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Biological Diversity
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Importance of Biological Diversity

A major purpose stated in the Conte Act is to conserve, protect and enhance the natural diversity of the species and ecosystems within the watershed.  All the species discussed above contribute to the watershed's natural diversity.  Biological diversity can be defined as the variety of life forms including the genetic differences among them and the various ecosystems in which they occur.  This diversity is critically important to maintain the resilience of natural systems.  Genetic diversity is important for the maintenance of healthy individuals and the reproductive vigor of the population. It allows the species to adapt and continue in the face of changing environmental conditions.  Additionally, the diversity of species and genetic strains provides a pool of critically important resources for potential use in agriculture, medicine and industry.  For example, 25% of our prescription drugs are derived from plant materials, and many more are based on models of natural compounds.  At the ecosystem level, diversity contributes adaptability to variable conditions and more efficient energy and materials cycling.  The benefits are fertile soils, regulated hydrologic cycles and an abundance of fish and wildlife populations.  

Threats to Biological Diversity 

Habitat Variations Over Time

As landscape conditions have changed over time, from forest, to agriculture, back to forest, the populations of species adapted to either forest or open fields have changed as well.  Many species, including white(tailed deer (Odocoileus virginianus), beaver (Castor canadensis), and fisher (Martes pennanti) declined precipitously and were even extirpated for a time, but have returned.  Some recovered spontaneously and others had to be restocked (Johnson 1980).  Global warming may change habitat conditions and cause population declines and/or extinction of some species.

Land Conversion and Fragmentation

In addition, many of the more common species and whole habitats are diminishing in the watershed due to the effects of human activities.  The southern portions of the watershed have and will continue to experience increasing habitat conversion including urbanization and suburbanization.  This conversion directly destroys plants and animals and their habitats.  Indirectly, this conversion degrades a great deal more surrounding habitat by breaking up previously contiguous habitat.  This "fragmentation" has the following effects: 

(
diminishes habitat suitable for area(sensitive species; 

(
creates ideal conditions for high populations of certain generalist species such as whitetail deer, raccoons, skunks, foxes and starlings, which can eat or outcompete many more specialized species; 

(
introduces non(native predators (housecats and dogs) and competitors (invasive plants); 

(
isolates populations of less mobile species like reptiles, amphibians, making them more vulnerable to local extinctions and inbreeding depression; 

(
it increases mortality from roadkills; and 

(
degrades aquatic habitat with point and non(point pollution. 

Statistics that depict the rate of land conversion uniformly from state to state and over the same time periods were unavailable.  Several sources, however, give a general idea of the magnitude of the problem.  Greenbaum and O'Donnell (1987), discuss the rates of development throughout Massachusetts in the 1980's and point out "...in 1986 alone, 12 communities in the Connecticut Valley each saw development of 100 acres or more."   The Massachusetts Forest Legacy Needs Assessment (1993) states that, in Massachusetts, "...between 1950 and 1970, an estimated 350,000 acres of 'farm and forest' were converted to 'urban development' ‑slightly less than half of all the estimated land consumption since colonial times."  It also states that "A conservative projection shows over two million acres, or 40% of Massachusetts open space to be converted to other uses during the next 40 years with 80% of that as residential development."  Each of the other three states also note population growth and/or development pressures, resulting in the loss and parcelization of forest land (State of Connecticut 1994; State of New Hampshire undated; State of Vermont 1993).

Dams and Other Barriers to Fish Migration 

Dams have had a major effect on the watershed as well, converting large amounts of the natural river systems into lakes and greatly altering upstream and downstream areas with fluctuating releases.  The dams have fragmented fish habitat by blocking upstream passage.  There are approximately 980 dams located throughout the watershed.  The mainstem of the Connecticut River has 16 functional dams, two that are breached and one other licensed for construction.  Those with federal licenses to provide hydro-electric energy are required to provide fish passage where viable fish populations occur, but many of the smaller mill dams have no such requirement.  In addition, hundreds of culverts also block fish migration.

Resource Extraction 

Resource extraction, including sand, gravel, crushed stone and limestone mining destroys small amounts of habitat, but the habitat destroyed, because of its specialized geology, often supported relatively rare plants.  Timber production can have adverse effects on some species, while having beneficial impacts on others (Deming and Gage 1994).  In the past, a great deal of floodplain forest was converted to agricultural land.

Collection

Some species also are collected; many orchids and ferns are collected for their beauty and rarity.  Hartford fern (Lygodium palmatum) was collected so heavily in the last century that a Connecticut law was passed in 1869 to protect it (Parsons 1899). Other plants such as ginseng (Panax quinquefolius) and golden seal (Hydrastis canadensis) are collected for the commercial value of their parts.   

Introduced Invasive Species
These species degrade habitat and have a direct, negative impact on native species.  

Many species have been either purposefully or accidentally introduced into the watershed. When species are introduced from other places and find conditions favorable, they may be able to outcompete native species, especially if they have no predators adapted to control them in their new location.  In fact, many of these species were introduced specifically because they were easy to establish, hardy and disease resistant.  In addition to the initial introductions, human activities can favor the spread of many of these species.

Although some birds and mammals have been introduced, fish and plants have been the most common introductions.  According to Bickford and Dymon (1990), 950 of the 2,700 plants in Massachusetts have been introduced.  Problems are being caused by invasive plants throughout the watershed. Although common reed (Phragmites communis) and purple loosestrife (Lythrum salicaria) degrade wetlands throughout the watershed, these two plants seem much more widespread in Connecticut, affecting a great number of wetland acres there.  Another plant affecting both wetland and upland habitats in Connecticut is Japanese stilt grass (Microstegium vimineum).  Oriental bittersweet (Celastrus orbiculatus), Japanese knotweed (Polygonum cuspidatum), multiflora rose (Rosa multiflora), buckthorns (Rhamnus cathartica and Rhamnus frangula), and Japanese barberry (Berberis thunbergii) are widespread in upland areas, with the knotweed extending up into New Hampshire and Vermont.  Eurasian milfoil (Myriophyllum spicatum) is a problem in many ponds and lakes in the watershed, including Lake Morey in Fairlee, Vermont, Hall's Lake in Newbury, Vermont, and Mill Pond in Windsor, Vermont (LaSala 1994)

Non(indigenous fish species are found throughout the length of the Connecticut River and its tributaries.  There are more introduced fish species in the watershed than there are native species.  Of the freshwater fish species found within the watershed, native or indigenous freshwater species account for 33 fish and non(indigenous freshwater fish, 35.  Many species were introduced in an effort to provide recreational fisheries, specifically, the trouts, basses, pikes and sunfishes.  Native species populations were reduced because of exploitation, habitat loss and water quality degradation.  Land management practices including forestry and dairy and truck farms, damming for industry, and industrial discharges resulted in altered habitat and water quality conditions that were better suited for non(indigenous species.   The distributions and populations of fish are better know than those of any other aquatic species.  The state fishery and heritage agencies are working together to avoid the loss of native fish species as a result of the purposeful or accidental introduction of non(native fish and plant and animal species.

Asiatic clam (Corbicula fluminea) is a freshwater clam that first entered North America in the early 1900's, reaching the Mid(Atlantic states in the 1970's and 1980's.  The animal obtains a size of approximately one(half inch as an adult.  The Asiatic clam has been identified in the lower reach of the Connecticut River.  It is of great concern because it has an incredible propensity to reproduce: an average of 70,000 offspring per adult per year.  It is of great economic concern because of its ability to clog industrial water intake pipes.  It is a serious environmental threat to the ecosystem because it will displace native mollusk species.  It has the potential to greatly disrupt native fish and other aquatic animal and plant species as a result of its physical presence (10,000 to 20,000 individuals per square yard) and its impact on the food web.

Zebra mussels (Dreissena polymorpha ), although not yet introduced into the Connecticut River system, could do very significant harm to native freshwater mussels.  The animal obtains a size of approximately one(half inch to an inch and one(half as an adult.  It is of great concern because similar to the Asiatic clam (above), it is has an incredible propensity to reproduce.  It is also of great economic concern because of its observed ability to clog water intake pipes of waste water treatment plants, electric generation plants and industrial operations.  It is a serious environmental threat to the ecosystem because it will displace native mollusk species.  It has the potential to greatly disrupt native fish and other aquatic animal and plant species as a result of its physical presence and its impact on the food web.  Because of the incredible populations of these animals that build up, they filter from the water vast amounts of algae, phytoplankton, and zooplankton.  This eliminates or greatly reduces the food supply for other organisms.

Mute swans (Cygnus olor) are increasing their populations in Connecticut and cause damage to plants which provide food for other waterfowl as well as outcompeting other waterfowl for nesting habitat 

Introduced forest pests are also a huge problem.  Gypsy moths have caused widespread damage over the years.  In addition, attempts to control them severely affected non‑target native species.  DDT spraying for gypsy moth control in the 1950's and 1960's severely depressed the populations of many butterflies and other insects.  The wooly adelgid, an introduced aphid (Adelges tsugae) is presently killing hemlock trees, often found on steep slopes near the rivers in Connecticut, posing potential erosion problems.  Diseases, such as chestnut blight, Dutch elm disease, and a fungus affecting butternut trees also have major impacts on species and the make(up of natural communities.  

Conserving and Protecting Biological Diversity

Land Protection

Natural resource managers are just beginning to grapple with how to protect biodiversity effectively.  In the recent past, society has preserved a great deal of land chosen for a variety of purposes (i.e. scenic, recreational, economic).  Society has also acted to conserve many individual species where they are economically useful or already critically endangered.  Past efforts have been successful in a limited way, but we are continuing to lose biodiversity, as evidenced by the ever‑increasing number of threatened and endangered species and lost or degraded natural communities. 

Species extinction is only the last and most obvious stage of biotic impoverishment.  Of greater long‑term concern is the degradation of ecosystems and landscapes.  Measures of ecosystem loss or dysfunction are not as straightforward as species extinctions, in part because ecosystems are much less easy to classify.

Noss and Cooperrider (1994)

To maintain the biodiversity of an area, it is necessary to: 

(
preserve representatives of all native ecosystem types and successional stages;

(
maintain viable populations of all native species; and

(
maintain ecological and evolutionary processes which drive the system.

Maintaining intact, functional examples of each type of ecosystem in the region is assumed to automatically preserve all the species living in these ecosystems.  This is called the "coarse filter" approach.  Some sensitive or endemic species will fall through the pores and a complementary "fine filter" examination of and provision for the needs of these species must also occur.  Maintaining processes is necessary in order to keep the system vital.  It is impossible to "preserve" natural systems by trying to lock them up; they need to be subjected to the natural conditions, including disturbances, that have shaped and maintained them.

To accomplish the goals mentioned above, we must:

(
know what biodiversity exists;

(
understand the processes at work;

(
understand the threats which exist;

(
see how well our patchwork of already reserved lands and land                                                             use regulations protect all the components; and

(
offer ways to fill in the gaps to complete the protection of biodiversity.

Approaches which protect biodiversity "hotspots" as inviolate "core" areas, attempt to buffer these "core sites" from external effects by influencing the land uses surrounding them, and maintain population exchanges between them by connecting them with corridors (which can be a lightly‑used or semi‑wild matrix or protected land) have been recommended (Noss and Cooperrider 1994).

Put forth a bold vision of what it might take to maintain all the biodiversity in a region and then work out the details later.  The vision will provide direction and motivation for all subsequent work.

Noss and Cooperrider (1994)

Many state agencies and non-governmental organizations like The Nature Conservancy, The Conservation Fund, The Trust for Public Land, The Trustees of Reservations, the Society for the Protection of New Hampshire Forests, and many other land trusts are helping to protect land, 

Identification of Lands to be Protected:  Conte Refuge Special Focus Areas
In order to accomplish the purposes of the Conte Act, areas which contribute substantially or in unique ways to protecting the fish, birds, federally listed species, wetlands, and overall biodiversity within the watershed were identified as part of the 1995 Environmental Impact Statement.  Although all of the undeveloped area of the watershed, especially dedicated open space lands, are important to the purposes of the Act, limited areas which significantly support the Act's purposes were chosen as the areas where protection should be focused.

Specifically, areas providing the following biological values were identified:

(  habitat for federally listed (endangered, threatened or candidate) species;

(  habitat for a number of rare species and/or rare or exemplary natural communities;

(  important fisheries habitat (previously discussed under "Important Fish Areas";

(  important wetlands;

(  habitat for water birds (waterfowl, herons, rails);

(  the potential to protect a substantial area of contiguous habitat for declining area(sensitive species;

( large blocks of unusual habitat type; and

(  landbird breeding and migratory stopover habitat.

Areas exhibiting these values, as well as the fishery focus areas previously described under the section on Fish, are referred to as "Special Focus Areas." 

These Special Focus Areas also incorporate many of the important, scarce and vulnerable wetlands identified in the Regional Wetlands Concept Plan (U.S. Fish and Wildlife Service Oct. 1990 and many of the rare species and community occurrence sites.  

Each focus area has been assigned a priority of high, medium or low.  Because of the varied and often multiple biological values of the focus areas, it is difficult to set absolute priorities; for example, one cannot compare the value of waterbirds against landbirds or fisheries.  Generally, the more biological resource categories present at a site, the more valuable the site overall.  However, the overall importance of the site to a particular category was also weighed.  For example, all sites with value to rare species are not the same.  Some have more diversity or greater numbers of the rarer W‑1 or W‑2 species.  Therefore, all factors were not rated equally, nor was the same factor always weighed as importantly.  The only exception was that the category for federally listed endangered or threatened species which always received a high priority rank both for biological reasons and because endangered species protection is the Service's highest priority by policy.  While guiding the overall effort, these priorities will remain flexible to enable the Service to take advantage of opportunities which may arise with other partners or through bargain sales, and in responding to imminent threats to critical parcels.

The areas identified range in size from a few acres to 68,900 acres.  Since their biological values have already been recognized, many of the areas contain parcels already owned by various conservation organizations.  Some of these areas already have 5% to 82% of their area protected in this way.  The total area identified is 179,665 acres.  The areas already protected as dedicated open space total 37,750 acres.  This leaves 141,915 acres of Special Focus Areas which need protection.  

Several small wetlands from the Regional Wetlands Plan, which are scattered elsewhere in the watershed, also need protection.  Similarly, although some species and community types would be adequately protected by Special Focus Areas, there are a number of rare species and community types which need to have small, scattered occurrence sites protected.  It is estimated that about 500 small, scattered rare species and community occurrence sites require protection.  These sites will need additional study to verify their quality and continuing importance to the particular species.  Many of these locations are confidential to protect collectable species, so they are not listed.  As new information becomes available, it will be reviewed and verified sites will be added to the list for protection.  The size of the sites protected will range from 1 to 100 acres, depending on the species requirements and the landowner.  Historic peregrine falcon nesting sites, Stacy Mountain and a snake hibernaculum in Massachusetts, and Great Pond in Connecticut are examples of these small, scattered sites.

Habitat Management on Private Lands
Land acquisition is a good solution for many problems, but it cannot solve all of them.  Buying the river bed does not necessarily conserve and enhance aquatic species, since they depend on the condition of the water flowing over them, which in turn depends on the health of a whole watershed area.  In addition, some species, like grassland nesting birds, require that the land be actively managed; it cannot be purchased and passively conserved.  Other species, like forest nesting neotropical migrant birds, are dispersed  over the landscape, and protecting and managing only a small percentage of the landscape will not offer long-term protection to a large enough segment of their population.  Therefore, it is important to engage watershed (drinking water supply), industrial forest, corporate, land trust and other private landowners in protecting biodiversity on their lands also.  This can be done through education and also through incentive programs like those offered by the U.S. Department of Agriculture through the Farm Bill.  Landowners interested in learning more about their options should contact refuge staff to discuss how they might get assistance in improving the habitats on their parcel. 
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