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The following is a list of laws, regulations and direction that may require analysis or consideration of fish and wildlife connectivity on or across National Forests, and in some situations may require habitat and/or population connectivity.

1. Endangered Species Act:

Sec. 2. (b) The purposes of this Act are to provide a means whereby the ecosystems upon which endangered species and threatened species depend may be conserved, to provide a program for the conservation of such endangered species and threatened species, and to take such steps as may be appropriate to achieve the purposes of the treaties and conventions set forth in subsection (a) of this section.

Sec. 2. (c) Policy. – (1) It is further declared to be the policy of Congress that all Federal departments and agencies shall seek to conserve endangered species and threatened species and shall utilize their authorities in furtherance of the purposes of this Act.

Sec 3 (Definitions)

Sec. 3. (3) The tern “conserve”, “conserving”, and “conservation” means to use and the use of all methods and procedures which are necessary to bring any endangered species or threatened species to the point at which the measures provided pursuant to this Act are no longer necessary.

Sec. 3. (12) The term person means an individual, corporation, partnership, trust, association, or any private entity; or any officer, employee, agent, department, or instrumentality of the Federal Government, of any State, municipality, or political subdivision of a State; or of any other entity subject to the jurisdiction of the United States.

Sec. 3. (18) The term “take” means to harass, harm, pursue, hunt, shoot, wound, kill, trap, capture, or collect or attempt to engage in any such conduct.

Sec. 3 (f) (1) Recovery Plans. The Secretary shall develop and implement Plans (hereinafter referred to as “recovery plans”) for the conservation and survival of endangered species and threatened species……….

Sec. 3 (g) Monitoring

Sec. 3. (g) (2)  The Secretary shall make prompt use of the authority under Section 7 of subsection (b) of this section to prevent a significant risk to the well being of any such recovered species.

Sec. 5. Land Acquisition.

Sec. 5 (a) Program. The Secretary, and the Secretary of Agriculture with respect to the National Forest System, shall establish and implement a program to conserve fish, wildlife and plants, including those which are listed as endangered species or threatened species pursuant to Section 4 of this Act. To carry out such program, the appropriate Secretary – 

(1) shall utilize the land acquisition and other authority under the Fish and Wildlife Act of 1956, the Fish and Wildlife Coordination Act, and the Migratory Bird Act, as appropriate; and

(2) is authorized to acquire by purchase, donation, or otherwise, lands, waters, or interest therein, and such acquisition shall be in addition to any other land acquisition vested in him.

Sec. 7. Interagency Cooperation

Sec. 7 (a) Federal Agency Actions and Consultations. – (1) ……All other Federal agencies shall, in consultation with and with the assistance of the Secretary, utilize their authorities in furtherance of the purposes of this Act by carrying out programs for the conservation of endangered species and threatened species listed….

Sec. 7. (a) (2) Each Federal agency shall, in consultation with and with the assistance of the Secretary, insure that any action authorized, funded, or carried out by such agency (hereinafter in this section referred to as an “agency action.”) is not likely to jeopardize the continued existence of any endangered species and threatened species or result in the destruction or adverse modification of such species…..

Sec. 7. (a) (3) Subject to such guidelines as the Secretary may establish, a Federal agency shall consult with the Secretary on any prospective agency action…….

50 CFR Part 402 Interagency Coordination Regulations. ESA

402.02 Definitions.

“Action” means all activities or programs of any kind authorized, funded, or carried out, in whole or in part, by Federal agencies in the United states…Examples include, but are not limited to: (a) actions to conserve listed species or their habitat; (b) the promulgation of regulations; (c) the granting of licenses, contracts, leases, easements, rights-of-way, permits, or grants in aid; or (d) actions directly or indirectly causing modifications to the land, water or air.

“Action Area” means all areas to be affected directly or indirectly by the Federal action and not merely the immediately area involved in the action.

“Cumulative Effects” are those effects of future State or private activities, not involving Federal activities, that are reasonably certain to occur within the action area of the Federal action subject to consultation.

“Effects of the Action” refers to the direct and indirect effects of an action on the species or critical habitat, together with the effects of other activities that are interrelated or interdependent with the action, that will be added to the environmental baseline. The environmental baseline includes past and present impacts of all Federal, State, or private actions and other human activities in the action area that have already gone through formal or early section 7 consultation, and the impact of State or private actions which are contemporaneous with the consultation process. Indirect effects are those that are caused by the proposed action and are later in time, but still reasonably certain to occur.

402.08 Designation of a non-Federal Representative.

If the designated non-Federal representative prepares a biological assessment, the Federal agency shall furnish guidance and supervision and shall independently review and evaluate the scope and contents of the biological assessment. The ultimate responsibility for compliance with section 7 remains with the Federal agency. 

2. Forest and Rangeland Renewable Resources Planning Act (RPA)

Sec. 6. National Forest Resource Planning

Sec. 6 (g) (3) (A) insure consideration of the economic and environmental aspects of various systems of renewable resource management, including the related systems of silviculture and protection of forest resources, to provide for outdoor recreation (including Wilderness), range, timber, watershed wildlife and fish;

Sec. 6 (g) (3) (B) provide for diversity of plant and animal communities based on a suitability and capability of the specific land area in order to meet overall multiple-use objectives……

CFR 219.19 Fish and Wildlife Resource Regulations

Fish and wildlife habitat shall be managed to maintain viable populations of existing and desired non-native vertebrate species in the planning area. For planning purposes, a viable population shall be regarded as one which has the estimated numbers and distribution of reproductive individuals to insure its continued existence is well distributed in the planning area. In order to insure that viable populations will be maintained, habitat must be provided to support, at least, a minimum number of reproductive individuals and that habitat must be well distributed so that those individuals can interact with others in the planning area.

219.19 (4) Access and dispersal problems of hunting, fishing and other visitor uses shall be considered.

219.19 (7) Habitat determined to be critical for threatened and endangered species shall be identified, and measures shall be described to prevent the destruction or adverse modification of such habitat. Objectives shall be determined for threatened and endangered species that provide for, where possible, their removal from listing as threatened and endangered species through appropriate conservations measures, including the designation of special areas to meet the protection and management needs of such species.

219.26 Diversity

Forest planning shall provide for diversity of plant and animal communities and tree species consistent with the overall multiple-use objectives of the planning area.

219.27 Management Requirements

219.27 (4) Protect streams, stream banks, shorelines, lakes, wetlands, and other bodies of water provided under paragraphs (d) and (e) of this section;

219.27 (5) Provide for and maintain diversity of plant and animal communities to meet the overall multiple-use objects, as provided in paragraph (g) of this section;

219.27 (6) Provide for adequate fish and wildlife habitat to maintain viable populations of existing native vertebrate species and provide that habitat species chosen under 219.19 is maintained and improved to the degree consistent with the multiple-use objectives established in the plan;

219.27 (8) Include measures for preventing the destruction or adverse modification of critical habitat for threatened and endangered species;

219.27 (10) Ensure that any roads constructed through contracts, permits, or leases are designed according to standards appropriate to the planned uses, consider safety, cost of transportation and effects upon the lands and resources;

3. National Environmental Policy Act

Sec 102. Consideration of Environmental Effects

Sec. 102 (A) utilize a systematic, interdisciplinary approach which will insure the integrated use of the natural and social sciences and the environmental design arts in planning and decision making which may have an impact on man’s environment;

Sec. 102 (B) identify and develop methods and procedures, in consultation with CEQ, which will insure that presently unquantified environmental amenities and values may be given appropriate consideration in decision making along with economic and technical considerations

Sec. 102 (C) include in every recommendation or report on proposals for legislation and other major Federal actions significantly affecting the quality of the human environment, a detailed statement by the responsible Federal official on – 

(i) the environmental impact of the proposed action,

(ii) any adverse environmental effects which can not be avoided 

(iii) alternative to the proposed action

(iv) relationship between local short-term use’s of man’s environment and enhancement of long-term productivity, and

(v) any irreversible or irretrievable commitments of resources……

Sec. 102 (G) make available to States, counties, municipalities, institutions, and individuals, advice and information useful in restoring, maintaining, and enhancing the quality of the environment;

Sec. 102 (H) initiate and utilize ecological information in the planning and development of resource-oriented projects

4. North American Wetlands Conservation Act

Sec. 3 Definitions

Sec. 3 (9) (B) the restoration, management, or enhancement of wetland ecosystems and other habitat for migratory birds and other fish and wildlife species if such restoration, management, or enhancement is conducted on lands and waters that are administered for the long term conservation of such lands and waters and the migratory birds and other fish and wildlife dependent thereon;

Sec. 9 Restoration, Management and Protection of Wetlands and Habitat for Migratory Birds on Federal Lands

Sec. 9 The head of each agency responsible for acquiring, managing, or disposing of Federal lands and waters shall, to the extent consistent with the mission of such agency and existing statutory authorities, cooperate with the Director of the United States Fish and Wildlife Service to restore, protect, and enhance the wetland ecosystems and other habitats for migratory birds, fish and wildlife within the lands and waters of each agency.

5. 40 CFR Protection of the Environment

Part 230-Sec. 404 (b) (1) Guidelines for Specification of Disposal Sites For Dredged or Fill Material

Sec. 404 230.3 Definitions

(c) The terms aquatic environment and aquatic ecosystem mean waters of the United States, including wetlands, that serve as habitat for interrelated and interacting communities and populations of plants and animals.

Sec. 404 Subpart D – Potential Impacts on Biological Characteristics of the Aquatic Ecosystem

Sec. 404 230.30 Threatened and Endangered Species


(b) Possible loss of values: The major potential impacts on threatened or endangered species from the discharge of dredged or fill material include:

(1) Covering or otherwise killing species;

(2) The impairment or destruction of habitat to which these species are limited. Elements of the aquatic habitat which are particularly crucial to the continued survival of some threatened or endangered species include adequate good quality water, spawning and migration areas, nesting areas, protective cover, adequate and reliable food supply, and resting areas for migratory species. Each of these elements can be adversely affected by changes in either the normal water conditions for clarity, chemical content, nutrient balance, dissolved oxygen, pH, temperature, salinity, current patterns, circulation and fluctuation, or the physical removal of habitat;

Sec. 230.31 Fish, crustaceans, mollusks, and other organisms in the food web.

(a) Aquatic organisms in the food web include, but are not limited to, finfish, crustaceans, mollusks, insects, annelids, planktonic organisms, and the plants and animals on which they feed and depend upon for their needs. All forms and life stages of an organism, throughout its geographical range, are included in this category.

(b) Possible loss of values: The discharge of dredged or fill material can variously affect populations of fish, crustaceans, mollusks and other food web organisms through the release of contaminants which adversely affect adults, juveniles, larvae, or eggs, or result in the establishment or proliferation of an undesirable competitive species of plant or animal at the expense of the desired resident species. Suspended particulates settling on the attached or buried eggs can smother the eggs by limiting or sealing off their exposure to oxygenated water. ……….Mollusks are particularly sensitive to the discharge of material during periods of reproduction and growth and development due primarily to their limited mobility…………..The discharge of dredge or fill material can redirect, delay or stop the reproductive and feeding movements of some species of fish and crustacea, thus preventing their aggregation in accustomed places such as spawning or nursery grounds and potentially leading to reduced populations.  …….

Sec. 230.32 Other wildlife.

(a) Wildlife associated with aquatic ecosystems are resident and transient mammals, birds, reptiles and amphibians.

(b) Possible loss of values: The discharge of dredged or fill material can result in the loss or change in breeding and nesting areas, escape cover, travel corridors, and preferred food sources for resident and transient wildlife species associated with the aquatic ecosystem. ……………In some aquatic environments lowering the plant and animal diversity may disrupt the normal functions of the ecosystem and lead to reductions in overall biological productivity.

Sec. 230.40 Sanctuaries and refuges.

(a) Sanctuaries and refuges consist of areas designated under State and Federal law or local ordinances to be managed principally for the preservation and use of fish and wildlife resources.

(b) Possible loss of values:

(1) Disrupt the breeding, feeding, spawning, migratory movements or other critical life requirements of resident or transient fish and wildlife resources;

Part 232-404 Program Definitions; Exempt Activities Not Requiring 404 Permits

Sec. 232.3 Activities not requiring permits.


(6) Construction or maintenance of farm roads, forest roads, or temporary roads for moving mining equipment, where such roads are constructed and maintained in accordance with best management practices (BMPs) to assure flow and circulation patterns and chemical and biological characteristics of waters of the United States are not impaired, that the reach of the waters of the United States is not reduced, and that any adverse effect on the aquatic environment will be otherwise minimized. The BMPs which must be applied to satisfy this provision include the following baseline provisions:

(i) Permanent roads (for farming and forestry activities) …. and skid trails (logging) in waters of the United States shall be held to the minimum feasible number, width, and total length consistent with the purpose…….

(iii) The road fill shall be bridged, culverted, or otherwise designed to prevent the restriction of expected flood flows;

(vi) The design, construction and maintenance of the road crossing shall not disrupt the migration or other movement of those aquatic life inhabiting the water body.

National Recovery Plans and Conservations Strategies:  These are technically not legal documents, but are the bases for many agency Land Management Plans, conservation agreements, consultation agreements and other legal agreements.

1. Grizzly Bear Recovery Plan. 1993. Task 37. See parts relative to: habitat fragmentation caused by human activities such as modifications of cover types, road building, private residence……

2. Northern Rocky Mountain Wolf Recovery Plan. Page 23, Figure 2. Wolf dispersal corridors.

3. Canada Lynx Conservation Assessment and Strategy. August 2000. See sections on Risk Factors and Conservation Measures (highways).

4. Columbia River Basin Plan. Objective 2. Fish passage.

The following document was prepared by the USDA Forest Service Rocky Mountain Research Station as a narrative on why habitat fragmentation is a serious conservation issue. It was prepared to explain to laypersons why dealing with habitat fragmentation is necessary to conserve some species:

Why is connectivity important for wildlife conservation?

Dr. Kevin S. McKelvey

Dr. Michael K. Schwartz

Dr. Leonard F. Ruggiero

USDA Forest Service, Rocky Mountain Research Station

800 East Beckwith, Missoula MT 59801

August 20, 2002

Summary

Connectivity is often very important for maintaining wildlife populations.  Without connectivity, small, isolated populations are driven toward local extinction by many factors; for example reproduction may be lower and mortality higher due to the negative effects of inbreeding.  Furthermore, the entire population is much more prone to chance events such as fires or droughts.  In isolation, small populations will not persist.  Connectivity between populations allows several small populations to function as a group.  Together they behave more like a single large population, and many of the deleterious small population effects are mitigated.  Dispersers from one population can settle in other populations augmenting the numbers, bringing new genes, and potentially colonizing habitat islands where the species has been extirpated.  Thus, both the total numbers and the range of an organism are increased through connectivity.  In fragmented landscapes some level of connectivity is often essential for the persistence of many species.  

Increasing connectivity, however, is not a conservation panacea.  The same passageways that allow a target species to recolonize a habitat island may also allow exotic pests to invade, or may act as a conduit for parasites and diseases.  Increased connectivity must therefore be carefully planned, both to make sure that the needs of the target organisms are met, and to minimize potential negative consequences. 

The importance of connectivity

Connectivity has been touted by many as critical to the conservation of wildlife populations.  Here we present some of the arguments behind the promotion of connectivity between sub-populations, while also noting circumstances when it may hinder conservation efforts.  The importance of connectivity is directly related to the size of sub-populations on isolated habitat islands.  When the sub-populations are very small everything is working against their abilities to persist without help from other islands.  This help comes in the form of organisms that travel from one island to the next.  In population biology, these travelers are called dispersers.  The interaction between habitat islands has the effect of reversing many of the negative effects associated with a small, isolated population.

Reversing loss through dispersal

In many species, the young disperse widely.  On a small habitat island, most of the dispersing young are forced to leave the island.  Whether they die or simply wander off and find habitat elsewhere, these young are lost, as far as the island is concerned.  For the population on the island to be stable, other young need to arrive from other islands to make up for those that are locally lost.  As long as this occurs, a group of islands can form a stable metapopulation, but any single island population in isolation will diminish in size and the organisms will become locally extinct.  So one role of connectivity is, through population augmentation, to allow a population to persist in an area where lacking connectivity, it would not.

Reversing chance extinctions

Even with good connectivity, there are many factors that can cause the local extinction of a sub-population.  One is simple chance.  For instance, consider a small mammal that lives 1 year and each female produces 2 young each year.  If there are a lot of these organisms, the population will be stable.  If there are, say, 3 breeders, there is a 3% chance that the young of the year will be all male or all female (assuming equal likelihood of a male or female).  If this happens, the population will go extinct.  However, the effects of chance don’t need to cause extinction in a single year.  If only 1 female were born, then only 2 young would be born the next year, and the probability of 2 males or 2 females (and therefore extinction) is 50% for the following year.  This process is called demographic stochasticity and mostly affects very small populations.

There are, however, other problems that affect the whole population, and these are probably more likely to lead to extinction.  One, termed environmental stochasticity, refers to the fact that some years are “good”, in that survival and/or reproduction is high, and some are “bad”.  Populations should go up in numbers during good years, but on small islands, most of the organisms produced in good years will be excess, and will be lost to dispersal.  However, there is nothing to prevent the population from declining during bad years.  Both good years and bad years tend to come in clumps.  Clumps are produced by pure random chance (if you flip a coin it won’t come up HTHTHT, but rather will come up with runs of heads and tails), or are the consequences of weather.  We are currently (2002) in a drought cycle.  If drought causes a “bad” year, then next year is likely to be bad.  A series of bad years in a row can either drive a small population extinct, or can reduce it to very low numbers where demographic stochasticity finishes the job of driving the population to extinction.

Lastly, there is catastrophe, a sudden extreme event causes local extinction.  Large fires can be catastrophic for many species.  Clearly, the smaller the habitat island, the more likely it is that a catastrophe will envelop the entire island, and cause local population extinction.

Because of all of these factors, the expectation is that small populations will naturally become locally extinct from time to time.  If this happens, and there is no colonization from other islands, the number of occupied islands will gradually decrease, and eventually the entire metapopulation will go extinct.  Levins (1969, 1970) found that the critical factors in the maintenance of a metapopulation were rates of local extinction and colonization.
  Importantly, he found that for most of the islands to be occupied, rates of colonization needed to vastly exceed rates extinction.  For the most of the habitat islands in a metapopulation to occupied, there needs to be a lot of colonization, and therefore metapopulations only work if there is a lot of connectivity.

Reversing the effects of inbreeding

There are genetic consequences associated with small, isolated populations as well.  These negative effects arise from the inability of individuals in a population to avoid breeding with relatives.  Whereas in a large population individuals can readily avoid inbreeding, in a small population this is inevitable.  The offspring of inbred individuals often have lower levels of genetic variability than offspring of non-inbred pairs.  This difference in genetic variation has been correlated with fitness in a variety of animals and plants.  For example, it has been shown that lower levels of genetic diversity leads to declines in larvae survival, egg hatching rate, and adult longevity of a fritillary butterflies in Finland (Saccheri et al. 1998).  Another example is the positive association between genetic variation and germination and survival rates in Clarkia pulchella, a Rocky Mountain plant (Newman and Pilson 1997).

As if it were not bad enough, small, isolated populations also have a second genetic problem called genetic drift.  Genetic drift is similar to demographic stochasticity defined above.  By definition drift is the random changes in the frequencies of gene types within a population.  For example, imagine a wolf population where a single gene determined coat color and there is no benefit to having one coat color over another.  If the gene is in one “state” the animal is black, and if the gene is in another state the animal is gray.  If there are 1000 wolves in the population and half are black and half are gray, we would predict that next generation we would see nearly 500 black and 500 gray wolves.  We would not be surprised to see 530 black and 470 gray, nor would we be surprised to see 490 black and 510 gray.  However, it would be a near impossibility to randomly have 1000 black and 0 gray wolves in the next generation, or vice-versa.  This same principal holds for a population of 10 wolves; only this time despite expecting 5 black and 5 gray wolves we may also expect by chance that all 10 individuals could be black or gray.  Drift, however, does not have to occur in one generation.  It can ratchet forward such that one year there are 5 gray, 5 black; the next there are 7 gray, 3 black; the next there are 9 gray, 1 black, the next there are 8 gray, 2 black, and the next there are 10 gray and 0 black.  At this point where there are zero wolves with black fur, the black fur gene is now extinct in the population, and the population has lost genetic variability.  Losses in genetic variability reduce the ability of a species to adapt to changing environments, and therefore increase the risk of extinction.

Both inbreeding and genetic drift are countered by movement between populations, and therefore by the presence of connectivity.  In fact, it has been suggested that once connectivity is restored it takes relatively little exchange between populations to maintain genetic diversity.  One rule of thumb has been the “one migrant per generation” rule, which states that one genetic migrant moving and breeding in another population each generation will prevent the loss of rare genetic material.  This rule-of-thumb has recently been empirically validated through inbreeding experiments with Rocky Mountain mustard plants (Brassica campestris).  Plant populations that received a migrant had higher fitness than those that didn’t receive a migrant, but also importantly plant populations that received more migrants didn’t have higher fitness than those that received only one migrant (Newman and Tallmon 2001).

The role of habitat quality in metapopulation stability

Connectivity and habitat quality are both important to produce stable metapopulations.  In a metapopulation increasing the habitat quality in the habitat islands, will generally lead to larger and more robust populations, and more immigrants and colonizers to help stablize the system.  Increasing connectivity will allow these colonizers to reach other islands more reliably and thereby keep most of the islands occupied.  Similarly, a metapopulation can be destabilized by either declines in habitat quality or connectivity.  Activities that simultaneously decrease habitat quality and connectivity are particularly destructive.

Potential negative consequences of increased connectivity

Are there any circumstances where connectivity is undesirable?  In fact there are.  First, connectivity can allow disease or parasite transmission into a population that may have been disease-free.  Second, connectivity, while facilitating movement of a target organism, may also allow exotic or other competitors to enter a habitat as well.  Third,  some species may have adapted to isolation, and could suffer negative effects from the introduction of distantly related genetic material (a phenomenon called outbreeding depression).  For these reasons, attempts to increase landscape connectivity should be carefully considered and well planned.  However, for most species, connectivity is desirable and has aided in the maintenance of healthy wildlife populations.

Conclusions

So, for what species does landscape level connectivity really matter?  It matters most for organisms with extremely large home ranges relative to the habitat patch sizes, and relatively low birth rates.  Wolverine are a good example.  They appear to be present in most of the mountain islands in western Montana and northern Idaho, however, with non-overlapping female home ranges of about 300 km2, only about 30 wolverine can fit into every 1,000,000 ha of habitat.  This means that, in most cases individual management areas have few animals, and are therefore critically dependent on dispersal, which in turn is critically dependent on connectivity.  However, scientifically understanding how much connectivity is necessary, and what imposes a barrier to connectivity are difficult questions, especially for rare, elusive animals.  Our current research unit focuses on employing new methods such as DNA and satellite technology to answer these connectivity questions.
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� These understandings were quantified in 1969 by Richard Levins in the first metapopulation model.  Levins found that the proportion of occupied islands, on average, was related to rates of extinction and colonization through the following equation:





P = 1 – e/c





where P is the proportion of islands occupied, e is the extinction rate, and c is the colonization rate.  The interesting thing about this relationship is that when extinction = colonization (e = c), P = 0; that is, the entire metapopulation goes extinct.  If you want most of the islands to be occupied, colonization rates must swamp extinction rates (e <<c).
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