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A Preface to the Bethany College 
Earth Day Symposium: Endangered and 

Threatened Species in West Virginia 

Albert R. Buckelew Jr. 

On April 19, 1990, the Bethany College community celebrated the college's 
Sesquicentennial and Earth Day 1990 by sponsoring a major address by Paul R 
Ehrlich, Bing Professor of Population Biology at Stanford University, this 
symposium, the dedication of the George M. Sutton Ornithology and Ecology 
Laboratory, and by signing "The Bethany Principles of Environmental Steward­
ship" (See the Appendix). All of the Bethany Principles are personal, and most 
emphasize local activity. Clearly we need to be concerned with solutions to 
planetary problems such as acid rain, loss of fertile soils, global warming, pollution 
of the seas, destruction of tropical forests, and overpopulation. Yet we must remem­
ber that each of these problems have local, private, small solutions if enough people 
can be pursuaded to take action. Wendell Barry has written, "In the developed coun­
tries, at least, the large problems occur because all of us are living either partly or 
almost entirely wrong. It was not just the greed of corporate shareholders and the 
hubris of corporate executives that put the fate of Prince William Sound into one 
ship; it was also our demand that energy be cheap and plentiful." We have not 
radically changed our relationship to the environment since the first Earth Day 
1970. If anything many of the problems have become much worse, and new ones 
loom on the horizon. We are told now (N. W. Moore "The Bird of Time" for exam­
ple) to take opportunities for change while they exist. It is this generation's respon­
sibility to act. If we do not, most of the problems will get worse and mitagation of 
many will be too costly for our descendants to correct. Already the population 
explosion, the root cause of most environmental problems, has reached crisis 
proportions in many parts of the world. We were reminded of this by Ehrlich in his 
Earth Day address. A combination of global concern and local action - "Think 
globally, act locally" - is therefore an appropriate theme for Earth Day 1990. 

It is fitting that we choose as the topic of our symposium, a local problem, the state 
of endangered and threatened species here in West Virginia While species such as 
the Spotted Owl, Puerto Rican Parrot, Humpback Whale, and Snail Kite attract 
national attention, we could lose species in West Virginia. The Cheat Mountain 
Salamander, Barn Owl, Bald Eagle, Northern Flying Squirrel, Indiana Bat, Grizzled 
Skipper, Running Buffalo Clover, and other endangered and threatened species can 
be maintained in West Virginia only by concerted local action. We are fortunate to 
have a state Nongame Program funded by a tax check-off that allows private citizens 
to donate part or all of their state tax refund to the Department of Natural Resources 
Wildlife Division for administration of the program. The Nongame Program 
supports research, education, and restoration projects for endangered and 
threatened species. Some species it has focused on include the Bald Eagle, 
Peregrine Falcon, Osprey, Northern Flying Squirrel, Virginia Big-eared and Indiana 
Bats, several rare mussels, the Flatspired Three-toothed Land Snail, Spotted Turtle, 
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and Cheat Mountain Salamander. Books have been or will soon be published on 
West Virginia birds, fishes, amphibians and reptiles, mammals, butterflies, and 
crayfish. The Department of Natural Resources also hosts, within its Wildlife 
Resources Division, the Natural Heritage Program. This program maintains data on 
both plants and animals considered rare in West Virginia. Natural Heritage 
Program staff develop programs for the recovery of endangered plants in the state. 
The West Virginia Chapter of the Nature Conservancy plays an important role in 
the acquisition and protection of critical habitat for threatened and endangered 
species. As effective as these programs are, they need better funding. Our legisla­
ture should be urged to directly appropriate funds to support the Department of 
Natural Resources programs that deal with rare species. It is also important that we 
move as rapidly as possible to pass a state endangered species act so that rare species 
can be protected wherever they occur in West Virginia 

Numerous studies on rare species are undertaken by college and university 
scientists, often with the support of the state programs discussed above. Our 
symposium participants are among the leaders of scientists in West Virginia who 
are attempting to catalogue and study threatened and endangered species. We are 
fortunate especially to have Paul R Ehrlich and Anne H. Ehrlich of Stanford Univer­
sity here to participate in our symposium. They help us bridge the gap from local to 
global and show how local action can lead to global solutions. 
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APPENDIX 
THE BETHANY PRINCIPLES OF ENVIRONMENTAL STEWARDSHIP 

1. I will support the development of a global policy to control world popu-
lation growth. 

2. I will change my lifestyle to reduce my contribution to pollution. 
3. I will participate in recycling efforts. 
4. I will work for public policies which lead to a just and sustainable society. 
5. I believe that teaching young people to be responsible stewards of the 

environment should be an integral part of their education and value 
systems. 

6. I will not patronize the goods and services of companies that show blatant 
disregard for the environment. 

7. I will encourage my employer to reduce the use of toxic substances, minimize 
pollution and reduce hazardous waste. 

8. If my employer is damaging the environment, I will inform my supervisors, and 
if necessary, the proper authorities. 

9. I demand that those responsible for creating pollution bear the cost and 
responsibility for clean-up and safe disposal. 

10. I will support efforts to educate the public and workers exposed to hazardous 
materials and wastes of the inherent dangers. 
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11. I support the preservation of natural wilderness areas and National Wildlife 
Refuges for future generations. 

12. I will strive to conserve energy and support development of energy sources 
that do not contribute to environmental or atmosphere damage. 
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Dept. of Biology 
Bethany College 

Bethany, WV 26032 

Introduction 

Paul R. Ehrlich 

I am delighted to be here at Bethany College. I saw a Pileated Woodpecker right 
on the campus here this morning. That is an organism that depends on old-growth 
forest and to some degree large stretches of it It was nice to see it here this 
morning. 

I am supposed to say something about the global context of this symposium, and 
that of course is important Of course it's also important in an area like this where 
there is acid precipitation, mine drainage, fragmentation of the forests, and a crazy 
spray program going on that can't possibly retard very much the spread of the 
Gypsy Moth, and so on. You have lots of local problems. It's extremely important 
that we act locally, because you can do all the thinking you want globally, but if you 
don't act locally, it's all going to go away. 

Unfortunately, the reverse is also true. That is, if all we do is act locally and forget 
about the global problems, then we are finished also. After all, no matter how 
carefully we reforest around here, clean up the acid drainage, and cut off the spray 
programs, if the climate changes rapidly, it's not going to do any good if the 
organisms from here can't migrate fast enough to keep up as the forests move north. 
Of course, in most places in the world they can't migrate anyway, because most 
organisms exists in habitat "islands" in a sea of human development When the 
climate moves out of the reserve, the organisms can't follow. 

So I think its always important that while we're acting locally we put at least 10% 
of our time always into operating on a global level. What does operating on the 
global level mean? It means, for example, writing letters to your President, who 
seems to be under the insane delusion that what one should do about the potential 
for climate change is suck one's thumb and talk about research. 

Now, I don't know how much you know about it, and I don't want to give you a 
long speech because I have been limited to an hour and a half by our moderator. But 
the odds according to the best climatologists are roughly 50-50 that we'll see 
unprecedented climate change in the next century, possibly in the early part of the 
next century. That unprecedented climate change, besides destroying a lot of the 
agricultural productivity of the United States and pOSSibly threatening global 
civilization, will also be an enormous threat to biodiversity. The reason we're seeing 
the climate change in part is that we've been destroying biodiversity. We chop down 
forests at horrendous rates, not only in the Amazon Basin, but in the northwest of 
the United States and British Columbia and lots of other parts of the world as well. 
We are destroying some of the ecosystem services that I think Anne will talk about a 
little later and contributing to global warming, which could in turn very well come 
back and threaten biodiversity. 

Now, John Sununu says, 50-50 chance, come and talk to me when its 99%. Scien­
tists, as many of you know, are trained to think in terms of 95% and 99% as being 
levels of significance. So you'll even find some scientists who know nothing about 
risk analysis saying things like, the chance of very rapid climatic change in the next 
century is inSignificant. What they mean is, as far as they can tell, less than a 95% 
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probability. However, if I told you that at breakfast this morning the food you ate 
had a 50-50 chance of killing you from botulism, say, I suspect you would all be 
going out and getting your stomach pumped even though it is an "insignificant" 
risk. The point is of course that even a 25% risk of that kind of change is a risk that we 
simply cannot take. Particularly when we have solutions to the problem available to 
us that will not only make us money, but will be wholly beneficial as well. So I would 
plead with you to keep your eyes on climate change and on ozone depletion, which 
would do more than give us skin cancer. It will threaten virtually all life, because it 
impacts on photosynthesis, it compromises the immune systems of higher verte­
brates, and it disorients pollinators. You don't want UV-B bathing the world once 
again. So, while you are acting locally, put some of your time into trying to get the 
political action we need to clean up the global situation. 
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Dept. of Biological Sciences 
Stanford University 
Stanford, CA 94305 

Protection of Rare and Endangered Plants1 

in West Virginia 

Katharine B. Gregg 

A study released by the Center for Plant Conservation (CPC) predicts that" some 
253 native American plants are so imperiled that they are likely to become extinct" 
by 1993, while another427 will probably be lost by the year 2000 (Roberts, 1988). Of 
these 680 species that they reported as critically endangered, 91 are already 
believed extinct in the wild, surviving only as carefully pampered guests some­
where in 19 arboreta and botanical gardens that house the National Collection of 
Endangered Plants. EspeCially alarming is the fact that extinctions are occurring in 
the United States at a rate three times higher today than in the past 200 years 
(Lewin, 1989). 

The U. S. Fish and Wildlife Service to date has listed 204 native American species 
of plants as endangered or threatened. West Virginia is home to three species that 
are listed as federally endangered, which means that they are in danger of extinction 
throughout all or a portion of their ranges: the shale barren rock cress (Arabis 
serotina), harperella (Ptilimn ill m fluviatile = P. Ilodosum), and running buffalo clover 
(Trifolium stololliferzlllz). Spiraea virgillimza is proposed as federally threatened, 
meaning that it is likely to become endangered within the forseeable future 
throughout all or a significant portion of its range. Thirteen other species fall into 
federal category 2, taxa whose status is probably appropriately endangered or 
threatened but for which data are currently unavailable (Table 1). An additional 377 
plants are being tracked (that is, their status is being monitored) by West Virginia's 
Natural Heritage Program (WV NHP) because of their rarity in the state. Thirty-five 
have not been seen within West Virginia since 1970, while 14 others are considered 
to be extirpated (Harmon, pers. comm.). Table 2 lists plant species ranked by WV 
NHP as the ten rarest in the state. 

What do we mean when we say a species is rare? Harper (1981) points out that 
concepts of what is rare will be colored by our individual spheres of interest. But 
whether our concerns are within a county, a state, or national or global, in conserva­
tion biology the term rare generally describes species with few individuals and 
especially those whose small populations occupy few sites. If we look at the ten 
rarest plants in West Virginia, we find that total population numbers statewide 
range from two individuals of Panzassia grmldifolia at one site to up to 150,000 
individuals of Ptilimllium fluviatile divided between two locations. Several other rare 
species number fewer than 1000 individuals but are scattered over from 7 to 27 
sites. 

Rarity may be a phenomenon of space or time, and abundance at any particular 
place or time is not necessarily an indication of rarity (Harper, 1981). For example, 
disease, predation, or other environmental factors can decimate a large population 
within one or a few seasons. On the other hand, it is also possible for small 
populations to increase. 
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Table 1. Federal status of selected West Virginia plant species
a 

Listed as endangered: 
Arabis serotina 
Ptilinlllium fluviatile (= P. nodosum) 
Trifolium stoloniferum 

Proposed to be listed as threatened: 
Spiraea virgillimza 

Category 2: 
Allium oxyphilunz 
Carex polymorpha 
Euphorbia purpurea 
Gerardia auriculata 
Marslzallia gralldiflora 
Pachystima cmlbyi 
Polemoniunz vmlbruntiae 
Pseudotaenidia montana (= Taenidia montana) 
Saxifraga carolilliana 

a 

SClitellaria ovata ssp. pseudoarguta 
Syllmldra Izispidula 
Thalictrum steeleallll1ll 
Trifolium virgillicum 

As of January 31, 1990. 

A. sel'otilla was listed as endangered in part because population numbers were so 
low in 1987 that it had seemingly disappeared or decreased to as few as one 
individual on certain shale barrens. In 1989, a year of abundant rainfall, WV NHP 
botanists found that one population produced 244 flowering plants when it had 
only four in 1988; yet at a site that had exhibited 40 flowering plants in 1988, there 
were only 14 (Harmon, pers. comm.). Such large fluctuations in population size 
from one year to the next make it difficult to assess population viability. A. serotilla is 
considered further endangered, however, because its shale barren habitats are 
under threat of destruction throughout its range. 

In 1988, CPC predicted that running buffalo clover (T stololliferum) would 
become globally extinct within five years, while in the next five to ten years the 
Center predicted that two other species found in West Virginia Germ'dia auriculata 
(= Tomallthera auriculala) and the rush /UIlCUS trifidus var. carolilliallus Hamet-AhtL 
would disappear globally (Gibson-Nash, pers. comm.). Unfortunately, G. auriculata 
may no longer exist in West Virginia (Harmon, pers. comm.). Six other rare species 
of concern to CPC that occur in West Virginia were judged likely to remain extant 
globally for ten or more years: Acollitum reclillatum, Arabis serotilla, Asplelliulll 
ebclloides, Care.t polymorpha, Euphorbia purpul'ca, and Spiraea virgillimza. Three 
additional West Virginia species, Arabis perstellata, Paronychia virgillica var. virgillica, 
and Thalictnmz steeleallulll, have yet to receive a Center ranking (Gibson-Nash, pers. 
comm.), Except for the hybrid fern Asplellium Xebelloides, each of these species is 
being tracked by WV NHP (Harmon, pers. comm.). 
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Table 2. Ten rarest plant species in West Virginia 
a 

Global Number of Est number ot 
Species GRank SRank FStatu5 Distribution tV\' Sites ind\'o in \\TV Threats 

Arabis serotina Gl SI LE VA and l\tV 15 less than 1000 road construction; 

herbivory 

Trifolium G1 SI LE 15 populations, 25 to 75 stems predation, virus 
stoloniferum historically in and fungal 

AK, IL, IN, KY, infections 
MO,NB,OH,IVV 

Ptilimnium G2 51 LE 12 populations in up to 150,000 water diversions, 
fluviatile 6 states: MD, \\TV, siltation, excess 

NC, 5C, GA, AL nutrients, exotic 
plants 

Spiraea virginiana G1 51 PT 18 locations in 5 less than 1000 reservoir, power 
states: \\'V, VA, plant construction 
NC, TN,GA competition from 

other species 10\'" 
seed viability; re-

stricted gene pool 

Carex polymorpha G2 51 C2 Locally from more than mining for sand, 
ME to VA 100,000 gravel, top-soil; 

development 

Euphorbia G2 52 C2 NJ toOH, IVV, 15 about 16,000 wetland destruc~ 
purpurea south to DE, MD, tion.. timbering.. 

NC off~road vehicles, 
hiking 

Gaylus5acia G2 52 DC Local, DE to WV, 13 unknown due to development, road 
brachycera south to TN donal nature building, collec~ 

tion; inviable seed 

Parnassia G2G3 51 FL to TX, north habitat drainage, 
grandifoIia to VA, IVV, logging 

TN, ~lD 

Phlox buckleyi G2G3 51 DC \ ...... v and VA less than 1000 road construction, 

housing develop· 
ment 

Aconitum G2G3 52 PA, IVV, VA, NC 2i less than 1000 habitat drainage, 
redinatum logging, road 

building 

GRank = global ranking: Gl = critically imperiled globally, with 5 or fewer OCcurences or very few individuals; 
G2 = globally imperiled with 6 to 20 occurrences; G3 = very rare, with20 to 100 occurrences. SRank = state rank, 
using same criteria as GRanks. FStatus = federal status: LE = listed endangered; PT = proposed threatened; C2 

probably appropriate to be listed as endangered or threatened but not enough substantiating data; 3C3 = taxa 
no longer under consideration for federal listing, either more abundant than previously believed or not 
threatened. Rankings are those of The Nature Conservancy and the U.S. Fish and Wildlife Service. 
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There is an obvious discrepancy between the species of highest concern to CPC 
and to WV NHP. There are at least two reasons. First is the difference in sphere of 
interest. While that of CPC is primarily global, West Virginia's concerns include not 
only plants that are globally rare but also those that are uncommon in the state and 
which contribute to West Virginia's biodiversity resource. Second, CPC predictions 
were based upon a subjective survey of 89 botanists throughout the United States, 
asking them, "What species in your state do you feel are likely to be extinct in the 
next five years? ... in the next ten years? (Roberts, ·1988; R Stafford, pers. comm.)." 
The Center wanted to target the most imperiled species for collection and cultiva­
tion in botanical gardens to insure that their genetic information was not lost. 
Professional botanists around the state were the logical people to ask, yet there may 
not have been much up-ta-date data available to them, resulting in the inclusion on 
the CPC list of some species that those familiar with the field situation would have 
omitted (Stafford, pers. comm.). 

These varying perspectives and sources provide us with a bit of confusion about 
what is truly rare in our state, but the warning is clear: certain species of plants are in 
serious da~ger of being lost in West Virginia. Different lists may declare different 
degrees of alarm about certain species, but some species are rare globally and some 
are particularly rare within the state. We are concerned, and rightly so, because they 
are important ecological, genetic, and aesthetic resources for West Virginia and 
beyond. The importance of these and other wild species to our own well-being--and 
perhaps our very survival-- is described in numerous sources (for example Miller, 
1988; Myers, 1983a, b; and others). 

What factors make a plant species rare? The causes of rarity are diverse; however, 
habitat loss is believed to be the major factor (Miller, 1988; Simberloff, 1988; 
Roberts, 1988; Lewin, 1989; and others). For nine of West Virginia's ten rarest plant 
species, human activities have caused, and in some cases continue to cause, habitat 
destruction (Table 2). Other phenomena, such as genetic defects, predation, 
pathogens, and competition among species, play more minor roles. 

Rabinowitz (1981) has described seven forms of rarity using2 x2 tables based on 
geographic range, habitat specificity, and local population size. West Virginia's ten 
rarest plants fall into three of her seven categories (Figure 1), and all of them have 
narrow habitat specificity. Nine occur in small populations. While seven of the ten 
occur over a large geographic range, there is just not much of their required habitat 
left, and what is left may be under imminent threat. 

What can we do to preserve rare plant species? An obvious first step is protection 
from man's damaging activities. It isn't practical in our society to expect to stop all 
these activities, which range from mining. logging. industrial and residential 
development to camping. hiking. and herb gathering. A typical solution is to set 
aside areas in various types of preserves. Unfortunately, legal protection doesn't 
guarantee survival of species or ecosystems for at least three reasons. First, some of 
man's pollutants such as acid deposition and those leading to global warming. have 
regional or global effects. Second, we are attempting to preserve systems, for which 
change is an integral characteristic (White and Bratton, 1980). Biological 
phenomena, such as succession, pollinators, seed dispersers, predation, disease, 
and competition, are powerful influences that may lead to natural extinctions or to 
the evolution of new species. For example, abiotic disturbances which affect species 
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Figure 1. Categories of rarity for the ten rarest plant species in West Virginia accord­
ing to categories of Rabinowitz (1981). A species is considered to have a large 
geographic range if it occurs in five or more states, and a large local population size 
if there are generally more than several hundred individuals in one locality (the 
author's somewhat arbitrary designations). 

Geographic range 

Habitat specificity 

Large 

Local 
population 
size 

Small 

Wide 

Large 

Narrow 

Carer polymorpha 
Ptilimnium fluviatile 

Euphorbia pllrpure'a 

Gaylussada brachycera 
PamQssia gral1difolia 
Spirat'Q virginiallQ 

Trif(l/illnI stoloniferum 

Sman 
Wide Narrow 

Aconitum reclinatum 
Arabis seratfrIa 

Phlox bucklepj 

and ecosystems include fire, wind, ice, landslides, erosion, flooding. and sedimenta­
tion of streams. Attempts to protect selected species from such forces are difficult 
and may not always be possible or desirable (White and Bratton, 1980; Bratton and 
White, 1981). And such activities introduce the third reason that it is difficult to pre­
serve species in their "natural" environment, untouched by man: our management 
activities introduce human influences into these systems that may not always be 
beneficial to the rare species we are trying to protect (White and Bratton, 1980). 
Because of the changes inherent in living systems, there is more to rare plant preser­
vation than creation of living museums. That is, leaving a population of rare plants 
alone in a reserve may not preserve it. However, it is probably true that for many 
species today, protection in reserves will prevent man's most devastating effects 
and is their only hope for survival. 

Thus, establishment of reserves should still be a high priority in our efforts to 
preserve rare species in West Virginia. A leader in habitat preservation in West 
Virginia and elsewhere, The Nature Conservancy is the largest of private concerns 
that purchase and set aside land in an attempt to insure that land use policy for those 
properties will be compatible with the rare species that inhabit them. As a result of 
its efforts in cooperation with many private, state, and federal entities, 15 preserves 
across the state protect numerous plant communities and rare plant species (R 
Stern, pers. comm.). 

A decade ago a number of guidelines and checklists were published for carrying 
out preservation programs (for example, Massey and Whitson, 1980; White and 
Bratton, 1980; White and Bratton, 1981). At about the same time, Bratton and White 
(1981) described five phases of rare plant management - inventory, selection, 
monitoring. protection, and manipulation, while Morse (1981) outlined the three 
primary operations in The Nature Conservancy's plant preservation programs­
inventory of species, protection planning. and stewardship. 
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In the Heritage methodology, species inventory involves a long list of activities: 
creating a list of the rarest species in a given state based upon literature, herbarium 
data, and leads obtained from knowledgeable persons; prioritizing the list from 
rarest to least rare, i. e., selection SellSll Bratton and White (1981); determining the 
exact geographic location of populations, numbers of individuals, general ecologi­
cal characteristics of their habitats, and threats to their survival; documenting those 
data on topographic maps, in computer databases, and in manual files; determining 
the owners and boundaries of ownership of properties that support rare species; 
and field relocating and evaluating known sites and searching for new ones 
(Harmon, pers. comm.). 

Protection planning includes setting conservation priorities in the form of protec­
tion plans "in which the conservation status of the various species and communities 
... is reviewed comprehensively, considering such factors as their range and 
distribution, rarity, legal status, degree of threat, existing protection, and whether 
land protection would be appropriate to their conservation (Morse, 1981)." Since 
size and shape of refuges may critically affect populations (Simberloff, 1988), 
optimum design should be considered whenever possible. Protection planning also 
involves monitoring populations, evaluating quality, condition, and viability, and 
establishing permanent records of populations, including permanent plot sampling 
and mapping of individual plants (White and Bratton, 1981). Various monitoring 
approaches - demographic, genetic, and resource allocation studies - were 
outlined by Davy and Jefferies (1981). More sophisticated methodologies are 
evolving within the Natural Heritage Programs and The Nature Conservancy, such 
as community abstracts and "plant characterization abstracts" for rare species 
(Harmon, pers. comm.). 

An increasingly important alternative for preserving endangered and threatened 
plant species, especially when saving habitat is not an option, is to rescue them and 
grow them in botanical gardens, greenhouses, and laboratory cultures. The goal of 
these efforts is to return them if at all possible to preserved or restored habitats. For 
this reason organizations like CPC are making major efforts to obtain plant material 
of species believed to have little hope for survival in nature over the next few years. 
In fact, CPC has in cultivation each of West Virginia's ten rarest plants, although the 
stock may not have come from populations within the state (Stafford, pers. 
comm.). 

Changes in allele frequencies can occur by chance in small populations. This 
phenomenon, called genetic drift, can affect species in cultivation. An additional 
problem is that these populations are usually propagated from one or a very few 
individuals, resulting in a founder effect, in which the genetic constitution of the 
founder individuals limits subsequent variation in the population, whether 
reproduction is via sexual or asexual means. Thus, it becomes important to save 
individuals with different genotypes whenever possible. 

Because T stolollifCl'llll1 is listed as federally endangered, a recovery plan has been 
written (U.S. Fish and Wildlife Service, 1989), and plants are being grown at the 
USDA-ARS Appalachian Soil and Water Conservation Research Laboratory in 
Beckley, West Virginia, and at the University of Kentucky. To preserve as much 
genetic diversity as possible, WV NHP would like to have material from all three 
West Virginia sites in cultivation in at least two different places (Harmon, pers. 
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comm.). Presently, cultivated plants are from the Fayette County site only 0. Foster, 
pers. comm.). Eventually, it may be possible to interbreed plants originating from 
the three sites, with their presumed different genotypes, to create a population with 
a gene pool of sufficient variety for introduction into new wild habitat. On the other 
hand, should it be possible to revegetate a particular site, germlines from that loca­
tion should be used (Falk and McMahan, 1988). 

In some cases, however, selective processes acting during cultivation may cause 
the evolution of plants that are unable to return to the wild (Simberloff, 1988; Lewin, 
1989). But even if some of these" domesticated" species can never be returned to 
their natural habitats, there is always the possibility that their genetic resources may 
prove invaluable in the future. 

What is the status of rare plant preservation in West Virginia? In honesty, some­
what behind. Like most other states, West Virginia has no endangered species law 
for plants (or animals, for that matter!). As late as 1986, the state had no plants 
officially nominated for federal listing under the Endangered Species Act of 1973, 
largely due to a lack of scientific data (Bartgis, 1986). The first West Virginia plants 
were listed in 1987 and 1988. 

West Virginia's Heritage Program was established in 1975 under the Wildlife 
Division of the Department of Natural Resources. Until recently, however, only the 
Coordinator was a permanent civil service employee, with his hands full carrying 
out the inventory of West Virginia's biological resources and compiling the data 
base necessary for higher levels of preservation work. In January 1989 the first 
permanent state botanist was hired in the Heritage Program, and in September 
1989, WV NrlP obtained its first permanent database manager. It has also become 
somewhat easier to hire part-time personnel, largely through short-term contracts 
with federally reimbursable monies (Harmon, pers. comm.). Things are looking up! 
It is hoped that plant preservation activities in West Virginia will undergo a geo­
metrical increase over the coming months. 

Until recently, no federal or state agencies in West Virginia had any formal plans, 
policies, or priorities for rare plant protection. However, that too seems to be chang­
ing. The New River Gorge National River (National Park Service) has engaged the 
WV NHP to be its rare species database, and is cooperatively developing protection 
plans for the rarest plant (and animal) species within its boundaries (Harmon, pers. 
comm.). The Monongahela National Forest has entered into cooperative 
agreements with the WV NHP to search the Gauley Ranger District and the new 
property acquired from the Mower Lumber Company for rare plant species, and for 
animals in the case of the Mower tract (Harmon, pers. comm.). For the U.S. Navy's 
radio station in Sugar Grove, West Virginia, the U.S. Department of Defense has 
engaged the WV NHP to search its property for threatened or endangered species. 
Upon finding a new population of the federally endangered A. seratina on its 
property in 1989, it began negotiating with the West Virginia Department of Natural 
Resources to support Heritage botanists financially in a longterm permanent plot 
study. The Naval installation is also cooperating with the U.S. Fish and Wildlife 
Service and the Heritage Programs of Virginia and West Virginia in a five year study 
of this species, and Monongahela National Forest and George Washington National 
Forest personnel are developing monitoring plans for their properties (Harmon, 
pers. comm.). 
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Additionallv, an informal cooperative effort among US. Forest Service 
personnel, pr~fessional biologists, WV NHP, and concerned laypeople is underway 
to preserve a 50 year old colony of showy ladyslippers (Cypripedi1l1ll regillae) in 
Greenbrier Countv. 

What informati~n do we have in West Virginia on rare plants? For each rare plant 
species in the WV NHP database, historical locations have been documented. There 
are pretty good distributional data, notes on some species in relation to certain 
communities, some studies on habitats that support two or three species of interest, 
and verv limited knowledae of reproductive problems of some species. In a few 
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cases there are published reports on a species or on a closely related taxon that 
prove useful, for example, those of Curtis (1943, 1954) with valuable information on 
Cypripcdilllll rcgillac. We know of only two detailed studies carried out in West 
Virginia on rare plants, one on the distinctness of Arabis serotilla and A. /aepigata var. 
bllrkii (Wieboldt, 1987) and another on the reproductive biology of the orchid 
C/eistes diDaricata var. bifaria (Gregg, 1989). But these studies are far from com­
prehensive. For example, the paper on C/eistcs lacks information on seed dispersal, 
seed germination, and seedling emergence, each critical stages in a plant's life. 

How do we determine the status of rare species? The first step toward determin­
ing the survivability of species is comp;ehensive field checking. Detailed status 
information, such as number of individuals, number of populations, and serious 
threats, is lacking for most species under consideration in West Virginia because 
they have not recentlv been field checked. Most of the funding for such work has 
be:n limited, primarity coming from small grants from The Nature Conservancy. In 
1989 and 1990, rare species status survey funding from federal sources has substan­
tially increased, coming from the US. Forest Service (both Monongahela and 
George Washington National Forests), the National Park Service (New River 
Gorge National River), and the US. Fish and Wildlife Service (Harmon, pers. 
comm.). Currently, however, there is no financial support for a county by county 
survey of rare plants (or animals) in West Virginia. 

Clearly, the best way to assess the rarity of plant species in West Virginia is by 
careful documentation and thorough field work. The most up-to-date databases of 
such information in North America are often those of The Nature Conservancy and 
the Natural Heritage Programs that feed them. Those databases depend upon infor­
mation from herbaria at our colleges and universities, and upon cooperation from 
botanists who provide valuable field data as they collect them. They also depend 
upon a belief (often lacking) among academic, state, and federal administrators that 
field botanical research is important. 

In recent years few botanists in West Virginia have been actively doing field­
oriented work; fewer still have been working directly with rare plant conservation. 
\'Vithout adequate data, accurate assessment of the status of rare plant species in our 
state cannot be made. Without documentation of occurrences of each species from 
every state in which it occurs, the true global status of that species cannot accurately 
be known. 

Here's an example of how field work affects our knowledge of the status of a rare 
species. T. sto/(mifcntlll \\'as thought possibly extinct as late as 1983 (Brooks, 1983). 
However, Bartgis (1985)' discovered two small populations of this rare plant in 1983 
and 1984, and the US. Fish and Wildlife Service then listed it as a federally 
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endangered species in 1987. With the rediscovery of running buffalo clover in West 
Virginia, a new interest in this species developed among researchers. By the end of 
1987 there were five populations known to exist in the world (US. Fish and Wildlife 
Service, 1989). With listing came increased attention and funding which led to 
increased field research, which has resulted in the discovery of more populations. 
US. Fish and Wildlife Service funding has also supported experimental research to 
determine the basic biology of T. st%lliferlllll, providing better information to guide 
management of sites where this species occurs (Cusick, 1989). Nowa species once 
thought to be extinct has been found at 17 sites - two in Indiana, four in Kentucky, 
eight in Ohio, and three in West Virginia (Harmon, pers. comm.). Because the 
species was listed by the US. Fish and Wildlife Service and funds were provided to 
search for its populations and conduct experiments to answer questions about its 
basic biology, we now are in a much better position both to explore its most likely 
habitats in our state and to correctly manage the populations we do find. 

Another problem encountered when attempting to assess the status of a species is 
whether the plants in question belong to a valid taxon. Even among experts there 
are sometimes disagreements. Hammet-Ahti (1980) described the subspecies f. 
trifidlls subsp. carolillialllls Hamet-Ahti, basing her determination upon her obser­
vations of morphological characteristics and habitat preferences. Other botanists 
believe that Hamet-Ahti's reasons for recognizing the subspecies were weak and 
that the taxon, whatever the rank, is not rare, but quite common in Canada and the 
northern United States (Harmon, pers. comm.). So, ... should the West Virginia 
Heritage Program continue to track J. trifidlls subsp. caro/illil1lllls? It is at the 
southern-most extension of its range in the state (Harmon, pers. comm.). Since 
peripheral populations are known to be important genetic resources, especially for 
genes that convey fitness under stressful conditions (Clarkson et aI., 1981), perhaps 
it should. 

What should we be doing next? Obviously, field checking to assess the current 
status of plants being tracked by WV NHP should be completed as soon as possible. 
It is hoped that a number of species will be found to occur in populations large 
enough that they can be "graduated" from the rare list. We may discover that others 
are in more trouble than we expected. 

With its rare plant status inventory well underway and with three full-time 
employees, the WV NHP can seriously begin its preservation planning, and the key 
to species preservation is species biology (Massey and Whitson, 1980), the 
comprehensive assessment of the biology and ecological niche of a species. Such 
information is crucial to making informed decisions for preservation and manage­
ment. Information gleaned from the related fields of population biology and 
genetics are equally valuable. Table 3 illustrates a number of ways that biological 
studies can make important contributions to rare plant preservation. For instance, 
should we discover that rarity of a species is due to its failure to disperse seeds to 
suitable sites, we might transport seeds to likely habitats (Rabinowitz, 1981). This 
may be a possibility for T. stolollifentlll, whose long distance dispersal may have 
depended upon populations of large herbivores that have declined (Cusick, 1989). 
The season in which an area is mowed may also be critical to the ability of this 
species to reproduce by seed (Cusick, 1989). Likewise, the studies of A. serotilla 
underway in Virginia and West Virginia have been designed to give us important 
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information about its reproductive biology (Harmon, pers. comm.). We need to 
launch similar investigations for Ptililllllillm fluviatile, for Spiraea virgillialla, and for 
many other rare plant species. 

The good news is that species biology is one of the least costly of scientific 
endeavors. Time and travel are the only major expenses. The bad news is that skilled 
botanists with time to carry out such work, or with the financial means to obtain 
released time from teaching or other regular employment responsibilities, are one 
of West Virginia's most limited resources, and we are training few new ones. For a 
number of years now West Virginia University has scaled back its botany program. 
College students are reluctant to specialize in field botany because of lack of poten­
tial jobs within our state and elsewhere. Further, a number of higher educational 
institutions throughout the state report that their field-oriented courses are some­
times canceled due to poor registration. 

West Virginians have supported a Non-game Wildlife Program for a number of 
years, but plants (and insects, which are important pollinators and pests of plants) 
are not presently included in the state's designated species of special concern for 
this program (Leo, pers. comm.). All species, whether animal, plant, insect, protist, 
or bacterial, are ecologically interdependent. Limiting "wildlife" to animals is a 
luxurv we can no longer afford. 

I r~commend that the State of West Virginia do the following four things: 
(1) survey the state's professional botanists to find out their expertise and interests 
and actively solicit their help; (2) publicize sources of funding available to botanists 
for working on rare species (I only learned that CPC offers grants through research­
ing materials for this paper); (3) make available stipends and expense monies to 
encourage and enable botanists and their students from West Virginia's academic 
institutions to begin making more substantial contributions to rare plant preserva­
tion; and (4) include in the Nongame Program plant species being tracked by 
WVNHP. 

Vignettes illustrating the value of biological research to rare plant preservation. 
A number of concrete illustrations that demonstrate the necessity for biological 
research will be described in this section. In no way constituting a comprehensive 
list, and admittedly biased with orchid examples, some do point out example pitfalls 
to avoid in our plant preservation efforts. 

Studies of several species of Platmltizera (= Hallmzaria) in West Virginia have 
shown that fruit set and embryo health vary from year to year (Gregg, 1990). In 
addition, they are also affected by the breeding system, that is, whether pollinations 
are selfed, geitonogamous (pollen from one flower placed on another flower in the 
same inflorescence) or xenogamous (outcrossed). Both levels of fruit set and 
healthy embryos were highest in P. ciliaris when seeds were produced by artificial 
cross pollination; yet in P. lacera, while the highest fruit set also occurred with 
xenogamy, more seeds had healthy embryos following artificial self pollinations. 
For both species geitonogamous hand pollinations produced intermediate levels of 
healthy seeds (Gregg, 1990). Should we want to increase seed production in these 
orchids, we might employ a different breeding method for each. An additional 
consideration would be the fact that gains in seed numbers and embryo health 
might be at the expense of inbreeding depression in other traits or to genetic varia­
tion lost to selfing. However, there has been at least one case when inbreeding dep-
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ression was avoided through induced rapid population increase of Speke's gazelle 
using highly inbred but healthy parents (Simberioff, 1988; Lewin, 1989). Whether 
this would work for plants, we don't know. 

But lest you think that increased seed production through artificial pollinations 
might be the answer to dwindling rare plant populations, there is an important 
caveat. For some years now there have been theoretical discussions in the literature 
concerning pollinator versus resource limitation of sexual reproduction in plants 
(Willson and Schemske, 1980; Bierzychudek, 1981; Stephenson, 1981; Lee and 
Bazzaz, 1982). Numerous species have been described as pollinator limited, while 
others appear to be hampered by scarce resources. Recent experiments with plants 
that exhibit pollinator limitation within a given season are showing that repeated 
hand pollinations lead to decreased storage tissue, leaf area and flowering in subse­
quent years (Montalvo and Ackerman, 1987; Snow and Whigham, 1989; Zimmer­
man and Aide, 1989). In other words, sexual reproduction is costly. Thus, artificial 
pollinations of rare species must be carried out with great care to avoid serious 
depletion of their limited resources. 

Once fruits are produced, another problem encountered by species of Platalltizera 
in West Virginia is attack of the capsules by fungal pathogens. In tvm different years 
4% and 11 % of the capsules of P. cIaveliata were lost to fungal pathogens, while over 
a six year study, fungi destroyed anywhere from 3% to 75% of the fruits of P. ciliaris 
(Gregg, 1990). Additionally, the disease organisms significantly reduced embryo 
size and capsule weight. In the same period, from 17% to 95% of the capsules of P. 
lacera were lost to fungal attack (Gregg, 1990). If we were attempting to preserve 
these poplulations, we might be tempted to spray the developing fruits with 
fungicides. But since seed germination of most, if not all, orchids requires mutualis­
tic mycorrhizal fungi that inhabit the soil (Dressler, 1981; Hadley, 1983), fungicide 
treatments would have to be limited to above-ground plant parts. Further, it is 
possible that even careful spraying of systemic fungicides could damage other 
beneficial mycorrhizal associations, thus decreasing the ability of plants to absorb 
soil nutrients. 

In some cases herbivory has taken a heavy toll on platantheras, with 67% of the 
flowering apices of P. ciliaris removed, probably by deer, in one particular year 
(Gregg, 1990). Herbivores, again presumably deer, ate significant numbers of the 
flowers and fruits of Cleistes divaricata in two different years over a seven year period 
(Gregg, 1989). 

Herbivory can also jeopardize transplanting efforts both in the wild and in 
laboratory plots. In transplant experiments with three species of Platalltizera, success 
was achieved when plants were placed in a site that served as a current habitat for 
the species being moved. Major herbivore damage occurred when plants were 
transplanted to sites which had been previous habitat but had no current popula­
tion. Such severe grazing was responsible for the transplanting failure when several 
individuals of P. peramoella, uncommon in West Virginia, were moved from a site 
near Sam Black Church because of imminent habitat destruction to make way for a 
portion of interstate 64 (Gregg, unpublished data). 

Herbivory by rabbits has required fenCing a small reintroduced population of 
running buffalo clover at West Virginia University (U.S. Fish and Wildlife Service, 
1989). When healthy greenhouse grown plants of I stololliferum were transplanted 
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Table 3. Important biological research areas that contribute to preservation 
planning for rare plant species. 

Species biology: 
Discover habitat requirements, pollinators, seed dispersal agents, natural seed 

dispersal distance 
Discover flowering and fruiting phenologies 
Discover reproductive methods (sexual. and asexual) 
IlIucidate breeding systems, reproductive problems such 

as inbreeding depression, seed inviability 
Identify life span, life stages and their vulnerability 
Identify pathogens and predators 
Determine environmental stresses on populations 
Identify resource allocation and monitor use of scarce resources 
Determine establishment and maintenance conditions 

Population biology: 
Discover population dynamics, including dynamics of various life states 
Calculate survivorship and depletion curves 
Predict potential for population survival, declines, increases 

Genetics: 
Assess genetic variation and size of gene pools 
Determine how genetic variation is distributed between 

and within populations 
Along with population biology, estimate minimum viable population size 

to prevent extinction 
Assess need for preservation of one or two large populations versus 

preservation of several small populations 

to a nursery site in the middle of a hayfield at the USD A- ARS laboratory in Beckley, 
their tops were grazed away overnight; fortunately, plants were not killed and they 
are now triple fenced (Foster, pers. comm.)! 

Another rare orchid in West Virginia, the showy ladyslipper, has been threatened 
by herbivory ill situ. In the spring and summer of 1987 the plants in the Greenbrier 
County colony were severely grazed, presumably by deer. Consultations among a 
number of concerned people (Morse Reese, Jim Miller, Arnold Schulz, Bill Grafton, 
Brian McDonald, Sam Ellington, Kathy Gregg, and probably others) resulted in a 
decision to place exclusion cages around three clumps of the plants. No herbivory 
occurred underneath the cages in 1988, yet still no flowers appeared. Consensus at 
that time was to go ahead and enclose the entire area with fencing eight feet high, 
and this was carried out in April prior to the 1989 flowering season (Ellington, 
1989). Surprisingly, again no flowers appeared. 

Work carried out on a population of Cypripediul1l wlldidulIl by Stoutamire (1990) 
may help us understand what is happening. It seems that mature plants of 
C. calldidulIl produce three new buds on their rhizomes each season. The first 
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contains stem tissue and flo'wer buds for the next spring, the second is an extra bud 
in case the first is damaged, and the third contains primordial stem tissue for the 
spring after next. Many plants, including many orchids, produce flowers when they 
have achieved a certain minimum age or size, a condition termed "ripeness to 
flower." At this stage they have accumulated sufficient nutrient reserves to support 
flower production and subsequent fruit development. When the showy lady­
slippers were heavily grazed, most of their photosynthetic area was lost; thus, it is 
highly likely that few resources were available for producing vigorous stem 
primordia and associated flower buds. For the plants that were severely grazed for 
two years in a row, it may be some time before adequate resources are replinished 
for flowering. In recent studies of Isatria medealaides, one of eastern North America's 
rarest orchids, Mehrhoff (1989) demonstrated that flowering was directly tied to 
resource accumulation in the previous year. 

Besides problems with hervivory, the ladyslippers had been exhibiting a decline 
in stem height and flower number since 1980 when over 900 flowers were counted 
in the colony; some 500 flowers were produced in 1985, but fewer than 60 were 
counted in 1986, and under 10 in 1987 (Ellington, 1989; Arnold Schulz, pers. 
comm.). This marked decrease was much more extreme than slight fluctuations 
observed over 11 years by Curtis (1954). Showy ladyslippers are known to thrive in 
moist openings where high levels of moisture and sunlight are available (Luer, 
1975). Colonization of the opening by woody plants and encroachment by shade­
producing trees ringing the area were the suspected cause of the observed decline. 
Consequently, in October 1989 all brush was cut, along with many of the surround­
ing trees. Annual mowing to remove competing species and to increase sunlight is 
common practice in maintaining wild orchid populations (Curtis, 1946; Stuckey, 
1967; Gregg, 1989). We eagerly await increased plant vigor and flowers in 
19902. 

Sadly, there is yet another potential problem for C. regillae in Greenbrier County. 
In 1988 and 1989, a total of over 3400 ml of soil from the opening was sieved in 
search of protocorms, the lustrous white underground seedlings of orchids. Only 
one potential candidate was discovered. Since seedlings of this species generally d~ 
not emerge above ground until the third year following germination (Curtis, 1943), 
even if the plants produce flowers and fruits in 1990, it will be several years before 
we know whether sexual reproduction is actually taking place. 

A number of rare species are successional (Massey and Whitson, 1980), that is, 
they colonize new areas by sexual propagules when communities are undergoing 
marked changes in species over time. "Safe sites" for seeds are rare and the 
conditions for germination and establishment may be transient, relegating many 
rare species to maintenance by asexual means (Massey and Whitson, 1980). Thus, 
even though the showy ladyslippers exhibited high levels of flowering for some 
years, seeds may not have found suitable spots for germination. Limited asexual 
reproduction by suckering was observed when six stems marked in 1987 
reappeared with adjacent sucker shoots in 1988; no suckers were observed on 119 
marked stems that appeared in 1989 (Gregg, unpublished data). Monitoring of 
plant heights, leaf areas, flowering, and fruiting will be continued, and future studies 
will include mapping every plant in the opening so that appearance of seedlings can 
be documented. Only with such detailed observations will we be able to assess the 
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viability of the population and of our management efforts. 

Summary and conclusions. 1. West Virginia is home to a number of rare plant 
species. Three have Gl ranking, indicating critical global imperilment, and five 
others are globally imperiled with a G2 ranking. Some 377 others are being tracked 
by the WV NHP because of their rarity within the state. 

2. Creation of refuges remains an important way to preserve species and 
ecosystems. West Virginians should continue to search for and establish suitable 
reserves, both on private and public lands. 

3. Rare plant preservation in West Virginia appears to be entering an adolescent 
growth spurt. It has suffered in the past from lack of priority and funding, but the 
federal listing of three species within the state has stimulated heightened aware­
ness, interest, and cooperation among federal and state agencies. 

4. The enlargement by the West Virginia Department of Natural Resources of the 
Natural Heritage Program from one to three full time permanent employees 
deserves celebration and should herald a period of increased stewardship by the 
State of its natural resources. 

5. An understanding of the biology of rare species and their communities is 
crucial to rare plant preservation. In West Virginia our understanding is largely 
inadequate. 

6. Research on rare plant species in West Virginia must be increased by develop­
ing and publicizing grant programs to encourage a significantly higher participation 
by botanists in academic institutions. 

5. From grade school through graduate education, we must stress the crucial 
importance of plants, biodiversity, and botanical research to the quality of life in 
West Virginia and in the world. 

Endnotes 
1 

Taxonomy used in this paper is that of Strausbaugh and Core (1977), except that 
for the genus Platanthera is from Luer (1975). See Appendix for plant names used in 
this paper. 

2 
Note added in press: six stems flowered in 1990, four of which set fruit. 
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Appendix 

Scientific and common names of plants discussed in this paper are listed 
below. 

Scientific Name 
ACOllitu11l reclillatu11l 
Alliu11l oxyphilzllll 
Arabis laevigata var. burkii 
Arabis perstellata 
Arabis serotilla 
Aspiellilllll X ebelloides 
Carex polYlllOrpha 
Cleistes divaricata var. bifaria 
Cypripedill11l cmldidlllll 
Cypripedilllll regillac 
Euphorbia purpurea 
lsotria lIledeoloides 
Gaylllssacia brachycera 
Germ·dia auriClllata (= TOlllmlthera 

auriculata) 
IUllclls trifidlls var. carolilliallus 
Marshallia gralldiflora 
Pachystillla cmlbyi 
Panzassia grmldifolia 

Parollychia virgillica var. virgillica 
Phlox bllckleyi 
Platmlthera (= Habellaria) ciliaris 

Platmlthera clavellata 

Platallthera lacera 
Platmlthera perallloella 
Polemollium vmlbnmtiae 
Pseudotaellidia (= Taellidia) 1Il0lltalla 
Ptilillllliulll fluviatile (= P. Ilodosllm) 
Saxifraga carolillialla 
Scutellaria ovata ssp. pselldoargllta 
Spiraea virgillialla 
SYllmldra hispidllia 
Tlzalictnml stee/camllll 
Trifoliu11l stolOllifel"ll1ll 
TrifOliu11l virgillicll11l 

Common name(s) 
White monkshood 
Nodding onion 
a rockcress 
a rockcress 
Shale barren rockcress 
a hybrid spleenwort fern 
Variable sedge 
Spreading pogonia 
White lady's-slipper 
Showy lady's-slipper 
Glade spurge 
Small whorled pogonia 
Box huckleberry 

Gerardia 
a rush 
Barbara's-buttons 
Canby's mountain-lover 
Large leaf grass of 

Parnassus 
Virginia nail-wort 
Swordleaf phlox 
Yellow fringed orchid, 

orange-plume 
Small green wood orchid, 

little club-spur orchid 
Ragged fringed orchid 
Purple fringeless orchid 
a Jacob's ladder 
Mountain pimpernel 
Harperella 
Carolina saxifrage 
a scull cap 
Virginia spiraea 
Gyandotte beauty 
Steele's meadow-rue 
Running buffalo clover 
Kates Mountain clover 
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West Virginia Bird Watching 
and the Future 

George A. Hall 

Because of its inland location and lack of extensive wetlands, the list of breeding 
birds of West Virginia is not as long as it is in other states. Of the approximately 180 
birds known to have bred at some time or other in the state, only two have been 
placed on the Federal List of Endangered Species. One of these, the Bald Eagle 
(Haliacetlls ICllcoceplzallls) , has been known to nest in the state only in the last decade, 
and its small population remains essentially constant. The other, the Peregrine 
Falcon (Falco peregrinlls), once nested in a few places in the mountains, but was never 
common. During the 40s and 50s the entire population of eastern North America 
was extirpated, largely because of pesticide poisoning. The Peregrine is now the 
subject of a reintroduction program managed by the DNR's Nongame Program, and 
the ultimate success of this project is as yet unknown. Reports from this spring 
look promising. 

Three species have been listed in the Federal Register as candidates for the 
Threatened list. The Loggerhead Shrike (Lanills llldovicianlls) has almost completely 
disappeared from the northeastern part of its range. The reasons for this are not 
immediately apparent, although the catch-all phrase habitat deterioration will do. 
Probably changing agricultural practices are an important factor. The Bachman's 
Sparrow (Aimoplzila aestivalis) has a curious history in the state. Until the early part of 
this century it was unknown but, during the Teens and Twenties the range 
expanded greatly to include almost all of the state west of the mountains as \\"ell as 
parts of Ohio, Kentucky and southwestern Pennsylvania. But beginning in the 
1930 s a decline set in, and now the species is essentially gone from this whole area. 
The West Virginia Atlas project produced only one sighting in six years. We have no 
idea why this should have occurred. The typical habitat is in the early stages of plant 
succession and the population upsurge came at the time that many hill farms were 
being abandoned to grow up into brush and then woodlands. This habitat has 
decreased but not to the extent that the bird should have disappeared. No good 
studies were ever made on this species in the northern part of its range, and since it 
is totally gone, we will never know what its requirements were in this region. The 
third bird is the Appalachian race of the Bewick's Weren (TJzryolllancs bCll'ickii altlls). 
It was once a common dooryard bird throughout much of the state, but now it is 
almost gone. Other than competition with the House Wren which entered the state 
only in the late 19th century, no good reasons have been advanced for its 
decline. 

The Barn Owl (Tyto alba) is another species of concern, for which very little 
data is available. 

Several species that are restricted to wetland habitat are also on the list of special 
concern, but in the broad picture wetland habitats are not important for West 
Virginia birds, and we need not get this discussion bogged down (pun intended) in 
the matter of wetlands. 
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But there are other bird species that are under some threat. One group of these 
that has had a lot of publicity is the so-called Neotropical migrants - those species 
that nest in North America and winter in tropical America. The list of species 
includes many of the most attractive and popular birds of our woodlands. In 
particular the large number of Wood Warblers, some Thrushes and Flycatchers are 
the species involved. In recent years there has been much discussion of these 
species. Anecdotal evidence suggested that the populations were declining, and 
there has been much argument about this. The evidence now available seems fairly 
conclusive (Robbins et ai., 1989). Many of these species have declined. This is 
particularly true of the so-called forest interior birds - such as the Kentu-:ky 
(Oporonzis [01"l110S1I5) and Hooded (Wi/sollia citrilla) warblers and the Ovenbird 
(Sei1lrus a!lrocapi1l1ls). It remains to try to assign a cause of this decline. 

While there are several factors to be considered, one can ask whether the causes 
are to be found in the breeding grounds in the North, or are they to be found in the 
wintering grounds in the tropics, or are they the result of the hazards of long­
distance migration. The removal of the primary forest in the tropics has received a 
lot of publicity, and this can be considered to be a major cause, particularly for the 
forest interior birds. Parenthetically it is the forest in Central America and the 
Caribbean Islands that is of greatest concern. Over half of our migrants winter in 
Mexico and the Greater Antilles. The destruction of the Amazonian rain forest is a 
matter of great concern for many reasons, but not really in connection with the 
Neotropical migrants, which do not winter there in great numbers. Because of 
differences in population density at the two seasons, the cutting of a hectare of 
tropical wintering grounds is perhaps equivalent to the cutting of 5-10 hectares of 
breeding ground forest. If projections that all of the primary forest in the American 
tropics will be gone by the early years of the next century are true, then the 
prognosis for these birds is not good. 

But the problem does not lie in the tropics alone. Equally important are the 
changes in the breeding habitat. There is now more forest in the northeastern 
United States than there was a decade or two ago, and projections indicate still more 
forest area by the year 2000, but while the area remains high the actual forest is 
fragmented into a great many medium to small tracts, often isolated from others. It 
has been shown that for every forest species there is a minimum area of habitat that 
can maintain a viable population. The forest interior birds are particularly sus­
ceptible to this fragmentation. The ultimate factors seem to be increased nest 
predation and increased nest parasitism by the Brown-headed Cowbird (Molothrus 
Ilter.) Recent work in Illinois has shown that in small tracts Wood Thrushes have 
zero reproductive success, raising only cowbirds. (Robinson, In press). Both of 
these factors are important, but the current thinking is that the habitat fragmentation 
in the north is at present the most important, but that the tropical deforestation will 
become more and more important as time goes on. 

But there are other, more long range factors involved. Several years ago (Hall, 
1984), I published the results of a long term census project, carried out mostly by the 
members of the Brooks Bird Club in the West Virginia mountains (Fig 1). This study 
showed a steady decline in Neotropical migrants over a 35-year period, which at 
that time I attributed to tropical deforestation. Fragmentation did not seem to be 
important on this virgin site. This study has received much publicity and has been 
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widely quoted, largely because it is one of the few long-term studies available (see 
Terborgh, 1989 and Askins et Ili., 1990). Since 1984 I have changed my mind on the 
probable cause, which I now attribute to the die-off of the red spruce in this tract, 
thus changing the habitat for the northern warblers found there. That red spruce has 
been dying over much of its range is now well known, but the causes are not. Acid 
rain was the immediate response in many quarters and the latest and best evidence 
seems to imply that it is acid precipitation that is the underlying cause, but this 
is not proven. 

The red spruce and other boreal plants that make the mountains of West Virginia 
so attractive face another long term threat in the possible global warming. The most 
drastic projections predict a total disappearance of the forest in northeastern United 
States. At the very least the boreal elements will be eliminated. Should this come to 
pass the bird life of West Virginia would be changed drastically. The latest data seem 
to show that the global warming may not be as severe as these projections suggest, 
and may not be as imminent as has been thought, but there seems to be no question 
that it will occur. 

Even if global warming is not as severe as predicted, the removal of much of the 
Amazonian rain forest may result in an extreme alteration of the global climatic 
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patterns. It has been suggested that this removal would induce a warmer and 
definitely drier climate to much of the globe. Much of eastern United States could be 
converted to a dry grassland, almost desert-like in aspect. We do not fully under­
stand what might be the results of this. 

Its not well known, but something similar happened about 9000 years ago. 
During a warm dry period the spruce forest was eliminated from all but the highest 
peaks of the southern Appalachians, and much of West Virginia was covered with a 
savannah type habitat with accompanying changes in the avifauna. However the 
possible changes in the near future will occur too rapidly to allow an orderly move­
ment of the forest northward. Ultimately much of the eastern forest may disappear. 
If this happens in West Virginia and we then live in a grassland state, what of the 
birds? Gone will be the warblers and thrushes. In their place the grassland sparrows 
will take over. But some of the latest population data indicate that some grassland 
species also are facing some sort of population crunch, and their numbers too may 
be declining. This group of species has been generally overlooked in the concern for 
the long distant migrants. If the decline is real the reasons are not clear, although 
changing agricultural practices may again be a factor. More research on these 
species is urgently needed. 

The point here is that there are no simple answers. The fate of the birds will track 
the fate of the general environmental and the prognosis for the environmental 
future is subject to the interplay of numerous complex factors. Many of these are out 
of the control of everyday activities of individuals. 
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Endangered Bats In West Virginia 

Mary Etta Hight 

Bats, our only flying mammals, belong to the mammalian order Chiroptera. They 
comprise nearly one quarter of living mammalian species and are among the most 
maligned of mammals. Bats have long suffered from myths and superstitions- their 
nocturnal habits, ability to swoop unnervingly close to one's head to catch an 
unseen insect, and a reputation for harboring of rabies have caused many to go out 
of their way to harm them. Few groups of mammals are more beneficial and less 
understood. The only major predator on night-flying insects are bats, and the 
service they give in control of insect pests is enormous. Yet their position is 
precarious when competing with humans. They form the largest and most vulner­
able colonies of any mammal group, have an unusually slow reproductive rate, at 
best one offspring per year, and are especially sensitive to disturbance during times 
of low metabolic activity. 

About 40 species of bats are found in the United States and only 12 (Table 1) of 
these are members of the West Virginia mammal fauna (Hall, 1981). The Big Brown 
Bat and the Little Brown Bat are relatively common over most of the state and known 
to almost everyone. Others are summer residents or migrate through the state in 
spring and fall and seldom are seen by most people. This paper focuses on the two 
endangered bats and three species of special concern that are found in West 
Virginia. 

Table 1. Bat species occurring in West Virginia 

,Ylyolis IIiCifllSIIS (Little Brown Bat) 
Myolis scplclliriollolis (l\orthern Long-eared Bat) 
Myolis soda lis (Indiana Bat) 
Myolis lcibii (Small-footed Myotis) 
Piccoills mfillcsqllii (Rafinesque's Big-eared Bat) 
Piccoilis 100uIIscl1dii (Townsend's Big-eared Bat) 
Eplcsiclls fllsclls (Big Brown Bat) 
PipislrcllliS slIbflm'lIs (Eastern Pipistrel) 
Losiolll/clcris Iloctipasal1s (Silver-haired Bat) 
Lasillrlls borealis (Red Bat) 
Lasillrlls cil1L'rcliS (Hoary Bat) 
i\yclicciliS illll1lcralis (Evening Bat) 

Three species of North American bats are on the Feder! Endangered Species List. 
The Gray Bat, Myotis griscclls is found in the Pleistocene fossils of West Virginia but 
no longer occurs in the state (Hibbard, 1949). West Virginia caves have sheltered 
hibernation colonies of the Indiana Bat, lYlyotis sodaIis, since earliest times (Frum, 
1947). Two subspecies of Townsend's Big-eared Bat are endangered: Plecotlls 
t01l'l1sclldii pirgillitllllls occurs in the eastern Appalachians and P. t. il1gells in found in 
the Ozark mountains. The western subspecies is widespread and in no danger. In 
West Virginia both hibernation and maternity colonies of Virginia Big-eared Bat are 
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found. It is not surprising that all three endangered specIes have adapted to hiber­
nate in caves through the winter rather than migrate. Typically they form dense 
clusters to maintain temperatures necessary for survival with a minimum energy 
expenditure. Disturbance at that time causes an increase in heart rate and arousal; 
for every disturbance the bats are robbed of 1 0-30 days supply of stored fat energy 
(Thomson, 1982). Disturbance of maternity colonies causes many nursing mothers 
to abandon their young or drop them on the floor of the cave. 

The cave bat fauna of the state was surveyed in 1947 (Frum, 1947) and updated 
thirty years later (Dotson, 1977). Craig Stihler, zoologist with West Virginia's 
Nongame Wildlife Program regularly monitors known populations of the two 
endangered species found in the state. Protection programs involve designation of 
critical habitat including acquisition and gating of some caves, The West Virginia 
chapter of The Nature Conservancy has been instrumental in efforts to acquire and 
protect habitat. 

M yotis soda lis 

The Indiana Bat, ,VI.I/otis sodalis, is related to our most common resident bat, the 
Little Brown Bat, and looks rather similar to it. M. soda/is is distinguished by a smaller 
foot, a keeled calcar (a long support spur from an ankle bone that extends into the 
membrane), short toe hairs, and a dull pelage, often with tri-colored hairs (Barbour 
and Davis, 1969). The Indiana Bat forms large hibernating colonies in caves rather 
than occupying buildings. It is wide spread over much of the midwestern and 
eastern U.S., especially in the major cavernous limestone areas (Hall, 1976). From 
1960-1975 (15 yrs.) there was a 70% decline over the range (Engel, et aI., 1975). In 
1973 when the species was declared endangered only seven caves housed 87% of 
the total known population (Thomson, 1982). Now about 94% of the known 
population hibernates in 13 caves. Several of these hibernation colonies are found 
in the eastern mountains of West Virginia. 

Ivlyotis sodalis has been reported from eight counties in West Virginia (Figure 1). 
Pendleton Co. historically and presently has most of the known soda/is sites. In fact, 
one cave in Pendleton Co., designated as Critical Habitat by the U.S. Fish and 
Wildlife Service (USFWS), is home to over90% of the total state population (Engel, 
ct., 1975). Craig Stihler (personal communication) reported that the 1989 popula­
tion of 5705 Indiana Bats hibernated primarily in Pendleton County caves (5190). 
Other populations were in Greenbrier County (45), Monroe County (3), Poca­
hontas County (135), Preston County (95), Randolph County (95), and Tucker 
County (220). Anyone aware of bat colonies in caves in other eastern counties is 
encouraged to communicate with Craig Stihler or me so they can be investi­
gated. 

The limiting factor for M. soda/is apparently is suitable undisturbed caves for 
hibernation. Winter habitat consists of caves and mines with stable, cool 
temperatures ranging from 3 to 6 C and an average humidity of 85%. Summer 
habitats are poorly known; in fact this species may not remain in the state through 
the summer months. After they leave hibernation many migrate north\\'ard as far as 
Michigan to establish summer colonies. Banding studies in Missouri indicate 
considerable variation in distances moved. Some males may stay near caves, but 
most move out. Maternity colonies ar established in hollows and under the loose 
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Figure 1. Distribution of the two West Virginia bats on the 
Federal Endangered Species List. 

bark of large riparian and floodplain trees. There have been no reports of maternity 
colonies in West Virginia. 

The bats forage over wide areas for the small, soft-bodied insects that seem to be 
their preferred diet. Analyses of foods taken over the season indicates a shift to 
larger hard-bodied insects and moths in the late summer. 

Knowledge about the species' reproductive biology is scanty and comes from 
studies carried out in Missouri and Indiana. Mating takes place at caves in fall, but 
ovulation, fertilization and development is delayed until spring when females leave 
hibernation. Birth of the single offspring occurs late June to early July. The young 
are weaned at about one month and begin to forage with the adults. 

P/ecotus towllselldii virgillill1l!ls 

The Virginia Big-eared Bat is a medium-sized bat with an exotic appearance; its 
big ears (more than 2.5 cm long) are connected across the forehead. Mitten-shaped 
glandular masses on the muzzle are responsible for the name "lump-nosed bat" 
used earlier. The nostril openings are elongated. The big-eared bats are our largest 
with adults weighing 5-13 grams. This species is distinguished from its relative, 
Plecotlls rafillesquii, by the tan color ofits underparts and its brown dorsal fur (in con­
trast to whitish underparts and gray dorsal fur of P. rafillesquii) (Handley, 1959). 
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The two eastern subspecies are reduced to relict populations in the Appalachian 
and Ozark mountains and are considered endangered due to small population size, 
a very limited distribution, and vulnerability to human disturbance (Bagley, 1984). 
This vulnerability seems to be due to the habit of concentrating large segments of 
the total population in a small number of caves to form maternity colonies in spring 
and summer, and hibernating colonies in winter. P. towllselldii also exhibits an 
exceptionally lower tolerance to disturbance than most other bats (Handley, 
1959) . 

The species has been found in 15 eastern caves in West Virginia (Figure 1). In 
1981 and 1982 ten caves were known to be used, five being both hibernation and 
maternity and five others as maternity caves. The total maternity colony in those 
years was estimated to be 3450. The USFWS has designated as Critical Habitat four 
caves in Pendleton and one in Tucker Counties Bagley, 1984). Census data for 1989 
(Table 2) provided by Craig Stihler of West Virginia Nongame Program shows that 
Pendleton County also is the center of distribution of P. t. virgillimlUs. 

Typical habitat of the Big-eared Bat occurs in karst regions dominated by oak­
hickory or beech-maple-hemlock associations (Barbour and Davis, 1969) where the 
bats inhabit caves both summer and winter. P. towllselldii roosts in regions of caves 
that are colder (between 12°C and freezing) and have greater air movement than 
tolerated by other cave-dwelling bats (Kunz and Martin, 1982). They also are 

Table 2. Estimated 1989 Population of Pit'cotlls towlISClldii I'irgilliilllllS 

County Winter Summer 
Grant 15 395 
Hardy 10 
Pendleton 5290 
Randolph 5 
Tucker 185 
Total 5505 

3100 

300 
3795 

known to use well-ventilated mines for hibernating. Hibernating sites generally 
have high relative humidity and are just beyond the twilight zone of the cave 
entrance. 

Although some movement among nearby hibernacula have been recorded for 
the Ozark subspecies (Kunz and Martin, 1982) this bat is relatively sedentary, 
seldom moving more than about 40 miles (Barbour & Davis, 1969). Females return 
year after to year to same maternity sites. Banding records in California (Kunz and 
Martin, 1982.) indicate a maximum longevity of about 16.5 years in this species. 

Big-eared bats feed primarily on small moths averaging 6 mm in length, but take 
some other insects. They forage along forested edges with the activity broken by 
rests in roosts shared with other bats, and return to their daytime retreats just before 
sunrise. Unfortunately biologists have little data to assess the impact of pesticide 
spraying for gypsy moth on this bat. The apparent dependence of plecotus on small 
moths may well jeopardize populations. 

The reproductive biology of the Virginia Big-eared Bat is unknown but presumed 
to be similar to that of the California subspecies studied extensively (Kunz and 
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Martin, 1982). Females mate in their first autumn; mating occurs in the fall and early 
winter with delayed ovulation, fertilization, and gestation. Maternity colonies are 
formed in late March or early April in the warmer parts of caves. Birth of the large 
offspring (25% of maternal post-partum mass) follows a gestation of 56-100 days 
depending on spring temperatures and varying degrees of torpor experienced by 
females. The young bat grows rapidly reaching adult size in about a month; it is 
capable of flight at about three weeks and fully weaned by six weeks. 

There appears to be unoccupied suitable habitat in West Virginia. The reason for 
failure to expand into these caves is unknown; habitat features may be the answer, 
but some biologists think predation may be playa role. At one cave in West Virginia 
a house cat was trapped near a cave entrance where dead bats were found. Natural 
predators may include owls, raccoons, skunks, and snakes. 

The impact of human disturbance is direct and immediate; the bats will abandon a 
cave, moving young to alternate sites, but may then abandon the alternate roosts. 
The mechanisms are not understood, but nursery populations decline after 
disturbance and do not recover the following year. Even the study of Big-eared 
populations may confer some risk to that population's continued well-being. A 
careful balance must be kept in designing studies directed toward acquiring better 
data for managing protection. A recently popular monitoring technique uses a 
beam of infrared light at the cave entrance which allows observers to count 
emerging bats using night vision scopes. This technique permits monitoring 
without entering the caves. 

We have other bats in our fauna that are poorly known and are listed by the 
Nongame Wildlife biologists as "Species of Special Concern." One of these is 
another big-eared bat, Plccotlls rafillcsqllii. 

The range of this species is in the southeastern states, and its occurrence in West 
Virginia is peripheral (Figure 2). Gene Frum found this bat in 1948 in a Nicholas Co. 
sandstone cave, Collison Cave, now inundated by Summersville Lake. This bat has 
never been found in the limestone caves. It was not found again in the state until 
1985 when a maternity colony was aCcidentally discovered in an abandoned and 
undisturbed shed in Wayne County by a West Virginia Mammal Survey field 
team. 

The preferred summer roosting and maternity colony habitat seems to be old 
buildings. Males are known to use hollow trees and space under loose bark as well 
as buildings for roosting in summer (Jones, 1977). In winter hibernation colonies 
form in mine tunnels and caves where the light is dim. No hibernation colonies have 
ever been located in West Virginia; it seems likely they may migrate to southern 
hibernacula. 

The Small-footed Myotis, Myotis it'ibii, is another species of special concern. It has 
a much smaller foot than other myotis bats in the state and is occasionally found in 
mixed species roosts in caves. Craig Stihler found 36 in one cave and two in another 
last year. This bat is often found in rock crevices near the ground (one was found in 
rock fissure in Cheat Gorge in October of last year). Summer roosts may be 
primarily in old buildings. 

In West Virginia M. leibii has been found in eight counties (Figure 2). One of my 
students found a single leibii in a culvert in Wyoming County in October. I suspect 
this bat may be more widespread than thought, but uncommon and unnoticed. 
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Species of Special Concern: 

• Northern L~red Bat, "'rotls septentrlonslls 

* Raflnesque's Big-eared Bat, PJecotus rafinesqull 

Figure 2. Distribution of bats in West Virginia listed as 
Species of Special Concern. 

There are no reports ot Icibii taken in mist nets in West Virginia. 
Another uncommon cave bat in our fauna is the Northern Long-eared Myotis, 

JYlyotis scptclltriollalis. It is similar in appearance to the Little Brown Bat (Fitch and 
Shump, 1979), and probably is more common than indicated by records. Several 
new records have resulted from work of the West Virginia Mammal Survey. 

Bat species have declined rapidly worldwide and several species have become 
extinct. Here in West Virginia the same forces that threaten bats everywhere seem to 
exist. One of the main culprits has been direct human disturbance: irresponsible 
spelunkers and vandals have caused accidental and deliberate killing. Bats are 
especially vulnerable to starvation when disturbed during hibernation. Another 
threat is the widespread use of pesticides: in places a fear of bats has been 
deliberately fostered by the multimillion dollar pest control industry. It should be 
remembered that humans are mammals too, and the chemicals used are as 
dangerous to human inhabitants of the buildings as to the bats. 

Less direct but equally damaging are human activities that bring about habitat 
destruction. Development and changes in agriculture and forestry practice reduce 
both roosting places and alter food sources. They may also influence temperature 
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changes in the habitat. Less understood are the effects of changes in water table 
levels and flooding, both of which may modify habitat in a negative way . 

There is some hope that with increased awareness of the benefits of bats to 
humans better protective measures will be put in place. The United States Fish and 
Wildlife Service and state wildlife divisions have undertaken programs of study and 
protection of our two endangered species. Our species of special concern are under 
surveillance as well. 

The following measures are essential: surveillance of known sites; location and 
protection of new populations; recruitment of the informed cooperation of 
spelunkers and cave owners; organization of extensive natural history studies. 
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Threatened West Virginia Butterflies 

Thomas J. Allen 

Invertebrate species which occur as isolated populations may be sensitive to 
changes in their environment. The fact that these isolated, disjunct, or site specific 
species cannot depend upon immigration from outside sources to replenish 
catastrophic declines in their populations makes them very vulnerable to 
extirpation. We have a few such populations in West Virginia. 

From the standpoint of butterflies alone, of the 130 species and subspecies found 
within the state, several occur in localized colonies or are generally rare. Most of 
these species, however, occur over a larger range outside West Virginia and are 
stable enough to maintain their populations over time. Three species, however, are 
being subjected to losses in habitat and to chemical pesticides throughout their 
range and are undergoing drastic declines as a result. When these populations 
become so fragmented that they cannot rein vade traditional sites, they may become 
extirpated or extinct. 

The Regal Fritillary, Speyeria idalia, is truly a plains species, and probably spread 
over much of eastern United States as the forests were removed more than century 
ago. However, populations have remained in the best habitat sites to the present 
day. Continued loss of habitat through abandoment of farms and subsequent 
reforestation, or urban and industrial development creates a major problem. The 
use of chemical pesticides to control the spread of the gypsy moth has compounded 
this problem. For the Regal Fritillary, at least east of the Mississippi River, the future 
is dim. Eastern populations are steadily declining. The summer drought that was 
experienced in West Virginia during 1988 further reduced remaining populations. 
The fritillaries, as with many butterfly species, experience natural population fluc­
tuations and must be strong enough to reinvade from core areas following lean 
times. Speyeria idalia at present is struggling to hold on to a few remaining core areas 
in its eastern range. 

Another Speyeria species which is of increasing concern is Speyeria diana, the 
Diana Fritillary. This species, one of the largest and most beautiful of the fritillaries, 
is found mainly in the southern Appalachians and, unlike many of the other 
fritillaries, is a woodland species. The dense woodlands, comprised of cove 
hardwoods and oak-hickory forests, lie in the path of southwestward spread of the 
gypsy moth. 

The life cycle of the Speyeria group is such that the first instar larvae hibernate 
during the winter in ground litter and emerge in the spring to begin feeding on 
violet leaves. Development coincides with the time for aerial applications of 
pesticides, mainly Dimilin, that are administered to large expanses of the forest to 
control gypsy moths. Dimilin (Di flubenzuron), is a chiton growth inhibitor, and is 
most effective on lepidoptera larvae during the first two instars. Applied in early 
May it has been shown to be quite persistent for several ·weeks. When the spaying 
program for gyspy moths encompasses the southern counties, Speyeria diana 
populations may be severely impacted. As a result ofthis threat the species has been 
proposed for a Category 2 listing on the Federal Register. 
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Southern West Virginia is also an area where extensive surface mining for coal is 
conducted. Surface mining for coal can also have a detrimental impact on the Diana 
by removing the forest cover and by filling valleys with the surface overburden. In 
this respect the species is undergoing a slow but steady loss of habitat. 

The third species of concern is the grizzled skipper, Pyrglls centallreae wymldot, an 
inhabitant of the eastern shale barren region. This species is under study at the 
present time to determine its status for listing on the Federal Register. The grizzled 
skipper occurs in the surrounding states, but all populations are small and fragile. 
Recent surveys in Pennsylvania, Maryland and New Jersey by Heritage and Nature 
Conservancy personnel have shown the species to be severely impacted by gypsy 
moth spraying. West Virginia is felt to be the strong hold of the eastern population of 
this subspecies. The entire population of P. c. wymldot lies within the present spray 
area for gypsy moths. Again, the life cycle for this species is such that first and 
second instar larvae are feeding during the period when the pesticide is most 
affective. 

Adult P. c. wymldot butterflies are active during the latter part of April and into 
May. Oviposition occurs during the first and second weeks of May on Canada 
cinquefoil, (Potentilla canadensis). Larvae hatch within a few days and begin feeding. 
This species goes through six instars which develop very slowly allowing the larvae 
to feed on a single plant as it grows. Pupation does not occur until late August; 
therefore, any application of pesticide to the foodplant will kill the growing 
larvae. 

P. c. Wymldot is restricted to semi-open shale slopes with abundant foodplants and 
nectar sources in close proximity to woodlands. Such sites are very limited in our 
eastern region and repeated application of pesticides can result in the loss of the 
entire population. 

Cooperation between government and state agencies is underway to protect 
these resources and increase awareness, not only of the requirements for rare 
species, but also of their sensitivity toward habitat changes or environment impacts. 
Unfortunately, the lack of personnel and monies limits our effectiveness to 
adequately protect all inconspicuous invertebrate species. Locating and studying 
rare species is time consuming and I fear the gypsy moth is moving too rapidly for us 
to accomplish all that we need to do, at least in West Virginia 
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Amphibians and Reptiles 
of Special Concern in West Virginia 

Thomas K Pauley and Ronald A. Canterbury 

West Virginia's location, topography, and shape places it in five physiographic 
provinces ranging from the Allegheny Plateau east through the higher elevations of 
the Allegheny Mountains and rugged terrain of the Ridge and Valley Province, to 
the Great Appalachian Valley and Blue Ridge Mountain Provinces in the Eastern 
Panhandle. The elevation of these provinces ranges from 240 ft. at Harpers Ferry, 
Jefferson County to 4,862 ft. at Spruce Knob, Pendleton County. The two major 
environmental factors, i.e. temperature and moisture, which regulate the distribu­
tion of ectothermic ("cold-blooded") animals such as amphibians and reptiles vary 
considerably throughout these five provinces. For example, the annual mean 
temperatures range from 53.6 OF in the Allegheny Plateau to 49.4 OF in the 
Allegheny Mountains (U.S. Department of Commerce 1973). Annual average 
precipitation varies from 43.4 inches in the Allegheny Plateau to 53.8 in the 
mountains and 36.6 in the Ridge and Valley section (U.S. Department of 
Commerce 1973). 

The irregular shape of the state extends the borders into latitudes that are 
considerable distances from each other. Due to the state's odd shape, its borders 
encroach upon range edges of several amphibian and reptile species resulting in 
limited distributions of these species in the Mountain State. 

There are 13 amphibians and 17 reptiles designated as species of special concern 
by the West Virginia Department of Natural Resources Nongame Wildlife Program 
(Tables 1 & 2). One species, the Cheat Mountain salamander (PICt/lOdoll IIcttillgi), is 

Table 1. Amphibians of Special Concern (West Virginia 
Nongame Wildlife Program 1990) 

Species 

Jefferson Salamander 
Smallmouth Salamander 
Blackbelly Salamander 
Cheat Mountain Salamander 
White-Spotted Salamander 
West Virginia Spring Salamander 
Green Salamander 
Cave Salamander 
Eastern Spadefoot Toad 
Northern Cricket Frog 
Blanchard's Cricket Frog 
Upland Chorus Frog 
Northern Leopard Frog 

Status 

Undetermined 
Scientific Interest 
Special Concern 
Threatened 
Special Concern 
Undetermined 
Special Concern 
Special Concern 
Special Concern 
Scientific Interest 
Scientific Interest 
Scientific Interest 
Scientific Interest 
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listed as a threatened species by the United States Fish and Wildlife Service. The 
regulating factors of temperature, moisture and various biological factors such as 
interspecific competition as well as the location and shape of West Virginia are pro­
bably the major causal factors limiting the distribution of these species. 

Table 2. Reptiles of Special Interest (West Virginia 
Nongame Wildlife Program 1990) 

Species 

Spotted Turtle 
Wood Turtle 
Map Turtle 
Ouachita Map Turtle 
Red-eared Slider 
Eastern River Cooter 
Hieroglyphic Turtle 
Redbellv Turtle 
Midland Smooth Softshell Turtle 
Ground Skink 
Northern Coal Skink 
Broadhead Skink 
Eastern Ribbon Snake 
Mountain Earth Snake 
Corn Snake 
Northern Pine Snake 
Eastern Kingsnake 

Status 

Scientific Interest 
Scientific Interest 
Scientific Interest 
Undetermined 
Scientific Interest 
Special Concern 
Special Concern 
Scientific Interest 
Scientific Interest 
Scientific Interest 
Special Concern 
Scientific Interest 
Special Concern 
Scientific Interest 
Scientific Interest 
Scientific Interest 
Scientific Interest 

Status Definitions (West Virginia Nongame Wildlife Program 1990) 

1. Threatened: As defined in the Endangered Species Act of1973." A species which 
is likely to become an endangered species within the foreseeable future throughout 
all or a significant portion of its range." 
2. Special Concern: "A species which was once more common or widespread in 
West Virginia and is now thought to be declining. becoming more restricted in 
range of possibly extirpated." 
3. Scientific Interest: "A species which has a unique scientific value (e.g. endemic, 
uncertain taxonomic status) or has probably always been uncommon in West 
Virginia because the state is on the periphery of its range." 
4. Undetermined:" A species that is believed to be uncommon in West Virginia, but 
supportive data are lacking." 

AMPHIBIANS OF SPECIAL CONCERN 
Eight species of salamanders have been listed as species of special concern. The 

smallmouth salamander (AlIlbystollltl tcXtllllml) has beem split by Kraus and Petranka 
(1989) into two separate species, a stream form (Al1lbystollltl btlrbollri) and a pool 
form (AlIlbystol1ltl tcXtlll/III1). Both species enter the western edge of the state from 

39 



larger western ranges. The Jefferson salamander (Al1Ibystoll1a jcffcrsollimllllll) has a 
spotty distribution throughout the state. While it may not be common in the state, 
additional surveys could reveal more populations than are currently known. A 
congener of these species, the spotted salamander (Al1Ibystoll1a l1IaClilatlll1l), is the 
most common member of this genus in the state. It is known to be less tolerant of 
acid conditions, and research has shown that it is disappearing throughout its range 
in the northeastern United States. The effects of acid deposition on the spotted 
salamander and other species in West Virginia are not known. 

The blackbelly salamander (OcslIlogllatizus quadrall1aClllatlls) reaches the most 
northern point of its range in Fayette County. This species is a popular fish bait and 
is heavily collected by fishermen and as a result may have been extirpated in some 
streams. Recent surveys in the New River Gorge National River have revealed that it 
has survived in several streams despite obvious searching by bait collectors. 

The white-spotted salamander (Plctizodoll plillctatus) is found along the Virginia­
West Vil'ginia border in higher elevations on two mountains, Shenandoah Moun­
tain in Pendleton County and North Mountain in Hardy County. While it is 
doubtful that its range extends beyond these mountains, work needs to be done to 
determine the distribution within the range. 

The West Virginia spring salamander (Gyrillopizillis slIbtcrnlllclIs) is a cave dweller 
known to occur only in General Davis Cave in Greenbrier County. Recently, 
specimens that resemble (and may be the same species) the West Virginia spring 
salamander have been located in two other caves. Additional field work may find 
that it is more widespread. However, all of this may be academic since 
electrophoretic studies currently in progress may show that the West Virginia 
spring salamander is a morphological variant of the common spring salamander 
IGyrillopllillis p. I'orpizyriticlls) and not a separate species (personal communication 
Addison Wvnn). 

The cave ~alamander (ElIr!ICCallicifllgll) and the green salamander (Allcidcs llCllClIS) 
are among the most morphologically attractive salamanders in West Virginia and as 
a result have fallen victim to over collecting by professional and amateur biologists. 
In addition to over collecting, habitat alterations have reduced the numbers of these 
species throughout their ranges. The cave salamander is restricted in habitat to 
caves or in the immediate vicinity of cave portals. It occurs most frequently in rock 
crevices and on shelves and rock faces in limestone caverns. The green salamander 
is usually found in crevices of large rock formations in damp forests. 

The Cheat Mountain salamander (PlctllOdoll Ilcttillgi) is the only federally listed 
amphibian in West Virginia. Its total range extends from Tucker County south 
through Randolph, Pocahontas, and Pendleton counties. In the northern part of its 
range, it is limited to elevations above 3,120 ft. and in the southern part above 3,500 
ft. Pauley has searched in nearly 500 sites within these elevation ranges and has 
found it in 67 disjunct populations. His research has found that the Cheat Mountain 
salamander is restricted to these higher elevations and in disjunct populations due 
to competition with two sympatric species. He postulates that it competes with the 
redback salamander (Plctizodoll cillaeus) for food, space, burrows, and probably 
nesting sites and with the mountain dusky salamander (OeslllOglllltizlls ocizropizllcllS) 
for moist spots and to a lesser degree food and burrows. 

One toad and three frog species are listed by the Department of Natural 
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Resources. The eastern spadefoot toad (Scaplzioplls iz. 11Olbrookii) is known to occur 
along the Ohio River from Wayne to Wood counties. Specimens have also been 
reported from Kanawha, Upshur, and Hardy counties. The spadefoot spends most 
of its time underground and emerges to breed in temporary pools during heavy 
summer rainfalls. Because of its secretive nature and explosive breeding behavior, it 
may be more common than records indicate. 

There are two subspecies of cricket frogs in West Virginia, the northern cricket 
frog (4cris c. crepitlllls) and Blanchard's cricket frog ('Icris crcpitmls blllllcizardi). Both 
are listed as species of special concern because West Virginia is on the periphery of 
their ranges. The northern cricket frog enters the state along the eastern edge of the 
Eastern Panhandle where it can be locally common. Blanchard's cricket frog enters 
the state along the western border. It is much less common in West Virginia than the 
northern cricket frog and has, in fact, not been observed in West Virginia for several 
years. There is a crucial need for field surveys to determine the status of this species 
in the state. 

There are two species of chorus frogs in West Virginia. The most common 
species, the mountain chorus frog (PSClldllcris bracizyphollll), is found in the 
Allegheny Plateau and Allegheny Mountain Provinces. The second species, the 
upland chorus frog (PscllCilcris triscratll feriarlllll) , is found in the counties along the 
Virginia border, and is listed as a species of special because of its limited distribu­
tion. There is concern that both species are less common today than 10 years ago. 
Historic population of each species need to be surveyed to determine if their 
numbers are decreasing. 

The northern leopard frog (RaIla pipicllS) is one of the most common frogs in the 
United States and has one of the largest ranges. In West Virginia, it probably occurs 
only in western counties, where it may be locally common. Additional field studies 
need to be conducted to determine the status of this frog in West Virginia. 

REPTILES OF SPECIAL CONCERN 
Reptiles of special concern in West Virginia include nine turtles, three lizards, and 

five snakes. In West Virginia, turtles have probably been studied less than any other 
vertebrate group. In addition, they are the most secretive of the reptiles and several 
listed species may be more common than records indicate. Species that are seldom 
seen but may be more abundant include the map turtle (GraptclIlys gcograpizica), 
Ouachita map turtle (Graptcl1lys psclidogcogmpizic oliacizitcllSis), red-eared slider 
(Tmclzclllys scripta elCgllllS) , eastern river cooter (PsclldclIlYs c. COllCillllil), and 
hieroglyphic turtle (PsclldclllYs cOllcillllil Izicroglypizica). More field surveys may 
produce additional populations and thus result in the removal of some species from 
the list of special concern. The remaining four turtle species are listed because their 
ranges narrowly enter the borders of\'\Test Virginia. These include the spotted turtle 
(ClclIllllys gil ttata) , wood turtle (Clcl1Il1Iys illSlIlpta) , redbelly turtle (PsclIdclI1Ys r. 
rubril'ciltris), and the midland smooth softshell (ApolollC 111. 1I111ticllS). In West 
Virginia, the ranges of the first three species are restricted to the Eastern Panhandle 
and the onl y specimen of the midland smooth softshell was taken in Ten Mile Creek 
in Mason County (Green and Pauley 1987). Records indicate two locations of 
spotted turtles and five of redbelly turtles, all in eastern panhandle. Perhaps more 
intensive field surveys will yield additional populations of these three uncommon 
species. The wood turtle is the most common turtle listed. It has been found in the 
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six most Eastern Panhandle counties, and is relatively common in some areas. 
There are five species of lizards in West Virginia, and three of these are on the list 

of special concern. These include the ground skink (Scillcella lateral is) , northern coal 
skink (Eumeces a. ilIlthrachlus), and the broadhead sking (Eumeces laticeps). Like 
turtles, lizards are secretive and elusive and few studies regarding their distribution 
in West Virginia have been conducted. Records indicate that each of these species 
has scattered distributions, i.e., populations have been found west and east of the 
mountains. Field work may show these species are more common than present 
records show. 

Of the five snakes listed, three have somewhat extensive ranges in the southeast 
but barely cross into West Virginia. These three species include the corn snake 
(Elaphe g. guttata), northern pine snake (Pituopizis Ill. IIlclilllOleucus), and the eastern 
kingsnake (Lalllpropcltis g. getulus). The corn snake and pine snake are perhaps the 
least common snakes that have been reported in West Virginia. The only record for 
the corn snake is from Morgan County (Green and Pauley 1987), and the presence 
of the pine snake is based on one specimen found dead on a highway in Monroe 
County in 1940 (Llewellyn 1943). Without question, additional field work must be 
done on these two species, especially the pine snake. 

The eastern ribbon snake (Tizalllllopizis s. sauritus) has been reported from six 
noncontiguous counties in West Virginia. The distribution of these localities 
suggests that it is probably widespread in the state and could, therefore, potentially 
occur in several other counties. The eastern ribbon snake is semiaquatic and quick 
to take to water with the slightest disturbance. Due to its limited habitat preference 
andd secretive behavior, this species may also be more common than records 
indicate. The mountain earth snake (Vilsillia valcriac puldlm) was for many years 
thought to be restricted in West Virginia to the high plateau country of Preston 
County. Studies by Pauley (1984) revealed that the southern limit of its range 
extends to Elleber Knob in Pocahontas County. In West Virginia, it is limited to 
higher elevations (probably above 2,500 ft.) where it may be locally common. 

With the publication of Amphibians and Reptiles in West Virginia by Green and 
Pauley, interest in the state's amphibians and reptiles has increased. As a result, 
perhaps more information will be forthcoming on species of special concern as well 
as amphibians and reptiles in general. 
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The Importance of Biodiversity 

Anne H. Ehrlich 

Thank you very much. It's a pleasure to be here in West Virginia, a state I've had 
very little experience with. You've just heard a recitation of the problems in West 
Virginia where much of the flora and fauna is rapidly disappearing. I want to assure 
you that you are not alone. It's happening all around the world, and unfortunately 
it's a maj~r problem that we face along with other global environmental problems. 
I'm here to ask and answer questions such as what is biodiversity? Most of you are 
biologists and so you know what it is. It's the 30 million, plus or minus, species of 
plants, animals, and microorganisms that share this planet with us. The majority, of 
course, are in tropical forests, but what we have right here is a treasure of our own, 
and we need to preserve it as well. 

To give you some idea of the scale of the global situation, a listing has been 
assembled bv Worldwatch Institute (Table 1) of both known and estimated 
numbers of ;pecies of different types of organisms on the entire planet. Of the 
estimated 30 million species that share this planet with us, most of them found in the 
tropics, only about a million and a half have been described so far. We certainly have 
described and found the majority of the higher plants and most of the vertebrate 
animals: fishes, birds, reptiles, and mammals. The great terra incogllita is the insect 
world and the other invertebrates where we've probably only scratched the surface 
in terms of knowing what there is. Unfortunately, that terra illcogllita is disappearing 
rapidly before we can even find out what really is there. And of the 30 million 
species there are possibly billions of genetically distinct populations around the 
world. These are disappearing, perhaps even faster, and their potential value is 
greatly underestimated. 

What is the problem here? Well the main problem is a greatly accelerated rate of 
extinction of species such as those that have been listed here today. And some 
biologists think that by the end of the century, which is a scant 10 years away, the rate 
of extinctions mav be as much as a thousand times what is normal. Throughout the 
four billion years ~or so in which life has evolved on this planet, by and large the rate 
of speciatio~, that is the creation of new species, has out paced the rate of extinction. 
Otherwise we would not see 30 million species alive on the planet today. But we are 
reversing this trend. If anything we're probably turning down the rate of speciation 
while we are enormously accelerating the rate of extinction. 

What is causing all of this? Well, there are a lot of different causes. Sometimes 
animals, for example, are hunted to extinction or overexploited until they become 
extinct. But the most important cause by far is loss of habitat. 

Human beings have taken over this entire planet. At one level or another, we 
occupy and use some two-thirds of the world's land surface. We take .a lar~e 
share of what is called net primary production, that is the energy fIxed In 

photosynthesis by green plants and other photosynthesizing organisms, min.us that 
used bv those oraanisms for their own life processes. This energy is the baSIS of all 
life on this plane~ including our own food. While we only take directly about 5% of 
the photosynthetic production on the land worldwide, that plus our indirect inpacts 
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Table 1. Known and Estimated Diversity of Life on Earth 

Form of Life 

Insects and Other 
Invertebrates 

Vascular Plants 

Fungi and Algae 

Microorganisms 
Fishes 

Birds 

Reptiles and Amphibians 
Mammals 

1 
Misc. Chordates 

Total 

Known Species 

989,761 

248,400 

73,900 

36,600 
19,056 

9,040 

8,962 
4,000 

1,273 

1,390,992 

Estimated Total Species 

30 million insects species, extrapolated from 
surveys in forest canopy in Panama: most 
believed unique to tropical forests. 

At least 10-15 percent of all plants are 
believed undiscovered. 

Not availalbe. 

Not available. 
21,000, assuming that 10 percent of fishes or 

fish species remain undiscovered; the 
Amazon and Orinoco Rivers alone may 
account for 2,000 additional species. 

Known species probably account for 98 
percent of all birds. 

Known species of reptiles, amphibians, and 
mammals probably constitute over 95 
percent of total diversity. 

Not available. 

10 million species considered a 
conservative count; if insect estimates are 
accurate, the total exceeds 30 million. 

1 Animals with a dorsal nerve chord but lacking a bony spine. 
SOURCE: Edward O. Wolf. 1987. On the brink of extinction, Worldwatch Paper 78, Worldwatch 
Institute, Washington, D.C. 

and reductions in productivity caused by human actions adds up to some40% of the 
potential net primary production on land. Globally, our impact amounts to about 
25%. Not exactly insignificant; it tells you where all those other species are going, 
and why they are being squeezed out. 

We hear a lot today about what is happening to tropical forests. Some estimates of 
what will happen to species as deforestation continues at current rates can be seen in 
Table 2. As the forest is fragmented and turned into small "islands" of forest, the 
number of species that can be supported diminishes. This table shows estimates for 
Latin American forests. But similar things are happening in Africa and Asia. The 
equilibrium number of species is significantly reduced when you reduce the rain 
forest by about half, as is expected to occur by the end of the century. The percentage 
of species lost will be about 15%. In the worst case, which assumes that eventually 
only the land that is currentl y set aside in preserves and national parks will remain in 
those Latin American tropical rain forests, two-thirds of the species will ultimately 
be lost. That may well be a conservative estimate. 
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Table 2. Projected Plant Extinctions in Latin American Rain Forests 

Scenario 

Original Forest 

End of Century 

1 
Worst Case 

Estimate of 
Forest Area 

(million 
hectares) 

693.0 

366.0 

9.7 

Equilibrium Number Share of 
of Species Species Lost 

(percent) 
92,128 

78,534 15 

31,662 66 

1 Assuming only area currently designed as parks and reserves remain intact 
SOURCE: Edward C. Wolf. 1987. On the brink of extinction, Worldwatch Paper 78, Worldwatch 
Institute, Washington, D.C. 

Table 3 shows what has happened in the United States where we have effectively 
made biotic islands of our national parks. As can be seen, the number of species that 
can survive within these islandized parks is pretty closely related to the size of the 
parks themselves. The largest one, Kootenay-Banff-Jasper-Yoho National Park in 
Canada, has not yet lost any species that have been observed, whereas Bryce 
Canyon National Park, a relatively small one, has lost 36 species, and Lassen 
Volcano National Park, has lost43% of the original species. That gives you an idea of 
the scale of problem we're talking about 

Table 3. Habitat Area and Loss of Large Animal Species in North American 
National Parks, 1986 

Park 

Bryce Canyon 
Lassen Volcano 
Zion 
Crater Lake 
Mount Rainier 
Rocky Mountain 
Yosemite 
Sequoia-Kings 

Canyon 
Glacier- Waterton 
Grand Teton-Yellowstone 
Kootenay- Banff-

J asper-Yoho 

Area 

(square 
kilometers) 

144 
426 
588 
641 
976 

1,049 
2,083 
3,389 

4,627 
10,328 
20.736 

Original 
Species Lost 

(percent) 
36 
43 
36 
31 
32 
31 
25 
23 

7 
4 

0 

SOURCE: Edward C. Wolf. 1987. On the brink of extinction, Worldwatch Paper 78, Worldwatch 
Institute, Washington, D.C. 
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So why should we care if we lose all these species? What difference does it make? 
Well there are various reasons that appeal to different sets of people. One of them is 
esthetics. Probably most biologists respond to that as much as anything. We find 
other organisms endlessly beautiful and interesting, and we love to study them and 
hate to see them disappear. But this doesn't appeal to everybody. Sometimes you 
have to give some hard-headed economic arguments. One of the major arguments 
that can be made in this case is that we are throwing away a treasure house of things 
that we don't even know the value of. In tropical forests in particular, any number of 
potential foods, possible drugs, and materials or chemicals that could be of enor­
mous value to our civilization are being discarded in effect before we can even 
assess their value. Thirty-three percent of our prescription drugs today, for exam­
ple, either come directly from or were derived from plant chemicals, and many of 
those also came from tropical forests. All of our foods of course ultimately came 
from nature. And one of the mo:-e dangerous things we're doing is throwing away 
wild relatives of our crop plants. The genes in those wild crop plants are essential to 
maintain the viability of the crop plants, to help breed pest resistance, for example, 
in the future, or possibly to help adjust to changes in climate, and we know we are 
going to see changes in climate. 

But probably the most important reason of all to preserve the other species that 
we share the planet with is that they, as working components of ecosystems, form 
our own life support system; they provide indispensible ecosystem services. These 
are services that ecosystems provide to civilization free of charge that we take totally 
for granted, are mostly unaware of, and couldn't replace if we wished to. We don't 
know how, or in cases where we do know how, we couldn't possibly afford to do it 
on the necessary scale. It would require too much energy and materials. One of 
these is the composition of the atmosphere. The gases that we are fond of breathing 
were put there and are maintained in the appropriate balance by living organisms. 
Natural ecosystems also playa large role in governing our climate and our weather. 
Closely associated with this is the hydrologic cycle which provides our fresh water. 
It keeps the rainfall coming, and it keeps our streams and aquifers, replenished. 

We notice these services mainly when we lose them. When we cut down a large 
forest, for example, in a watershed area, we suddenly find we have floods, and 
droughts that we didn't experience before. And we have soil erosion and all sorts of 
other problems that we can't cope with or can only cope with partially. Natural 
ecosystems also rebuild and replenish our soils and in the process recycle all the 
nutrients that are essential for agriculture and for our own nourishment. The other 
side of that same coin is the disposal of wastes. We like to think we know how to 
dispose of waste. We have those wonderful sewage treatment plants. But in fact the 
sewage treatment plant only harnesses natural bacteria doing what comes naturally. 
Natural ecosystems control the vast majority of pests and diseases that could plague 
us. They carry out pollination services on which in this country alone some 90 crops 
depend. They provide us with food and materials from forests, and a lot of other 
things we take for granted. And finally there is that vast genetic library, that array of 
species out there most of which we haven't even looked at. These could provide all 
sorts of potential, useful products for ourselves, and of course help maintain the 
structure of ecosystems. 

So what are we looking to in the future if things go on the way they are? The most 
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recent estimates of deforestation in the tropics come from Norman Myers, who has 
just produced a study for Friends of the Earth in Britain. His estimate is that 142,000 
square kilometers, or some 55,000 square miles, an area roughly the size of Utah, is 
disappearing every year from the world's tropical forests. And he further estimates 
that approximately an equal amount of it is being degraded through shifting cultiva­
tion and selective logging. The rate at which these forests are disappearing has all 
but doubled since 1979, a mere 10 years. Tropical forests are currently disappearing 
at a rate of nearly 2% per year. Myers thinks that in the next 20 years they will essen­
tially be gone, with the exception of a few enclaves in remoter parts of the Amazon 
Basin and in Central Africa. We've already seen what will happen if more than half 
of the rain forest disappears. With half of it gone, at least 15% of the species will dis­
appear. And with more it gets much worse unless we do something to halt it. 

Now there is some good news on this front. There is a new President in Brazil who 
appears to have his heart in the right place at least from our perspective. It's interest­
ing to note that in his cabinet he has appointed two of the strongest environmen­
talists in Brazil, both named Jose. Jose Goldemberg is one of them. He has been 
known for years as very strong on energy issues, and he has been made the Minister 
of Science. Jose Lutzemberg has been a staunched defender of the Amazon forest 
for many years, and he is Minister of the Environment. 50 there is some hope that 
forest destruction will at least be slowed down in the Amazon and that possibly 
something of value can be preserved there. But there is a lot of momentum in that 
societv to overcome. 

If we don't succeed, we look forward to seeing a vastly impoverished planet in 
another generation. Is that what we want to leave to our children and 
grandchildren? Moreover, if global warming occurs as is predicted or expected by 
most climatologists, that will even worsen the problem further. Glacial advances 
and retreats occurred over the past several thousand years. What may be coming is 
much worse than glacial ad vances, shifting habitats at rates 10 to 60 times faster than 
has been known at any time in the past million years or so. And of course human 
habitation has interrupted all of the areas through which plants and animals other­
wise could slowly migrate. 

50 what can be done? Well, biologists have their role to play, and we've already 
seen quite a bit of that today. West Virginia biologists are monitoring what's 
happening. But we need more than that. We need to know exactly what we've got to 
start with. It's almost too late to make a biological inventory for this country, and it's 
something of a tragedy that we don't have one. But beyond that, we have to monitor 
the changes. We are more and more having to manipulate the environment to try to 
maintain the species that are most threatened, as we have heard today. We no longer 
have a choice in that matter, so it's kind of a race to try to learn enough to do it right 
before it all disappears. vVe'll probably only have one chance. There's too little time 
for experimentation and making mistakes. But beyond knowing what remains, and 
what's happening to it, and even finding out how best to preserve what's left, we 
need political action. We've got to convince the public how important it is to 
preserve what's left, and where necessary and possible, engage in restoration. But 
don't make the mistake of thinking restoration is the solution to the problem. Unfor­
tunately, there are too many people who think we can mow it all down because we 
can restore it later. But it ain't necessarily so. I suppose we should all keep it in mind 
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what Aldo Leopold said about 50 years ago: the first rule of tinkering is to save all the 
parts. We've got to get busy and save all the parts. 
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