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i\BSTRACT 

The aqua tic insect  faunas o f  twenty- three s t reams in the Cumb er­

land Mountains o f  Tennessee were inves t iga t ed . The p urpo s e  of the s tudy 

was to ana lyze  the recovery through t ime of the aqua t ic insec t faunas o f  

s t reams p o l lu t ed b y  runo ff f rom cont our s trip mines . 

Quan t i ta t ive determina t ions o f  the benthic ins e c t  fauna were made 

us ing two method s . The f i r s t  invo lved r emoving s ub s tra t e  par t i c l e s  and 

p ic ki n?, o f f  the ins e c t s  wi th forcep s . Th e second was a Surb er Sampler 

type method of  p l a c ing a s c r een in the s treams and d is turb ing the 

s ub s t r a t e  ups t ream of the s c r een . 

Ra ther than s ample o ne s tr eam over a period  o f  year s ,  s imul tan­

eous  s amp l e s  were taken in s tr eams o f  s imilar flow and s ub s t ra t e  

charac ter i s t ic s , b o t h  i n  \va tersheds '>Vh i c h  had b een d is t urbed b y  s t r i p  

mining ac t iv i t i es  a t  various t imes in t h e  pas t a n d  i n  control  s t reams . 

I t  was po s s ib le i n  this  manner to analyze changes in commun i ty s t ruc t ure 

o c cur ing over a t\ven ty-t.vo-yen.r p8rio d follo.ving the c e s s a t io n  o f  

s t r ip m in ing ac t ivit ie s .  

Gene ral recovery t rends wer e analy z ed q uan t i ta t ivel y  by p lo t t ing 

the numb er of individual s ,  number of t axa , and a s p e c ies dive r s i t y  index 

agains t t ime . I t  .va s found that all three parameters decreased a f ter  

the ces s a t ion of  mining , reach ing a minimum after four to s ix yea r s . 

A f ter t h i s  t ime the values  b egan to increase , r e t u rning es sent ially to 

p r ed i s t urbanc e l evel s  af ter twen ty- t.vo years . Qual ita t ive analy s i s  o f  

the inse c t s  a c t ually presen t , ho.veve r ,  sho.vs tha t  the s t ruc t ure o f  the 

commu n i ty was al tered and even a f te r  ttventy- t.vo y ea r s  i t  ha d no t r e t urned 

i i  



i i i  

t o  no rnml . 1�e c hange in fauna l compo s i t ion does not appear to b e  due 

t o  a c id mine d ra inage bu t mo s t  probab ly to t h e  eff e c t s  of s i l tat io n .  

The rol e of incr eased conc entratio ns o f  d i s s o lved c ons t i tuen t s  wa s no t 

eva l ua t e d  and i t  i s  po s s ib l e  some o f  the effe c t s  on the ins e c t  faunas 

are a t t r ib u t ab l e  to this fac tor . 



PREFACE 

The purpo s e  o f  this r e s earch was to a s s e s s  the ef fec t s  of coal  

surface mining on the aqua t i c  ins ec t f aunas of  s tr eams . Further aspects  

of  the environme n t a l  impac t of  c oa l  surface min ing are b eing inve s t i­

gated a t  the  Univer s i ty o f  Tenne s s e e  b y  the d epar tme n t s  of Environmental 

Engineer ing and Zoo logy . The purpo s e  from the  s ta r t  has b een to 

e s tab l ish communica t ion and share exp er t i s e  b e tween a va r i e ty o f  d i s c i­

p l ines o n  a common p rob l em .  Phys ical  and chemical wa t e r  q ua l i ty data 

are b e ing inve s t igat ed by  the Environmen t a l  Engineer ing depar tment i n  a 

numb er o f  t he s t r eams samp l e d  i n  t h i s  research . The e f f e c t  o f  s t r i p  

mining o n  hydr o l o gy in t h e  Ne1.v River wa t e rshed h a s  b een s tu d i ed by  the 

C ivil Eng ineer ing d epar tmen t . B io l o gicall y ,  i n  add i t io n  t o  the res earch 

p e r formed for this thes is , Dia tom popul a t ions are b e ing s tudied a s  

well as t h e  d iver s i t y  o f  f i s h  communi t ie s . I t  i s  hoped that  anyo ne s eek­

ing to inve s t igate  as fully as po s s ib l e  the environmen tal  impa c t  o f  coal 

sur face mining will consu l t  th e s e  add i t iona l  sources of  informa t io n  f o r  

a t r u l y  i n t e r d i s c i p l i nary view o f  a mul t i face ted p rob l em .  

iv 
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CHAPTER I 

INTRODUCTIO N  

Surface mining is probably the o l d e s t  form o f  c oal recovery i n  

Tennes s ee (Boccardy , 1 9 6 8 ) . I t  was no t unt i l  a f t er World War I I , how­

ever, that t h i s  type of mining b egan to be prac t iced on a l arge s c al e .  

There are two maj or type s o f  coal  surface mining , area and contour ,  

w i th the type used  d ep end ing o n  the t op o graphy o f  the area to b e  mine d . 

Area mining , i l l u s tra t ed in Figure 1 ,  is pra c t iced on fla t t erra in . 

A s equen t ial  s eries o f  p ara l l e l  trenches is dug down to th e coal  

s eam and the overl y i ng ma terial , the  overburd�n , is  used to f il l  in a 

trench from wh ich the coal hos a lready b een extrac ted ( Green , 19 6 9 ; 

Grim , 1 9 7 4 ) . Th i s  type o f  mine i s  eas i ly and e conomically reclaimed 

( Brooks , 1 9 7 0 ) . The s econd type o f  s urface mine , ill us tra ted in Figure 

2 ,  is contour mining . I t  is pra c t i c e d  in mo un ta inous areas  where , a s  

the name imp l ies , a coal s eam i s  fol lowe d arounda mo un tain  (Anon . ,  1 9 7 3 ) . 

The overb urden i s  removed and usua l ly pushed dmvn the  mo un t a in b e l mv th e 

coal o u t cro p . S ince the overb urd en i s  commo nly removed w i t h  exp lo s ives , 

the s po i l  may b e  c a s t  a consid erab l e  d is tance dO\vn slo pe . The removal 

o f  the overb urden forms a fla t "b ench " from wh i ch the coal  is removed . 

Th is type o f  mine is mnr e  expens ive and d if f i cul t to  reclaim than a n  

area mine . I t  also  has a grea ter enviro nmen tal impac t ,  w i th the over­

burden o f  one s tripped a cre af fect ing up to four a cres on the downh i l l  

s lope ( Brooks , 1 9 7 0 ) . The contour mine i s  the t y p e  mo s t  o f t en 

encoun t ered in the Cumb erland moun ta ins o f  Tennes s e e . A t  the pre s ent 

1 
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t ime , reclama t ion i s  required by  s t a t e  law .  Un fort una t ely e s tab l ish­

ment o f  re c l ama t ion re quiremen t s  i s  a recent phenomenon and over 2 6 , 000 

a cre s o f  l and were s tripped in Tenne s s e e  prior to the enac tme n t  o f  

regul a tory l e g i s la t ion ( Bo c cardy , 1 9 6 8 ) . Th e s e  "orph an" mines rema in 

largely unre c l aimed . Thi s  s tudy \vas und ertaken to de term ine how th e 

b enth ic insec t faunas o f  s treams a f fec te d  by s trip  mine dra inage 

recover a f ter the ces s a t ion o f  mining a c t ivi t i e s . The b en t h i c  ins e c t  

f auna was cho sen f o r  inves tiga t ion b e cause b e n t h i c  o rganisms are re l a­

t ive ly s e s s i l e  and easy  to s amp l e ,  and th ey have long l i fe cycles  wh ich 

tend to ind i c a te pas t as wel l  as pre s en t  environmental con d i t i ons 

(Cairns and D icken s o n ,  1 9 7 1 ; Cro s sman , 19 7 3 ;  Damb ach , 19 6 9 ; Ma cke n thum ,  

196 6 ) . 



CHAPTER I I  

THE STUDY AREA 

The coal f ields  of Tennes se e  a r e  part  o f  the Appalachim region, 

e x tending from c en t ral Pennsy lvan ia into Alabama ( s e e  Figure 3 ) .  Th e 

c oal depo s i t s  ex t end through the c e n t ral por t ion o f  the  s ta te in a 

relat ively nar row s t r i p  running i n  a no r th e a s t  to s o u thwe s t  d i re c t io n . 

The s tudy was conduc t ed i n  the Cumbe r l and Ho un ta ins ; s p e c i f i cally i n  

Ande rson , Campbel l , Mo rgan a n d  S co t t  coun t i e s , a n  area Hhi ch p roduces 

approxima tely  7 0  % of  the coal mined in Tennessee (Lar s o n ,  19 7 6). 

The a rea i s  in th e no r theas t p o r t io n  o f  the Tennes s ee Coal B e l t  bounded 

appro x ima te l y  by U . S .  27 o n  the wes t ,  Tennes s ee 6 3  on the no r th , 

Tenne s s e e  1 1 6  on the south and U . S. 2 5W on the eas t .  

H i th a f eiV minor excep t ions , the area i s  spars e ly populated and 

access  to many areas i s  l imi te d . The maj o r  p o r t ion of the s tudy a rea 

d rains in to the New River. Th e s o u thwe s tern p o r t ion d r a ins into th e 

Emo ry River and the mo s t  eas terly  s e c t ion dra ins into the Cl inch River 

sys tem . The hydrology and phys i o g raphy o f  the Ne\V R iver and Emo ry Rive r 

bas ins have been inves t i ga t e d  and are very sim i lar ( Anon. , 19 60;  

Gairola, 1 9 4 7; Tung, 19 7 5 ) . Bo th are  charac t e r ized by mo derate t empe ra­

tures with  an annual ave rage o f  5 5°F , and us ually a t  l eas t 50 inches o f  

r a in a year . The ext reme rel i e f  o f  the  area tends t o  r e s u l t  i n  mo s t  o f  

the p re c i p i ta t ion b e ing rap idly lo s t  as runo f f  with  th e cons equence tha t 

many o f  the sma l l e r  s treams tend to c ease  flow ing p e r i o d i cally due to th e 

lack of groundHa te r rechar�e ( Ga i rola , 19 4 7 ) . 

5 
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Thi s  area has borne the b run t o f  s tr i p  mining ac t ivi t ies in the 

s ta t e  wi th 2 , 26 9  acres  having b e en mined in Ande rson county , 5, 1 2 3  acres 

in Camp b e l l  coun ty , 3 , 2 1 1  acres  in Ho rgan coun ty , and 5 , 5 9 4  acres  i n  

S co t t  coun ty ( Johnson and Luth e r , 1 9 7 2 ) �  Sur face d is turbance i s  s o  

wides pread in fac t tha t  o n e  o f  t h e  maj o r  p rob l ems ini t i al ly encoun tered  

was the s carc i ty of  una f fec ted  s treams to us e a s  control s .  

The coal  s e ams o f  impo r t;cm c e  i n  th e s tudy area are conta ined in 

s t ra ta of the m iddle P ennsylvanian geologic age . TI1e rocks are p re­

dominan tly sand s tone , shale , and s il t s tone, wi th coa l cons t i tut ing a 

small  percen tage o f  the to tal (Luth e r , 1 9 6 0) . The middle J',enns ylvan i an 

s equence has  b een d ivided i n to a numb e r  o f  f o rma t ions with  the " Redoak 

Mountain"  and " Graves Gap " fo rma t ions be ing tho s e  mo s t  conunon ly 

encoun tered in the s tudy a rea . F i gure 4 shows the coGl s e ams of 

imp o r t ance i n  the s tudy area and the i r  re l a t ive po s i t ions in the s e  

forma t ions . I n  the Graves Gap forma t ion , Lower Pioneer coal  i s  mined i n  

Campbell  county a n d  t h e  Windrock s eam a t  the top  o f  the forma t ion i s  

mined i n  And e rs o n , Campb e l l , and Sco t t  coun t ie s . The Redoak Mountain  

fo rma t ion con tains the  mos t  widely  explo i ted c o a l  seams i n  the  area . 

The Red Ash s e am i s  mined i n  Campb e l l  Gnd Sco t t  coun t i e s ; Ha lnut Moun­

tain coal is mined in Anderso n ,  Ho rgan and S co t t  coun ties ; and Pe ewee 

and B ig Mary coal are mined in all four counties o f  t h e  s tudy area 

( Anon . ,  1 9 7 2 ; Johnson and Luther , 1 9 7 2 ) . 
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CHAPTER I II 

L ITERATURE REV I E\v 

A .  ACID MINE DRAINAGE 

In troduc t ion 

O f  all the adve r s e  e f f e c t s  on a q ua t i c  e c o sy s tems b rough t ab o u t  b y  

c o al mining , the o n e  long con s idered mo s t  damaging has b een a c id mine 

d rainage ( Anon . , 1 9 6 9 a) . Acid mine dra inage a f fec t s  over 5 , 00 0  m i l e s  

o f  t h e  1 0 , 00 0  m i l e s  o f  s treams a f f e c ted  by a l l  fo rms o f  m ine d rainage 

(Kinney , 1 9 6 4 ) . The numbe r  o f  m i l e s  and l o c a t ions o f  the s treams 

a f fe c ted by acid  mine drainage are given in Tab l e  1 (Anon . ,  1 9 6 9b ) . I t  

i s  apparen t from these data that the inc idence o f  o c currence o f  a c i d  

mine d ra inage i s  grea tes t i n  the n o r theas tern s e c t ion o f  th e App alach i an 

region and dec reas es as one p ro ceeds  to the southwes t .  The underlying  

mechani sms of  a c i d  mine  drainage f o rma t ion are comp lex and  no t comp l e t e ly 

unde r s tood ( H i l l ,  1 9 6 8 ) . The f o l lowing o u tl ine i s  o f t en encoun t e re d , 

howeve r ,  and general l y  dep ic t s  the p ro c e s s  as i t  i s  us ual ly though t to 

take p lace . 

Chemi s t ry o f  Fo rma t ion 

Py r i t i c  ma terials , p r imar i ly iron d is ul fide , are o f ten as s o c ia t e d  

with  the coal  seam o r  t h e  adj acen t geo l o g i ca l  forma t ions ( Anon . ,  1 9 6 9 b ) . 

The removal o f  tl1e overburden may expose the s e  ma t e r ials which w i l l  b e  

oxi d i z e d  a s  shown i n  equa t ions 1 and 2 w i th the cons equen t p roduc t ion o f  

ferrous i ron ancl s u l furic a c i d  ( B arne s , 19 68; H i l l , 1 9 6 8 ; Grim,  1 9 7 4 ) . 

9 



TABL E  1 

HIL E S  AND DISTRIBUT ION O F  STREAHS AFFECTED BY HINE DRAINAGE 
FOR THE APPALACHIMJ REGION 

Hiles of S t reams A f f e c t e d  
Hine 

2 Area S t r eam Dra inage Ac i d  Mine 
Dra inage (sq . mi . )  Hilesl In t e r .  Con t in .  Drainage 3 

An thrac i t e  Region 4 , 20 0  6 , 300 350 2 60 5 6 7  
T ioga 2 , 800 4 , 2 0 0  2 0  35  5 5  
West B ranch Susquehanna 6 , 9 0 0  10 , 3 5 0  6 0 0  5 4 0  1 , 0 3 5  
Jun i a ta 3 , 400  5 , 1 00 20  60  82 
Nor th B ranch Po tomac 2 , 2 00 3 , 3 0 0  4 0  1 3 0  1 7 2  
Al l e gh eny 1 1 , 7 3 0  1 7 , 5 9 0  8 7  9 7 9 1 , 0 5 5  

Nonongahela 7 , 1 0 0  11 , 10 0  2 8 9  1 , 3 8 2  1 , 6 6 5  
Beaver 1 , 5 0 0  2 , 2 5 0  4 0  6 8  5 4  
Muskingum 4 , 340  6 , 5 10 10 8 4 14 2 6 0  
Hoc k ing 1 , 200 1 , 8 00 1 41 223 90 
Lit t 1 e  Kanmvha 2 ' 300 3 , 4 5 0 2 5  5 -

Kana'lvha 1 2 , 3 0 0  1 8 , 4 5 0  5 4 4  8 5 9  1 4 8  
S c io to 2 , 300 3 , 4 5 0  8 - -
Guyando t t e  1 , 6 70 2 , 50 5  1 1  2 8 8  70  
B ig S andy 4 , 3 0 0  6 , 4 5 0  4 4 2  5 8  -

Ohio and Mino r  Tributar i es 1 2 , 6 0 0  1 8 , 9 00 1 6 6  1 , 1 64 3 2 1  
Ken tucky 4 , 5 00 6 , 7 5 0  4 30 6 5  1 4  
Cumb e r l and 1 0 , 8 5 0  1 6 , 2 7 5 3 0 5  2 0 5  6 5  
Tennessee-Bl ack Warrior 2 8 , 000 4 2 , 0 0 0  - - 8 4  

To t als 1 8 6 ' 7 30 3 , 6 5 6  6 , 7 0 5  5 , 7 36 

P ropor t ion o f  Area 
S treams A f f e c ted 

HD AHD 
(%) (%) 

9 . 6  9 . 0 
1 . 3  1 . 3  

1 1 . 0  1 0 . 0  
1 . 6  1 . 6  
5 . 2  5 . 2  
6 . 1  6 . 0  

1 5 . 1  1 5 . 0  
4 . 8  2 . 4 
8 . 0  4 . 0 

20 . 2  5 . 0  
0 . 9 
7 . 6  0 . 8  
0 . 2 

1 1 . 9  2 . 8  
7 . 8  
7 . 0 1 . 7  
7 . 3  0 . 2  
3 . 1 0 . 4 
0 . 4 0 . 2 

f-' 
0 



TABLE 1 ( Cont ' d )  

Sou r c e: Appendix C, Anon . ,  1969b , S tr eam Pol lu t ion b y  Co al M ine D ra inage in  Appalach i a .  
U .  S .  Dep t .  of Int e r io r ,  Was h in g t o n , D . C . 

1
The to t a l  s t ream mil e s  in  t h e s e  areas was e s t imated us ing 1 . 5  m i l es/s q . m i l e  d ra inage dens i ty .  

2"In t e r . "  is In t e rmi t te n t l y  o r  Po t en t io.l l y ; " Con t in . "  i s  Co n t inuous ly o r  S i gn ifican t l y ; 
Hine Dra inage i s  sub s equen tly abb revia t e d  �m. 

3E s t ima t e  b as e d  on l arge s ca l e  map s  in  Appendix C, Anon . , 1 9 6 9b . A c i d  Mine Drainage i s  
sub s equen t ly ab b reviated ":\iiD. 

1--' 
1--' 
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The reac tion then p ro c ee d s  t o  fonn ferric  hyd roxide and mo re a c i d  as 

shown in equa t ions 3 and 4 .  Ferric  hydroxide i s  also  known as yellowboy , 

and is  the reel-yel l ow precip i tate  respons ib l e  for the c o l o r  o f  many 

s t ream b ed s  in coal mining r e g ions ( Go l db erg , 1 9 7 2 ; Anon . ,  1 9 7 1 ) . 

Fac to r s  Af f e c t ing Formation 

+2  - 2  + 
15Fe + 2so

2 
+ 1 6 JI 

The react ions j us t  d e s c r ib e d  can p roduce a wa t e r  with a ph as 

low as two depend ing on a number of fac to r s  such as : Th e amo unt and 

s p e c i f i c  fonn of the pyr i t e s  in the coal and overburden , the time o f  

( 1 )  

(2 ) 

( 3 ) 

( 4 )  

contac t b e tween the wa ter and the  p y r i t e , the amoun t of wat e r  presen t , 

and the par t ic ular makeup o f  the overb u rden ( Man s f ie l d , 1 9 6 5 ; H il l , 

1 9 6 8; No rth , 1 9 7 2 ) . These  fac to rs are fur ther d i s c u s s e d  b y  G r im ( 1 9 74 )  

who says tha t  c rys tal l ine forms o f  py r i t i c ma terial s are l e s s  s ubjec t 

t o  weathering and ox idation than are amo rph i c  fo rms and h ence are l ess 

l ikely to cau s e  ac id prob l ems . He  a l s o  d i scus s e s  the imp o rtance o f  

c o n tac t t imes b e tween the pyr i t e s  ancl a tmo sphe r i c  oxygen , and the 

imp o r tanc e  of alkal ine ma terials  in  the overb urden as a fac t o r  dec reas-

ing the danger of acid  mine d rainage . 

Sources and Ex tent  o f  Ac id  Mine Drainage 

To da t e  the bulk o f  the res e a r ch done on the impac t  o f  the coal 

mining indus t ry on wa ter qual i ty and aqua t i c  eco sys t ems has d eal t w i th 
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the p roblem of a c i d  mine drainage , I t  can no t b e  denied t h a t  ac id mine 

d ra inage is a s e r ious po l l u t ion p r ob lem in the Appa l a ch i an region . I t  

was no t cons i dered a s erious fac to r  in the p re se n t  inve s t ig a t ion , ho w­

eve r ,  b ecause i t  is more o f  a p rob l em in deep mining than i t  i s  in s tr i p  

minin g . A s  s hown in Tab le 2 ,  in t h e  Appalachian region in general ,  

7 1 . 3 %  o f  the a c i d  mine d r a inage i s  e s t ima ted to o r i g inate in unde rground 

mine s . Surface  mines ac count for 1 2 % , comb ined s u r f a c e  and underground 

mines  9 . 2 % ,  and o ther sour c e s  such  a s  proces s i ng p lants 7 . 5% (Anon . ,  

1 9 6 9 a ) . Inac t ive mines are the source o f  7 8 %  o f  the region ' s a c id mine 

drainage , w i t h  inac t ive underground mines accoun t ing for 66% of that 

amoun t .  In the f inal analys i s , more than 85% o f  the a c i d  m ine d r a inage 

from a c t ive mines in Appalachia resul t s  from d i s charge f rom tmderground 

m ines (Anon . ,  1 9 6 9A) . Th i s  data  i s  for the en t i re Appa l achi an r e g ion . 

In  p o int  o f  fac t ,  due t o  l ower s u lfur concen t r a t ions in  the  coal and 

overburden in our area , and the grea ter p rop o r t i on of alka l ine ma t e r i a l s  

in  t h e  Dennsylvan ian s trata  o f  Tenne s s ee , acid  m i n e  dra inage i s  no t 

cons idered a s er ious p rob lem in the s ta t e  (Elmo r e , 1 961 ; Anon . ,  1 9 6 8 ; 

Ano n . ,  1 9 6 9 a ) . Th e d a ta in  Tab l e  2 suppo r t  this  conc lus ion a s  do e s  the  

research of Cur t i s  ( 19 72) and Larson e t  al . ( 1 9 7 5 )  Hho found t ha t  b o th 

the  p h  and alka l in i ty o f  s t reams in this  a reil o ften ,:ctu;lll y  i n c rease 

a f te r  sur face mining . Thi s  b ehavior i s  exp la ined by the  f a c t  tha t in 

und i s turb ed wa tersheds  runo f f  acquires  a very sma l l  miner a l  l o a d  and 

hence has a low alka l inity . For th i s  reason ph i s  con t ro l l e d  by  

diss o l ve d  carbon d ioxide from the a tmo sphere and i s  re l a t ively low 

(Larson , 1 9 7 5 ) . A f t e r  mining th e alkal i n i ty increases due t o  the 

increased l eaching of previously inac c e s s ib l e  mater i a l s  in the  d i s turb ed 



TABLE 2 

PERCENTAGE DISTRIBUT lOH OP TPE NUT!BER, SOURCE S AND 

P ROPORTION O F  Al·ID BY TYPE O F  MINE 

Type o f  Mine s Othe r  

1 4  

Sub-
Underground Surface Comb ination S o ur c e s  tota l s  

Numbe r  o f  Sources  

Active Mines 

Inactive Mines 

Total s  

Amount o f  Ac i d  
D ra inage 

Active Mines 

Inactive Mines 

Total s 

Source : 
in  App alachi a . 

5 . 0  1 . 4  0 . 4  0 . 5  7 . 3  

5 3 . 0  2 7 . 0  8 . 4  4 . 3  9 2 . 7  

58 . 0  2 8 . 4  8 . 8  4 . 8  1 00 . 0  

1 8 . 8  0 . 9  1 . 9  0 . 4  2 2 . 0  

52 . 5  1 1 . 1  7 . 3 7 . 1  7 8 . 0  

7 1 . 3  1 2 . 0  9 . 2  7 . 5 1 00 . 0  

Anon . ,  1 9 6 9b , Stream Po l l ut i on by Coal M ine Drainage 
U .  S .  Dept . of  Inte r io r , 1 .. 1ashington , D . C .  



s urface areas of tlw h'�1te rshcd . Thi s  incre:1sed a lkal ini ty resul ts in 

a greA-t er a c i d  neutra l i z i ng capa c i ty and a h igher ph ( Upham , 1975 ) .  

B io l o g ical E f f e c t s  

15 

S tu d i e s  of the e f f ec t s  o f  a c i d  mine dra inage on aqua t ic e c o s y s t ems 

can b e  d iv i d ed into two general c a t egor i e s , eff e c ts on lake s y s t ems and 

e f f e c t s  on s tream s y s t ems . Lakes are mo s t  o f t en a f f ec ted i n  s i tuat ions 

invo lving area s t r ip mines . Th i s  will be appa rent i f  one r eexamines 

F i gure 1 ( page 2 )  and cons iders  the t o po graphy which would resul t i f  

the  a r ea i s  no t r e c l a imed . The l a s t p i t  o f t en f i l l s w i t h  wa t e� b ec oming 

a "s t r ip p i t" lake . Conto ur s t r i p  mining (Figure 2 ,  page 3 )  on the o ther 

hand mo s t  o f t en r e s ul t s  in p o l l u t io n  o f  s t ream s y s t ems . 

Lake eco s y s t ems . Smi th and Frey ( 1 9 7 1 )  g ive an exc e l l ent  rev i ew 

o f  the l i t erature on the e f f ec t s o f  a c i d  mine dra inage o n  lake 

ec o s y s t ems . Many s t ud ies o f  lakes such as t ho s e  of nel l  ( 1 9 5 6 )  and 

S to ck inger ( 1 9 6 0 )  deal w i th the rea c t ions of s p ec i f ic taxa an d are 

qual i ta t ive in na tur e . An e c o s y s t em approach to a s s e s s ing the  e f fe c ts 

o f  a c i d  mine dra inage was taken b y  Dinsmo r e  ( 1 9 5R ) , l l eaton ( 1950 ) , 

Campb e l l  e t  al . (l9 6 5a , l9 6 5 b ) and Craw ford ( 1 9 4 2 )  1vh o  a l l  fo und a n  

increa s e  in the  comp l ex i t y  of  the commun i ty a n d  a d ecr e a s e  in ac i d i ty 

as socia t ed w i th a g ing . Th i s  c ommunity r e s pons e patt ern i s  s imila r t o  

t ha t  found b y  Keup ( 1 9 66 )  and Bar t s c h  ( 1 959 ) f o r  s y s t ems recovering 

f rom o r ganic po l l u t ion where an increase in c omplexity o c cured d owns t r eam 

o f  t h e  area degraded by o r ganic po l l u t io n . L ind and Campb e l l  ( 1 9 7 0 )  

f ound that t h is c hange in communi t y  s truc ture i s  no t r e f l ec t ed in 

"community me tabol i sm , " i . e . , commun i t y  respira t ion was s im i l ar in ac id  
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and alkal ine s t r ip mine lakes and the P / R  ra t io o f  each lake fluc t ua ted 

around uni ty even t hough the  d iver s i ty was  i nver sely rela t ed to  the  

a c id i ty . 

S tream ecosys t ems . S t udies o n  the e f fec ts  o f  a c i d  mine dra inage 

o n  s t ream ecosy s t ems are numerous and their  resul t s  a r e  o f ten co n f l ic t­

ing . Par sons ( 1 9 56) in a s t ream s tudy in  Mis sour i fo und a p a t tern o f  

l inear s uc c es s ion downs t ream o f  an ac i d  source wh i c h  sugge s t ed the  type 

of re covery found in sys tems recovering f rom o r ganic po l l ut iotl ( Ba r t s c h , 

1959 ; Keup, 19 6 6 ) .  Th e same general p a t t ern o f  r educ t io n  i n  the b en th ic  

insec t fauna i s  d e s c r ibed by  Riley ( 1 9 60 ) , Pa t r ick et  al . ( 1 9 5 6 ) , 

Parsons ( 1 952 ) , Roback and R i chardson ( 1 9 6 9 ) ,  Cairns <md Her r i cks ( 1 9 7 4 ) , 

D i l l s  and Rogers ( 19 74 )  � and O l i f f  ( 1 9 6 3 ) . 

I t  i s  interes t ing to no t e� however , tha t a l t hough t h e  same 

g eneral pa t t ern , a reduc t io n  i n  communi t y  d iver s i t y ,  is common to a l l  

t h e s e  inves t i ga t ions , t h e  ac tual spec ies  o f  the community mo s t  s er io us l y  

a f fec ted  vary qui te widel y .  Rob ack a nd Richardson ( 19 6 9 )  fo und Odonata , 

Pl eco p t era , and Ephemo p tera c omp l e tely e l imina t ed . D i l l s  and Ro gers 

( 1 9 7 4 ) found these o r ders p r esent b ut in  reduced numb e r s  wh i l e  

chi r o nomids and mega l o p terans domina ted the commun i t y . B u t l e r  e t  al . 

( 19 7 3 )  found the odona t e  � eria  vino s a  and the  mega l o p teran Nigro n ia 

fasc i a ta t o l erant o f  low ph. O l i f f  ( 1 9 6 3 )  fo und a l l  ins e c t s  reduced 

equally w i th none apparently mo re t o l erant than o th ers , wh i l e  Par sons 

( 1 956 ) fo und that  an insec t commun i ty compo sed of t h e  d ip terans 

Probezz ia s p . ,  Spanio toma s p . ,  and the Megalop teran S ial is  s p . was we ll 

adap t ed to an a c i d  mine dra inage environment . B i c k ,  Ho rnuf f ,  and 
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Lamb remont ( 1 9 5 3 )  fo und may f l ies  "numero us bo th <1s to numb er o f  species 

and numb er o f  ind ividual s , "  as wel l as numb ers o f  ocl o na t e s  and t r i-

cho p t erans . .  A c lass ifica t ion o f  commun i ty s tructuu� in s t r eams 

o f  var ious ranges o f  acid po l l u t io n  is g iven in Tab l e  3 (Ano n . , 1 9 6 9 ) 

a l tho ugh in l igh t o f  the co n f l ict ing r es ul t s  jus t  examined and the fact 

tha t no r e s earch is ci ted t o  s uppo r t  the tabl e , i t  is hard  to ass e s s  

i t s  us e fulnes s . 

The r e  i s  an ob vious l ack o f  agreement in the eco logical s tud ies 

j us t  ci ted . Tho s e  conunun i t ies ob s e rved fail  to co incide \vi th tho s e  

which woul d b e  p r e d icted on t h e  b a s is o f  s uch labora tory s tud ies o n  the 

e f fects o f  ph o n  aqua t ic ins ects a s  t ho s e  o f  Bell and Neb eker ( 19 6 9 )  

and B u t l e r  e t  a l . ( 1 9 7 3 ) . The s e  t\Vo facts ind ica t e  th a t  ph in and o f  

i ts e l f i s  no t the dominant factor i n  d e t ermining conununi ty s t ructure 

i t  i s  commonly a s s ume d to b e . 

Dill s and Ro gers ( 1 9 74 )  fo und tha t incr eas ed io nic con t ent 

accompanied d ecreased ph and l ow e r  s p ecies d iver s i ty ind ice s . Al though 

the r e l a t ionships b e tween ph and me tal  s o l ub i l i t ie s  a r e  comp l ex, th ey 

po s t ul a t ed  the ionic species p resent  may exer t a grea t er infl uence on 

communi ty s t r uc ture than the actual ph . This concl usion is s upported 

to some ex tent by Wa rnick and B e l l ( 1 9 6 9 )  Hho fo und heavy metals  to  b e  

the mo s t  imp o r tant p a rame ter infl uencing mo r ta l i ty in d i f ferent s pecies 

of  aqua t ic insects . They found that the ins ec t s  e1b so rb e d  s ign ificant 

co ncentra t i ons of the metal ions f rom s o l ution . Dill and Ro gers  ( 1 9 7 4 )  

found tha t mine dra inage Hh ich had b een acid neutra l ized  b ut wh ich s t il l  

had a tigh io nic concentra t io n  co ul d cause a reduc t io n  in species 

d ive r s i ty of 6 8 %. 



ph 
Ranges 

6.5-7.0 

6 . 0-6 . 5  

5.5-6.0 

5 . 0-5 . 5  

4 . 5 -5 . 0  

4 . 0-4 . 5  

TABLE 3 

PII RANGE, REPRESENTATIVE COHHUNITIES AND BIOLOGICAL STATUS OF COilliUNITY 
COHPONENTS IN ACIDIC AQUATIC ENVIRONMENTS 

Warm Water Species 

Full fish produc­
tion 

Haintenance but 
no groHth2 

Haintenance but 
no carryover3 

No viable 
fishery 

No viable 
fishery 

No viable 
fishery 

Cold Water Species 

Full fish produc­
tion 

Full fish produc­
tion1 

Haintenance and 
growth2 

Haintenance but 
no carryover3 

No viable 
fishery4 

No viable 
fishery 

Benthos 

R 1 • 1 1 5 e�atlve y norma�, 

Diverse fauna of 
benthic organisms; 
number of different 
species. Blackflies, 
mayflies and stone­
flies are present in 
numbers. 

Little change 

Caddisflies and 
Odonata are present; 
Tendipedids and 
Chrionomids are (cont.) 

Algae 

Essentially normal5 

Diatoms, flagellates, 
and green algae are 
common; Oscillatoria 
may be found, only 
blue-green algae 
commonly occurring at 
ph lower than 7 . 0 

Diatoms may be domin­
ant algae; a decrease 
in number of different 
taxa 

Number of different 
taxa decreases greatly; 
diatoms may be domin­
ant algae, flora (cont.) 

� 
00 



p h  
Ranges 

3 . 5- 4. 0 

Belmv 
3 . 5  

Warm Wa t e r  S p ecies 

No viab le fishery 

No viab l e  f ishery 

TABL E  3 ( Co n t ' d ) 

Co l d  Wa t e r  Species 

No v iab l e  f ishery 

No viab l e  f ishery 

B en thos 

dominant  

L i t t l e  change 

Tendi p e d i ds ,  ch i rono­
m i ds , cera topogonids, 
and S ia l is a r e  common 

Algae 

l i t tl e  changed f rom 
tha t o f  l owe r ph 
leve ls ; mic ro c rusta­
ceans may b e  common 

L i t t l e  change 

O f t en only 2 . 3  algal 
sp ecies foun d ; E,lg:ena 
mu tab il is and Eur.c�ia 
exigura o f ten foun d  in 
l arge numb ers ; micro­
crus tace ans may b e  
common 

Source: Anon . ,  196 9 a . Ac i d  Mine Dra inage in App a l a ch i a . Repo r t  o f  the  App al ach i an Re gional 
Commission . Document  No . 9 1- 1 80, 9 ls t  Congress, F i rs t  S ession, l�ashington D . C .  

1
"Viab l e  f ish ery" - capabil i t y  o f  a s t ream to r e p roduce species . 

7 
-���-1ai n t enance and groHth" - p revent ion of reproduc t io n  b u t  exist i ng on s to cked f ish po p ul a-

t i o ns th a t  survive and grow over the  e n t i re year . 

3
".i-1aint enance b u t  no carryo ver "  - f ish maintenance by  stocking b u t  no carryove r .  

4
"No viab l e  f ishery" - no v e r t eb r a t e  l i fe survives . 

5
"No rma l "  - a large numb e r  o f  spec i es , each s p e c i es i n  r e l a t ively lmv numb e rs .  ·� 
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I n  l ight of  these fac t s , i t  wo uld s e em t h a t  t h e  inverse  rela t ion­

ship b e tween p h  and connnun i t y  d ivers i ty i s  to some extent  a spur ious 

one . Granted  tha t i t  is d i f f i cul t to s eparate  the d i r e c t e f fec ts o f  

h igh hy drogen ion concent r a t ion from the e f f e c t s  o f  var ious l1eavy me tals 

which may have d i f feren t  sol ubi l i t ies and toxi c i t ie s  a t  various ph 

leve l s , it  mus t be remembered tha t mo s t  s tudies as s ume ph i s  th e con­

t ro l l ing fac tor in communi ty s t ruc ture w i t h  l i t tl e  o r  no p roo f .  Alone , 

ph readings reveal l i t tl e  of  the ac tual chemi s try of  a wate r ,  and so i t  

i s  pos s ible for wa ters wi th the s ame p h  to have va s tly d i f ferent compo­

s i tions d ep ending on geologic charac t e r i s t i c s  of their  wate rsheds . Th i s  

would d o  much t o  expl ain the d i s p a r i ty i n  communi t y  s t ruc ture revealed  

in  the  exi s t ing l i t era ture f o r  wa ters of  similar ph i n  d i f fe ren t geol o g i c  

environmen t s . 

I n t roduc t ion 

B .  EROS ION AND S ILTATION 

Whi l e  a c i d  mine drainage i s  l a rgely a result of und e rground 

mining , s t ream s i l t a t ion is the majo r p roblem associa ted with  surface 

mining , p a r t i cularly contour mining (G reene , 1975). The s p o i l  banks 

thems e lves are the major sources of  e rodable ma t e r i a l s  al tho ugh a c cess , 

haul age , and prospec t ing roads may cont ribu t e  as much se d imen t as the 

s p o i l  banks in some ins t0nces ( Anon . ,  1967). As the amo un t of ra infa l l  

and s lope s t eepnes s increa s�; , e ros ion and s t ream sed imen t a t ion become 

more s e rious prob lems (Gol dberg , 1972). In a s tudy in Ken tucky whe re 

bo th rainfal l and slope s te epness are h igh , i t  was fo und tha t spoil 

banks p roduced over a thous and t imes the amoun t of  s e d imen t o f  an 
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und i s t urbed f o re s t  ( Anon . ,  1 9 6 7 ) . Al though exten s ive da ta are no t y e t  

ava i l able f o r  Tennes s ee , t h e  s imila r i t y  in to pography wo u l d  ind i c a te 

e ro s ional l o s s es are compa rable to those  occurring in  Kent ucky . illtile  

the  control  of  s ur face runo f f  i s  an indispens ible p rerequis i t e  to 

e ro s i on con t ro l  it was found that  9 8% of the surface mined l ands in 

Appalachia lack adequate runo f f  con t ro l ,  and land s l ides  and eros ion a re 

c ommon even a f ter  reclama t i on ( Anon . ,  1 9 6 8 ) . The e ffe c t s  of sed imen t on 

aqua t i c  s y s tems include nonbio t i c  e f fec ts , p r imarily a reduc t ion i n  the 

s to rm carrying c ap a c i ty of s treams i n  s tr ip area s ( Go ldbe r g , 1 9 7 2 )  as 

wel l  as e f fe c t s  on the s t ream bio ta to be d i s cu s s e d  shor t l y . 

Fac t o r s  In f l uencing Eros ion and Sed imen t Load 

Greene ( 1 9 7 5 ) l is ts a numbe r o f  f a c t o r s  a ffec t ing eros ion in 

c onjunc t ion w i th sur face mining . Among these are  ( l )  s o i l  typ e ,  (2) 

degree o f  s lope , (3) length o f  s lo p e , (4) amoun t o f  rainfal l ,  and ( 5 )  

c l ima t e .  To these one woul d h ave t o  add the exten t  o f  d i s turbance o f  

the watershed t o  a s s e s s  the to tal  eros ional p o t ential o f  a mining 

o pe ra ti on, Factors  1 ,  4 and 5 were considered to be the s ame in each 

o f  the wa tersheds samp led in this i nve s t igat ion . 

In mo s t  cases , fac t o r  3, the length o f  s l ope , inc rea ses as 

f a c t o r  2 ,  the degree of s l ope , inc reas e s . Th i s  i s  due to s l ides o f  

uns table s p o i l  ma t e rial p l aced o n  the s teep outs lope s . Th e degree o f  

s lope is r e l a t ively cons tant i n  the mined wate rshed s , ltowever ( Larson, 

19 75 ) , and no e f fo r t  was made to separate the watersheds on th i s  bas i s  

a l though t h e  exten t o f  d i s t urbance had to be con s i de red to a s s ure 

comparabil i ty of wa tersheds . Mo s t  wa tersheds whe re mo re than one s eam 
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was mined were excl uded f rom the inves t i g a t ion . TI1e wa tershe d s  o f  Jake 

B ranch , B e l chers  Creek, and Sugarcamp Creek a l l  had two seams mined 

but the ex ten t of mining of the s econd s eam was no t considered s u f f i ­

cient  in these three c a s e s  to c a u s e  t h e  s treams to be excl uded from t h e  

s tudy. 

Sources and Ext e n t  of Sed imen ta t ion 

Acco rding to Cur t i s  ( 1 9 7 3 ) , the three major sources o f  s e d imen t  

a s s o c i a ted w i t h  s tr ip mining a c t iv i t i e s  are s p o i l  s l id e s , haul roads , 

and the mined area i ts e l f. The t o ta l  s ed imen t l o ad may b e  eno rmo u s . 

One s tudy (Anon . , 1 9 6 7) f o un d  the s e d imen t  l o ad o f  s tr i p  mined wa t e r­

sheds was increased 1 , 00 0  t imes ove r  t h a t  o f  unmined fores ted wa tershe d s . 

B ranson and Batch ( 1 9 7 2 )  ind i c a t e d  that  s il t at ion may b e  increased 15 

t o  30  t imes over that  present  in una f fe c t e d  s t reams . 

The imp o r tance o f  s p o i l  s l ides  i s  emp ha s i zed b y  P l a s s  ( 1 9 6 7 )  

who found that  t hey had o c curred on 12 % o f  the o u t s l op e s  inves tigated i n  

eas tern Ken t ucky . Quan t i tat ive data a r e  no t ava il ab l e  f o r  Tenne s s ee 

but s l ides , even on reclaime d areas , are  common and p robably o c cur 

wi th s imi l a r  regular i t y . 

Haul roads are a fac t o r  in ero s ion and s e d imen tation almo s t  a s  

impo r tan t a s  t h e  s t ripped area s thems e l ve s  (Anon . ,  1 9 6 7 ) . Cur t i s  ( 1 9 7 3 ) 

and Weigle ( 19 65 )  als o  dis cuss the imp o r tance o f  imp roperly cons t r u c t e d  

and main tained haul roads as a majo r source o f  s e d imen t .  

The rate o f  s e d imen t l o s s  f rom the mined area p roper has b een 

q uan t i fied in s everal s t ud i e s . Cur t i s  ( 1 9 73) , i n  a s tudy in eas t e rn 

Kentucky watersheds  s imilar to those o f  the p r e s e n t  s tudy area , fo und 
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an eros ion rate  of 5 . 9  t ons per e1cre per year in a wa t ers hed Hh e r e  

d i s t urban c e  w a s  l imited to 6 . 4% of t h e  t o t a l  wate rshed a rea . Th i s  con-

tras t s  w i t h  a r a t e  of . 7  t ons per acre p e r  year in an unmined c on t r o l  

wa tershed . T h e  amount o f  s ed imen t s  r e t a ined in and r ecovered from s t ream 

wei r s  in t h i s  s t udy ranged f rom 4 , 51 6 t o  4 1 , 7 0 7  cub i c  feet  per yea r per 

squar e  mil e of  wa ter shed . I t  mus t b e  po inted o u t , however , that  thes e 

f igures only represent  the  s e d iment trapped , wh ich i s  s ome unde t ermined 

f ra c t ion of the to tal  s ed iment t ranspo r t ed to the rece iving s tr eam . 

In a s t udy on the impa c t s  o f  s tr ip mining on w a t e r  qua l i t y  in t h e  

New River s tudy a r e a  (Larson e t  a l . ,  1 9 7 6 ) , the  Univers i ty o f  Tennes s e e  

C i v i l  Eng ineer ing d epar tment obs erved b ehavior s imilar  to t h a t  found 

b y  Cur t is ( 1 9 7 3 ) . In und i s t urb ed wa t e r sh ed s  s u s p end ed s o l id s  cons i s t ent ly 

r ema ined b e l mv 25 mg / 1  and total  s o l ids  d id no t exc eed 50 mg/ 1 .  In 

add i t ion , there was very l i t t l e  var i a t ion dur ing the s t udy p er io d  

r egardl e s s  o f  prec ip i ta t ion o r  season. In d i s t urbed wa t er sheds however , 

suspended s o l ids  regularly  exceeded 1 , 00 0  mg / 1  and o c c a s iona lly exc eeded 

10 , 0 0 0  mg/ 1 .  Al though t h e  suspended s o l ids measuremen ts a r e  s imilar to 

tho s e  rep o r t e d  fo r Kentucky the e ro s i on rat e s  a r e  va s t ly d i fferent , 

with  the New Rive r  s t udy ind i c a t ing 150 c ubic fee t  o f  s ed iment annual ly 

per s quare mile o f  wa tershed ( 2 . 5 tons p e r  acre  per yea r ) . The w i d e  

d i s c repancy b e tween t h e s e  values and t ho s e  of Cur t i s  o f  Kentucky (5 . 9  

tons p e r  a c r e  per year)  undoub t e d ly r e f l ects the d i f fe renc e  in r e c lama­

t ion requi remen t s  o f  the tHo s tate s . lt mus t  be r emembered hoHever that  

a l l  the s t r eams in t h is s t udy , w i th the exc e p t ion o f  B il l s  B ranc h , 

were mined p r i o r  to the enactment o f  p r e s ent  r e c l ama t ion requiremen t s  

( July 1 9 75)  and for this  r e a s o n  the  h i gher s e d imen t a t ion ra t e s  o f  the 



24  

Ken t ucky s tudy p robably app roxima t e mo re clo s e ly the  i n i t ial  cond i t ions 

i n  the  s t udy s tr eams . 

B iological Effe c t s  

Accord ing t o  Hynes (1 9 74 ) , there a r e  t�vo maj o r  effec t s  of in­

o rgan i c  s e d imen t s  introduced into aqua t ic eco s ys t ems . The firs t i s  a n  

increase in the turbi d i ty of t h e  wa t e r  w i th a consequent r educ t io n  i n  

t h e  d epth o f  l ight p ene t r a t ion. The s econd i s  a bLmke t ing eff e c t  o n  

t h e  s ubs t ra t e . 

The firs t consequence of a reduc t ion i n  l igh t pene tra t ion i s  a 

r educ t ion i n  autoch thanous p r imary p ro duc t io n  (Qlu t ter , 1 9 6 8; Jones , 

1 9 6 6) o r  i n  extreme cases a comp l e t e  e l imina t io n  of plan t  and a l ga l  

g row th ( Hynes , 1 9 7 4 ) . S urber (1 9 5 3 )  s uggested  tha t t h e  des truc t ion o f  

p l a n t s  is t h e  major adverse eff e c t  of po l lu t ion w i th ino rga n i c  s e d iment 

and tha t animals are only s econda r i ly e l imina ted because of lack of 

foo d . He fa i l e d  to t ake i n to ac count however , the i mpor tance of 

alloch thanous d e t r i t us to the energy budge t of many s tr eam sys tems 

( Hynes , 1 9 7 0; Fishe r ,  1 9 7 0; L iken s et a l . ,  19 70; Likens ,  19 7 2 )  wh i ch 

wo uld perm i t  the exis tenc e of near no rma l communi t:ies in the comp l e t e 

abs ence of autochthanous pr ima ry p roduc t i o n . A second consequence of 

the increa sed t urbid i ty i s  a d e c rease in the popula t io n  levels of s igh t 

feed ing fish ( Jones, 1 9 6 6; S t roud , 1 9 6 7; Bjo r n ,  1 9 7!., ) , wh i l e  an increase 

may o ccur in the  population  level s  of s uch f i sh as carp and catfish 

whi ch are less dep endent o n  s igh t for  feed ing . 

The blanke t i ng of the s ubs tra t e  has numerous ramifi ca t ions . 

When i no rgani c s o l i d s  s e t tle o u t  of a wa t er they smo ther algal growth , 

kill  roo te d  plant s , a l t e r  the na ture of the s ubs t r a t e  ( Hyne s ,  19 74 ) , 
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and interfer with the hatching and development of fisl1 eggs (Chutter, 

1 968; Jones, 1966; Stroud, 1 9 6 7 ) .  Tebo ( 1 955)  found that one alteration 

of the substrate was a decrease in stability of the newly deposited 

silt over the previously existing substrate with the consequence that 

benthic organisms were more subject to being "decimated by flood waters." 

Branson and Batch ( 19 7 2 )  documented the magnitude of the smothering 

effect when they found salamanders entombed beneath rocks after sections 

of a stream bottom receiving strip mine runoff were covered to a depth 

of two to six inches with clay. Gammon ( 1 9 70 ) and Brusven ( 1 9 7 4 )  

found that invertebrate drift increases as the concentration of suspended 

solids in the water increases with the consequence that even in the 

absence of direct smothering a water high in suspended solids can 

reduce the fauna of an area of a stream. Streams whose invertebrate 

faunas have been reduced by smothering and increased drift can be 

repopulated in three ways; by organisms drifting in from tributaries 

upstream, by upstream flight and egg deposition by adult organisms, and 

by upstream movements of the larval organisms themselves (!Iynes, 1 9 7 0 ) . 

The research of Brusven ( 19 7 4 )  indicates that upstream move:ment of 

larval organisms is decreased in waters with high sediment loads, thus 

restricting one method of recolonization. Although not mucl1 research has 

been done on insects it must be assumed tho.t the smothering effect of 

depositing sediments would make egg hatching and development as pre­

carious for insects as it has been found to be for fish (Chutter, 19 6 8; 

Jones, 1966; Stroud, 1967; Hynes, 19 7 4 ) , thus restricting another method 

of recolonization. These facts lead one to the conclusion that streams 

receiving heavy sediment inputs 1vill have lmv benthic insect faunal 
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densities and would recover only slightly, if at all, as long as henvy 

inputs continue. This conclusion is supported by Cumming and Donle.y 

(1971) who studied stream faunal recovery after manganese strip mine 

reclamation. Branson and Batch ( 1 9 7 2 )  in discussing the effects of 

strip n:ining on small stream fish in Kentucky conclude that fish popula­

tions are eliminated primarily by lack of food due to the smothering of 

benthic invertebrates. They base this conclusion on observations that 

the first fish eliminated are bottom feeders \vhile the surface feeding 

fish continue to persist with Semotilus atromaculatus being the most 

resistant. 



CHAPTER IV 

METHODS AND MATER IAL S 

A .  SAl1PL ING PRO C EDURE 

I t  was des ired to ob tain as representat ive a s ample as po s s ib le 

f rom each s amp l ing s i gh t . Ar t i f ic ia l  s ub s t r a t e  s amp l e r s  were co ns i dered 

but r eje c ted because of the large numb er needed and the r emo tene s s  o f  

many o f  the s amp l ing sites. The Surb e r  square- foo t bo t tom samp l e r  

( Surb e r , 1 9 36 )  i s  a commonly encountered  samp l i ng device tha t Has con­

s idere d ,  b u t  i t  i s  no t wi th o u t  i ts s ho r tcomings . Needham and Us inger 

( 19 5 6 )  s amp l e d  a s e c t ion of a r i f fl e  1 0 0  fee t l o ng by 3 0  f e e t wide and 

foun d  tha t  194 s amp les  were required b e fo re they could say w i th 9 5 %  

confi dence tha t  their  samp l e s  were rep resen t a t i ve o f  th e popul a t io n  

p re s en t .  Chu t t e r  ( 1 9 7 2 )  ob jec te d  t o  their  s ta t i s t i c s  b u t  agreed , i n  

genera l , wi th the i r  conclus ions . Gaufin  e t  a l . ( 19 5 6 )  found tha t , o n  

the average . an eight  samp l e  compo s i t e  contained b e tween 8 5  a n d  9 0% 

o f  the total  spec ies  present  i n  a g iven hab i t a t  typ e . Al l en ( 19 5 9 )  s a i d  

that  t h e  var i a t i o n  b e tween s amp l e s  o f  s imi lar hab i ta t  i s  t o o  g re a t  to 

b e  as c r ib e d  to random devia tion  and is p robab ly due in par t to the 

p re s ence of unde fined mic rohab i ta ts . Ac c o rd ing to llynes ( 19 7 0 ) , the 

impo rtant f a c t o r  i s  to have some meas ure of the rela t ive ab undance o f  

the s p ec ies  p re s e n t  and h e  c i t es the r e s ea r ch o f  Harris ( 19 5 7 )  a s  

conclud ing that  any me tho d wh i c h  invo l ve s  the c oll e c t io n  o f  s eve ra l 

s amp l e s  give s  a fa i r  i nd i c a t ion o f  the ab undance o f  the commo ner s pe c ies 
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in  a given hab itat . Morgan and Eggl ishaw (1 9 6 5 )  proposed  a s impl e  

metho d which gave cons istent results a n d  i t  i s  one o f  the metho d s  used  

in thi s  study . It cons i sts o f  d isturb ing the sub s trate in a standard i z e d  

way ( in thi s  case  turning over and washing o f f rocks f o r  a d i s tance o f  

one a rm 1 s le ngth) upstream o f  a hand held s creen . Thi s  method 1va s  used  

for  a 30 minute t ime p e r i o d  at  each s ite on each day s amp l e s  were taken . 

To s ampl e  o rganisms not readi ly d i s lodged and consequently m i s s e d  b y  

thi s  metho d ,  a s e cond samp l ing method w a s  emp loye d .  Thi s  invo lved 

p i ck ing the organisms from sub strate p artic l e s  w ith forceps . Thi s  

metho d \vas a l s o  performed for 30  minute s  a t  each s ite on each day 

s amp le s  were taken and the organisms c o l l e cted were pooled  with tho s e  

c o l l e cted us ing the screen . Whil e  ideally a l l  samples  should have b een 

c o l l ected s imultaneously to  insure that the f aunistic  d i f ferences were 

not temporal ones , thi s  was not po s s ib l e . Al l s ampl e s  were , however , 

c o l l e cted with as l ittle time lap s e  b etwe en s amp ling a t  the f irst and 

last s ampl ing s ites  as humanly pos s ib l e . 

B .  PRES ERVATION AND IDENT IFI CATION 

Orga.nisms lvere pres erved in 70% al coho l and examined in the 

laboratory when the s amp l ing p eriod was o ver . The ma j or re f erences 

us ed in the i dentifi cation of the organisms were : _Pleco ptera , Claa s s en 

( 1 9 3 1 ) , Fri son ( 1 9 3 5 , 1 9 4 2 ) , H anson ( 19 4 1 , 1 9 4 6 , 1 9 4 9 ,  1 9 5 3 ) , Ri cker 

( 1 9 5 2 ) , Baumann ( 19 7 6 ) ,  Needham and Claa s s en ( 1 9 25) ; Diptera , Thomsen 

( 19 6 9 ) ; Tri cho ptera , Flint ( 1 9 6 0, 1 9 6 2 ,  1 9 6 4 ) , Ro s s  ( 19 4 4 ) ; 

Ephemeroptera , Needham , Tr�lVer , llsu  ( 19 35 ) , Traver ( 1 9 3 7 ) , I d e  ( 1 9 3 7 ) , 

B erner ( 1 9 50 ) , Burks ( 19 5 3 ) , Lewis  ( 19 7 4) ; other orders , Us inger ( 1 9 7 4 ) . 
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A re ferenc e c o l l e c t ion was assembled and  use d  to assure consistency in 

i den t i f i c a t ion . In addi t ion to d1e q uan t i t a t ive samp l es , q ua litat i ve 

samp l es were taken where necessary to i d e n t i fy individuals as accura tely 

as p o ssib l e . L i t t l e  suc c ess was had ligh t trapp ing and so spe c i es 

whbse accura t e  i de n t i fica t ion dep ends l argely o n  the examina t ion o f  adul t 

spec imen� ( i . e . , Ephemero p t era ) could  no t in mos t  cases b e  i dent i f ied 

b eyond the level of sp e c i es gro up . Tri chopt era and Pl ecop tera were 

iden t i f i e d  to sp e c i es where possib l e  by  examining the adul t gen i ta l ia o f  

the me tamorpl1osing p up ae and preemergence nymphs , resp e c t iv e ly . 

Co leop tera and D i p t era were iden t i f ie d  to genus l eve lWhere possib l e . 

C .  PARAHETERS ANALY ZED 

Quan t i t a t ive Parame ters 

B io t ic communi t i es can b e  analy zed i n  two general ways . One way 

is to measure b iomass and produc t ion and de f in e  the communi ty in terms 

o f  ma t ter and energy . The second way , th e approach t aken i n  this in-

ves t i ga t io n , is t o  analyze c ommuni ty s truc ture and d escrib e the communi t y  

i n  t erms o f  sp e c i es frequen cy and the numerica l abundance o f  sp e c ies 

( Wil hm and Dorris , 1 9 6 6 ;  H a irston , 1 9 5 9 ) . Re cent eco l o gical studies 

are domina ted by  the use o f  spe c i es diversi ty i nd ices to examine 

communi ty s truc ture . Dills and Ro gers ( l 9 7 L1) , and Wi lhm and Dorris 

( 1 9 6 8 ) d iscuss several sp ec i es d iversi ty ind i c es and the a dvan ta ges and 

d isadvantages of each . Due t o  the fac t that not all d e t ermi na t io ns in 

the p rese n t  s tudy were consis t en t ly made to sp e c i es leve l , the i ndex 

use d was that proposed by Kuehne (19 7 5 ) , 

D = N - 1 / L g  I 
n t 
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\vhere D is d i ve r s ity , N i s  the to l� al  n umb er o f  taxa , Lg i s  the natural 
n 

loga r ithm , and I
t 

is the total n umb er of individual s of all taxa i n  a 

s ampl e .  The divers ity i s  at a maximum Hhen each individual b e longs to 

a d i f f erent taxon and minimal Hhen a l l  individua l s  b e long to the s ame 

taxon . S ince s p ecies  d ivers ity i nd i c e s  have almo s t  unive rs al ly b e en 

used  to a s s e s s  th e e f fects of  o r gani c  p o llution �1ere the pattern i s  a 

reduction i n  s p e c ies  numbe r  H ith an increase in the numb e r  o f  individua l s , 

the re Has s ome conce rn as to the i r  va l ue in  a s ituation Hhe re all  s p e c i e s  

a r e  p otentially reduced to the s ame extent . 

An analy s is o f  var iance ( S akal and Rohl f ,  1 9 6 9 )  Has done on the 

quantitative p aramete rs to determine i f  there wa s a s i gni f i cant d i f fer-

ence b etHe en the contro l s  and post mining streams . To determine Hhen 

reco ve ry had p ro gres s e d  to s uc h  a degree that there Ha s no longer a 

s igni f i cant d i f fe renc e betHeen the contro l gro up and an age group o f  

exper imental streams , Tukey ' s  HSD  test (Haber and Runyon , 1 9 7 0 )  Ha s p e r f o rmed . 

Qual itative P arameters  

S in c e  a me re comp i L1tion of  numb e r s  of  species  o r  species  

d ive rs ity ind ices  give s  l ittl e  mo re than an in d i cation that the commun ity 

structure i s  changing , it Has d e c i de d  to examine qua l itativel y  the 

change s taking p lace . Thi s  Has clone b y  grouping the samp l ing s ites 

acco rding to the time inte rval s in c e  mining o c c urred to form a comp o s ite . 

G rouping Has done to el iminate d i f f e rences clue to ind ividua l  va r i ations 

i n  the streams examine d .  The n umb ers o f  individua l s  o f  each order and 

the p e rcent comp o s ition b y  o rder \vas then cal c ul ated and compared ove r 

time to examine rec overy qual itatively . 



D .  S AMJ'L ING S ITE SELECTION 

I t  was desired to samp l e  l o c a t ions wh i c h  wou l d  b e  as simi l a r  

faun i s t i c a l l y  a s  poss ib l e  exc l ud ing the e f f e c ts o f  mine drai nage . To 

this end the fac t o rs a f fec ting the o c c ur rence o f  the benthic inse c t  

fauna r e eded t o  b e  i d en t i f ied and the s t reams b e ing samp l e d  needed to 

show as l it t l e  var i a t ion as possib l e  i n  these contro l l in g  fac tors . 

S t re am Charac t e r i s t i cs 
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Hynes ( 1 9 7 0 )  l i s t ed the most imp o r tan t fac to rs c o n t ro l l ing b en th i c  

inve r t eb ra tes a s  curren t spe e d , the sub s t ra tum ,  temp erature , and 

d isso lved ma terial in so l u t ion . Harrel  and Do r r is ( 1 9 6 8 )  fo und conununi ty 

s t r u c ture to b e  related  to st ream o rder b ut found grea t e r  simi l a r i t i es 

b e tween simil a r  hab i tats in d i f ferent o rder s t reams than b e tween d i f f e r­

ent  hab i ta t s  i n  str eams o f  the same o rd e r . K imb l e  and Wesche ( 1 9 7 5 )  

concluded t ha t  the n at ure o f  the substra t e  appears to b e  the p rinc i p a l  

fac t o r  i n  d e t e rmining faunal d is t r ib u tion . Thi s  conclusion is suppo r t e d  

b y  L ind uska ( 1 9 4 2 )  who found th a t  may f l y  distrib u t ion is de termined b y  

subs t ra t e , and by Pennak and Van Gerpen (194 7 )  who desc r i b e d  the 

benthic faunas a s s o c i a t e d  wi t h  d i f ferent sub s tra tes . Perc ival and 

Whi t ehead ( 1 9 2 9 )  recognized seven types of sub s trate and found that  

certain  sp e c i es v!e r e  consisten t l y  a s s o c ia ted w i th each . l !unt ( 19 30 )  

and E l l is ( 1 9 3 6 )  i n  studies in the so u th e rn App al ach i an region also 

reco gn i z e d  t h e  imp o r tance o f  substrate  t y p e  in de t e rmining the benthic  

f auna . Barber  and Keve rn ( 19 7 3 ) i n  a study of  the  ecological  fac to rs 

i n f l uenc ing macro inver teb r a t e  d is t r ib ut ion  fo und ephemerop t e ran and 

t r i chop teran numb ers and b iomass to b e  rela ted to substrate  type  w i th 
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t richop terans shmving grea ter numb e rs ;:md b ioma s s  with incree1 s i ng s ub ­

s t ra t e  p a r t i c l e  s iz e . 

The s treams i n  the s t udy are s im i l e1r in a l l  the fac t o r s  Hynes 

(1 9 7 0 )  ment ioned excep t c urren t speed , s ub s tra tum , and d i s so lved 

mat e r ia l s . The d i f ferences i n  d i s so l ved ma terials  are d ue i n  large p a r t  

to s t r ip min ing a n d  i t  was no t d e s i re d  that t h e  s t re ams be s i mi l a r  i n  

this  respec t .  Curren t s p e e d  a n d  s ub s t r a t e  d i f fered  a t  var ious p o in t s  

i n  the s tudy s t reams . S ince curren t speed  t o  some ex tent  d e t e rmines 

the subs t r a t e  type ( Kimb l e  and Wesche , 1 9 75 )  and s ince s ub s t ra t e  ty pe 

i s  cormnonl y  cons i dered to  b e  the mo s t  imp o r ta n t  fac t o r  con t r o l l ing the 

b en t h i c  communi ty , it  was f e l t  that  if s amp le s  were t aken i n  areas o f  

s imil a r  sub s t ra t e  they would b e  faun i s t i cally  s im i l a r  exclud ing the 

e f fec ts o f  s t r i p  mining i n  the \va tershed s . Fo r the se reasons s amp l ing 

was confined to r i f fl e  areas where the s ub s t ra t e  p a r t i c l e s  \vere a t  

leas t four t o  s ix inches i n  s i ze . 

Wat e rshed Charac t e r i s t i c s  

Wa t e r shed charac teri s t i c s  a f fec t ing w a t e r  qua l i ty i n  the s t udy 

s treams \vere cons i d e red to be s o i l  typ e , degree of s l o p e , and amo unt o f  

d i s t urbance to  the wa tershed ( Greene , 1 9 7 5 ) . S o i l  type was con s i d e r e d  

cons t a n t  a n d  the degree o f  s lope in t h e  mined wa tersheds  i s  relat i vely 

cons tan t (Larson , 1 9 75 ) , so no e f fo r t  was mad e  to g roup the watersheds o n  

this  b a s i s . The exten t o f  d i s t urbance to t h e  watersheds d i f f ered 

w i dely , howeve r , and had to  b e  cons i dered to as s ure comparab i l i ty .  Mo s t  

watersheds i n  whi ch more than one coal  seam h ad b e en mined were exc luded  

f rom the inves t i g a t ion . Exc ep t ions  were made i n  the cas e s  o f  Jake 
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Branc h ,  B l e t chers Creek,  and Suga r c amp Creek \vh er e ,  a l though two se:-tms 

were mined , the t o t a l  d isturbanc e was comparab l e  to that  in the  o ther 

wa t er sheds . 

E .  S EASON O F  SAHPL ING 

Numerous i nvest igators have found tha t there is a s t r iking 

d i f f erenc e i n  the faunal composi t ion of the same s t r eam whe r e  sampl in g  is 

done a t  d i f ferent t imes of the year ( Tebo and Hassl er , 1 9 6 1 ; Nelso n  and 

S co t t ,  1 9 6 2 ; Armi tage , 1 9 5 8 ;  Hynes , 1 9 7 0 ) . I n  add i t ion to a change in 

c omposi t io n  by  ord ers , there is also a change i n  b iomass and numb ers o f  

ind ividuals a t  var ious seaso ns . Th e g eneral p a t t e rn is a decl ine i n  

nwnb ers o f  spr ing and e a r l y  summe r a s  inse c ts emerge , an increase in 

late sunune r  and autumn as eggs hatch , and a d ec l ine over \vi n t er w i t h  

mor t a l i ty b u t  n o  recrui tmen t . Tebo a n d  l�ssl er (19 6 1 ) g ive t h e  compos i­

t ion b y  o rd e r  dur ing d i f f e r en t  months o f  the year for two s t r eams i n  

No r th Caro l ina . TI1ey f o und ephemerop t erans to p eak i n  Apr i l , d e c l ine 

over summer , and reach a secondary p eak i n  Sep t emb er b e f o r e  p lumme t ing 

t o  a minimum f rom December to Feb ruary . Tricho p t erans i n  general reached 

a high l evel i n  June wh i ch was main t ained a l l  summ er and p eaked in 

S e p t emb er w i th a minimum b e ing recorded from January to Apr i l . D i p t erans 

exh ib i t e d  two peaks ,  o n e  i n  S e p t emb er and one i n  Ma rch . P l e co p t erans 

reached a maximum in July and rema ined nt a high l ev e l  from May to Novem­

b er . I t  is c l cnr f rom these invest i ga t ions that any survey conduc t e d  

o ver a sho r t  t ime span in o nly one seaso n  o f  t h e  y e a r  is unl ikely t o  

desc r ib e  to tal ly the commun i t y  p r esent o n  a yearly basi s . Th is fac t  was 

recognized b u t  c ircumstances wer e  such that samp l es fo r this 
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i nve s t igation w e r e  only taken during June an d July ; p e a k  t ime s f o r  

t r i chop terans and p l ecop t erans , h 1 1 t  a t ime o f  seasonal decl ine i n  

e phemer o p t e ran populG tion levels .  S in c e  al l s ampl es �vere t aken a t  t h i s  

t ime , however , i t  i s  fel t tha t they a r e  comp a rab l e  and a r e  o f  value i n  

a s s e s s i ng t h e  e f fe c t s  o f  sur face mining o n  a maj o r  componen t o f  the 

b en th i c  fauna of the s t reams s tud ied . 

F .  RESULTS 

The l o c a t ions o f  the s amp l ing s ta t ions are  g iven i n  Tab le 4 .  A 

l i s t  o f  the s p e c i e s  c o l l e c ted and the s ta t ion where each was co l l e c ted 

is  g iven in the Appen dix . 

Quan t i t a t ive Analys i s  

The q uan t i ta t ive pa rame te r s  anal y zed - numb e r  o f  individua l s , 

numbe r  o f  taxa , and s p ec i e s  d ive r s i t y  i ndex - are p re s e n t e d  i n  Tab l e  5 .  

The resul ts o f  an analys i s  o f  var i ance on the three pa rame ters  are 

g iven in Tab l e  6 �  As i s  eviden t f rom Figure 5 ,  the s p e c i e s  d iver s i ty 

index con tinue s  to  decre a s e  a f ter the c e s s a t ion o f  mining , r eaching a 

minimUIT in four to s ix years . Hi th the excep t ion o f  the ine.x p l i cably 

h i gh value s  for  the s t reams i n  the 1 0  years s in c e  mining range , recovery 

appears to be g radua l , wi th p r ed i s turbance divers i ty values b e in g  

a t tained i n  t h e  2 1  and 2 2  years s ince mining s t re<J.ms ( Tab l e  7 ) . 

Analys i s  o f  the t o tal numbe r  o f  indivi dtw l s  c o l lec ted in  each 

s t ream ( Figure 6 ) , s hows tha t  they exh i b i t  the s ame recovery p a t tern o f  

sharp decl ine and gradual increase a s  i s  shown b y  the s p e c i e s  dive rs i ty 

inde x .  Again , recove ry appears to b e  comp l e t e  i n  the 2 1  and 2 2  years 

s ince mining s treams ( Tab l e  7 ) . 
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TABLE 4 

SAMPL ING STATION LOCATI ONS AND COLLECTION DATES 

S ta t ion 
No . Name Drainage L o c a t ion Coun ty D a t e  C o l l e c t ed 

l I n d ian Trib . t o  . 7 mi . NE o f  An derson June l ,  1 9 7 6  
Fork New Hoo r e s  Camp on 

River TN 1 1 6  

2 U r s e ry Trib . t o  . 2 mi . E o f  And e rson June l , 1 9 7 6  
B ranch Ne'.v S h i loh Church 

Rive r TN 1 1 6  

3 B il l s  Trib . t o  1 . 2 mi . s o f  S co t t  June 1 ,  1 9 7 6  
B ranch Smokey H embree , 6 . 4 

Creek m i . SIV o f  Co . 
Rd . 234 4 

4 Shack Trib . t o  . 2  mi . sw o f  S co t t  June l ,  1 9 7 6  
Creek Smokey Hemb re e ,  6 . 4 

C reek m i . SH o f  Co . 
Rd . 2 31+ 4  

5 Bowling Trib . t o  2 . 2  mi . SH  o f  S co t t  June 1 ,  1 9 7 6  
B ran ch Smokey Smokey J unc t ion 

C reek on Co . Rd . 2344 

6 And e r son Trib . to 1. 3 mi . S SH o f  S c o t t  June l ,  1 9 7 6  
Creek Ne'.v Non t gome ry June-

River t ion , H o f  Co . 
Rd . 2 3 4 4  

7 Lowe Trib . t o  . 9 mi . S SH o f  S co t t  J une 1 ,  1 9 7 6  
B ran ch Ne'.v Ho n t gomery June-

River t ion , H o f  Co . 
Rd . 2 3 4 4  

8 Jake Tr ib . t o  a t  TN llwy 6 3 on S c o t t  June 2 ,  19  7 6  
B ranch S t ra igh t S co t t- Campb e l l  Campb e l l  

F o rk County L ine 

9 l s t  Trib . to 1. 8  mi . NE o f  S co t t  June 2, 1 9 7 6  
Unname d B r ims tone Nt . Pleasan t  
Trib . Creek Church o f f  Co . 

Rd . 2342 
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TABLE 4 ( Co n t ' d )  

S ta t ion 
No . Name Dra inage Locat ion County D a t e  Co l l e c t e d  

1 0  2nd Tr ib . to . 8  mi . NE o f  Mt . S co t t  Jun e  2 ,  1 9 7 6  
Unnamed B r ims tone Pleasant Ch urch 
T r ib. Creek o f f Co . Rd . 2 34 2  

1 1  Numbe r  T r ib . to 1 . 3 m i . NE o f  S c o t t  June 2 ,  1 9 7 6  
One B r ims t one Ht . P l easant 
H o l l mv C reek Ch urch o f f  Co . 

Rd . 2 34 2  

1 2  Cowan T rib . to 2 . 8  a i r  m i l e s  S c o t t  June 2 ' 1 9 7 6  
C reek Wo l f  E .  o f  H i l l  Creek 

Creek 

1 3  Dry Trib . to 3 . 1  a i r  m i l e s  ENE Ho rgan June 3 ,  1 9 7 6  
B ranch Emo ry o f  u . s .  2 7  B r idge 

River 

14 H a l l  T r ib . to 6 . 4 air  miles  ENE Ho rgan J une 3 ' 1 9 7 6  
B ranch Emory o f  u . s .  2 7  B ri d ge 

Rive r 

1 5  B l e tchers Trib . to 2 mi . E o f  P e t ro s  Mo r gan J une 3 ,  1 9 7 6  
Creek Crooked o f f  TN 1 16 

Fo rk 

1 6  S ugar camp Trib . to 1 . 3  mi . E o f  Anderson J une 4 ' 1 9 7 6  
C re ek New Ho rgan Co . L ine , 

River o f f  TN 1 1 6  

1 7  1 s t  Trib . to . 8  mi . E o f  Ande rson June 4 ,  1 9 7 6  
Unnamed New Ho rgan Co . L ine , 
Trib . River o f f  TN 1 1 6  

1 8  Dun can Trib . to . 2 mi . N o f  Campb e l l  J une 5 ,  1 9 7 6  
Creek Cove C; uyvi l l e  o n  

C reek Cove Creek Rd . 

1 9  Y e  l l mv Trib . to 2 . 8  a i r  m i l e s  E Campb e l l  June 5 ,  1 9 7 6  
B ranch Oll is o f  Hun t s v i l l e  

C reek Exi t  o f  I- 7 5  

2 0  Lo use Trib . lo • 7 mi . S hf o f  Campb e l l  J une 5 ' 1 9 7 6  
Creek H i c k o ry Heal th C l in i c  

Creek on S t inking 
Creek Rd 
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TAB L E  4 ( Cont ' cl )  

S ta t ion 
No . Name Drainage Loca t ion Co un t y  Da t e  C o l l e c t e d  

2 1  H icko ry Trib . to . 5  m i . SH o f  Camp b e l l  June 5 ,  1 9 7 6  
Creek S t inking H e a l t h  C l in i c  o n  

Creek S t inking Creek Rd . 

2 2  Ken t  Trib . to  . 3  m i . W o f  u . s .  Camp b e l l  June 6 ,  1 9 7 6  
Ho l l ow B i g  Creek 2 5 a t  I vy d e l l  

2 3  Jenny Trib . t o  3 mi . E o f  S c o t t  J une 6 ,  1 9 7 6  
Creek Hon tgom- Mon t gorJery June-

e ry Creek t ion o f f  Co . Rd . 
2 34 4  

2 4  I nd ian Trib . to  . 7 mi . NE o f  Ande rson July 1 ,  1 9 7 6  
F o rk New Hoo res Camp on 

River TN 11 6 

2 5  U r s e ry Trib . to  . 2 mi . E o f  Sh i l oh Ande rson July 1 ,  1 9 7 6  
Branch NeH Church o f f  TN 

River 1 1 6 

2 6  B i l l s  Trib . to  1 . 2  m i . s o f  S co t t  July 1 ,  19 7 6  
B ranch Smokey H emb r e e , 6 . 4  

Creek mi . SH o f  Co . Rd . 
2 34 4  

2 7  Shack Trib . to  . 2  mi . SH o f  S co t t  July 1 ,  1 9 7 6  
C reek Smokey H emb re e , 6 . 4  

Creek mi . S\il o f  Co . 
Rd . 2 ]4 4  

2 8  Ilo\.J l i n g  I r i b .  to  2 . 2 mi . SH o f  S co t t  July 1 ,  1 9 7 6  
B ranch Smokey Smo k ey Jun c t i on 

Creek on Co . Rd . 2 3 44 

2 9  And e rson Trib . to  1 . 3  m i . s sw o f  S c o t t  July 1 ,  1 9  7 6  
Creek Ne\.J l!on t gome ry J t�nc-

River t ion , H o f  Co . 
Rd . 2 3 4 4  

30 Lowe T r ib . to . 9 mi . S SH o f  S co t t  July 1 ,  1 9 7 6  
B r anch Nei.J Non t gomery June-

River t io n ,  H .  o f  Co . 
Rd . 2 34 4  
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TABLE 4 ( Cont ' d )  

S ta t i on 
No . Name Drainage Lo c a t ion County Da t e  Co l le c ted  

3 1  J ak e  T r ib . to a t  T N  Hwy 6 3  on S co t t  July 2 , 19 7 6  
B ranch S t ra ight S c o t t- Campb e l l  Campb e l l  

Fo rk Co un ty L ine 

32 1 s t  Trib . to 1 .  8 m i . NE o f  Ht . S c o t t  July 2 ,  19 7 6  
Unnamed B r ims tone P l easant Church 
T r ib . Creek o f f Co . Rd . 2 34 2  

33 2nd Trib . to . 8  m i . NE o f  Ht . S co t t  JuJ y 2 , 1 9 7 6  
Unnamed B r ims tone Pl easant Chur ch 
T r ib . Creek o f f  Co . Rd . 2 34 2  

3 4  Numb e r  Trib . to 1 . 3  m i . NE o f  Ht . S c o t t  July 2 ,  19 7 6  
One B r ims tone P leasant Church 
H o l l mv Creek o f f  Co . Rd . 2 3Lf 2 

35 Covan Trib . to 2 . 8 a i r  miles  E S co t t  July 2 '  19 7 6  
Creek VIo l £  H i l l  Creek 

Creek 

36 D ry T r ib . to J . l  a i r  m i l e s  ENE Ho r gan July 3 ,  1 9 7 6  
B ranch Emory o f  u . s .  2 7  B r idge 

River 

3 7  Hall Trib . to 6 . 4  a i r  m i l e s  ENE Ho rgan July J ,  1 9 7 6  
B ranch Emo ry o f  u . s .  2 7  B r idge 

River 

38 B l e t chers Trib . to 2 mi . E o f  Pe tros Ho rgan July 3 ,  1 9 7 6  
C reek Crooked o f f  TN 1 16 

Fork 

3 9  S ugar camp Trib . to 1 . 3 mi . E o f  Anderson July 4 ,  1 9 7 6  
Creek Ne\v Ho r gan Co . L in e , 

Rive r o f f  TN 1 1 6  

4 0  1 s t  Trib . to . 8  mi . E o f  Anderson J u l y  4 ' 1 9 7 6  
Unnamed New Mo r gan Co . L ine , 
Tr ib . River o f f  TN 1 16 

4 1  Duncan T r ib . to . 2 mi . N o f  Campb e l l  July 5 ,  1 9 7 6  

Creek Cove Caryv i l l e  on 
C reek Cove Creek Rd . 
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TABL E  4 ( Co n t ' d ) 

S ta t ion 
No . Name D ra inage L o c a t ion S co t t  Da t e  C o l l e c t e d  

4 2  Y e ll ow Trib . to  2 . 8  a i r  miles E Camp b e l l  July 5 , 1 9 7 6  
B ranch O l l i s  o f  Hun t s v i l le 

Creek Exi t  o f  I- 7 5  

4 3  Louse  Trib . t o  . 7  m i . S\\1 o f  Campb e l l  July 5 ,  1 9 7 6  
Creek H i ckory H ea l th C l inic on 

C reek S t inking C reek Rd . 

4 4  H i ckory Trib . to  . 5  mi . S\\1 o f  Campb e l l  July 5 ' 1 9 7 6  
Cre ek S t inking Heal th C l i n i c  o n  

C reek S t inking Creek Rd . 

4 5 Ken t Trib . t o  • 3 m i . \\T o f  U . S .  Campb e l l  July 6 '  1 9 7 6  
H o llow B ig 2 5  a t  I vyde l l  

C reek 

4 6  Jenny T rib . to  3 mi . E o f  S c o t t  July 6 ' 1 9 7 6  
Creek Hon t gom- Non tgomery June-

ery Creek t ion o f f  Co . Rd . 
2 31'1 4 



TABLE 5 

YEARS S ii'JCE AFFECTED , i'IUHB ER O F  ORGAN I S1 1S , Nm1BER OF TAXA , 
At,TD SPEC I E S  D IVERS I TY IND I CE S  FOR S TREAHS SANPL ED 

Yea rs  Numb e r  o f  
S ince O rganisms Numb er o f  Taxa 

Name A f f e c t ed June July To t a l  June July T o t a l  

Ande r s o n  Cr . Co n t r o l  1 6 0  1 1 5  2 7 5  1 9  2 0  3 1  
Lmve B r . Co n t ro l 3 1 3  8 3  3 9 6  2 1  2 2  2 9  
Bowl ing B r . Co n t r o l  2 0 7  2 1 1  4 1 8  1 5  2 7  2 7  
B i l l s  B r .  A 6 1  1 1 2  1 7 3  1 3  1 6  2 0  
Hi cko ry Cr . 3 1 1  8 1 9  7 2 9 
Indian Fo r k  4 9 3 0  3 9  7 4 8 
Y e l l ow B r . 4 1 5  2 1  3 6  4 5 6 
J enney C r . 6 0 0 0 0 0 0 
Lo us e C r . 6 1 8  1 7  3 5  6 7 7 
Urs e ry B r . 6 5 5  1 1 9  1 7 4  1 4  1 0  1 6  
Shack C r . 7 3 8  6 3  1 0 1  1 1  1 0  1 5  
K e n t  Ho l l mv 8 9 4 1 3  5 4 8 
Jake B r . 10 82 1 5 0  2 3 2  1 7  1 4  2 3  
Numb e r  One Ho l lmv 10 1 9 4  5 6  2 5 0  2 2  1 8  2 7  
T r ib . 1 t o  B r ims tone C r .  10 1 30 5 2  1 8 2  1 6  1 9  2 3  
T r ib . 2 to  B r ims tone C r .  10 202 1 7 1  3 7 3  1 8  1 6  25  
Cowan C r . 14 1 8 9  2 0 8  39  7 2 2  2 0  2 6  
B l e t chers  C r . 15  1 6 5  4 3  2 0 8  1 3  1 2  1 9  
S ugar camp C r . 15  5 4  5 9  1 1 3  1 2  1 7  20 
T r ib . 1 to  New River 1 5  1 0 0  - 1 0 0  1 4  - 1 4  
Duncan C r .  21  1 0 7  1 1 8 2 2 5  2 0  2 1  2 9  
D ry B r .  2 2  2 1 9  1 5 8  3 7 7  2 4  1 8  26 
Hall  B r . 2 2  1 9 0  1 4 1  3 3 1  2 6  2 7  3 1  

S p e c i e s  D iver s i ty 
Index 

J une Jul y To t a l  

3 . 54 4 . 00 5 , 34 
3 . 4 8  4 . 7 5  4 . 6 8  
2 . 6 2 2 . 9 2 4 . 31 
2 . 9 1 3 . 1 7 3 . 6 8 
2 . 5 0  0 . 4 8  2 .  7 1  
2 .  7 3  0 . 8 8 1 . 9 1  
1 . 10 l .  3 1  l .  3 9  

1 . 7 2 l .  7 6  1 . 6 8 
3 . 2 4 1 . 8 8  2 . 9 6 
2 . 7 4 2 . 1 7  3 . 0 3  
1 . 8 2 2 . 1 6 2 . 7 2 
3 . 6 3  2 . 5 9  4 . 0 3  
3 .  9 8  4 . 2 2 4 . 7 5 
3 .  0 8  4 . 5 5  4 . 2 2  
3 . 20 2 . 9 1  4 . 0 5  
4 . 00 3 . 5 5 4 . 1 6 
2 . 1 5 2 .  9 2 3 . 3 7 
2 . 7 5 3 .  9 2 4 . 0 3 
2 . 8 2  - 2 . 8 2  
4 . 0 6  4 . 1 9 5 . 1 6 
4 . 2 6 3 . 35 4 . 2 1 
4 . 7 6 5 . 2 5 5 . 1 7  

L'-
0 



TABL E 6 

ANALYS I S  OF VARIANCE S UMHAR I ES FOR THE QUANT I TATIVE 
P ARM1ETERS EXMIINED 

Source D . F .  s . s .  H . S .  

S p e c i e s  Divers i ty Index 

B e tween g roups 5 2 0 . 5  4 . 1  

Wi thin groups 1 7  6 . 3  0 . 3 7 

Total  22  2 6 . 8  

Numb er o f  I nd ividual s  

B e twe en groups 5 1 , 2 2 7 , 2 9 6  2 4 5 , 4 5 9  

W i t h in groups 1 7  9 5 , 01 8  5 , 5 8 9  

To t a l  2 2  1 , 32 2 , 314 

Numb er of  Taxa 

B e tween groups 5 l ,  2 7 1  2 5 4 . 2  

Wi thin groups 1 7  20 1 1 1 . 8  

To tal  2 2  1 '  4 7 2  

1
sign i f i cant a t  the . 00 1  l eve l . 

4 1  

F 

1 0 . 9 6
1 

4 3 . 9 1
1 

2 1 . 5 !+ 
1 
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TABLE 7 

SUMMARY OF RESULTS O F  TUKEY ' S  H S D  TEST B ETHEEN MEANS OF 
STREAM AGE GROUPS 

- - -

4 3  

Source X 10 - 1 4  Years X 1 5 - 2 0 Years X Over 2 0 Years 

S p e ci es D ivers i ty I ndex 

X Con trol  . 6 i  1 .  3 7 1 - . 0 7 2 

- - . 7 4 2 - 1 . 4 4 2 X 1 5 - 2 0 Years 

-
. 7 0 2 X Over 2 0 Years 

Numb er o f  Individuals 

-
7 6 2 1 8 81 

s o 2 X Con tro l 

X 1 5- 20 Years - 1 1 2 2 1 3 82 

-
2 6 2 X Over 20 Years 

Numbe r  o f  Taxa 

X Con trol 5 . 06 2 
1 0 . 16

1 . 9 9 2 

- - 5 . 1 0 2 9 . 1 6 1 X 1 5- 2 0  Years 

X Over 2 0 Years 4 . 0 6 2 

l
R . -

eJ ec t  n
o 

a t  . 05 l evel ( H  X row == X c o lumn ) . 
o ' 

2 r ej e c t  H . O S  l e ve l .  No reason to a t  
0 
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4 5  

The to tal numb er o f  taxa co l l e c t e d  f o r  each s t r eam ( Figure 7 and 

Tabl e  7 )  shows the  same recovery p a t t er n  as the  p l o t s  o f  s pe c i e s  d iver-

s i ty index and numb er of ind ividual s .  I n  t h i s  s tudy the t o tal numb er o f  

taxa col l e c t ed in a s t r eam a ppears t o  b e  a s  s ens i t ive an ind i c a t o r  o f  

s tr eam cond i t ion a s  t he spec ies  d iver s i ty index , p robab l y  because no 

spec i e s  increased in number as the to t a l  numbe r  o f  t axa decreased a s  i s  

o ft e n  t h e  cas e in  s tudie s  d ea l ing w i th t h e  e f fe c t s  o f  organi c p o l l u t io n .  

Qua l i ta t ive Anal y s i s  

General commun ity r ecovery t r end s . Da ta r e s ul t ing from t h e  q ual i-

t a t ive analys i s  o f  the s tudy s t r eams a r e  g iven in Tab l e s  8 and 9 .  In  

order  to minimi ze the e f fe c t s  of  ind ivi dual s t r eam faunal varia t ions the 

s tr eams were  grouped into compo s i t e  s t reams b ased o n  th e t ime elapsed  

since  mining . The  compo s i t e s  Here : The control s ,  a c t ive to 4 years , 5 

to 9 year s ,  1 0  to 1 4  year s , 15 to 2 0  yea r s , and over 2 0  years . The 

numbe r  o f  ind ividuals by o rder in each compo s i te s t ream wa s de termined 

b y  s umming the  numb er found in each s t r eam of tha t  age group and d iv id-

ing by the number o f  s t reams . 

( a )  Changes in  numb er o f  ind ividuals b y  o rder . Th e numb e r  o r  

ind ividua l s  b y  o rder i s  given in  Figures 8 and 9 .  The mo s t  obvious 

chang es a r e  in the E phemero p t era and Tricho p t era . Al l ord ers dec reas ed 

ini t i al l y .  Epheme ro p te r a  s howed the mo s t  p r e c i p i to1 Js decl ine and very 

l it t l e  recovery over t ime . The Tr i cho p tc ra decl ined init ially but re-

covered t o  such an ext e n t  that populat ion l ev e l s  were reached that  were 

h igher t han t ho s e  in  predis t urbance s tr eams . Ab s o l u t e  numb e rs o f  

Plecop tera , D ip tera , and Coleop tera showed an ini t ia l  d e c l ine w i th 

e s s ent ially comp l e t e  recovery over the t ime s pan covered b y  the  s tudy . 
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Y e a r s  
S in c e  

A f fe c t e d  

C on t r o l  

A 
3 
4 
4 
Ac t ive- 4 

8 
6 
7 
6 
5 - 9 

1 4  
1 0  

1 0  
1 0  

1 0  

1 0 - 1 4  

1 5  
1 5  

1 5  
1 5 - 30 

2 2  
2 1  
2 2  
2 1- 2 5  

TAB L E  8 

Q UAL I TATIVE DESCRIPTION OF COMNUNITY S TRUC TUH.E FOR TH E 
O RDERS TlG Cl!OPTElv\. ,  EPllE1 1EROP'J.'ERA , AND J'L ECOP TEfu\ 

No . o f  T r i ch o p t e r a  _!':phemer gpt e ra. 
Name O r ganisms No . & No . % 

An d e r s on C r . 2 7 5  4 8  1 7 . 4 5 1 7 4 6 3 . 2 7 
B m.;r 1 ing B r . 4 1 3  3 0  7 . 2 6 3 1 5  7 6 . 2 7 
Lm.;re B r .  3 9 6  4 7  1 1 . 2 6 2 8 6  7 2 . 2 2 

Comp o s i te 1 0 8 4  1 2 5  1 1 . 5 3  7 7 5  7 1 . 4 9 

B i l l s  B r .  1 7 3  3 7  2 1 . 3 8 9 0  5 2 . 0 2 
H i c k o r y  C r .  1 9  1 5 . 5 5  0 0 
Inc'. i an F o rk 3 9  2 3  5 8 . 9 7  9 2 3 . 0 7 
Yel l ow B r .  3 6  1 2  3 3 . 3 3 0 0 

Comp o s i te 2 6 7  7 3  2 7 . 3 4 9 9  3 7 . 0 7 

Ken t H o l l ow 1 3  3 2 3 . 0 7 3 2 3 . 0 7 
L o u s e  C r . 3 5  3 8 . 5 7  0 0 
S h a c k  C r . 1 0 1  3 1  3 0 . 6 9 l1 6 4 5 . 5 4 
U r s e r y  B r .  1 5 7  3 6  2 2 . 9 2 1 0 8  6 8 . 7 8  

Compo s i t e  3 0 6  7 3  2 3 . 8 5 1 5 7  5 1 . 3 0 

Cowan C r . l! 0 7  6 0  1 1� . 7 4 2 7 7  6 8 . 0 5 
2nd t r ib . t o  

B r ims t on e  3 7 4 2 3 3  6 2 . 2 9 9 3  2 4 . 8 6 
Jake B r .  2 3 2  7 3  3 1 . 4 6 1 4 2  6 1 . 2 0 
1 s t  t r ib . to 

B r ims tone 1 8 2  1 2  6 . 5 9 1 1 6  6 3 . 7 3  
Numb e r  One 

Ho l l ow 2 3 7  2 6  1 0 . 9 7 1 1 3 4 7 . 6 7 
Comp o s i t e 1 4 3 2  4 0 4  2 8 . 2 1  7 4 1  5 1. 7 4  

B 1e t c h e r s  C r . 2 0 8  4 2  2 0 . 1 9 1 4 9  7 1 . 6 3  
1 s t  t r ib . to 

New R i v e r  1 0 1  5 4 . 9 5 8 1  80 . 1 9 
S ug a r c amp C r . 1 1 1  3 3  2 9 . 7 2 4 5  4 0 . 5 4 

Comp o s i t e 4 2 0  80 1 9 . 0 4 1 7 5  4 1 . 6 6  

Dry B r .  3 7 7  1 3 8  36 . 6 0 1 5 8  4 1 . 9 0 
Duncan C r . 3 3 6  8 1+ 3 7 . 1 6 7 7  34 . 0 7 
H a l l  13 r .  3 3 1  7 3  2 2 . 0 5 1 6 3 4 9 . 2 4 

Compo s i te 9 3 4  2 9 5  3 1 . 5 8 3 9 8  4 2 . 6 1 

4 7  

P 1 e c o p t e r a  
No . 'I /u 

2 7  9 ; 8 2 
3 5  8 . 4 7  
2 3  5 . 8 0  
8 5  7 . 8 4  

2 9  1 6 . 7 6 
8 3 8 . 8 8 
6 1 5 . 3 8 
0 0 

4 3  1 6 . 1 0 

1 7 . 6 9 
1 1  3 1 . 4 2 

7 6 . 9 3 
1 3  8 . 2 8 
3 2  1 0 . 4 5 

2 5  6 . 14 

34 9 . 0 9  
9 3 . 8 7 

1 8  9 . 8 9 

3 6  1 5 . 1 8 
1 2 2  8 . 5 1 

5 2 . 4 0 

1 2  1 1 . 8 8 
13 1 1 . 71 
30 7 . 1 4 

1 6  4 .  2 lf 
4 9  2 1. 6 8  
3 3  9 . 9 6 
9 8  1 0 . 4 9 



Years S in c e  
Affec t e d  

Con trol  

A 
3 
4 
4 
Ac t ive-4 

8 
6 
7 
6 
5 - 9  

1 4  
10  

10  
1 0  

1 0  

1 0 - 1 4  

TABLE 9 

QUALI TATIVE DES CRIPTION O F  COl-lMUNI TY S TRUCTURE FOR TH E ORDERS ODONATA , 
COLEOPTERA , DIPTERA , AND MEGALOPTERA 

No . o f  Odonat a  C o l e o p t e r a  D i p t e ra 
Name O rgani sms No . "I No . �� No . a; 

lo lo 

Anderson Cr . 2 7 5  0 0 2 . 7 3 1 6  5 . 82 
B oHl ing B r .  4 1 3  1 . 2 4 0 0 2 0  4 . 84 
Lowe B r .  3 9 6  0 0 8 2 . 02 3 2  8 . 08 

Compo s i te 1 0 8 4  1 . 0 9 2  1 0  . 9 2  6 8  6 . 2 7  

B i l ls B r . 1 7 3  0 0 0 0 1 7  9 . 8 2 
H i ckory Cr . 1 9  0 0 4 2 2 . 2 2 6 3 3 . 3 3  
Indi an Fork 3 9  0 0 0 0 1 2 . 5 0 
Yel1mv Br . 3 6  0 0 0 0 4 1 1 . 1 1 

Comp o s i te 2 6 7  0 0 4 l .  4 9  2 8  1 0 . 4 8 

Ken t H o 1 1 o�V 1 3  0 0 1 7 . 6 9 0 1 5 . 38 
Louse Cr . 3 5  0 0 3 8 . 5 7 --, 2 0 . 00 I 

Shack C r . 1 0 1  0 0 8 7 . 9 2 6 5 . 9 4 
U r s e ry B r .  1 5  7 0 0 0 0 1 6  1 0 . 1 9 

Compo s i te 306 0 0 1 2  3 . 9 2 3 1  1 0 . 1 3 

CoHan Cr . 4 0 7  0 0 8 l .  9 6  3 5  8 . 5 9 
2nd t r ib . to 

B r ims tone 3 7 4  0 0 1 . 2 6  1 3  3 . 4 7 
Jake B r .  2 3 2 1 . 4 3 3 1 . 2 9 1 . 4 3 
1 s t  t r ib . to 

B r ims tone 1 8 2  0 0 8 4 . 3 9 2 4  1 3 . 1 8 
Numb er One 

H o 1 1 mv 2 3 7 0 0 3 2  1 3 . 5 0 3 0  1 2 . 6 5 
Comp o s i te 1 4 3 2  1 . 06 5 2  3 . 6 3 1 0 3  7 . 1 9 

He galop t e ra 
No . % 

8 2 . 9  
4 . 9 6 
0 0 

1 2 1 . 1 0  

0 0 
0 0 
0 0 

2 0  5 5 . 5 5 
2 0  7 . 4 9 

3 2 3 . 0 7 
1 1  3 1 . 4 2 

3 2 . 9 7  
1 . 6 3 

1 8 5 . 8 8  

2 . 4 9 

0 0 
3 1 . 2 9  

4 2 . 1 9 

1 . 4 2 
1 0 . 6 9 

-1> 
CD 



TABL E  9 ( Co n t ' d )  

Years S in c e  No . o f  O d on at a  
A f fe c t e d  Name O rgan i s ms No . % 

1 5  B le t chers Cr . 2 0 8  1 . 4 8 

1 5  l s t  t r ib . to 
0Je1v River 1 0 1  0 0 

1 5  S ugarcamp Cr . 1 1 1  0 0 

1 5 - 2 0  Compo s i te 4 2 0  1 . 2 3 

2 2  Dry B r .  3 7 7  0 0 

n D uncan Cr . 3 3 6  0 0 

2 2  Hall  B r . 3 3 1  1 . 3 0  

) 2 0 Compo s i te 9 3 4 1 . 1 0 

Co l e o p t e r a  
No . % 

6 2 . 8 8 

1 . 9 9 

0 0 

7 1 . 6 6 

4 0  1 0 . 6 1 

4 1 .  7 6  

3 4  1 0 . 2 7 

7 8  8 . 3 5 

D ip t e ra 
No . a; Jo 

5 2 . 4 0  

2 1 .  9 8  

2 0  1 8 . 0 1 

2 7  6 . 4 2  

1 9  5 . 0 3  

6 2 . 6 5 

1 7  5 . 1 3 

4 2  4 . 4 9 

Megal o p t e ra 
No . o; 

/o 

0 0 

0 0 

0 0 

0 0 

6 1 . 5 9 

6 2 . 6 5 

1 0  3 . 0 2  

2 2  2 . 3 5 
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( b )  Changes i n  p e r ce n t  comp o s i t ion by  o rder . The pe rcen t 

compo s i t ion b y  o rder in the comp o s i t e  s treams i s  shown in Figures 1 0  

5 2  

and 1 1 . The percent  o f  the to tal  commun i ty b e longing t o  the o rders  

D ip tera , Megalop tera , and P l ecop tera f i rs t increased  and  then retu rned 

to  p redis t urbance l evel s ind i ca t in g  tha t the se o rders are  no t a f fec ted 

as much by  mining a c t ivi t ie s  as the o th e r  o rde rs . The percen tage o f  the 

t o tal  made up by  Ephemerop tera decl ined f rom 7 0% t o  l e s s  than 4 0 %  and 

r ecovered only s l i gh t ly d ur ing the t ime span c o ve re d  b y  the s tudy . Th i s  

indica tes that t h e  Ephemero p tera a r e  the mos t s e r io us ly a f fe c t ed b y  

mining a c t iv i t i e s . The Tricho p tera ( p re dominan t l y  Hydr o p sychidae)  

increased f rom 11% of  the t o t a l  c ommuni ty in the control s treams to 3 2 %  

o f  t h e  to t a l  in t h e  2 2  years s ince mining s treams . Th i s  ind icates  that 

the Tricho p tera were rel a t ively b e t te r  suited t o  cond i t ions i n  the 

d i s t rub ed s treams . The inc rease in Coleoptera  in the " over 20  ye,cu " 

c a tegory i s  the resul t o f  inexp l ic ab l y  h i gh p o p u l a t i on s  o f  P sephenus s p . 

in two o f  the s tr eams and i s  p robably n o t  con s is t e n t  l·li t h  the ove ra l l  

recovery p a t tern . 

De t a i led recovery p a t tern . I n  o rder t o  b e t te r  a s s e s s  the 

rel a t ive imp o r tance to s t ream faunal rec overy of tl1e various al te ra­

t ions in the aqua tic  environmen t oc curr ing as a resul t o f  s t r ip minin� 

recovery was ana lyzed at the spec i e s  l eve l where po s s ib le . This 

ana ly s i s  was only p e r f o rme d on Ne1v River tributarie� under the a s s ump­

t ion that there was no reason to  expec t the s p e c ies  present  to d if f e r  

on s imi l a r  s ub s tra tes i n  tributaries  o f  t h e  s ame a r e a  i n  a r ive r . 

Undoub tedly f a c t o r s  exi s t  which wou l d  cause individual var i a t io n  in t he 
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s t re ams as no p o o l in g  o f  s t re ams o f  t h e  s ame " a g e "  was p o s s i b l e . The 

e f f e c t o f  the mining var i ab l e  i s  a s s umed t o  be p r e domirwn t however . 

( a )  P l e c o p t e r a . Figure 1 2  s hows the r e s p o n s e  o f  P l e co p t e ra . 

P o p u l a t ion l evel s o f  I s o p e r l a  c l io , Nemo ura n i g r i t t a , P e l t o pc r l a  s p . , 

5 5  

and Ch l o ro p e r l a  t e rna were r el a t ively una f f e c t e d  by wa t e r  q ua l i t y  changes 

r e s u l ting f r om min in g  ac t i v i t i e s . Memb e r s  o f  t h e  s p e c i e s  I s o genus 

dec i s us an d A l l o p e r l a  me d i ana o c c u r r e d  only r a r e l y  and no a s s e s smen t 

c o u l d  b e  made o f  t h e  e f f e c t s  o f  mining on p o p u l a t i o n s  o f  t h e s e  two 

s p e c i e s . Ac roneuria s p . , Phasgan o p h o r a  c ap i t a ta , Leuc t ra s i b l ey i ,  

an d L .  c a r o l in en s i s  were a l l  t o t a l ly e l imina t e d  b y  min in g and were n o t  

c o l l e c t ed i n  any s t r eams whe r e  min ing had oc c u r r e d  i n  th e p revi o us t en 

years . 

( b ) Epheme r o p tera . The mo s t  d r ama t i c  d e c l in e s  in p o p u l a t i o n  

l eve l s  o c c ur r e d  in the Hep tagen i i dae ( F igure 1 3 ) . Memb e r s  o f  t h e  

g en e r a  H ep tagenia a n d  S t enonema we r e  e l imina t ed by m i n i n g  a n d  only 

b egan t o  reappear a t  grea t l y  r e d u c ed p o p u l a t i o n  l e ve l s  a f t e r  s even 

y e a r s . S t en on ema p ul chel l un�, S . i n t e r p unc t a t um ,  and the mac u l ip enn is 

group of the g enu s l lep tagenia were e l imina t ed and d i d  not r e a p p e a r  

w i t h in t h e  t ime s p an covered by the s t udy . Memb e r s o f  the genus Epeo rus 

p re s i s t ed a f t e r  the c e s s a t i o n  o f  mining , b e in g  f o und in one s t ream f o ur 

y e a r s  a f t e r  min in g ,  b u t  they t o o  were even t u a l ly e l imin a ted and b e gan 

to r eappear 10 y e a r s  a f t e r  m in ing . 

W i t h in the B a e t i dae ( F i g u r e  1 4 )  o n ly two g enera were s e r i o us ly 

e f f e c t ed . ya r a l e p t o p h l eb i a  were el imin a t ed a n d  r eappeared a f t e r  s ix 

years . E ph eme r e l l a  (bo t h  t h e  wa l ke r i and inva r i a  g r o up s )  w e r e  e l imin­

a t ed an d only b e gan to r e a p p e a r  a f t e r  10 years at grea t ly reduced 

p o p u l a t ion levels . 



I s o genus d e c i sus 

Ch l o ro p e r l a  t e rna 

Allop e r l a  mediana 

Leuc t ra s ib l ey i 

L .  caro l in en s i s  

Nemoura n i gr i t t a  

I s o p e r l a  c l i o  

Phas ganopho r a  

c ap i t a t a  

P el t o p e r l a  s p . 

Acroneuria s p . 

cont ro l s  

56  

S cale I 1 0  ind ividuals 

1 

a c t ive 4 

Years s in c e  Mining 

Fi gure 1 2 . Numb e r  of P l e c o p t e r a  vs t ime s ince mining 

for New Rive r t ribut a r i e s . 

1
1 0A has s l i gh t ly greater watershed d i s t urbance than 

l O B . 
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Figure l J . NumL er of lleptagenii d a e  v s  t ime f; i nc e  mining for 
New River t r ibutar ies . 
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1 0A has s l ir,htly grefl t er ua t ershed d is t urbance than l OB .  
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Fi�ure 1 4 . Numb e r  o [  Bact iclae vs � ime s inc e minin� for  New 
River tribu t a r ies . 

1
1 0A has s l ightly grea t er wa tershed d i s turbo.nc e than 1 0 13 . 



( c )  T r ic ho p t e ra . As i s  sl town in Figure 1 5 ,  the genera 

Hyd r o p sych e , Cheuma t o p sy che , and D ip l e c t rona were n o t  s e r i o u s ly 

a f f e c te d  b y  wa t e r  q ua l i ty changes r e s u l t ing f r om mining a c t i v i t i e s .  

Gl o s s o s oma n i g r i o r  and Rhyaco p h i l a  n i g r i t t a  were e l imin a t e d  b u t  re­

a p p e a r e d  a f t e r  10 y e a rs . Neophy l ax sp . was e l imin a t e d  but reappeared 
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i n  the " 1 0  years s i n c e  mining" s t r e ams . Cur i o u s l y  e n o ugh an un iden ti­

f i ed species of P o l y cen t r o p u s  o c c urred in p o s t-mining s t re ams but n o t in 

any of the c o n t r o l  s t reams . 

( d ) D i p te ra .  As i s  evid en t f rom F i gure 1 6  th e only d i s c ernib l e  

e f f e c t  o f  minin g  a c t ivi t ies o n  d ip t e r an p op u l a t i ons i n  t h i s  s t udy i s  

an e l iminat i o n  o f  the genera Erio c e ra an d T i p u l a  w i t h  b o th reapp earing 

a f t e r  s ix y e ar s . 

( e )  C o l e o p t e ra . As shmvn in Figure 1 6 , b o th the genus 

P s ephenus and the f amily Elmidae we re e l imina t e d  but reappeared s even 

years a f te r  minin g . 

( f )  Mega l o p t e ra . Rep re s e n t a t ives o f  th i s  o r d e r  were only 

c o l l e c t e d  rarely and i t  is n o t p o s s ib l e  t o  a s s e s s  rec overy a t  a taxonomic 

l eve l b e low o r de r . 



Neo phy l ax s p . 

N .  s p . 

Po l y c entropus s p . 

S o r t o s a  d i s t in c t a  

Gl o s s o soma 
n i g r i o r  

Rhyac o phila 
n i E r i t ta 

D ip l ec trona 
mo d e s ta 

Hyd r o p syche 
ventura 

H .  ma c l eo d i  

H .  b e t t en i  

H .  s p a rna 

Cheuma t o p s y c h e  s p .  

S c a l e J 1 5  ind ividual s 

Co n t ro l s  Ac t iv e  4 6 7 lOJ\
1 

1 0 13 1 1 5  
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1 1 01\ has s l i g h t l y  g r ea t e r lva t er s h ed d i s t u rb a nc e t ha n  l O B . 
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S c a l e  I 5 ind iv idua l s  

Ps phe1w s h e r r  i_ c k  i 

Elmidae 

S t ra t iomy i idae 

Ped i c i a  s p .  

Chi ronomidae 

E r i o c e r a  s p . 

Tipulo  sp . 

D ixidae 

S imul iclae 

Con t r o l s  6 7 HJA1 l OB l 1 5  
Y e a r s  S in c e  Mi n i nf 

"'ir,ure J G . Numb e r  o f  D i p t c r a  and C o l eo p t era vs t ime s i nc e  

mining f o r  New River t r ibutar i e s . 

1 1 0A h a s  s l i1;h t ly grea t e r  wa t er shed d i s turbance t ha n  lOB . 



Cl t,\ l'TER V 

D IS CUS S ION 

Ana l y s i s  of b io l o g i ca l  commun i t i e s  reveal s much about the 

phy s i cal  and chemi cal charac t er i s t i c s  o f  an env i ronmen t .  In w'3.ter  

pollut ion s t ud ies  the benthi c  commun i ty easily  s amp l e d  q uan t i t a tive l y  

a n d  i s  an index o f  long t e rm wa t e r  qual i t y , whe reas chemi cal and 

p hy s i cal t e s t s  a r e  i n s t an taneous and may or may no t re f l e c t  the usual 

cond i t ions of  a water . I n  the p re sent  s t udy , howeve r , bo th the 

phy s i cal-chemical data  and analys i s  of  the benthic  ins e c t  communi ty 

s uppo r t  the s ame conclus i on , tha t s il t a t ion i s  th e maj o r  p o l l u t i on 

p ro b l em resul t ing f rom con t o ur coal surface minin g . 

Th e two maj o r  e f f e c t s  o f  coal surface mining on aqua t i c  eco­

s y s t ems are acid mine drainage and increased s i l ta t io n . Ac id mine 

drainage was no t cons idered a maj o r  p r ob l em in the p re s en t  s tudy due 

to low s u l f ur concen trat ions i n  the coal and overburden of the  

Cumb erlan d  Mo un t ains and the grea t e r  p r o po r t ion of  a l ka l in e  ma t e r ia l s  

in the  p, ennsylvanian s tr a t a  o f  Tenn e s s e e  ( E lmore , 1 9 6 1 ;  Anon . ,  1 9 6 8 ; , 

Anon . ,  1 9 6 9 a ) . B o th Cur t i s  ( 1 9 7 2 )  :md Larson e t  al. ( 1 9 7 5 )  f ound tha t 

b o th t h e  p h  and alkalini ty o f  s t reams i n  the s o u thern Appalachian 

region ac tually o f t en inc rease  a f t e r  surface mining . Thi s  b ehav i o r  

i s  exp lained by the fac t t ha t  i n  und i s t urb ed wa tersheds  runo f f  acquires  

only a very sma l l  mineral load and h en c e  has a low alkal inity . pl l in 

th ese  und i s turbed s treams i s  con t ro l l e d  by d i s s o lved atmo spheric  

c arbon d ioxide and i s  rel a t ively l ow (Larson , 1 9 7 5 ) . A f t e r  m in ing , the 
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alkal in i ty inc reas e s  due t o  incre ased leaching f rom the dis turb ed 

surface areas of the  wa tershed . Thi s  resul t s  i n  a gre a t e r  a c id 

n eut rali z ing cap a c i t y  and a higher ph  ( Upham , 1 9 7 5 ) . 

i\nalys i s  o f  the  b io lo gi c a l  commun i t ie s  o f  the s tudy s treams 

s uppo r t s  the c o n c l u s i on that a c id drainage is n o t  a s e r ious  p ro b l em 
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i n  the  s tudy area . I t  was f o un d  in the p re s e n t  s tudy that b o th the 

numbe r  of t axa and the numb e r  of individual s dec reas e d  a f t e r  mining \vi th 

no t axa showing a s i gni f iccmt increase i n  numb er s . Th i s  p a t t ern 

d i f fe r s  f rom that reported  for  s treams r e ce iving acid drainage by 

Pars ons ( 1 9 5 6 )  and Dills and Rogers ( 1 9 7 4 ) . The s e  inve s t i g a t o r s  f ound 

a decrease in n umb e r  of t axa b u t  an increase in numb er o f  ind ividuals o f  

c e r t a in taxa , s im i l a r  t o  the res ponse p a t tern o f  waters  rece iving 

organ i c  p o l l ut i o n  (B a r t scl1 , 1 9 5 9 ; Keup , 1 9 6 6 ) . N e i ther of these  s tudies  

agrees  with  such labo ratory s t ud i e s  on  the e f f e c ts of  ph  on aquat i c  

inse c t s  as tho s e  o f  B e l l  and Neb eker ( 1 9 6 9 )  and B u t l e r  e t  al . ( 1 9 7 3 ) . 

C ur ren t though t i s  tha t ph i s  no t as imp o rtant i n  d e t e rmining commun i t y  

s truc ture a s  t h e  ac t ual i o n i c  c ompo s i t io n  o f  t h e  wa t e r  whi ch i s  a 

f unc t ion o f  area geo logy (D i l l s  and Rogers , 1 9 7 4 ; Wa rn ick and Bel l ,  

1 9 6 9 ) . 

Phys i c al-chemical s tudies  o f  s treams r e c e ivin g drainage f rom 

con t o ur s t rip  mining all  show a t r emen dous increase in s u spended s o l i d s  

( P l as s ,  1 9 6 7 ; B ranson and B a t ch , 1 9 7 2 ; Cur t i s , 1 9 7 2 ,  1 9 7 3 ;  Larson 

et al . 1 9 7 6 ) . In a s tudy in the New Rive r area o f  the Cumb erland 

Moun tains of Tenn e s s e e  (Larson et a l . , 1 9 7 6 ) , it  was found that s u s p ended 

s o l i ds regu l a r ly exceeded 1 , 0 00 mg/ 1 and o c c a s iona l l y  exceeded 1 0 , 000 

mg / 1  i n  s tr eams draining mined water shed s . Thi s  is in  con t r a s t  



t o  und i s t urbed s t reams \vhere suspended s o li d s  cons i s tent l y  remained 

b e l ow 25 mg / 1 .  
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The communi ty response p a t t e rn t o  i ncreased inp u t s  o f  s i l t  i s  

the s ame as the response ob s e rved in t h e  s tudy s tr eams , i . e . , a reduc­

t ion in numb e r  of t axa and n umbe r  o f  ind ividuals w i t h  no s i g n i f ican t 

i n c re a s e  i n  the numb e r  o f  individua l s  i n  any t axon ( Cumming and 

Donl ey , 1 9 7 1 ) . 

The r e c overy c urves for  the quan t i ta t ive p erame t er s  analyzed in 

t h i s  s tudy ( s p e c i e s  d ivers i ty index , n umb e r  o f  t axa , and n umb e r  o f  

individuals ) all  show a s imilar p a t t ern . Al l three values c o n t inue t o  

decrease a f t er t h e  c e s s a t ion o f  mining , reaching a min imum a f te r  

approximat e ly f o ur years b e fo re recovering gradually t o  p r e d i s turbance 

level s .  Thi s  response coincides  c l o s ely wi th change s  in s e d imen t a t i o n  

o b s erved by Cur t i s  ( 1 9 7 2 )  w h o  foun d  t ha t  s us p ended s o l i ds loads  in­

creased with min ing , r eaching a maximum a f t e r  one year , and re t urning 

e s s en ti a l ly to p r e d i s turbance l evel s  three yea r s  a f t e r  the c e s s a t io n  

o f  mining . 

Qua l i t a t ive ana l y s i s  o f  c ommuni t y  comp o s i t ion supp o r t s  the 

conclus ion tha t s ed imen t a t ion is the mo s t  s e rious  e f fe c t  o f  

c o n t o ur c o al sur  face  mining on s t ream e c o s y s t ems . Epheme rop t er;:m s  in 

p redis turban c e  s t reams accoun t ed f o r  7 0 %  (by numb e r )  o f  the commun i t y . 

They were r educed t o  l e s s  than 4 0 %  o f  the t o t al in p o s t-mining s t re ams 

and d i d  no t recover during the course  of the s tudy . 111e mos t  s er i o us 

reduc t ion o c curred in the h e rb iverous ( Leonard , 1 9 6 5 )  Hep t ageni i dae . 

The p e riphy ton grazers  Glo s so s oma n i gr io r and P s ephenus s p . were a l s o  

t o tal l y  el imin a t e d  and s low t o  reap p ear , a s  were t h e  h erb iverous 
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p l e c o p t e rans Leuctra s ibleyi  and L .  carol inen s i s . F i l t e r  feeders such 

as D i p l e c t rona mode s t a ,  Cheumat op syche s p . and llydrop syche s p . ( Rob ack , 

1965)  a s  wel l  a s  s u ch ds � r i t u s  feeders a s  P e l toperla s p . , Nemou ra 

n igr i t t a ,  and Rae t i s  s p . were r e l a t ively una f f e c ted  b y  mine runo f f . 

S uc h  preda t o r s  as I s operla cl io ( Ga u f in , 196 5 )  an d the  var ious  

megalop te rans were also  rela t ively una f fe c ted . The s e  fac t s  would lead 

one to the conclusion that  t h e  mo s t  s e r io us ly e f f e c t e d  componen t o f  the 

communi t y  is the  component  dependen t on autoch than o u s  p r imary produc t ion . 

Al l t h e s e  d a t a  are cons i s tent  \vi th the  p remi se that  s i l ta t ion , whe th e r  

t h rough sub s t r a t e  smo thering o r  a r e duc t ion i n  l ig h t  penet r a t ion , i s  

t h e  maj o r  adve r s e  change b ro ug h t  ab o u t  in s t ream s y s t ems a s  a resul t 

o f  con tour coal  mining . 
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TABL E  A . 1 

S P EC I ES L I ST AND COLLECTION LOCAL I T I E S  

O rgan ism 

Ephemerop te ra 

B e a t i dae 

Ame1 e t us sp . 

B ae t i s  (c ingu 1 a tus g ro up ) 

B .  (vagans g ro up )  

Empherel 1 a ( invar i a  group)  

E .  (walke r i  group ) 

I s onychia sp . 

Paralep t o phe1b i a  s p . 

P s eudoc loeon s p . 

Hep tagen i idae 

Epeo r us s p . 

Hep t ageni a  ( f 1 ave s cens 

group )  

S ta t ion IVhere Co 1 1 e c  ted 

1 0 , 1 2 

2 , 4 , 5 , 7 , 8 , 9 , 1 2 , 14 , 15 , 1 6 , 2 3 , 2 6 , 2 8 , 31 ,  

3 8 , 3 9  

1 , 3 , 4 , 5 , 6 , 7 , 8 , 9 , 10 , 1 2 , 1 3 , 15 , 16 , 1 8 , 2 3 ,  

24 , 2 5 , 2 6 , 2 7 , 2 8 , 2 9 , 3 0 , 3 1 , 3 2 , 3 4 , 3 5 , 3 6 , 

3 7 , 3 9 , 4 1  

6 , 10 , 12 , 1 6 , 35 , 4 1  

5 , 6 , 8 , 1 2 , 1 3 , 14 , 2 8 , 2 9 , 35 , 3 6 , 3 7 , 3 8 , 4 1  

5 , 2 6 

2 , 5 , 6 , 7 , 8 , 9 , 1 0 , 1 2 , 1 3 , 14 , 18 , 2 8 , 3 0 , 3 2 , 

3 4 , 3 5 , 3 6 , 3 7 , 3 8 

2 , 3 , 5 , 8 , 14 , 15 , 2 6 , 2 8 , 3 0 , 3 1 , 3 9 , 4 1 

1 , 3 , 6 , 7 , 9 , 1 0 , 1 2 , 1 3 , 14 , 1 5 , 1 6 , 1 8 , 2 3 ,  

2 8 , 32 , 35 , 4 1 

3 , 4 , 5 , 6 , 7 , 8 , 1 2 , 1 3 , 14 , 1 8 , 2 6 , 2 7 , 2 8 , 2 9 

30 , 3 1 , 35 , 3 6 , 3 7 . 4 1 

7 7  



TABL E  A . l  ( Cont ' d )  

_O rgan i sm 

H .  (ma c u l i p ennis  group ) 

S t enonema annexum Traver 

S .  i n terpun c ta tum ( S ay )  

S .  p ul c h e l l um (Ha l s h )  

S .  vicari um 0-Jalker)  

P l e c op tera 

P e r l idae 

S t a t ion Hh e r e  Co l l e c t e d  

5 , 1 3 , 18 , 2 6 , 2 9 , 3 0 , 32 , 3 6 , 3 7 

5 , 7 , 1 3 , 14 , 2 8 , 30 , 3 4 , 36 , 3 7 , 4 1  

5 , 1 3 , 2 8 , 2 9 , 34 , 3 7 

3 , 2 6 

4 , 1 5 , 2 7 , 34 , 38 

Ac roneuria  abnormi s ( Newman ) 5 , 6 , 7 , 1 1 , 14 , 1 8 , 2 6 , 2 8 , 2 9 , 30 , 35 , 3 7 , 4 1 

A .  c aro l inen s i s  (Banks ) 6 , 7 , 1 0 , 1 1 , 14 , 1 6 , 2 3 , 3 2 , 35 , 4 4 

A .  rura l i s  ( Hagen) 1 0 , 1 8 , 2 9 , 38 

Phas g anophora cap i t a t a  5 , 8 , 1 8 , 2 0 , 2 8 , 2 9 , 31 , 3 7 , 3 9 , 4 3  

( P :i c t e t )  

P e l top e r l idae 

P e l toperla  sp . 

L euc tr i dae 

Leuc t r a  ( Leuc t ra)  s ib l eyi 

C l aa s s en 

L .  ( L e uc tra)  c a ro 1 inens i s  

Claa s s e n  

P e r l o d idae 

I s o genus ( Cul tus ) dec i sus  

l lalker 

1 , 2 , 3 , 4 , 8 , 10 , 1 2 , 16 , 2 3 , 24 , 2 6 , 2 9 , 3 0 ,  

3 1 , 34 , 35 , 3 6 , 3 9 , 4 1 , 4 5 

6 , 1 1 , 1 3 , 34 

7 , 9 , 39 

6 , 12 , 3 5 
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Organ ism 

I .  s p . 

TABL J :  1\ . l. ( Con t ' d ) 

S ta t ion Where Co l l ec t e d  

1 5  

7 9  

Isoperla  c l io Newman 

Chl o ro p er l idae 

2 , 3 , 5 , 9 , 1 3 , 1 8 , 2 3 , 2 6 , 2 7 , 2 9 , 30 , 31 , 36 , 39 

A1 1oper1a  med iana Banks 

Ch1oroperla  t e rna F r i s on 

Nemo ur idae 

Nemo ura (Amphinemura )  

n i gr i t ta Pro vancher 

Tr i chop tera 

Rhyacoph i l i dae 

G1o s so s oma n ig r i o r  Banks 

Rhyacoph i l a  fus cu1a Ha1ker 

R .  n i gr i t ta Banks 

R. paran t ra Ro s s  

Phi lopo tamidae 

S o r to s a  d i s t inc t a  ( Walker)  

P sychomy i i dae 

1 0 , 1 1 

1 , 2 , 4 , 5 , 9 , 1 2 , 1 3 , 1 4 , 1 8 , 2 5 , 2 9 , 30 , 35 

1 , 2 , 3 , 4 , 6 , 7 , 8 , 10 , 1 1 , 1 2 , 1 6 , 2 1 , 35 , 3 7 

8 , 11 , 1 2 , 1 3 , 15 , 1 8 , 2 3 , 2 6 , 30 , 34 , 35 , 36 , 3 7 ,  

3 9 , 4 1 

1 4 , 1 8 , 4 1 

6 , 35 , 4 1 

1 7  

7 , 9 , 1 2 , 1 3 , 1 4 , 1 8 , 2 3 , 30 , 32 , 35 , 3 6 , 3 7 

Polycen t ropus c inereus Hagen 1 8 , 4 1 

P .  confusus Ha gen 8 , 31 

P .  s p . 1 2 , 1 3 , 14 , 3 7 , 39 

Hydropsychidae 

Ch euma top sycne s p . 4 , 5 , 8 , 15 , 2 7 , 31 , 3 8 
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Organ i sm 

D i p l e c t rona mo de s t a  B anks 

Hydropsyche b e t teni Ro s s  

H .  mac l eo d i  F l in t  

H .  sparna Ro s s  

H .  ven tura Ro s s  

L imnephi l idae 

Neo phylax s p . 

Pycoopsyche gent i l i s  

( McLa ch l a n )  

L e p idos toma t idae 

Lep idos toma sp . 

Megalop t era 

Coryda l i dae 

C o rydalus  cornut us L innaeus 

Ni gron ia f a s c i a t a  Walker 

N .  s e r r i c o rn i s  ( Say ) 

S ia l idae 

S ia l i s  s p . 

S t a t ion Where Co l l e c t e d  

1 , 2 , 8 , 9 , 10 , 11 , 1 3 , 14 , 16 , 1 8 , 1 9 , 2 3 , 2 4 ,  

2 5 , 2 7 , 2 8 , 2 9 , 30 , 3 2 , 3 4 , 3 7 , 39 , 4 1  

2 , 10 , 1 5 , 16 , 39 , 4 1 

2 7  

4 , 5 , 1 2 , 14 , 1 8 , 2 4 , 2 5 , 2 6 , 2 9 , 30 , 31 , 32 , 34 ,  

3 6 , 3 7 , 3 8 , 45  

2 9 , 31 

6 , 7 , 10 , 11 , 1 3 , 14 , 1 5 , 1 8 , 2 3 , 2 9 , 34 , 35 , 36 ,  

3 7 , 4 1 

1 2 , 2 2 , 3 2 

14 , 3 2 

4 

6 , 8 , 12 , 1 3 , 1 8 , 1 9 , 2 2 , 2 9 , 32 , 36 , 3 7 , 4 2 , 4 5 

5 , 8 , 14 , 2 0 , 2 8 , 3 7 , 4 3 

1 9 , 2 5 , 31 , 3 2 , 34 , 4 2  
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O rgan ism 

Col eoptera 

llel ichus s p . 

P s ephenus h e r r i cki 

S tenelmi s s p . 

Odonata 

Boyeria v ino s a  McLachlan 

D i p tera 

T ip ul i dae 

Tipula s p . 

P e d i c i a  s p . 

Eriocer a  s p .  

Chironomidae 

S tr a t iomy ii dae 

Nemo t e l u s  s p . 

S imul i idae 

D ixidae 

S t a t ion Hhere Co l lec ted  

5 , 11 , 14 , 1 8 , 2 0 , 2 1 , 2 2 , 2 7 , 2 9 , 31 , 34 , 35 , 3 6 ,  

3 7 , 3 8 , 4 3  

5 , 6 , 7 , 11 , 1 2 , 1 3 , 1 4 , 1 5 , 1 8 , 2 7 , 2 8 , 30 , 3 2 ,  

34 , 3 5 , 36 , 3 7 , !f l  

7 , 1 2 , 30 
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2 , 3 , 4 , 5 , 6 , 7 , 9 , 10 , 11 , 1 3 , 1 4 , 1 9 , 20 , 2 1 ,  

2 3 , 2 5 , 2 6 , 2 7 , 2 9 , 30 , 34 , 3 5 , 3 7 , 38 , 39 , 4 1 ,  

4 2 , 4 3 , 4 4 , 4 5  

1 1 , 1 5 , 4 3 

2 , 3 , 5 , 6 , 7 , 9 , 1 1 , 1 2 , 1 3 , 14 , 2 3 , 2 6 , 2 9 , 3 0 ,  
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1 , 2 , 3 , 5 , 6 , 7 , 8 , 9 , 1 0 , 1 1 , 1 2 , 15 , 1 6 , 1 8 , 30 ,  

2 1 , 2 5 , 2 6 , 2 9 , 30 , 3 2 , 34 , 35 , 36 , 3 7 , 4 1 , 4 2 
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