetland plants also had medicinal and herbal uses Various parts of the elderberry were used to reduce inflammation, and to treat wounds and colic in babies. Tea made from the inner bark of willows was used to reduce fever and relieve pain. Willow contains salicin which converts to a compound similar to the active ingredient in aspirin.



Educators: summer camp to college professors

Landscape Design

Private Consulting

Hydrologists

GIS-mapping

Non-profits

Policy and 
Regulators



Education & Research in Natural Sciences 

Weller, C. M., Watzin, M. C., & Wang, D. (1996). Role of 
wetlands in reducing phosphorus loading to surface water in 
eight watersheds in the Lake Champlain Basin. Environmental 
Management, 20(5), 731-739.

Woltemade, C. J. (2000). Ability of restored wetlands to reduce 
nitrogen and phosphorus concentrations in agricultural 
drainage water. Journal of Soil and Water Conservation, 55(3), 
303-309.



Flood & Storm Water Storage

University of Vermont Studies

Wetlands & floodplains protected Middlebury from 
as much as $1.8 million in flood damage during 

Tropical Storm Irene.

AND

Researchers analyzed 10 flood events to estimate 
the economic value of the Otter Creek 

floodplain/wetlands near Middlebury. They found 
the natural barrier saves the town up to 78% of 

potential damages, or between $126,000 to 
$450,000 per year on average.

Presenter Notes
Presentation Notes
one acre of wetland with water one foot deep can hold between  330,000 and 1.5 millions gallons of water. 

Trees and other wetland vegetation help slow runoff from storms and snowmelt and reduce floodwaters. Water storage by wetland vegetation can lower flood heights and reduce the destructive power of floodwaters.

Wetlands and natural areas near rivers and streams also prevent costly property damage by absorbing and storing potentially devastating floodwaters.

Wetlands act as a natural filtration system to improve water quality by absorbing excess nutrients from fertilizers, manure, and sewage. In their role as natural purifiers, wetlands reduce water treatment and infrastructure costs.



Presenter Notes
Presentation Notes
Two additional functions and values that have received more attention in recent years…



Weller, C. M., Watzin, M. C., & Wang, D. (1996). Role of wetlands in 
reducing phosphorus loading to surface water in eight watersheds in 
the Lake Champlain Basin. Environmental Management, 20(5), 731-739.

Presenter Notes
Presentation Notes

The importance of wetlands in the removal and retention of sediment and phosphorous in runoff is well documented. 
Protection and restoration of  wetlands can help achieve P reduction goals of the Lake Champlain TMDL.

Also mention A model developed by the St. Croix Watershed Research Station in Minnesota indicated that increasing the extent of wetlands may reduce loads of phosphorus up to 19%.


A landscape-level approach was applied to eight rural watersheds to assess the role that wetlands play in reducing phosphorus loading to surface waters in the Lake Champlain Basin. Variables summarizing various characteristics of wetlands within a watershed were calculated using a geographic information system and then compared to measured phosphorus loading through multiple regression analyses. The inclusion of a variable based on the area of riparian wetlands located along low- and medium-order streams in conjunction with the area of agricultural and nonwetland forested lands explained 88% of the variance in phosphorus loading to surface waters. The best fit model coefficients (Pload=0.86Ag+0.64For-30Ripwet+160) suggest that a hectare of riparian wetland may be many times more important in reducing phosphorus than an agricultural hectare is in producing phosphorus. These results provide additional support for the concept that protection of riparian wetlands is an important management strategy for controlling stream water quality in multiuse landscapes.





Woltemade, C. J. (2000). Ability of restored wetlands to reduce nitrogen and phosphorus concentrations in agricultural 
drainage water. Journal of Soil and Water Conservation, 55(3), 303-309.

Presenter Notes
Presentation Notes
Figure: Estimated annual budgets of P over time to examine the sources and fates of legacy P at the Timberlake Restoration Project. Circular arrows indicate P (kmol/ha) actively cycling in sediment floc, algae and macrophytes. Number above trees in (a) natural wetland and (b) wetland restoration indicate P in tree biomass (kmol/ha). Fertilizer P application and P removal (kmol P ha-1yr-1) through crop harvesting is shown in Figure 8a. Black downward facing arrows indicate losses through surface water (kmol ha −1yr −1), and numbers in boxes indicate soil TP pool (kmol/ha) integrated over the top 15 cm. 



• Restoration and conservation can 
improve carbon storage across the 
landscape

Presenter Notes
Presentation Notes
All types of wetlands are carbon sequestering systems (aka “carbon sinks”), from temperate freshwater wetlands to boreal peatlands. That means that wetlands have the ability to store excess carbon (via photosynthesis) from the atmosphere – one of the primary components of greenhouse gases and a driver of climate change.  Drainage and degradation of wetlands can release significant amounts of this stored carbon back into the atmosphere in the form of methane and reduce the ability of wetlands to sequester additional carbon. Better management practices can help protect these stores of carbon and the ability of wetlands to sequester it. “Blue carbon” is the type of carbon that is stored by coastal wetland vegetation such as mangroves, seagrasses and salt marsh grasses. Terrestrial wetland soils also function as carbon sinks and can store carbon produced by upland agriculture, forestry and other land uses. As carbon, in the form of organic material (such as eroded soil, leaves, and tree debris), is washed into low lying wetland areas, it is deposited into wetlands where it becomes part of the wetland sediment through decomposition or burial.



The brook had historically been constricted to a 
narrow area by berms and Town Garage buildings 
and was eroding. 

• Town Garage buildings were moved out of the 
floodplain area, and a new garage was built. 

• Log and rock weirs were added to the stream to 
raise the level of the stream. 

• Berms and sediment were removed from next to 
the brook, to allow the brook to access the 
floodplain. 

• Over 400 trees were planted in spring 2020. 
• Swale improvements and filter strips were added, 

along with stormwater ponds, to minimize run-off 
from the Town Garage/CSWD site.





Floodplain Access and Revegetation
Never doubt that a small 

group of thoughtful, 
committed citizens can 

change the world; indeed, it's 
the only thing that ever has.



Reduce Flooding Risk & Improve Water Quality-Hollow Brook in Starksboro 

Presenter Notes
Presentation Notes
The project involved removing some trees and fill, including concrete blocks, in and next to the stream to create a new floodplain, burying root wads in the bank and floodplain, and placing boulders to improve fish habitat in the brook. 







Restore mowed lawn to naturalized wetland ~1.0 acre

· Plow, harrow, and rototill Compacted surface multiple times to Create rough ground surface
· Retain shallow organic soils on top
· Grade to create positive drainage to Naturalized channel
· Grade shallow 6" deep by 20' wide Sinuous flow path

Presenter Notes
Presentation Notes
WETLAND RESTORATIONS ARE INTENDED TO RESTORE WETLAND FUNCTIONS AND STREAM DYNAMIC EQUILIBRIUM TO ALLOW THE STREAM TO MEANDER OVER TIME.





2011 pre-restoration

2014
1 year post restoration 

2017
3 years post restoration



Photo credit:
National
Wildlife
Federation

Presenter Notes
Presentation Notes
The landowner for this property is a recreational hunter and father of young children. He enjoys hunting, hiking and wildlife watching on this land. 



Wetlands reduce flooding, 
enhance water quality, and 
support diverse habitats.

• Conserving and restoring wetlands 
can lead to cost savings when 
compared to man-made 
infrastructure solutions.

• This study found that every dollar 
invested in land conservation by 
the State of VT returns $9 in 
economic value of natural goods 
and services.

• Broken down into land cover type; 
wetland conservation has the 
highest level of a return on 
investment per acre.

Based on existing research, The Trust for 
Public Land determined the natural goods 
and services provided and estimated their 
values for each land cover type (2018).



Congratulations on the projects that Lewis 
Creek Association has been initiating.

Any Questions?
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