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Abstract.--The Surface Mining Control and Reclamation 
Act of 1977 has provided a funded program for reclaiming 
the nation's abandoned coal-mine lands. This paper 
reviews methoda of inventorying such lands and discusses 
criteria and planning strategies needed to ensure that 
fish and wildlife values are given consideration in 
development and implementation of reclamation plans- 
Habitat evaluation methods are briefly discussed. 
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INTRODUCTION 

One of  t h e  major achi.evments nf t h e  
Sur face  Mining Cont ro l  and Reclamation Act 
(SMCRA) of 1977 (P.L. 95-87, t h e  Act; U.  S. 
Congress 1977) was t h e  enactment of 
p r o v i s i o n s  f o r  a  funded program t o  r ec l a im  - 
abandoned coal-nt ine l ands  ( T i t l e  I V ,  P.L. 
95-87), e s t ima ted  t o  be  z 4 . 4 5  x 105 ha  
(1 .1  x 106 A )  i n  t h e  United S t a t e s  
(Holmberg 1978).  Abandoned mine l ands  a r e  
de f ined  by t h e  Act a s  unreclaimed coal-mine 
l ands  t h a t  e x i s t e d  p r i o r  t o  3 August 1977 
and f o r  which l e g a l  rec lamat ion  
r e s p o n s i b i l i t y  does n o t  e x i s t . '  The Act 
a u t h o r i z e s  F e d e r a l ,  S t a t e ,  I n d i a n ,  and r u r a l  
l ands  r ec l ama t ion  programs. The S e c r e t a r y  
of t h e  Department of t h e  I n t e r i o r  (DO11 is 
charged wi th  a d m i n i s t e r i n g  a l l  of  t h e  
programs except  t h e  Rura l  Abandoned Mine 
Program (RAMP) which i s  admin i s t e r ed  by t h e  
U .  S. Department of  A g r i c u l t u r e  (USDA) 
thrn~lgh the  Snil Conserva t ion  Service (SCS), 
Both t h e  D O 1  (1978) and t h e  USDA (1978a) 
have publ i shed  t h e i r  f i n a l  program r u l e s  and 
r e g u l a t i o n s .  

Funding f o r  t h e  programs i s  de r ived  
from t a x e s  of 35c l ton  on surface- inined c o a l ,  
15c I ton  on underground-mined c o a l ,  and 
1 0 ~ l t o n  in l i g n i t e .  Half of  t h e  money goes 
d i r e c t l y  t o  t h e  s t a t e s  o r  Ind ian- lands  
program and t h e  remainder is a l l o c a t e d  t o  
fa rmers  and s m a l l  land owners Fo r e s t o r e  
a f f e c t e d  l ands  and t o  provide  t e c h n i c a l  
a s s i s t a n c e  and a d m i n i s t r a t i o n .  The Act 
estab1is.he.s t h e  fo l l owing  p r i o r i t i e s  f o r  
f u n d i n g  (hcgh t o  low): (1)' p r o t e c t i o n  of' 
p u b l i c  h e a l t h ,  s a f e t y ,  g e n e r a l  w e l f a r e ,  and 
p r o p e r t y  from any extreme danger  caused b y .  
p a s t  c o a l  mining; (2)  p r o t e c t i o n  of p u b l i c  
h e a l t h ,  s a f e t y ,  and g e n e r a l  w e l f a r e  from 
adverse  e f f e c t s  o t h e r  than those  c l a s s i f i e d  
a s  extreme danger;  ( 3 )  r e s t o r a t i o n  of t h e  
environment and ecosystems p r e v i o u s l y  
degraded; '  ( 4 )  r e s e a r c h  and demons t ra t ion  
p r o j e c t s  f o r  development of r ec l ama t ion  and 
environmental  c o n t r o l  . s t r a t e g i e s ;  ( 5 )  
p r o t e c t i o n ,  r e p a i r ,  rep lacement ,  
c o n s t r u c t i o n ,  o r  enhancement of p u b l i c  



facilities; and (6) development of publicly 
owned land adversely affected by past coal 
mining. 

Planning for reclamation of abandoned 
coal lands requires knowledge of their 
location, extent, and site-by-site condition. 
Few states have inventoried their abandoned 
surface-mined lands, and information on the 
surface conditions of thousands of abandoned 
underground-mine sites is pooily documented 
or unknown. Using aerial photography 
combined with site inspections, Illinois, 
Ohio, and Tennessee have conducted rather 
comprehensive inventories of their abandoned 
surface-mined lands (Jewel1 and Haynes 1973, 
Klimstra and Terpening 1974, Haynes and 
Klimstra 1975a, State of Ohio 1974, Kaiser 
1978, TVA and Tenn. Dept. Cons. 1975). 
Illinois has also completed a detailed study 
of its abandoned underground-mine sites 
-(Nawrot et al. 1977a, 1977b; Nawrot: and 
Klimstra 1977) and using small scale 
color-infared aerial photography, Indiana 
has inventoried its coal refuse sites 
(Wobber et al. 1975). These inventories 
were developed mainly to identify and 

- describe problem areas needing major 
reclamation effort and were not designed to 
address fish and wildlife needs. 
Recreational potential of abandoned 
surface-mined lands have been evaluated in 
Illinois- and Missouri (Roseberry 1963, Ford 
1975, Haynes and Klimstra 1975a). 

. . . . These .referenced i~,luentories have 
demonstrated the diversity of conditions 

./* associated with abandoned coal-mine lands. 
For.examplc, in Illinois about 10% (7,152 ha 
or 17,700 A) of the surface-mined lands and 
about 17% (508 sites totaling 2024 ha or 
5000 A). of the underground mine sites . 

inventoried were classified as problem areas 
needing immediate reclamation (Haynes and 
Klimstra 1975a, 1975b, Nawrot et al. 1977a, 
1977b). In Ohio and Tennessee approximately 
49%' (72,486 ha or 180,000 A) and 43% (6475 ha 
or 16,000 A), respectively, were identified 
as aeeding major reclamation based on such 
criteria as presence of hazardous mine 
openings, highwallp, landslide areas, barren 



and t o x i c  spo i lbanks  and r e f u s e  m a t e r i a l s ,  
t o x i c  waters ,  and abandoncd roads ,  
s t r u c t u r e s ,  and o t h e r  d e b r i s  ( S t a t e  of  Ohio 
1974, TVA and Tenn. Dept. Cons. 1975).  I f  

, t h e s e  l a n d s  d o . n o t  c l e a r l y  f a l l  under  
P r i o r i t y  o r  2 s t a t u s ,  they w i l l  l i k e l y  be  

.. . c l a s s i f i e d  a s  P r i o r i t y  3. M i t i g a t i o n  of  the. 
environmental  problems assoc ' i a ted  w i th  t h e s e '  
l ands  should b e n e f i t  many s p e c i e s  of f i s h  
and w i l d l i f e .  

. P a s t  i n v e n t o r i e s  have a l so  shown t h a t  
many abandoned l a n d s  have become r evege t a t ed  
through n a t u r a l  succes s ion ,  o r  sometimes 
through planned rec lamat ion .  Many of  t h e s e  
l a n d s  a r e  i n  need of  o n l y  minor,  i f  any,  
a d d i t i o n a l  r ec l ama t ion  o r  development. They 
i n c l u d e  managed and unmanaged f o r e s t s ,  I a k e s  
and sma l l  ponds, r e c r e a t i o n  a r e a s ,  p a s t u r e s  
and f o r a g e  l a n d ,  and o t h e r  f i s h  and w i l d l i f e  
h a b i t a t s  on both graded and ungraded l ands ,  
Some of  t h e s e  l ands  may fit i n t o  Priority 3 ,  
bu t  most probably should be c l a s s i f i e d  a t  
lower funding c a t e g o r i e s .  P l ans  f o r  any 
f u r t h e r  r ec l ama t ion  o r  development of such 
l a n d s  .must be c a r e f u l l y  eva lua t ed  t o  p reven t  
s i g n i f i c a n t  n e g a t i v e  impacts  t o  t h e  f i s h  and 
w i l d l i f e  s p e c i e s  t h a t  c u r r e n t l y  use  t h e s e  
lands .  For example,  over  t h e  p a s t  40 y e a r s  
numerous r e s e a r c h  s t u d i e s  have r e p o r t e d  t h e  
e x i s t i n g  o r  p o t e n t i a l  v a l u e  of abandoned 
coal-mined l a n d s  f o r  f i s h  and w i l d l i f e  
h a b i t a t  ( e . g . ,  Yeager 1941, 1942; H e l l  1956; 
Brewer 1958; K l ims t r a  1959; V e r t s  1959; Flyers 
and Kl ims t r a  1963; Karr  1968; R i l e y  1963, 
1975; Haynes and Kl ims t r a  1975a; Lyle  e t  a l .  
1976; Ashby e t  a l .  1978; Chapman e t  a l .  1978; 
Kimmel and Samuel 1978; R i l e y  and Brown 
1978).  Other  s t u d i e s  have shown t h a t  one 
can r ea sonab ly  p r e d i c t  t h e  amounc of time 
needed t o  reach  a c e r t a i n  degree  of ecosystem 
recovery  i f  h i g h l y  t o x i c  (e .g .  pH < 4.0) 
systems a r e  excluded from c o n s i d e r a t i o n  
(Campbell e t  a l .  1965, C a r r e l  t t  a l .  1977, 
DeMott 1978, Vaughan e t  a l .  1978) .  For  
example, Vaughan e t  a l .  (1978) have shown 
t h a t  a l k a l i n e  d r a i n a g e  systems i n  c a s t e r n  
Tennessee d i s t u r b e d  by contour  s u r f a c e  mining 
could  r ecove r  t o  o r i g i n a l  o r  n e a r  
p r e d i s t u r b a n c e  l e v e l s  over  a ~ e r i o d  of 20 t o  
24 y e a r s  ( i . e . ,  popu la t i on  s i z e ,  number o f  



taxa, and species diversity). Recovery of 
fish populations were,shown to occur in only 
those disturbed.streams where migration of 

. . 
fish was possible .from connecting undisturbed. . . 

streams (i.e., refuges). - 
~ e ~ u l ' a t o r ~  authorities should be aware 

of the Dotehtial value. of. abandoned lands ... . 

,for mitigation and enhancement of fish and . . 

. .; wildlife habitat even when this use is not 
. the primary one. Criteria and guidelines . . 

should be developed not only to correct 
.problem situations, but also to incorporate 

. . 
both existing'and planned fish and wildlife 
.habitats into future land-use and reclamation 
plans. One suggested approach for 
accomplishing this task is discussed below. 

. . RECLAlATION OF ABANDONED MINE LANDS: 
PLANNING FOR FISH AND WILDLIFE 

Inventory and Other Supporting Data Bases 

As depicted in Figure 1, the first step 
in planning for the reclamation of abandoned 
lands is to develop a comprehensive and 
descriptive data base of all sites and to 
classify these sites into the priorities 
established by SMCRA. In response to this 
need, the Office of Surface Mining 
Reclamation and Enforcement (OS>l) within DO1 
has contracted the Oak Ridge National 
Laboratory (ORNL) to assist them in 
developing a national inventory of abandoned 
mines and related problems. The project 
includes four phases: (1) Create an initial 
inventory and design a final inventory system 

i 
with computer storage and retrieval 
capabilities, using existing maps, 
photograptls, and previous inventory data 
bases. ( 2 )  Develop a computerized system 
for storage and retrieval of spatial data. 
( 3 )  Select study areas for testing and 
demonstrating the use of remote sensing 
technology. (4) Complete a national 
inventory, which \gill be available for 
continuing analysis of problems and 
conditions. 
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Figure 1. Procedures for integrating f i sh  
and.wildlife considerations into plans for 
reclamation of abandoned mine lands. 



Once t h e  l o c a t i o n  of abandoned mines i s  
e s t a b l i s h e d ,  much of t h e  in format ion  needed 
by d e c i s i o n  makers can be ob t a ined  through 
t h e  use  and a n a l y s i s  of a e r i a l  photographs 
and suppor t i ng  d a t a  s e c s .  Eva lua t ion  of  
a e r i a l  photographs can provide  t h e  e x t e n t  of 
b a r r e n  and poor ly  v e g e t a t e a  si tes and 
e x i s t i n g  h a b i t a t  t ypes  both on and a d j a c e n t  
t o  t h e  abandoned l ands .  F u r t h e r  e v a l u a t i o n s  
can a l low:  ( 1 )  t e n t a t i v e  c l a s s i f i c a t i o n  o f  
si tes acco rd ing  t o  e s t a b l i s h e d  p r i o r i t i e s  
f o r  funding;  ( 2 )  ranking  of s i t e s  f o r  f i s h  
and w i l d l i f e  h a b i t a t  based on d e t e r m i n a t i o n  
of t h e  edges,  v e g e t a t i o n  type ,  d i s t r i b u t i o n  
and cove r ,  and s u r f a c e  water  measured 
d i r e c t l y  from a e r i a l  photographs (L ines  and 
P e r r y  1978);  and ( 3 )  c l a s s i f i c a t i o n  of s i tes  
accord ing  t o  s e l e c t e d  measures  of  
r e c r e a t i o n a l  p o t e n t i a l  ( ~ o s e b e r r ~  1963, 
Forrey 1973, Ford 1975, Haynes and K l i m s t r a  
1975a).  

E x i s t i n g  d a t a  s e t s  f o r  f i s h  and w i l d l i f e  
can a l s o  be  searched  t o  o b t a i n  i n fo rma t ion  
about  s p e c i e s  i n c l u d i n g  t h e i r  b e h a v i o r a l  
t r a i t s ,  h a b i t a t  d i v e r s i t y  and i n t e r s p e r s i o n  
needs ,  and o t h e r  l i m i t i n g  f a c t o r s  t h a t  might 
occur  on abandoned mine lands  ( f i g .  1). To 
op t imize  use  of such d a t a ,  i t  should be  
computerized and made a v a i l a b l e  t o  u s e r s  
a long  wi th  s imple u s e r  i n s t r u c t i o n s .  
Otherwise,  t ime consuming s e a r c h e s  o f  t h e  
l i t e r a t u r e  w i l l  be r equ i r ed  t o  o b t a i n  t h e  
needed in fo rma t ion .  

A prime example of t h i s  type  of sys tem 
i s  FAUNA, a  computer ized f auna l  i n fo rma t ion  
system f o r  u se  by land managers i n  land-use 
d e c i s i o n s  a f f e c t i n g  f i s h  and w i l d l i f e  
r e s o u r c e s  (Mason e t  a l .  1979).  Th i s  work i s  
being d i r e c t e d  by t h e  U .  S. F i s h  and 
W i l d l i f e  S e r v i c e ' s  (USFI,JS) E a s t e r n  Energy 
and Land Use Team. FAUNA is l a r g e l y  t e x t u a l  
w i t h  i n fo rma t ion  on s p e c i e s  d i s t r i b u t i o n ,  
key h a b i t a t  f a c t o r s ,  food,  cover  and n i c h e  
r equ i r emen t s ,  and management p o t e n t i a l  f o r  
f i s h ,  amphibians,  r e p t i l e s ,  b i r d s ,  mammals, 
and s e l e c t e d  a q u a t i c  and t e r r e s t r i a l  
i n v e r t e b r a t e s  (Plason e t  a l .  1979) .  A major  
g o a l  of t h e  USFWS i s  t o  provide  u s e r s  w i t h  
such d a t a  f o r  r e g i o n s ,  ecosystems,  and 



specific.11aLi~i.i~ types. Progrcss is being 
. . .. . . " made in .achieving this goal but much more 

work remaiLs. to be completed (USFWS 1977, 
1978; Patton 1978; Schweitzer et al. 1978). 

Ilabi ta t evaluation procedures (HEP) 0 

presently being developed and tested by the 
USFh'S (Schanberger and Farmer 19781, may be 
useful for planning the reclamation of 
abandoned lands (fig. 1). These procedures 
were designed to provide baseline information 
on selected indicator species (singly or in 
associations) and their habitat needs for 
subsequent use in evaluating and quantifying 
environmental impacts on these species from 
proposed projects and land-management 
schemes. Their use assumes that the quality 
of various ecological communities can be 
objectively characterized and quantified by 
determining the degree to which known life 
requisites of indicator cpecie6 are prov ided .  
Thus, use of HEP is restricted to those 
species whose habitat requirements are well 
documented in the literature. Application 
of HEP leads to determination of a habitat 
suitability index (based on assessment of 
physical and biological parameters), a 
habitat quality index (total of the 
suitability indices for all indicator 
species), and a habitat value (product of 
the area of habitat and the habitat quality 
index) (Flood et al. 1977, Raleigh 1978, 
Schamberger and Farmer 1978, USETlS 1979). 
If IIEP are to be used in evaluating abandoned 
mine lands, indicator species and their 
physical and biological limiting factors 
must be identified so that these factors can 
be sampled during subsequent site-specific 
inventories. The USFWS should plan to 
provide guidance and assistance to potential 
users if they intend for HEP to be used in 
the evaluation of reclamations for abandoned 
lands. 

Careful evaluation of existing features 
of abandoned lands, as determined remotely 
and prior to site-specific inventories, will 
provide information needed by planners, t,o 

' 

tentatively se1ec.t several reclamation 
options together with important factors 
needed for management of fish and wildlife. 



Subsequent site-specific inventories ( f i g .  1) 
s l lould  t h e n  h e  designrld t o  a s s e s s  the 
presence or absence, quality, and quantity 
of these factors. Site inventories may also 
lead to reclassification of funding 
priorities based on additional information 
obtained, e.g., hazardous mine openings, 
acid mine drainage, or other conditions not 
previously identified by remote evaluations. 

-Determining Environmental Impacts on 
Fish and Wildlife and Selection of 
Preferred Reclamation Options 

Site-specific inventories that are 
properly designed and conducted to measure 
the critical or limiting factors should 
provide the information needed by planners 
to evaluate impacts of proposed reclamation 
plans. This should lead to the selection of 
preferred reclamation and land-use 
alternatives resulting in the correction of 
environmental problems and optimization of 
fish and wildlife values (fig. 1). The IIEP 
discussed earlier (Schamberger and Farmer 
1978, U S f l J S  1979) can be used to quantify 
impacts on selected indicator species due to 
proposed reclamation activities. For those 
species or groups of species possessing 

- similar habitat requirements which are not 
or cannot be evaluated by IIEP, a perturbation 
matrix may be utilized (States et al. 1978). 
This type of matrix provides a qualitative 
assessment of potential impacts by comparing 
proposed reclamation activities with expected 
damage or destruction of habitats and their 
biota. 

'Development, Implementation, and Validation 
of Fish and Wildlife Nanagement Plans 

Fish and wildlife management plans 
..should always be integrated with the final 
reclamation strategy and corresponding land 
use (fig. 1). Tlie basic guiding philosophy 
should be to utilize as many of the existing 
features of the abandoned sites as possible,. 
while using supplemental plantings, water 
sources, and other nleasures as needed to s 



enhance food, cover, water, and spatial needs 
for the managed species. It is alvu 
important to remember that the abandoned 
sites represent only one or more components 
of a larger management unit that includes 
the land uses and habitats adjacent to them. 

Two other somewhat conflicting 
management approaches must be considered. 
One focuses on increasing the total number 
of species that can use an area by increasing 
habitat diversity, while the other must 
recognize the special needs of any 
endangered, threatened, rare, or otherwise 
.important species that may be adversely 
affected by the intended management 
strategies. Therefore, planners must go a 
step beyond simply identifying important 
habitat types and incorporating them into 
management plans. The optimum percentage of 
each habitat type and the spatial design of 
habitats (interspersion) whish provide the 

. most benefits to single or groups of species 
must be considered; this should include 
provision of movement corridors between one 
habitat type and another. 

Numcrous help Eul documents which discuss 
in detail the above management concepts are 
available to planners (e.g., Leopold 1933, 
Lagler 1956, Giles 1971, Burger 1973, Leedy 
et a l ,  1978, Rafaill and Vogel 1978, Raleigh 
1978, Puglisi and Hassinger 1978). In 
addit-ion, the expertise of experienced 
biologists should be employed at all stages 
of the p r o j e c t  planning, review, and 
implementation. 

We. believe that it is extremely 
important for planners to develop method's 
and criteria for validating the success or 
-deficiencies of the implemented management 
plans. This requires diligent descriptive 
record keeping of the project design and 
activities. It should be continued with 
measurement and evaluation of previously 

' selected criteria of success at periodic 
intervals following "I:  plementation of plans. 
Plans. should provide for. the integration of 
such data'into existing.data sets as quickly 



as possible to assist in development of 
future management plans (fig. 1). Also, in 
later years of abandoned mine lands programs, 
such data may be needed to justify additional 
funding and continuation of programs. 

COKCLUSIONS 

We believe that successful integration 
of fish and wildlife values is possible at 
all levels of reclamation of abandoned lands, 
Programs for reclaiming these lands should 
greatly benefit many species of fish and 
wildlife through the correction of adverse 
conditions associated with past coal mining, 
However, we expect that the degree of 
significant positive benefit to fish and 
wildlife through reclamation or development 
efforts will decrease for some proposed 
projects with low funding priority (i-e., 
SMCRA, some Priority 3 or lower priorities), 
and there could be significant adverse 
effects on fish and wildlife resulting from 
reclamations of such sites. 

Our involvement with the Rural Abandoned 
Nine Program (RtZEIP) in Tennessee through 
Committee review of applications for 
reclamation funding has impressed upon us 
the diversity of opinions regarding 
reclamation-priority classification and 
proposed reclamation and management 
alternatives. For each proposed project 
reviewed by the &\PIP Committee, numerous 
alternatives ( e . g . ,  whether or not highwalls 
should be eliminated or affected lands 
returned to their approximate original 
contour, souices of topsoil or other material 
for amending toxic conditions, species of 
vegetation to be established) were apparent, 
all of which may aEfect fish and wildlife 
populations. Such differences of opinion 
have lead us to believe that an environmental 
impact assessment (EIA) should be prepared 
for every proposed reclamation project, and 
in those cases where an EIA reveals 
reasonable prediction of significant 
negative impacts to the environment, an 
environmental impact statement (EIS) should 



also be prepared as dictated by the National 
Environmental Policy Act (NEPA). Many of .. 
the recommendations and procedures presented 
in this paper for coordinating fish and 
wildlife management plans into other land-use 
and reclamation plans can be an important 
part of preparation of environmental impact 
documents. 

Our involvement with W I P  has also 
shown us that this Program will use EIArs 
and EIS's within the framework of recent 
Council on Environmental Quality (CEQ) 
regulations and guidelines for implementing 
the National Environmental Policy Acc. (CEQ) 
1979; USDA 1978~1, 1378b). Although w e  
expect the OSM to clarify further their 
position with regard to the CEQ regulations, 
their compliance policies for using EIA's 
and EIS's in their abandoned mine programs 
have not yet, to our knowledge, been clearly 
defined (UOI 1Y/8) .  We strongly urge fish 
and wildlife biologists to assume an active 
role in these evolving programs to ensure 
the-mitigation, enhancement, and protection 
of fish and wildlife in all reclamation and 
development efforts. 



LITEMTURE CITED 

Ashby, W. C., C. Kolar, M. L. Guerkc, 
C. F. Pursell, and J. Ashby. 1978. 
Our reclamation future: The missing 
bet on trees. State of Illinois 
Institute for Environmental Quality, 
ZIEQ Document No. 78/04, Chicago. 99 p.  

. . ~e.11; R;  1956.- Aquatic and marginal. . . 

vegetation of strip-mined waters in . . .  
southern Illinois. Trans. Illinois 

' State Acad. Sci. 48:85-91. . . 

.Brewer, R. E. 1958. Breeding bird 
populations of strip-mined land,in Perry 
County, Illinois. Ecology 39 :543-545. 

Burger, G. V. 1973. Practical wildlife 
management (fourth printing). 
Winchester Press, New York. 218 p .  

. Campbell,.R. S., 0. T. Lind, W. T. Geiling, 
and G. L. Ilarp. ,1965. Recovery from 
acid pollution in shallow strip-mine 
lakes in Missouri. ~ngineerin~ Bull. 
49: 17-26. 

Carrel, J. E., C. L. Kucera, A. P. Harrison, 
Jr., and R. W. Dlanchar. 1977. Strip 
-mine reclamat ion: An island 
b+geographical and ecosys tern energetic 
approach. Prog. Rep. 000-2758-2 
Prepared for: U. S. Energy Res. and 
Dev. Adm., Univ. of Missouri at 

. . 
Columbia. 28 p. 

Chapman, D. L., B. S. McGinnes, and R. L. 
Downing. 1978. Breeding bird 
populations in response to the natural 
revegetation of abandoned contour mines. 
Pages 328-332 in Proceedings: Surface 
Plining and ~isL*fi~ildlife Needs in the 
Eastern United States Symposium, 
Piorgantown, West Virginia. West 
Virginia University and U. S. Fish and 
Wildlife Service. U. S. Government 
Printing Office, Washington, D.C. 



Council on Environmental Quality (CEQ). 
1979. Regulations for implementing the 
procedural provisions of the National 
Environmental Policy Act. Council on 
Environmental Quality, Executive Office 
of the President, \rlashington, D. C. . 
U. S. Government Printing Office 
Document No. 0-278-881, [iashington, 
D. C. 44 p. 

DeMott, J. E. 1978. Natural revegetation of 
Missouri strip mines. F1. A. Thesis. 
Univ. of Missouri at Columbia. 89 p. 

Flood, B. S., M. E. Sangster, R. D. Sparrow, 
and T. S. Daskett. 1977. A handbook 
for habitat evaluation procedures. 
U. S. Dept. of the Interior, Fish and 
Wildlife Serv. Resour. Publ. 132, 
Washington, D. C. 77 p. 

Fnrd,  R. D. 1975. Strip mine reclamation 
a for recreation. Soil Conserv. Soc. of 
Am. 30:94-99. 

Forrey, Id. C. 1973. - Establishing priorities 
for reclamation of surface mined lands 
for oufdoor recreation. Pages 28-29 in . -. . 
Outdoor Recreatin Action. Proc. ~ a t l 7  . 

. . . . .  - . .  Conf. Surface Elined Lands for Outdoor 
Kecreation, i.!asl.iington, D. C. Bureau of - 
Outdoor Recreation, U. S. Dept. Inter. . 

.Rep. 28. U. S. Gov. Printing Office, 
Washington. 48 p. 

Giles, R. H., Jr. (ed.). 1371. Wildlife 
management techniques (3rd ed.). The 
Wildlife Society, Washington, D.C. 
633 p. 

Haynes,.R. J., and W. D..Klimstra. 1975a. 
. . ~llinbis lands surfzce mined for coal. 

. . 
Coop. Wildl. Res. Lab., Southern 
Illinois University at Carbondale. 
201 p. 

Haynes, R .  J., and W. D. Klinstra. 1975b. 

. ' . . Some properties of coal spoilbank and 
refuse materials resulting from 
surface-mining coal in Illinois. 
Illinois Institute of Environmental ' ' o 

Quality, Chicago,'Illinois. 126 p. 



Holmberg, G. V.. 1978. .Basic statistics: 
Status of land disturbed by surface 

' 

mining in the U. S. as of July 1, 1977 
by states. U.' S. Dept. of Agric., Soil . 
Conserv. Serv. Draft Rep. Washington, 
D.C. 99 p. . . 

Jewell, S. R., and R. J. 'Haynes. 1973. A 
survey of the status.of Illinois coal . . 

surface-mined lands created prior to 
. January 1, 1962 (pre-law). Pages 
: 334-350 in Res. and Appl. Technol. 

Symp .. onLfiined-land Reclamation, 
Pittsburgh, Pa. ~ituminous Coal Res., 
Inc., Monroeville, Pa. 355 p. 

Kaiser, G. T. 1978. Developing an inactive 
mined land survey plan and forms on a 
watershed basis for a data base for 
future planning. Pages 304-308 in 
Proceedings: Third Annual ~eeti;? of 
Canadian Land Reclamation Assoc. 
Guelph, Ontario Canada. 

Karr, J. R. . 1968. llabitat and avian 
. . diversity on strip-mined land in 

east-central ~llinois. Condor 

. .  . 70:348-357. 

. , . . . . . - . . Kimmel, R. O., and D. E. Samuel. 1978. 
Ruffed grouse use of a twenty-year old 
surface mine. Pages 345-351 in 
Proceedings: Surface Mining YGd 
Fish/Wildlife Needs in the Eastern . 

United States Symposium, Ilorgantom, 
West Virginia. West Virginia 
University and U. S. Fish and Wildlife 
Service. U. S. Government Printing 

. . Office, Washington, D.C. 

Klimstra, W. D. 1959. The potential of 
wildlife.management on strip-mined 

. '  areas. Ill. Wildl. 14:5-9. 

-Klimstra, 14. D., and V. A .  Terpening. 1974. 
. Problem sites: surface-mined lands in 

Illinois. Coop. Wildl. Res. Lab., 
Southern Illinois Univ., Carbondale. 
24 p. plus 232 p. in appendices. 



Lagler, K. F. 1956. Freshwater fishery 
hiolog~. Wm. C. Brown Co., Dubuque, 
Iowa. 421 p. 

Leedy, D. L., R. M. Maestro, and T. X. 
Franklin. 1978. Planning for wildlife 
in cities and suburbs. U. S:Dept.,of 
the Interior, Fish and Wildlife 
Service, Washington, D.C. 65 p. . , . ' 

~eo~old,'-A. 1933: Game management. 
Charles. Scribner ' s Sons., New Yorlc. 

, '  481 p .  

Lines, I. L., Jr'., and C.. J. Perry. 1978. 
A numerical wildlife habitat evaluation : . 

procedure. Trans. N. Am. Wildl. Nat. 
Resour. Conf . 43 : 284-301 ., 

Lyle, E. S., Jr., D. J. Janes, D. R. Hicks, 
and D. 11. Lleingartner. 1976. National 
Coal Association/~ituminous Coal 
Research, Inc. Symposium on Surface 
Nining and Reclamation, Washington, 
D.C. 4:140-152. 

Mason, W. T., Jr., C. T. Cushwa, L. J. 
Slaski, F. 11. Rice ,  and I<. H. Decker. 
1979. FAUNA, a conlputerized faunal 

- - information sysLem, coding instructions, 
U. S. Fish and Wildlife Service, 
Eastern Energy and Land Use Team, 
Office of Lliological Services, Harpers 
Ferry, WV. 18 p. + 15 Appendices. 

Myers, C ,  W., and W. D. Klimstra. 1963. 
Amphibians and reptiles of an 
ecologically, disturbed (strip-mined) 

. . 'area in southern Illinois. Am.. Micll. 
Nat. 70:126-132. 

Nawrot, J. R., R. J. Haynes, P. L. Pursell, 
J. R. DIAntuono', K. L. Sullivan, and' W. , 

D. Klimstra. 1977a. Illinois lands 
affected by underground mining ,for 
coal. Illinois Institute of 
Environmental Quality, Chicago, . . 

Illinois. 195 p. 



Nawrot, J. R., P. L. Pursell, W. D. 
Klimstra, and B. N. Jacobson. 1977b. 

. . .problem sites: Lands affected by 
underground mining for coal in 
Illinois. Illinois Institute for 
Environmental Quality, Chicago, 
Illinois. 556 p. 

. . .  . . Nawrot,J. R., and W. D. Klimstra. 1977. 

..Illinois' mined land inventories: 
. . Their implementation and utilization. 

. ,  ' National Coal Association/Bitumino'us 

. . Coal. ~e'search, Inc. Symposium on 
. ' Surface Plining and Reclamation, 

Washington, D.C. 5:54-60. 

.Patton, D. R. 1978. Run wild: A storage 
and retrieval system for wildlife 
habitat information. U. S. Dept. of 
Agric., Forest Serv. ,Rocky ~ountain 
Forest and Range Exp. Stn., General 

. . . Tech. Rep. kY'S1, Fort Cullins, 
Colorado. 8 p. 

Puglisi, M. J., and J. D. Hassinger. 1978. 
.An-acetate survey guide for forest . 

.wildlife habitat improvement. Wildl. 
. . Soc. Bull. 6:40-42. 

. ..--- . -  - -  . -  - Rafaill, ' B .  L., and 1.1. G. Vogel. 1978. . . 

A guide for vegetating surface-mined . 
lands for wilidlife in eastern Kentucky 
.and-\.Jest Virginia. U. S. Dept. . . 

Interior, Fish and Wildlife Service, 
FI.Is/ODS-~~/~~, Iiarpers Fer-ry, West 
Virginia. . U .  S. Government Printing 
Off ic,e Document 0'-274-860, Washii>gton, 
D.'C.  89 p. 

Raleigh, R. F. 1978. Habitat evaluation 
procedure'for aquatic assessments. 
Pages 131-137 i.n Methods for the 
Assessment aild-'Yrediction of Plineral ' 

Mining Impacts on ~ ~ u a t i c  Communities: 
A Review' and Analysis Workshop., U: S. 
Dept. of the Interior, Fish and' 
Wildlife Service, Washington, D.C.. 



Roseber ry ,  J.  L. 1963'. Repor t  on a  s u r v e y  
of p o t e n t i a l  r e c i e a t i o n a l  u t i l i z . ? t i . o n .  
o f  I l l i n o i s  s t r i p - m i n e d  l a n d s .  Coop. 
W i l d l .  Res.  Lab . ,  S o u t h e r n  I l l i n o i s  
Univ. ,  Carbonda le .  Mid-West Coal  
P r o d u c e r s  I n s t . ,  I n c .  11 p. 

R i l e y ,  C. V. 1 9 6 3 . .  R e v e g e t a t i o n  and 
. management of c r i t i c a l  s i t e s  f o r  

' w i l d l i f e .  Pages 269-263 i n  Trans .  N, 
. Am. W i l d l .  Nat. Resour .  CX;~. W i l d l i f e  

Planagement I n s t i t u t e ,  Washington,  D.G- 

R i l e y ,  C .  V. ' 1975. Ecosystem .deveiopment 
o n  c o a l  surface-mined l a n d s ,  1918-75.' 

. Pages  303-346, i n  J .  C a i r n s ,  Jr . ,  K. L, 
Dickson,  and EYE. H e r r i c k s ,  e d s .  

' R e c o v e r y  and r e s . t o r a t i o n  o f  damaged 
ecosys tems .  Univ. P r e s s  o f  V i r g i n i a ,  

. ' C h a r l o t t e s v i l l e .  

R i l e y ,  K .  K . ,  and PI. L. Erown. 1978. The 
n a t u r a l  i n v a s i o n  o f  w i l d l i f e  food and  
c o v e r  s p e c i e s  o n t o  b i t u m i n o u s  c o a l .  . 
spo i l ' .  . Pages  376-380 i n  .Proceedings:  

.. S u r f a c e  Piining and ~ i s K ] ~ i l d l i f e  Needs 
i n  t h e  E a s t e r n  U n i t e d  S t a t e s  Symposium, 
Morgantown, West ~ i ' r ~ i n i a .  West 
V i r g i n i a  U n i v e r s i t y  and U. S. F i s h  a n d  
W i l d l i f e  S e r v i c e .  U .  S .  Government 

. . P r i n t i n g  O f f i c e ,  Washington,  D.C. 

Schamberger,  M . ,  and A.  Farmer .  1978. The 
h a b i t a t  e v a l u a t i o n  p r o c e d u r e s :  Their .  
a p p l i c a t i o n  i n  p r o j e c t  p l a n n i n g  and 
impact  e v a l u a t i o n .  T r a n s .  N.  Am. 
W i l d l .  and Nat.  Resour .  Conf. 

' .  '43:274-283. 

S c h w e i t z e r ,  D.  L . ,  C .  T. Cushwa, and T, N. 
H o l k s t r a .  1978. The 1979 , n a t i o n a l  

. a s s e s s m e n t  of w i l d l i f e '  and f i s h :  A 
p r o g r e s s  r e p o r t .  . T r a n s .  N .  Am. Wildl. 
and Nat .  Resour .  Conf.  43:266-273. 

S t a t e  of Ohio.  1974. Land r e b o r n .  S t a t e  
o f  Ohio.  91 p .  



States, J. B., P. .i. Haug, T. G. Shoemaker, 
L.'W. Reed, and E. B. Reed. 1978. A 
systems approach. to ecological baseline 
studies. U. S. Dept. of the Interior, 

' Fish ,and Wildlife Service 
(FWSIOBS-78/21), Idasl~ingtoil, D.C. 

Tennessee Valley Authority (TvA), and 
Tennessee Department of Conservation. 
'1975. . An action prograii for 

- ' Tennessee's abandoned coal mines. TVA, 
Tennessee Dept. Conserv. in coop. with 
U. S. Dept. Agric./U. S. Dept. 
Interior. 50 p. 

United. States Congress. ,1977. The surface 
mining control and reclamation act of 
1977. U. S. Congress, Public Law 95-87. 

U. S. Department of Agriculture (USDA). 
1Yj8a. ~ural abandoned mine program: 
.Final rules and .regulations. Fed. 
Regis. 43:44748-44756'. 

U. .S. Department of Agriculture (USDA). 
1978b. ~nvirdnmental impact statement: 
Rural abandoned mine program. U. S. 
Dept'. of Agric., Soil Conserv. Service, 
Washington, D.C. 110 p. 

U. S. Department o.E the Interior (USDOI). 
'1978. Abandoned mine land reclamation 
program: Final rules. Fed. Regis; 
43:49932-4995'2. 

U. S. Fish and \?ildlife Service (USFWS). 
1977. Balancing national energy needs 
with ecological requirements. Eastern 
Energy and Land Use Task Force Report: 
Execqtive Summary. U. S. Dept. of the 
Interior, 'Washington, D. C. 34 p. 

U. S. Fish and Wildlife Service (USFWS). 
. . 

1978. The ~ulletin: . Habitat . . 

preservation news 2:l-11. 
. . 

U. S. Fish and Wildlife Service (USFWS). 
1979. Habitat evalua'tion procedures. 
Review Draft. U. S. Fish and Wildlife 
Service, Fort Collins, Colorado. 
66 p. + appendices. .% 



.Vaughan, G. L., A. Talak, and R. J. 
Anderson. 1978. The chronology a d  

, 
character of recovery of aquatic 
communities from the effects of strip 
mining for coal in east Tennessee. 
Pages 119-127 in Proceedings: Surface 
Plining and ~i<hT\~ildlife Needs in the 
Ea,stern United .States Symposi~~m, 
Norgantown, West Virginia. West 
Virginia University and U. S. Fish and 
'Wildlife Service. 

. . 

Verts, B. J. 1959. Notes on the ecology of 
mammals of a strip-mined area in 
southern Illinois. Trans. Ill. State 
Acad. Sci. 52:134-139. 

Wobber, F. J., C. E:Wier, T. ~eshendok, 
and W.. Beeman. 1975. Coal refuse site 
inventories. Photogrammetric 

, Engineering and. Remote sensing, J. of 
the Am. Soc. of Photogrammetry. 

. ' : 41:1163-1171. 

Yeager, L. E. 1941. Wildlife management on 
coal stripped land. Pages 348-353 in - 
Trans. X.  Am. Wildl. Nat. Resour. 
Conf., Wildlife Management Institute, 

. . Washington, D. C. 

.- . . . . . . . - . . . 
Yeager, L. E, 1942. Coal-stripped land as a 

mammal. habitat with special ref eren.ce 
to fur animals. Am. Midl..Nat. 
27:613-635. 


