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•

 

Depressions in the land

•

 

Surface water for part of the year

•

 

Fill between late fall and spring

•

 

Dry up during summer or early fall

•

 

Located in upland or wetland

•

 

Sometimes referred to as 
“seasonal ponds”

Vernal Pools:  What are they?

Presenter
Presentation Notes
Vernal pools are depressions in the land that contain surface water for part of the year in most years. Typically, they fill with water between late fall and spring, and dry up during summer or early fall.

The “classic” vernal pool is surrounded by dry land, which we call upland, but areas of standing water within other wetlands, such as forested swamps, also may be considered vernal pools.

Vernal pools are sometimes referred to as seasonal ponds.





Most < ½-acre, < 4 feet deep 
at high water

Vernal Pools:  Size and depth

Presenter
Presentation Notes
Vernal pools range widely in size and depth – from several feet in diameter to a couple of acres, and from as little as 2 feet to as much as 7 feet deep at high water. Most pools are less than ½-acre in size and less than 4 feet deep.



Vernal Pools:  Topographic and geologic setting

Presenter
Presentation Notes
Vernal pools may occur anywhere on the landscape. At higher elevations, they occur on glacial till deposits and, at lower elevations, on glaciofluvial material – which is sometimes called outwash; on glacial lake deposits; and on the alluvial deposits of post-glacial stream floodplains.
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Vernal Pools:  Hydroperiod

Presenter
Presentation Notes
The length of time that water is in a vernal pool is called its hydroperiod. During a study of 65 pools in the Pawcatuck River watershed, we learned that hydroperiods vary widely among pools and even from year to year within the same pool.

In 2001, for example the first pools to dry up did so in early July, and 14 pools held water throughout the year. In 2002, which was a drier year, some pools dried up as early as the Middle of May, and nearly all pools were dry by mid-September.



Water lilies Non-woody Emergents

Trees

Shrubs Litter or moss

Vernal Pools:  Vegetation

Presenter
Presentation Notes
During the growing season, the deepest part of some vernal pools supports water lilies or non-woody emergent plants such as grasses or sedges; in other pools, the predominant plants might be shrubs or trees. In the deep shade of a forest, some pools may lack higher plants entirely, and have a bottom covered with leaves or Sphagnum moss.



Aquatic invertebrates

Amphibians Reptiles

MammalsSongbirdsWaterfowl

Vernal Pools:  Wildlife

Presenter
Presentation Notes
Vernal pools provide critical habitat for a diversity of wildlife, most notably aquatic invertebrates, such as dragonflies, and pool-breeding amphibians, including certain frogs, toads, and salamanders. They also provide important habitat for reptiles such as the spotted turtle, waterfowl such as the wood duck, insectivorous songbirds such as the Eastern phoebe, and mammals such as deer.





Seasonal drying excludes fish

Presenter
Presentation Notes
The periodic drying of vernal pools ensures the absence of fish, such as the chain pickerel, which would prey upon other vernal pool animals. It is the seasonal nature of the water that makes vernal pools unique and so valuable, particularly as breeding sites for certain amphibians.





Wood frog Spotted salamander

Red-spotted newt

Spring peeper American toadPickerel frogGray treefrog

American bullfrogGreen frog

Marbled salamander

Vernal Pool Amphibians in RI

Presenter
Presentation Notes
In Rhode Island, at least 11 species of amphibians breed in vernal pools. These include the wood frog, spotted salamander, marbled salamander, Eastern spadefoot, spring peeper, gray treefrog, pickerel frog, American toad, green frog, bullfrog and red-spotted newt.

Some of these species also breed in permanent ponds, but the first four – the wood frog, spotted salamander, marbled salamander, Eastern spadefoot – clearly  depend upon pond drying, and the absence of fish, for maximum breeding success.





Aquatic 
habitat 
(pool)

Terrestrial 
habitat 
(forest)

Eggs Larvae

Adults Metamorphs

Pool-breeding Amphibian Life Cycle 
(e.g., Wood Frog)

Presenter
Presentation Notes
Pool-breeding amphibians, such as the species just mentioned, have complex life cycles that require terrestrial, as well as aquatic, habitats.

Adult wood frogs, for example, migrate to breeding pools between late February and early April. They mate, and each female deposits a gelatinous mass containing several hundred eggs. The eggs hatch within a week or so and the larvae develop in the pool for about 4 months, at which time they leave the pool as metamorphs. They spend the remainder of their lives in upland forests, first as juveniles and then as adults, except during a brief period in the spring when they return to the pools to breed.





Vernal pool

Forested upland

Conservation of Pool-breeding Amphibians

Presenter
Presentation Notes
So conservation of pool-breeding amphibians requires maintenance of both vernal pools and suitable surrounding upland habitat – a critical point.




•

 

Worldwide amphibian declines

•

 

Main reason: habitat loss and 
fragmentation

•

 

Vulnerability of pools due to: 
-

 

small size
-

 

inconspicuous when dry

•

 

Loss of pools and upland 
habitats critical

•

 

Urban sprawl prime threat in RI

Vulnerability of Vernal Pools and their Fauna

Presenter
Presentation Notes
Worldwide declines in amphibian populations in recent years have caused great alarm among scientists and wildlife managers. Many reasons have been proposed, but habitat loss and fragmentation clearly are among the most important.
Vernal pools are vulnerable to human impacts due to their small size and inconspicuous nature, particularly when they are dry and more difficult to detect.
Pool-breeding amphibians are adversely affected by the loss of vernal pools, through filling or drainage, and the loss or fragmentation of upland forests.
Urban sprawl is a prime threat in Rhode Island.




•

 

Laws pertain to wetlands, upland 
edge

•

 

RI regulations protect vernal pools 
as “ponds,”

 

“vegetated wetlands,”

 or “special aquatic sites”

•

 

Protection of upland habitat 
minimal

•

 

Amphibians need extensive forest

•

 

Regulations not designed to meet 
that need

Limitations of Wetland Regulations

Presenter
Presentation Notes
State and Federal wetlands laws regulate land use within wetlands and, sometimes, within a limited distance from the wetland edge.
Rhode Island freshwater wetlands regulations protect vernal pools as ponds, vegetated wetlands, or special aquatic sites. Ponds are at least ¼ acre in size and contain surface water for at least six months each year. Vegetated wetlands, such as marshes, swamps, and bogs, are defined by vegetation and water regime. Special aquatic sites do not qualify as ponds or as vegetated wetlands, but are capable of supporting aquatic life forms of wetland-dependent wildlife such as pool-breeding amphibians.
In Rhode Island, land use regulation extends 50 feet into the adjacent upland around ponds and vegetated wetlands that meet certain minimum size requirements, but stops at the edge of special aquatic sites.
Amphibians such as wood frogs and spotted salamanders need far more extensive areas of upland forest around their breeding sites. Without such habitat, these species cannot persist.
Wetland regulations are not designed to meet this need.
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An Example:  Spotted Salamander Dispersal

Presenter
Presentation Notes
Using radio-telemetry, Peter Paton and his students tracked adult spotted salamanders after they left their breeding pools in southern Rhode Island.

They discovered that some males traveled up to 300 meters (1,000 feet) to find suitable terrestrial habitat and that females went even further.

To maintain terrestrial habitat for even 50% of the females (and 80% of the males), a “life zone” of at least 150 meters (500 feet) would be required. A zone more than twice that size would be needed to provide upland habitat for all of the animals.

Wetland regulations are designed to protect the integrity of wetlands; clearly, we cannot expect them to address the extensive terrestrial habitat requirements of pool-breeding amphibians.



•

 

One alternative solution:

-

 

identify and rank all pools in  
watershed for amphibian diversity 
and productivity

-

 

target areas with high-ranking 
pools and extensive forests for 
acquisition, easements

•

 

Approach used in Queen’s watershed

•

 

Questions:  
-

 

How to assess individual pools? 
-

 

What key characteristics to look 
for?

A Non-regulatory Approach

Presenter
Presentation Notes
One alternative solution to this problem might be: 1) to identify and rank all vernal pools within a watershed in terms of their individual contributions to amphibian diversity and productivity; and 2) to target specific geographic areas with high-ranking pools and extensive upland forests for conservation land acquisition, conservation easements, or other non-regulatory protection.

That is the approach we used in the Queen’s River watershed.

The questions are: How to assess the contributions of individual pools? What are the key characteristics to look for?





•

 

Last 10 years −

 

NRS identified features influencing 
presence, abundance, diversity of amphibians in vernal pools

•

 

Key features:
-

 

internal characteristics of pool
-

 

characteristics of surrounding landscape

Research on Key Habitat Features

Presenter
Presentation Notes
Through research that we have done in the URI Natural Resources Science Department over the last 10 years, we have identified some of the habitat features that influence the presence, abundance, and diversity of amphibians breeding in a vernal pool.

The key features include both the internal characteristics of a pool and the characteristics of the landscape in which the pool is located.





•

 

Hp: length of time pool holds water (no. weeks after 1 March)

•

 

Hp determines which amphibians can breed successfully; each 
species has minimum required Hp

•

 

Paton & Crouch (2002):  95% of metamorphs out of pool by:

Wood Frog

 

mid-July

 

21 wks

 
Spring Peeper

 

mid-Aug

 

24 wks

 
Gray Treefrog

 

early Sept

 

27 wks

 
Pickerel Frog

 

mid-Sept

 

29 wks

 
American Toad

 

late Sept

 

30 wks

 
Spotted Salamander

 

early Oct

 

31 wks

•

 

Premature drying → death of larvae

•

 

Pools with longer hydroperiods can support more species

Central Role of Hydroperiod (Hp)

Presenter
Presentation Notes
Pool hydroperiod is critically important because it determines which species can breed successfully in a pool. Each species of amphibian has a minimum required hydroperiod – based on the time of egg deposition and the length of the larval period.

As a result of work by Peter Paton and one of his students, Bill Crouch, we know how long a pool must hold water if at least 95% of the larvae are to survive to metamorphosis.

Wood frogs, for example, require water until mid-July, or for about 21 weeks, starting on the first of March. Spotted salamanders need water until early October, or for about 31 weeks from the first of March. Most other pool-breeding amphibians fall between these extremes.

If a pool dries up too soon, some or all of the larvae will perish.

Ponds with longer hydroperiods can support more species.



Hydroperiod and Amphibian Productivity

Presenter
Presentation Notes
From 2001 through 2004 we monitored hydroperiods and counted Wood Frog and Spotted Salamander egg masses in the 65 Pawcatuck watershed pools mentioned earlier.

Our results showed that maximum egg mass counts for both species increased as pool hydroperiod increased, up to about 36 weeks.

Beyond 36 weeks, egg mass numbers dropped a bit, probably because of the greater abundance of predators such as green frogs, bullfrogs, and fish.



•

 

So Hp affects amphibian diversity and productivity, but it may 
vary widely among years

•

 

To simplify habitat assessment, we used Pawcatuck Hp and 
egg mass data to develop 4 Hp classes that described a pool’s 
Hp in most years and reflected its habitat value for amphibians: 

Class

 

Hp

 

Pool drying

 
1

 

< 20 wks

 

by mid-July

 
2

 

20-27 wks

 

mid-July –

 

early Sept

 
3

 

28-36 wks

 

early Sept –

 

early Nov

 
4

 

37-44 wks

 

after early Nov

•

 

Hp class useful for predicting pool’s potential amphibian 
diversity and productivity; for example:

-

 

Class 3 pools have most species, most egg masses

 
-

 

Class 1 pools have fewest species, fewest egg masses

Creation of Hydroperiod Classes

Presenter
Presentation Notes
So hydroperiod affects amphibian diversity and productivity, but it may vary widely among years.

To simplify habitat assessment, we used Pawcatuck hydroperiod and egg mass data to develop 4 classes that describe a pool’s hydroperiod in most years and reflect its habitat value for amphibians: Class 1 (< 20 weeks – drying by mid-July), Class 2 (20-27 weeks – drying between mid-July and early September), Class 3 (28-36 weeks – drying between early September and early November), and Class 4 (37-44 weeks – drying after early November).

Hydroperiod class is useful for predicting pool’s potential amphibian diversity and productivity. For example, Class 3 pools generally have the most species and the most egg masses, while Class 1 pools have fewest species and the fewest egg masses.





•

 

Hp time-consuming to monitor; is there 
any way to estimate Hp class quickly?

•

 

Using Pawcatuck data, we created two 
methods for estimating Hp class based 
on 1-2 visits

•

 

Skidds method: used measurements 
of pool depth, tree canopy cover, water 
chemistry, geology, soils

•

 

Mitchell method: based on types of 
plants in deepest zone

•

 

Methods allowed rapid assessment of 
habitat suitability, based on Hp

Rapid Assessment of Hydroperiod Class

Presenter
Presentation Notes
Hydroperiod is an extremely important feature for habitat assessment, but it is time-consuming to monitor. Is there any way to estimate hydroperiod class quickly?

Using the Pawcatuck data, we created two “rapid assessment” methods for estimating a pool’s hydroperiod class based on measurements taken during one or two visits.

One method, developed by Dennis Skidds, allowed us to estimate hydroperiod from features such as pool depth, tree canopy cover, water chemistry, surficial geology, and soil properties.

The other method, developed by Jon Mitchell, allowed us to estimate hydroperiod from the types of plants growing in the deepest part of the pool, if any.

These methods allowed us to accurately assess a pool’s suitability for wood frogs and spotted salamanders, based on hydroperiod.



•

 

Wood frog and spotted salamander egg mass counts positively 
associated with:

-

 

pool size

 
-

 

pool depth

 
-

 

area of upland forest within 1 km (0.6 mi)

•

 

Counts for both species negatively associated with location on 
alluvium

•

 

Wood frog counts negatively associated with residential development 
within 1 km

Other Key Habitat Features

Presenter
Presentation Notes
Our research showed that egg mass counts for both wood frog and spotted salamanders also were positively associated with	pool size, pool depth, and the amount of upland forest within 1 km (0.6 mi) of the pool.

Egg mass counts for both species were negatively associated with pool location on alluvial deposits along streams, where hydroperiods were usually very short and where river flooding might transport fish into the pools or carry egg masses away.

Wood frog egg mass counts also were negatively associated with the area of residential development within 1 km of the pool. These findings support the notion that urban sprawl is adversely impacting pool-breeding amphibians.





•

 

Goal of NRS research
-

 

to understand vernal pools and their 
fauna better 

-

 

to contribute to more effective 
conservation

•

 

Queen’s project:  watershed-scale 
planning for vernal pool conservation

•

 

Funding:  RIDEM Office of Water 
Resources via EPA Non-regulatory 
Wetland Pilot Demonstration Grant

•

 

Project team:
-

 

Jon Mitchell, Research Associate

 
-

 

Mike Narcisi, Field/Lab Assistant

 
-

 

Peter Paton, Professor

 
-

 

Dennis Skidds, NPS Data Manager

 
-

 

Frank Golet, Professor

Applying Research Results in the Queen’s

Presenter
Presentation Notes
The overall goal of our research has been to better understand vernal pools and their fauna so that we can help to develop more effective conservation techniques.

The Queen’s project represents our first attempt at watershed-scale planning for vernal pool conservation.

The RIDEM Office of Water Resources funded this research under an EPA Non-regulatory Wetland Pilot Demonstration Grant.

Members of the project team included: Jon Mitchell, Mike Narcisi, Peter Paton, Dennis Skidds, and myself (Frank Golet).



Photography Credits

This presentation features photos by:
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– Bob Deegan.
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