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ABSTRACT 

Four s t reams in the New River Basin  in E a s t  Tennes s ee (one 

und i s turb ed and three di s turbed) were s amp led month ly  to determine the 

effects o f  contour s trip mining for coal  on benth i c  ins ect commun i t i e s . 

I n  add i t i on to  s amp l ing for benth i c  insects , vari ous phys i c a l  parameters 

were measured at  the t ime of s amp l ing to help  det ermine factors that 

cause change s  in benthi c  community  comp o s i tion in streams d i s turbed by 

s trip mining . S amp l e s  from each s tream were ana l y z ed monthl y ,  s ea s ona l l y ,  

and for the t o t a l  s amp l ing period t o  determine e ffects  o n  the number o f  

species  and individua l s  and o n  speci e s  diver s i ty . For  the s e  three 

factors data were ana lyzed us ing ana lyse s  of variance ,  S tudent-Newman­

Keu l s  means s eparat ion t e s t s , and the Shannon divers i ty index . B enthic 

commun i t i e s  i n  the d i s turbed s treams showed s i gn i fi cant reduc t i ons  in 

species , individua l s  and species  d ivers ity with mining d i s turbance . I n  

order to determine whi ch factors were primar i l y  respons ibl e for deter­

mining s tream d i fferences , mul t ivariate dis criminant ana l ys i s, using both 

independent and dependent factors , was en� loyed. The variab l e s found to 

be  mo s t  d i s criminati ng in determining di fferences  among s treams  were 

rainfa l l , st ream f l ow ,  and turb id i t y . Three o f  the s even taxa shown to 

be  d i s criminat ing variab l e s  in determining s t ream d i f ferences were 

s ignificantly  di fferent between the contro l and d i s turbed streams . 

Resul t s  cl early demons trated the overrid ing influence o f  phy s i ca l  

factors a s s oc i ated wi th rainfa l l  and runoff,  and res u l t ant increased s tream 

flow on b enthic commun i t i e s  in streams d i s turbed b y  s trip mining activity . 
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CHAPTER I 

INTRODUCT ION 

Rat i ona l e  

W i t h  i ncreas ed emphas i s  o n  co a l  uti l izat ion ( Kendr i c k , 1 9 7 7 ) , the 

amount o f  coal mined in the United States  in the next decade is e s t imat ed 

to i ncreas e SO to 200% ( Freeman , 1 9 74)  . Surface mining woul d  account for 

at l ea s t  6 7 %  ( Freeman , 1 9 7 4 ; App a l achian Regional Comm i s s ion , 1969) . 

Surface mine permit  requirement s  and reclamati on l e g i s l at ion have b ecome 

more s tringent with increased pub l i c  awareness  of  degraded water qua l i ty . 

As a resul t ,  more informat i on i s  needed on the effe c t s  o f  surface mining 

on water qua l i ty and s tream biota . 

The importance o f  aquat i c  b i o t a  in  predicting water p o l luti on has 

been recognized s ince the ear ly  1 9 00 ' s .  Forbes and Ri chardson ( 1 9 1 3 ,  

1 9 1 9 )  stud i e d  change s  i n  the I l l ino i s  River resul t ing from s t ream 

p o l lution , and J ewe l l  ( 1 9 2 2 )  stud i e d  the fauna on an acid stream. The s e  

as  w e l l  as  o ther authors have s tud i e d  the b i o l ogical  effects o f  water 

po l lution w ith an increas ing awarenes s  of the impo rtance of aqua t i c  b i o t a  

i n  pred i ct ing water qual i ty ( Purdy , 1 9 2 6 ; B arts ch ,  1 94 8 ; Patrick , 1 9 4 9 ; 

Warren , 1 9 7 1 ; Cairns and D i ckson, 1 9 7 1 ;  O l ive , 1 9 7 6 ;  and o thers) . The 

importance of benth i c  commun i t i e s  in det ermining water qua l ity has b een 

recognized by W i l hm and Dorr i s  ( 1 9 6 8 ) , Nackenthun ( 1 966) , Anderson et  a l . 

( 1 965) and Tarzw el l and Gaufin ( 1 953 ) .  The s e  conunun i t i es were de fined 

by Reid ( 1 9 6 1 )  as a l ocal as s emb l age of  populations  of bottom dwe l l ing 

species  mainta ined in  an area d e l i neated by envi ronmenta l  condit ions . 

1 
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W i lhm and Dorr i s  ( 1 968) and Mackenthun ( 1 966) have prop o s ed that s amp l ing 

and examinat ion o f  benth i c  organ i sms may provide a better interpretation 

o f  l ong term water qual i ty than s tandard phy s i ca l  and chemi cal  analys i s  

o r  tox i c i ty s tud i e s , s ince the l atter method s i nd i cate s tream cond i t ions 

only at the t ime o f  s amp l i ng . Cairns and D i ckson ( 1 9 7 1) ,  W i l hm and Dorri s  

( 1 968) , and Mackenthun ( 1 966)  ind i cate that the benthi c conununi ty should 

be examined be cau s e  this  commun i ty i s  indica t ive o f  both past  and pres ent 

water qua l i ty and cond i t i ons on the s tream bottom . S amp l ing benthic  

commun i t i e s  can provide populat ion compari sons at par t i cu l ar t imes  and 

at di fferent d i s tances from sources o f  d i s turb ance . Tarzwel l and Gaufin 

( 1 95 3 )  ind i cated that popu l ations of  benthic invertebrates prov ide a more 

rel i ab l e  criterion of d i s turbance than j us t  the pre s ence of a given 

spe c i es . I n  temperate freshwater s treams , benthic commun i t i e s  are 

usua l ly comp r i s ed of popu l at i ons of d ipt eran s , odonat es , p l ecopterans , 

ephemeropt erans , tri chopt erans , co l eopt erans , and mega l opterans as  we l l  

as o ther arthropods  and anne l id s . Stud i e s  o f  benthic commun i t i e s  are 

part i cu l arly  valuab l e  s ince individual b enthic organi sms are re l atively  

s e s s i l e , have long  l i fe hi s tor i e s  ( one year or longer) , and are fairly 

easy to s amp l e  because o f  their l imi ted mobi l i ty (Mackenthun , 1966; 

Cairn s  and D i ck s on , 1 9 7 1 ) . 

lbe importance o f  coal  m1ne drainage as a source of  water pol lution 

was reported in the 1 9 30 ' s  by Carpenter and Herndon ( 1 93 3 )  and !lodge  

( 1 9 3 8 ) . S ince the Appa lachian regi on northward from W e s t  Virgini a  i s  

affected primari l y  b y  acid mine drainage , the major ity o f  s tud i e s  on 

coal mine drainage have dea l t  with thi s  factor . Numerous stud i e s  
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( Bre z ina et a l . ,  1 9 70 ; Hyde , 1 9 70 ;  l-Ierr i cks and Cairn s , 1 9 7 4 ; C o l e  et  a l . ,  

1 9 7 7 )  have dealt  w ith  the e ffects  of acid mine drainage on water qua l i ty .  

S tudi e s  by Roback and Ri chard s on ( 1 96 9 ) , D i l l s  and Rogers ( 1 974 ) , and 

Herri cks and Cairns ( 1 974)  hav e deal t with the effects of acid m ine 

drainage on bent hic  organ i sms . On l y  a few art i c l e s  from Kentucky and 

Tenn e s s e e  have dealt  even remo t e l y  with nonac id  mine drainage effects on 

fre sh wat er benthic commun i t i es. C arter ( 1 9 64)  and Hens l ey ( 1 9 70 )  found 

Ephemeroptera and Tri choptera almos t ent i rely l acking in mining d i sturbed 

s treams whi l e  the s e  orders compr i s ed 2 8% of  the total  benthic fauna from 

an und i sturbed s tream in Kentucky . Branson and Batch ( 1 9 7 2 ) , s tudying 

the effects  of s trip mining on  fishes  in  Kentucky , found a 90% reduct ion 

i n  total  bent h i c  population s i ze and number o f  sp e c i e s  as  a resul t of 

increased s trip mining r e l ated s i l tation . Tal ak ( 1 9 7 7) , s tudying the 

degree of recovery exhibited by benthic insects  in s everal s treams in 

the Cumber l and Mountains of Tennes s ee , found that after fifteen to 

twenty years , the ins ect fauna recovered but never obtained the ori g inal  

communi ty compo s i t ion . 

I n  the southern Appalachian region , s tud i e s  have been conducted by 

Min ear and Tschan t z  ( 1 9 7 6 ) , P l as s  ( 1 9 7 6) , Ro s e  ( 1 9 7 5 ) , Curt i s  ( 1 9 7 1 , 

1 9 7 2 , 1 9 74 ) , Co l l i er et  a l .  ( 1 964 , 1 9 70) , Ward ( 1 9 7 7) , Tung ( 19 7 5 )  and 

Mi l l er ( 1 9 7 7 ) concern ing various aspects  of phys i c a l  and chemical  

a l terations o f  water  qua l i ty by s�rface  mining . 

Thi s  s tudy i s  an ana l ys i s  of the impact of con tour coal  mining on 

b enthi c  insect  communi t i es r e l ative to  popu l at ion s i z e ,  spec i e s  ri chnes s ,  

sp ec i e s  d ivers i ty ,  and the abi l i ty of benthic commun i t i e s to be  



dis criminating fac tors in determining di fferences between s treams 

d i sturb ed and und i s turbed by mining ac tivity .  This  s t udy was conducted 

in the New River Basin o f  the Cumberl and Mountains o f  Tenne s s ee and i s  

part o f  an Appa l achian Resources Coun c i l  proj ect  a t  the Univer s i ty o f  

Tenn e s s e e  t o  determine the effects of  surface mining for coal  on 

( 1) wat er qua l i ty ,  ( 2 )  movement of meta l s  through terre strial  and 

aquati c  sys t ems , ( 3 )  stream hydro logy , and ( 4 ) s t ream bi o t a .  

4 



CHAPTER I I  

LIT ERATURE REV I EW 

Acid mine drainage i s  one of the mo s t  adverse effe cts  resul t ing  

from surface mining for co a l . I n  the App a l achian reg ion approximate l y  

5 , 700 mi l e s  o f  wat erways are continuous ly  po l l uted b y  a c i d  mine dra inage . 

Thi s  pol lut ion results in  $3 . 5  mi l l ion in added annual  c o s t s  to indus ­

trial  water users , muni c ip a l  water supp l ies , nav i gat ion , and pub l ic 

fac i l i t i e s . 1be general env i ronmental  and aes theti c  degredation o f  

a ffected areas , a s  we l l  a s  d e s truction o f  aquat i c  l i fe and de terrent t o  

wate rbased recreat i on may we l l  exceed these other more read i l y  measured 

costs  (Appa l achian Regional Comm i s s i on ,  1 969) . A l t ered water qua l i ty 

resu l t ing from a l l  types of  mine drainage has occurred in  10 , 500 mi l es 

o f  Appalachia11 streams. Of this  total , 5 , 700 mi l e s  were affected by 

acid drainage w ith  mo st  of the affected s treams o ccurring from W e s t  

Virginia and Mary l and northward . By 1 9 7 4 there were 6 , 300 mi l es o f  

s treams affected b y  acid mine drainag e .  Thi s  i s  9 3 . 5% o f  the total  acid  

drainage affected s treams for  the  nat i on (I IRD- S inger , 1 9 7 4 ) . 

I n  the Appal ach i an region 7 2 %  o f  the acid mine drainage originates  

i n  underground mines , 1 2 %  from surface mining , 10% from a combin ation of 

surface and underground mines , and 6%  from other mine rel ated sources . 

O f  the amount from underground s ources , 80% i s  from aban doned mines 

(Appal achi an Regional Commi s s i on ,  1 9 69) . 

Acid mine drainage originates as a resu l t  o f  the oxidat i on o f  

s u l fi d e  minera l s  ( primar i l y  i ron s u l fide ) . The s ource of  t h i s  i ron  

5 
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sul fide i s  from pyri tic  mater i a l s  asso ciated with coal s eams . W i th the 

expo sure of iron sul fide to  oxyg en in a mo i s t  env ironmen t , ferrous sul fate 

and s u l furic acid are produced . 

2 F eS + 7 0 + 2H 0 + 2 2 2 
( l )  

The ferrous s u l fate i s  further oxidized ( 2 ) t o  produce ferric sulfat e .  

+ ( 2 )  

The ferric s u l fate  is  further oxidized ( 3 )  to  produce ferric  hydroxide 

(a precipitate)  and more s u l furi c  acid (Herricks  and Cairn s , 1974) . 

( 3 )  

The s e  reactions c an resu l t  i n  a � I  as  l ow a s  2 . 0 i n  receiving waters , 

depending on the amount and comp o s i tion o f  the pyr i t i c  mat erial  in  the 

coal and overburden , the amount of  contact time between the pyri te  and 

water , the amount o f  avai l ab l e  oxygen , and the amount of  wat er present  

for reaction with  the pyrite  ( Y eas t ed and Shane , 197 5 ;  App al achian 

Regional  Commi s s i on ,  1969) . 

Ac id mine drainage i s  not cons idered a s erious probl em in Tenne s s e e , 

s ince sul fur concentrations in coal  and the as s o c i at ed s t rata  arc lower 

and the proport ion of alkaline  materi a l s  are higher in the exp l o i ted 

P ennsyl vanian s trata of the s outhern Appal achian region ( E l more , 1967) . 

Thi s i s  supported by Curtis  ( 19 7 2 ) , Larson et a l . ( 1976) , P l as s  ( 1976) , 

and �linear and Ts chantz ( 1976)  who found that both pH and a l ka l i n i t y  

often i11creas e  in s t reams in t h i s  area after s trip mining d i s turb ance . 

I n  s treams und i s turbed by mining the low �I i s  contro l l ed by nutrien t s  

and acidity l eached from vege tation ; s i11ce  runoff from surrounding 

watersheds acquires  only a smal l mineral load and therefore has a l ow 

a l kal inity . After mining di sturbance , a l kalinity increas es  as  a res ul t 



o f  l eaching o f  formerly  inacce s s ib l e  a l kal ine mat er i a l s from the 

d i s turbed s urface areas of the wat ershed . I ncreased a l ka l i n i ty resul t s  

i n  increas ed acid  neutral i z ing capaci ty of  m i n e  drainage and a h i gher 

pH ( Larson et  a l . ,  1 9 7 6 ) . 

B io l o g i c a l  E ffects o f  Ac id  Mine Drainage 

7 

S tud ies  o f  the effects  o f  acid mine drainag e  can be  divi ded into 

two groups ba s ed on the type o f  s trip mining us ed and the terrain . I n  

flatter locations , area s trip mining i s  used whe reby succ es s ive p i t s  are 

formed . E ach p i t  i s  fi l l ed by the overburden removed from the n ext p i t . 

As a re s u lt o f  no addit ional  fi l l  for the final p i t , " s trip p i t "  l akes  

are  formed . Contour strip min ing resul t s  mo s t  frequent ly  in stream 

pol lution , s ince contour s trip mining is carri e d  out on general ly  s t eep 

mountain s ides . 

E ffects o f  acid  mine drainage are d i s cu s s ed in  a rev i e w  arti c l e  by 

Smith and Frey ( 1 9 7 1 ) . S tudi es  by Dinsmore ( 1 9 5 8 ) , R i l ey ( 1 9 50) , and 

Burner and Lei st  ( 1 9 5 3 )  o f  the eco l o gy of  s trip mine formed l akes 

i nd i cated phys i c a l  a l teration o f  both l ake  sub s trate and acidity and 

i ncreas ed community a l terat i on with t ime s ince l ake formati on .  

There are numerous s tudi e s  on the e ffe cts  o f  acid  mine drainage on 

s tream sys tems .  Parsons ( 1 9 5 7 ) , llerricks  and Cairns ( 1 9 7 4 ) , and D i l l s  

and Ro gers ( 1 9 7 4)  found benth i c  popul a t i ons decreas ed a s  a resul t o f  

acid drainag e ,  but they found re covery occurring with increased 

d i s tance downstream from the source o f  acid drainage . Patr ick ( 1 9 5 6) , 

Roback and Richardson ( 1 969 ) , Cairns et  al . ( 1 9 7 1 )  a l s o  found reduced 

benthic popul at ions and chang es in community s t ruc ture as  a resu l t  o f  

acid mine drainage . 
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Al though these  authors a l l  found reduced commun i ty div ers i t y  as a 

resu l t  o f  acid  mine drainage , the communi ty compo s i t i ons d i ffered with 

the di fferent s tudi es . I n  Penns y lvania , Roback and Richardson ( 1 9 6 9 )  

found P l ecoptera , Ephemeroptera , and Odonata comp l e t e l y  e l iminated from 

s tudy s treams receiving acid mine drainag e .  I n  Al abama , D i l l s  and Ro gers 

( 1 97 4 )  found that members of  the s e  orders were pres ent but in reduced 

numb ers . They a l s o  found the benthic fauna in the d i sturbed s treams to  

b e  dominated primar i l y  by  chironomi ds , ceratopogonids , and megalopt eran s . 

Herricks and C arins ( 1 97 4 )  found Ephemeroptera and P l ecoptera but not 

Tri choptera reduced as  a resu l t  of acid mine drainag e . Parsons ( 1 9 5 7 )  

al so found the s e  orders reduced but found an i n s e c t  communi ty of  s everal 

dipt eran species and the mega lopteran S i al is  sp . wel l adapted to acid 

mine drainage . The adaptation o f  Sial i s  sp . to acid drainag e  is  supported 

by findings of Tarter ( 1 9 7 5) . The Appal achian Regional Commi s s ion ' s  

( 1 969)  s tudy o f  ac i d  mine drainage pres ents a t ab l e  s howing that from 

pH 5 . 0- 7 . 0  there  is a diverse b enthic fauna with Tri chop tera , 

Ephemeroptera , P l ecopt era and Simul i idae (Dipt era) pres ent . Be low  

p l l  4 . 5 ,  the fauna changes  to primar i l y  Trichopt era , Odonata , and D ip t era 

( C hironomidae) . Roback ( 1 9 7 4 )  showed that b e l ow a pll o f  4 . 5  the benthic 

fauna was dominated by Co l eoptera , Diptera , and llemiptera with Meg a l optera 

and Tri chopt era compris ing the remaining fauna . 

B e l l  and Nebeker ( 1 969)  and B e l l ( 1 9 7 1 )  found that mo s t  aquat i c  

ins ects  emerged successful ly  at a p H  of  4 . 0 to 5 . 9  and that as  p H  

decreased emergence success  a l s o  decrea s ed . The trichopterans , 

Hydropsyche bette11i Ro s s  and Brachycentrus ameri canus ( B anks ) , were 



found to be  mo s t  t o l erant o f  l o w  pi! . P l ecoptera and Odonata were 

moderate l y  t o l erant , and the ephemeropteran Ephemere l l a subvari ans 

(McDonnough) was fa irly s ens i t ive with  a TL50  ( 3 0  day to l erance l imit  

where S O%  o f  the  t e s t  ind ividua l s  survive)  o f  pH  5 . 38 and SO%  emergence 

success  of pH 5 . 9 .  A l though the s tudies o f  ac i d  drainage s treams c i t e d  

above correspond f a i r l y  we l l  w i th tho s e  find ings o f  pH to l erance b y  

9 

B e l l and Nebeker ( 1 9 69 )  and B e l l  ( 1 9 7 1 ) , there are d ifferenc es  in 

community compo s i t i on that are the resu l t  of  dis turbance  r e l ated factors 

o ther than pH . 

Di l l s  and Rogers ( 1 9 7 4 )  and Herricks and Cairns ( 1 9 7 4 )  found 

increas es  in i on i c  content w i th decreased pi ! as a resu l t  o f  acid  drainage . 

The former found a high negative corre l at i on between hydrogen ion 

concentrat ion and benthic speci e s  divers i t y ;  however , they ind i ca t ed 

that the ionic content may exert as great an influence on benthic  

organisms as � I .  Herri cks and C airns ( 1 9 74) experimental l y  con s i dered 

acid as an indiv i dual prob l em and found benthic  community  recovery 

associat ed w i th both t ime and d i st ance from the source of d i s turbance .  

They al so cons idered a d i s turb ed s tream and found benthi c  recovery 

associated w i th  d i s tance from the source o f  d i s turbance . They conc luded 

that s econdary bi o l ogical  stress may o ccur as a resu l t  of heavy met a l  

toxi c i ty . 

S everal authors have cons i dered benthic ins ects to be  the mos t 

important indi cators of heavy metal  p o l l ution ( Nehring , 1 9 7 6 ;  Rehwo l dt 

et  a l . ,  1 9 7 3 ) . Th i s  is  becaus e ( 1 )  ins ects conc entrat e metal s  in  r e l a t ion 

to the proport i on of met a l s  in the wate r ,  (2) they concentrate the metal  
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over a predictab l e  t ime period , and ( 3 ) they are more t o l erant o f  heavy 

met a l s  than fish  ( Nehring , 1 9 76) . C lubb et a l . ( 1 9 7 5 )  found that during 

periods when there is a h igh met a l  content in the water , great er 

quan t i t i e s  o f  metals  are concentrated , but during periods o f  reduced 

metal  content there is a l inear rate of l o s s  whi ch may s erve to l ower or 

prevent mort a l i ty . Both Warn i ck and B e l l ( 1969)  and Rehwo ldt  et  a l . 

( 1 97 3 )  found that b en thic  ins ects  are more ab l e  to withstand heavy metal  

input than are  f i s h . 

From the above s tudies  on acid mine drainage wh i ch s how depres s ed 

pH , increased ionic cont ent , and increased or decreas ed turb i dity 

depending on the pH , it  i s  evident that the effects o f  contour s trip 

mining on b enthi c  commun i t i e s  vary with the geo l ogy of the area and with 

the geograph i c a l  areas s tudied . From these s tud i e s , i t  i s  also evident 

that pli is genera l ly cons idered the contro l l ing factor of benthic 

communi ty  s tructure s ince l ower pi! l ev e l s  are found in mo s t  coal producing 

regions and o ther factors are often thought to b e  a res u l t ing effect o f  

the acid ( Curt i s , 1 97 1 ) . Sul fat e content ( lierr i cks  and Cairns , 1 9 7 4 ; 

B ies ecker and G eorge , 1 966) and specific  conductance ( P i ckering and 

Mus s er ,  1 9 70 )  have been prop o s ed as indicative of mine drainage s ince 

pii ind i cates  l itt l e  about the chemical nature of the water wh ich can 

vary , depending on the geo l o gy , among s treams o f  the s ame pi! . 

Ero s ion and Sedimentation 

Acid  pro ducti on from coal  mining 1s primar i l y  the resul t  o f  

underground mining . In  contrast the pr imary adver s e  e ffect o f  surface 

mining i s  spo i l  hank ero s i on and s i l tation ( Greene , 1 9 7 5 ) . Approxima t e l y  
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SO% o f  the t o t a l  s ediment found ln waterways i s  c l a s s i fied as resul t ing 

from l and - d i s turb ing activ i t i e s  a s s oc i ated with mining , cons truct i on ,  

agricul ture and s i l v i cul ture , 30%  from natural o r  geo l o g i c  s ources and 

2 0% from muni cipal , industrial  and individual sources  ( G r i s s inger and 

McDowel l ,  1 9 70) . Whenever mining cuts are made to expos e  coal  s e ams , 

the overburden or rubb l e  removed from over the coal  s e am i s  pushed over 

the edge of the cut and down the mountainside . These  spo i l  banks are a 

major source o f  erodab l e  materi al s ,  a l though access  and haul roads in 

some instances may contribute as much erodab l e  material  as the spo i l  

b ank ( Curt i s ,  1 9 7 2 ) . These findings are supported by Co l l i er e t  a l . 

( 1 9 7 0 )  and Reed ( 1 9 7 7 )  who have a l s o  found cons iderab l e  erodab l e  mat erial 

as a resul t o f  road cons truction . The s o i l  typ e , l ength and degree o f  

s l ope , c l imate , and amount o f  rainfa l l a l l  affect the amount o f  eros ion 

resul ti ng from surface mining ( Greene , 1 9 75 ) . The extent o f  the water­

shed d i s turb ed and the ext ent of r e c l amat ion carried out in the watershed 

shoul d  a l so b e  added to this l i s t  s ince these wou l d  influence the amount 

of erodabl e  mat eri a l s  avai labl e .  The degree and l ength o f  s l ope are 

probab ly two of the most  important factors in determining erodab l e  

material  s ince the s e  two fac tors wou l d  determine , i n  the absence of  heavy 

rainfal l and water accumu l at i on wi tltin the spo i l  b ank , the stab i l i ty o f  

the spo i l  bank . A s  the s t eepnes s o f  t h e  s lope and amount o f  rainfa l l  

increas e ,  ero s ion and sedimentation become a more s erious pro b l em s ince 

the lo o sened spo i l  mat eri al  is more uns tab l e  ( G o l dberg , 1 9 7 2 ; Co l l i er 

et a l . ,  1 9 70)  and subj ect to gul ly  eros ion . 
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I n  ar eas d i sturb ed by contour s trip mining al ong s t e ep s l opes , i t  

i s  n o t  unusual  for total  s ediment y i e l d s  t o  b e  at  l ea s t  a thous and t imes 

greater than from s imi l ar unmined watersheds (Ts chant z ,  1 9 7 7 ) . I n  the 

Cumb er l and Mountains of  East Tennes s ee , Minear and Ts chan t z  ( 1 9 7 6 )  and 

Tschan t z  ( 1 9 7 7 ) have found that the median parti c l e  s i z e  removed from 

the spo i l  bank s , carried in the s treams , and depo s i ted b ehind the w eirs 

has increa s ed s t eadi ly  wi tl1 time s ince mining d i s turbance  ceased . 

Changes in  parti c l e  s i ze d i s tribution were the resul t o f  increas ed 

v e l o city and turbu lance in  s torm runo ff . Ts chan t z  and Overton ( 1 9 78)  

found that w i th moderat e s t orms s i l t  depo s ited on the s treambed was  

d i s l odged . W ith  the advent o f  ano ther more inten s e  s torm , l arger 

under lying parti c l e s  were then remov ed . The s e  finding s are suppor t ed by 

C o l l i er et  a l . ( 1 9 7 0 )  who al so  found increas ed part i c l e  s i ze . The 

increase in part i c l e  s i z e  was a res u l t  of s l ower movement toward the 

s treams by the l arger part i c l e s  and in s ome cases the proximity of spo i l  

banks t o  the s tream margins . Co l l i er e t  a l . ( 1 9 7 0) found that the 

parti c l e  s i ze increased s ooner after mining in areas where the spo i l  

b ank was near the s tream margin . l ligher values for extreme suspended 

so l ids in the water co lumn corre spond to days during whi ch rain fa l l  

occurred or days immediat e l y  fol l owing a rainfa l l (Minear and Ts chant z ,  

1 9 76) . 

In eastern Kentucky , Cur t i s  ( 1 9 7 2 )  d i s cus sed  the impor tance o f  

s i l tation from improperl y  maintained haul roads and from s trip mined 

areas . lie found an ero s inal rate of 5 . 9  tons per acre per year in 

dis turbed watersheds as compared to . 7  tons p er acre per year in 
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undi s turb ed wat ersheds . I n  a V irg inia watershed d i s turbed in area by 

approximat e l y  1 1% as a resu l t  o f  road cons truct ion , Reed ( 1 9 7 7 )  found that 

ero s i on averaged 1 51 tons per acre per year . Thi s  was two thous and times 

that expected from forested l and in that basin . Co l l i er ,  P i cker ing , and 

Mus s er ( 1 96 4 )  found an annual s ed iment yi eld o f  20 to 30 tons per square 

mi l e  pri or to mining activity . S ince  mining activ i ty began , the annual  

s ediment yield has ranged from 6 1 7  to  3 , 0 1 0  tons per square mile  or s i xty­

nine times the amount from the contro l s tream . Cur t i s  ( 1 9 7 2 )  concluded 

that l arger storms were respon s i b l e  for increas ed s ediment but the maximum 

concentrations depended primar i l y  on the extent o f  mining activ i ty and 

dis turbance . 

I n  s tudying the impact o f  strip mining on wat er qua l i ty in the New 

River B a s in , the source of 70% of the co a l  produced in Tenne s s ee , Minear 

and Tschan t z  ( 1 9 7 6 ) , Tschan t z  ( 1 9 7 7 ), and Bowers ( 1 9 7 7 ) observed s edimen­

tation s imi l ar to that found by Cur t i s  ( 1 9 7 2 )  and Co l l ier e t  al . ,  ( 1 964 )  

in  K entucky . I n  the dis turb ed s treams , suspended s o l ids  r egu l ar l y  

exceeded 1 0 00 mg/ 1 and at t imes exceeded 1 0 , 000  mg/ 1 fo l l owing rainfa l l 

days . I n  one o f  the disturbed s treams , the suspended s o l ids conc entrat i on 

i n  a peak storm f low was greater than that pred i cted  for an urban storm 

of the s ame intensi ty  (W ard , 1 9 7 7 ) . I n  compar i s on , the suspended sol ids 

were cons i s t ently  b e l ow 25  mg/ 1 in the contro l stream regard l e ss of s eason 

or pr ecipitation (Ts chant z, 1 9 77 ) . C o l l ier e t  al . ( 19 7 0 )  found that 

in the d i s turb ed streams there were seasona l  d i fferences  in s edimentation 

as the result  of extended periods of rain during the winter , and bri e f  

int ens e storms during the summer y i e lded hi gher s ed iment concentrat i ons . 



1 4  

I n  contrast they found that n o  s easonal variabi l i ty in the amount o f  

s ediment occurred i n  the contro l s tream . The d i fferences  wer e  attributed 

to the fact that the unpro tected ( nonforested)  s trip mined areas were 

more s en s i t ive to form, inten s i t y ,  and duration of precipi tation and to 

antecedent mo i s ture condi t ion s . 

Minear and Tschantz ( 1 9 76 )  and Ts chantz and Overton ( 1 9 78) found an 

increase in median part i c l e  s ize  carr i ed into the d i s turbed s treams and 

depo s i ted b ehind the weirs w i th increa s ed time s ince mining c eas ed . 

Changes in s i z e  part i c l e di s tribution were the resul t  o f  increas ed 

v e l o city and turbul ence changes i n  s torm runo f f .  Ts chan t z  and Overton 

( 1 9 7 8 )  found that with moderate storms s i l t  depo s i ted on the s treamb ed 

was d i s l odged with the advent of another more inten s e  s t orm . The l arger 

s ediment expos ed when the s i l t  was removed was then carr i ed by the 

increased s tream ve l o city . 

I n  s tudi es  o f  s treams not receiv ing acid mine drai nag e ,  i t  i s  

pos s ib l e  t o  examine factors i n  add i tion t o  s i l tation that might cau s e  

changes in  benthic commun i t i e s . Stud i e s , covering a s ev en year period in 

Br eathitt  County , Kentucky , conducted by Cur t i s  (19 71 ,  1 9 7 2 ) and Dyer and 

Cur t i s  ( 1 9 7 7 ) , showed that , as a resu l t  of s trip mining d i s turbance , 

ionic cont ent increased fo l l owing mining . I on i c  concentrat ions o f  

sul fat e ,  cal ciwn ,  and magnes ium showed the great e s t  incre as e ,  but a l uminum , 

mangane s e ,  iron , and z inc were a l s o  found to increas e .  In eas tern 

Tenn e s s e e , !'-linear and Tschan t z  ( 1 9 7 6 )  found an increase  in pH in the 

s treams d i s turb ed by mining as a resu l t  o f  a lka l ine mater i a l  being exposed  

to weathering . Cur t i s  ( 1 9 7 2 )  al s o  found increased pll as  a resu l t  o f  

mining . 
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Bio l og i ca l  E ffec t s  of S i l tation 

Branson and Batch (19 7 2 ) , s tudying the  effects of  s i l tat ion from 

s trip mining in Kentucky , found a high l evel  of s i l tat ion -as much as 

15 to 30  times that of an und i s turbed s tream . Thi s  increas ed s i l tation 

e l iminated fishes from headwat er s treams and reduced reproduct ion o f  

fishes downs tream . They a l so found that benthic food  organi sms were 

reduced by at l east  9 0% . B atch (personal communi cat ion) found 

ephemeropteran and p l ecopt eran faunas a l tered and numb ers of ind ividual s 

and species  reduced in s treams d i s turbed by s tr ip mining s i l tation . 

Hens l ey ( 1 9 70)  found ephemeropteran , p l e copteran and tri chopteran species  

reduced by a c i d  mine drainage and s i l tation . To lb ert ( 1 9 7 7 )  and To l bert 

and Vaughn ( 1 9 7 8 )  found r educed numbers of taxa and individu a l s  in  

streams dis turbed by contour s trip mining in East  Tenn e s s e e . 

Hynes ( 1 9 60)  described two principal ways that faunas o f  streams 

and r ivers may be  affected by inert s o l ids. Firs t ,  when s o l ids are 

suspended in the wat er, they may e l iminate  p l ant  and a l gal  g rowth by 

reducing l ight p enetrat ion . This el iminates the food of herbivorous 

organ i sms and the autochthonous detritus produced from p l ant  and a l gal 

break up (Hynes , 1 9 6 0 ;  Chut ter , 1 9 69) . S econ d ,  when inert s o l ids s e t t l e  

out o f  the wat er ,  they smo ther al gal  growt h ,  ki l l  p l ant roots and mo s s es  

and al ter the subs trate by c l ogging the inters t i c i e s  b etween subs trate 

part i c l e s . As l ong as al l o chthonous mat eria l s  are avai l ab l e  as an energy 

source (!Iynes , 1 9 7 0 ;  Cummins et  al. , 1 9 7 3 ) , commun i t i e s  can remain 

v i rtual ly the same in the abs ence of autochonous materi a l s .  When 

al l ochthonous mat eri a l s  are removed as a food source by increased current 

result ing from runoff (Hynes ,  1 9 70) , commun i ty a l t eration o ccurs . 
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Cordone and Ke l ly ( 1 9 6 1 ) , revi ewing the l i t erature on the e ffects o f  

s i l t  and sand , found that in many instances the dens i ty o f  the s treambed 

fauna was con s iderab l y  reduced by sedimentat ion . Tebo ( 1 9 5 5 ) , s tudying 

the effects of s i l tation resu l t ing from log ging , found that there was a 

s tat i st i ca l ly s i gni fi cant reduc t i on o f  bot tom dwe l l ing organi sms b e l ow 

the mouth o f  a l ogged watershed . Taff and Shapova l ov ( 1 9 3 5 ) , as reported 

by Cordone and Kel ly  (19 6 1 ) , found that streams affected by s i l t  from 

mining act ivity a lways had fewer organisms than s treams in unmined areas . 

Turb i di ty and s o l ids  depo s i t i on have been found to be the primary factors 

associated with s i l tat ion that affect benthic organisms (Bart s ch and 

S chi lpp , 1 9 5 3 ) . 

According to !Iynes ( 1 9 7 0 )  sub s trate is l arg e l y  contro l l ed by s tream 

v e l o c i ty . S tream ve locity determines the d i s tribution o f  substrat e 

p ar t i c l es , depos i ts and carries  away s i l t ,  transports and shreds l eaf 

detr i tus , and i s  nece ssary for respiration by benthic organ i sms (Rabeni 

and Minsha l l ,  1 9 7 7 ;  !Iynes , 1 9 7 0 ;  Rei c e , 1 974 ) . I f  the v e l o city is fair ly  

constant throughout the year , the  substrate , no mat ter what typ e ,  i s  

usua l l y  stab l e. I f  the current i s  s l ow part o f  the year , sand and s i l t  

from ero s i on w i l l  bui l d  up depo s i t s  o n  the sub s trate . The s e  dep o s i t s  

are then flushed downs tream or to t h e  stream margins w i tl1 increased flow 

or f l ooding . Tebo ( 1 95 5 )  found that the a l t erat ion o f  the subs trat e by 

s i l t  accumu l at ion resul ted in decreas ed sub s trate stab i l i ty wi th  benthic 

organi sms being subj ect  to decimation by flood waters . Branson and 

B atch ( 1 9 7 2 )  found this to be true a l so fo r amphibians when they found 

s a l amanders entombed under rocks after the s treambed was covered wi th 

c l ay accumu l ations of two to s ix inches from s trip mine runoff. 
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Chutter ( 1 969 )  found that e lmid  b e e t l e s  ( Co l eoptera) and Caenidae 

(Ephemerop tera)  as we l l  as chi ronomids  ( D ipt era) were advers e l y  affected 

by s i l t  and s and , particu l arly  during the summer months . He a l s o  found 

that S imulum sp . ( Diptera) move away from areas o f  s i l t  depos i t ion . 

Hynes ( 1 9 7 0 )  s t ated  that G l o s so s oma sp . (Tri choptera) occur only  where 

its food gathering mechanism  i s  not impeded by s and or  s i l t .  Chut t e r  

( 1 9 6 9 )  found some species  to be  part i cu l arly  s en s i t ive to s i l t  abrasion 

and o thers to b e  int o l erant o f  s i l tation becaus e o f  i t s  int erference 

with fo od aquis i t ion . On s tony subs trates , the presence  o f  s i l t  reduces 

and changes the fauna (Savage and Rab e , 1 9 7 3; Spru l es , 1 9 4 7 ) . Thi s is 

especi al l y  true for int o l erant spec i e s  of P l ecop tera , Ephemeroptera , and 

Tri choptera . With  s i l tation the p roportion o f  chi ronomi d  individual s  in  

the b enthi c  fauna i ncreas ed (Spru l e s , 1 9 4 7 ) . Mo ffett ( 1 9 3 6) and Jones 

( 1 9 5 1 )  a l so found chironomids to be  the predominant fauna in d i s turbed 

streams . Rabini  and Minshal l ( 1 9 7 7 ) a l s o  found changes in benthi c  fauna 

as a resu l t  of s i l tation . 

I n  general the fauna o f  c l ean , s tony s treams i s  r i cher than that o f  

sil ty reaches in terms of both number o f  species  and in total  biomas s  

(Hynes , 1 9 70 ) . Thi s  di fference may b e  the resul t o f  several factors . 

S i l t  accumu l ates on the substrate c logging the inters t i c e s  b e tween 

sub s trate parti c l es . Thi s  c l ogg ing r educes the number and kinds o f  

avai l ab l e  hab i tats a s  we l l  a s  the auto chonous food supp l y  (Hynes ,  1 9 70 ) , 

thus reducing the benthi c fauna . Species  general ly  s e l ect  substrates 

based on subs trate s t ab i l ity ( Lauff and Cummins , 1 964; S co t t ,  1 9 5 8 ) . As 

s hown by Tebo ( 1 9 5 5 )  and Hynes ( 1 9 7 0 )  these s tab l e areas are unavai l ab l e  
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i n  s treams rec eiv ing s i l t  l oads. W i th variations i n  s tream curr ent , 

resu l t ing from increased runo f f ,  the uns t ab l e  s i l t  accumul at i ons are 

d is turbed .  Movement o f  eroded materia l s  and d i s l odged substrat e resu l t  

in  abras ion t o  some speci e s  (Savage and Rabe , 1 9 7 3 ;  Chut ter , 1 9 69 ) . 

Barker ( 1 9 5 3 ) , Harr i s on and E l sworth ( 1 9 5 8) ,  and Hynes  ( 1 9 70)  found 

b enth i c  individua l s  crushed by moving sub s trate . Lar imore ( 1 9 7 2 ) , 

E l l io t  ( 19 6 7 ) , and E l l io t  and Minsha l l  ( 1 96 8 )  found increas ed dri ft with 

i ncreased runo ff from rainfa l l  and Brusven ( 1 9 7 4 )  found dri ft to increase 

as the concentrat ion of  suspended s o l id s  in the water increas ed . Thus , 

with ero s ion and resultant s i l tation o f  s treams , the various l i fe s t ages 

o f  b enth i c  organisms are reduced . 



CHAPTER I I I  

STUDY AREA 

The 9 5 5  sq km (382 sq m i )  New River Bas in is l o cated entire l y  w i thin 

S cott , Morgan , Anderson , and Campb e l l  counties  of eastern Tennes s e e  

(fi gure 1 )  . Thi s  area ,  which i s  part o f  the Appal achian coal  producing 

region extend ing from central Pennsylvan i a  into northwe s t ern Al abama 

(figure 2), produces approx imat e l y  70% o f  the coal mined in Tenn e s s e e  

(Larson e t  a l . ,  1 9 7 6 ;  Minear and Ts chant z ,  1 9 7 6 ) . The New River f l ows 

northward and j o ins C l ear Fork near New River , Tenn e s s e e  to  form the B i g  

South Fork o f  the Cumberl and River . Th e s i gn i f i c an c e  o f  the New River 

has increased w i th tlte enactment o f  PL  9 3 - 2 5 1  in  1 9 7 4 , whi ch authorized 

the U .  S .  Army Corps o f  Eng ineers to estab l i sh the B i g S outh fork 

Nat ional River a nd Recreational Area (Minear and T s chant z ,  1 9 7 6) . 

The New River Basin i s  characteri zed by genera l l y rugged terra i n ,  

mod erate t emperature ( l 3°C or 5 5°F annual  average) , and greater than 

1 2 7  em (SO in . )  of rainfal l  annual l y .  E l evation ranges from 3 3 2  m 

( 1 , 090  ft . )  to greater than 1 , 006 m (3 , 000 ft . )  above mean s e a  l ev e l  

w i t h  an average s l ope o f  1 4  degrees . S l opes o f  the s treambeds range 

from 7 to 2 6 %  (Tung , 1 9 7 5 ) . The extreme re l i ef  o f  the area resu l t s  in  

the loss  o f  most  precipitat i on as runo ff . As a resu l t ,  mo s t  o f  the 

smal l er streams in the area cease flowing periodi ca l l y during the summer 

months be cau s e  o f  l ack of groundwater re charge (Gairo l a ,  1 9 4 7; Minear 

and Tschant z ,  1 9 7 6 ) . 
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Figur e  1 .  Map o f  the study area in the New Riv er B asin showing 
the major streams in the area . The four study streams are indicated as 
fo l l ows :  Lowe Branch (A) , Bi l l ' s  Branch ( B ) , Green Branch ( C ) , and 
I ndian Fork ( D )  . 
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F igure 2 .  Map o f  the coal  producing regions o f  the E a s t ern Uni t ed 
S t ates . 
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Sur face coal  min ing began i n  the New River Basin i n  the ear l y  1 94 0 ' s  

and has continued to  the pres ent . Thi s  has resulted  in approximat e l y  5 %  

o f  the t o t a l  area o f  the b a s i n  being d i sturbed by 1 9 7 5  (Tung , 1 9 7 5 ) . I n  

s ome o f  the smal l ,  primary watersheds wi thin the b as in ,  cons iderab l y  

greater d i s turbance has o ccurred ( S e e  Tab l e  1 for examp l es ) . 

G eo l o g i ca l l y ,  the New River f l uvial  sys tem drains the Northern 

Cumber l and P l ateau of eastern Tenn e s s e e  and i s  contained in the Wartburg 

B as i n ,  wh i ch is  a physi ograph i c  subprovince o f  the p l ateau .  Wi thin the 

N ew River Bas i n ,  exposed ro ck is o f  P ennsylvan i an age and cons i s t s  

l argely  o f  cong l omerate , s ands tone , s i l ts tone , and shal e w i th smal l er 

amounts o f  coal  ( Tung , 1 9 75 ) . The l ower parts of the midd l e  Pennsylvanian 

s equence contain pr imari ly  thick s ands tone l ayers with l e s s er amounts o f  

coal . The upper parts of the s equence  contain greater amounts  o f  coa l , 

thicker sha l e  l ayers , and reduc ed l ayer s  o f  s andstone . 

Tho s e  coal  s eams o f  the midd l e  Pennsylvanian s equence o f  pr imary 

m ining intere s t  in the New River Bas in ar e B i g  Mary at approximat e l y  686  m 

( 2 , 2 5 0  ft . )  e l evat i on and the Pewee s eam at about 7 9 3  m ( 2 , 600  ft . )  

e l evat ion . Other seams mined in conjunction with th ese  two primary s e ams 

are W indro ck , Walnut Mountain and Red Ash (F igure 3 ) . D e s criptions o f  

these co al  s e ams and as s o c i ated  s trata ar e contained i n  Briggs  and Rul e 

( 1 9 7 6) and Minear and Tschan t z  ( 1 9 7 6 ) . 

I n  order to  obtain informat ion on streams not  influenced by mining 

activity wi thin the New River B as in , primary watersheds were cho s en . The 

four watersheds under study ( Lowe Branch , B i l l ' s  Branch , Green Branch , 

and I ndian Fork) are l ocated in Anderson and S c o t t  counties  w i thin the 



Tab l e  1 .  Sunm1ary of  Character i s t i cs o f  the S tudy Wat ersheds and Their Mining H i s tory . 

S tr e am 

Lowe Branch 

B i l l ' s  Branch 

Green Branch 

I nd i an Fork 

so S l ope o f  
Streambed 

1 2 . 6  

26 . 0  

1 7 . 6  

8 . 4 

Area o f  
Watershed 
(Hectares) 

23 8 

1 7 4 

3 5 7  

1 , 1 1 9 

Area 
D i s turbed 
(Hectar e s )  

1 7 . 6  

86 . 2  

2 1 1 . 0  

% Area 
D i s turbed 

9 . 8  

2 4 . 1  

1 8 . 9  

Mining Act ivity 
b eg an ended 

1 974 - 1 9 7 5  

1 9 7 2  - 1 9 7 5  

1 9 5 0's - current 

N 
(.N 
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Figure 3. Gcnerali::erl s tratiograp hic s e quence  o f  the Pennsyl vanian 
coal bearing s trata of the s tudy area . 
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New River bas i n . Lowe Branch i s  the o n l y  s tream in a watershed 

und i sturbed by s trip mining . The l ocations of the s e  watersheds are shown 

in F i gure 1 ( p . 2 0) w ith br i e f  d e s criptions in Tab l e  1 ( p .  2 3) . The 

s tudy watersheds for the pro j ect  wer e  cho sen based  pr imar i l y  on pro j ected 

l and use ,  particular l y  w i th respect to p l anned s trip  minin g ,  in order to 

insur e  an und i sturb ed contro l s tream throughout the s tudy . The water­

sheds are geo l o g i c a l ly  s im i l ar ,  and with the except ion of Indian Fork , 

whi ch i s  spar s e l y  popu l ated n ear i t s  mouth,  ac c e s s  i s  l imited . B a s ed on  

the geo l ogy and  the  fac t  that basin  dis charg e resu l t s  s o l e l y  from rainfal l 

and ground water, background water qual i ty o f  the s treams i s  relatively 

uni form and o f  " near pri s t ine" character i s t i cs ( Minear and Ts chantz ,  

1 9 7 6 ) . The s tudy o f  water qua l i ty in the s e  s tudy s treams had been 

reported by Minear and Ts chantz ( 1 9 7 6) , Tschantz ( 1 9 7 7 ) , and Ts chantz and 

Overton ( 1 9 7 8 ) ;  met a l  movement through both t errestrial  and aqua t i c  

sys t ems b y  Ru l e  ( 1 9 7 5 ) , and s tream hydro l ogy b y  Tschantz ( 1 9 7 7 )  and 

Tschantz and Ov erton ( 1 9 78 )  . 

Lowe Branch ( F igure 1 ) , a fir s t  order s tream (!lorton , 1 94 5; 

Leopo ld et  a l . ,  1 964 )  und i s turbed by s trip mining , s erved as  the contro l 

s tream . The s tream i s  characterized by a sub s trate compos ed o f  ro ck, 

gr av e l, and s and w i th abundant a l l ochthonous mater i a l. The current i s  

moderat e to s l ow mo s t  of the year with f l ow in the l ower reaches ceas ing 

during par t s  of the s ummer . During periods o f  heavy rainfal l the s tream 

v e l o city s hows l i tt l e  increas e (maximum f l ow 1 . 6  cfs, Ts chantz , 1 9 7 7 ) . 

The s tream width varies from 1 to 2 me t er s  and the depth from 5 to  2 0  em 

with the average width b e ing 1 . 5  m and the average depth 1 2  em (Tab l e  2 ) . 



Tab l e  2 .  S ummary of Phys ical S tream Character i s t i c s . 

S tr e am 

Lowe Branch 

B i l l ' s  Branch 

Green Branch 

I nd i an Fork 

W idth 
(rn) 

1-2 

1 - 2 . 5  

1-3 

2 - 3  

Depth 
(ern) 

5 - 20 

5-30 

8-40 

5 - 35 

S ub s trate 

Rocks , grave l ,  and 
debr i s  under l ai n  w i th 
s and 

Large ro c k ,  r o c k  and 
grav e l  under l ain w i th 
s and and s i l t . S i l t -
a l g a l  cover on rocks . 

L arge ro c k ,  rock , and 
grav e l  cement ed to  
s ub s trat e w i th c l ay .  
S i l t - a l ga l  cover on 
rocks . 

Roc k  and grave l 
cemented to  sub s trate 
w i th c l ay , s ome  s and 
and s i l t , exten s iv e  
prec ip i tate .  

S tream Margins 

Mixed hardwood for e s t  

Mine  t ai l ings and 
mixed hardwood for e s t  

Mine  t ai l i ngs and 
mixed hardwood forest  

Mine  tai l ings , some 
c l e ared ar eas , and 
mixed hardwood areas 

Current 

Moderate to s l ow 

Moderate 

Moderate 

Moderat e to swift 

N 
Q'\ 
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The sub s trate o f  B i l l ' s  Bran ch , a firs t order s tream , i s  pr imar i l y  

l arge ro c k ,  rock , and grav e l  under l ai n  wi th sand and s i l t .  There i s  a 

s i l t - a l gal  cover on the rocks and l ayers o f  s i l t  among the rocks 

(Tab l e  2 ,  p .  2 6 ) . The current i s  moderat e ,  excep t dur ing p eriods o f  

rainfal l when the v e l o c i ty may exceed 9 . 5  c fs ( U . S .  G eo l . Survey , 1 9 7 7 ) , 

and s tream width  rang es from 1 . 0  t o  2 . 5  m and dep t h  from 5 t o  3 0  em . 

The average w i d th i s  2 . 0  m and depth 1 8  em . 

Green Branch ( F i gur e 1 ,  p .  2 0 ) , a f irs t order s tre�1 , i s  

character i zed b y  a sub s trate o f  rock and gravel  cemented  t o g e ther b y  c l ay 

par t i c l es , a few l arge rocks , and a s i l t - al g a l  cover on the rocks . The 

current i s  moderate mos t  o f  the t ime but may exceed 2 2 . 6  cfs  (Tschan t z  

and Overton , 1 9 7 8 )  during periods  o f  rainfal l .  The average s tream depth 

is  16 em and the average width 2 . 5  m (Tab l e  2 ) . 

Indi an Fork ( Figure 1) , a fir s t  order s tream, has a rock  and gr ave l 

sub s trate w i t h  cons i derab l e  amount s  o f  c l ay and sma l l grave l par t i c l es 

among the rock and grave l .  Mos t  o f  the rocks in  the s tream are cement ed 

t o  the s treambed ei ther by depo s it ed s i l t  or they are the onl y sub s trat e  

par t i c les  that have not been d i s l odged by increased s tream fl ow resu l t ing 

from rainfal l .  During periods o f  rainfa l l  the s tream ve l o c i ty may 

frequen t l y  exceed 2 6 . 7  cfs (Ts chan t z and Over ton , 1 9 7 8 ) . There i s  l it t l e  

al l o chthonous mater i a l  accumu l at ed o n  the sub s trate o f  e i ther Ind i an Fork 

or Green Branch . The materi a l  that is avai l ab l e  1s found in  l eaf packs 

caught on branches which extend into the s tream . There is cons iderab l e  

depo s i ti on o f  ferric  hydroxide  o n  the sub s trate and adhering t o  c l ay 

par t i c l es accumu l at ed in the s tream ( Perhac ,  1 9 7 4) ; t h i s  precip i t a t e  

impart s  a n  orange co l or t o  the sub s trat e and the wat er . Sources o f  the 
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ferri c  hydroxide and ac i d i c  waters o f  I ndian fork are primar i l y  open 

auger ho l e s  produced in the l at t er s tages o f  s trip mining , and l eakage 

from abandoned deep mines , incl uding s ome that are s e a l ed at the mouth 

(Minear and Ts chant z ,  1 9 7 6) . There is a l s o  ac cumulated ferr i c  hydro xide 

in  B i l l ' s  Branch and Green Branch but not enough to influence the co lor 

o f  the wat er or sub s trate . I nd ian Fork has an av erage depth o f  1 5  em 

and average width o f  2 m .  The s tr eam current i s  moderat e to swift 

(Tab l e  2 ,  p .  2 6 ) . Indian fork has b e en influenced b y  mining act ivity 

l onger ( approxima t e l y  2 5  year s )  than the other two d i s turbed s tr eams 

(Tab l e  1, p .  2 3 ) . The exposure o f  a near l y  so l i d  firm bottom o f  cemen ted 

ro cks  and grav e l s  at times in  the d i s turb ed s treams  is  the resu l t  o f  

i ncreased s tream f l ow during s torms which s cour the s tr eambed , d i s l odge 

mos t  loose s ub s trat e mat er i a l s ,  and wash them downs tream (Tschantz , 1 9 7 7) . 

Wat er Qual ity 

I n  the New River Bas i n  as we l l  as  parts of eastern Kentucky ( Curt i s , 

1 9 7 2 ) ,  and W es t  Vir g inia  ( P l as s , 1 9 7 6 ) , the 01 and a l ka l inity increase 

fo l l owing s trip mining di s turbanc e .  Th i s  i s  in  contra s t  to the general l y  

l ow pH and a l k a l inity found in undi s turbed wat ersheds . The S ta t e  o f  

Tennes s e e  has s et  the minimum pll for min ing and indu s trial  discharge at 

6 . 0 .  I n  the New River Bas in ground water and sur face water accumul ate 

l i t t l e  mineral content so  that a l k a l inity i s  l ow .  As  a resu l t ,  the 

und i s turb ed s tr eams are in marg inal comp l iance or s ometimes actual l y  in 

v iol ation of s t ate pH s tandards . Wat er qua l ity  data for the four s treams 

under s tudy are avai l ab l e  from rel ated parts of the total Appal achian 

Resources Coun c i l  pro j ect on the New River Bas in . 
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Minear and Ts chan t z  ( 1 9 76) found l it t l e  variation  i n  water qual i ty 

parameters w i th time and l i t t l e  di fference among unmined wat ershed 

s treams in contrast  to greater di ffer enc es  in  wat er qua l ity among the 

dis turb ed wat ershed s treams . They a l s o  determined that extensive 

dis turbanc e ,  par t i cul ar l y  the resul tant generat ion of  unconso l i dated 

spo i l  materia l s , promot e  l e aching of  previous ly inac c e s s i b l e  minera l s . 

Thi s  increased l eaching o f  minera l s  was determined to b e  the resu l t  o f  

increased contact t i m e  between diverted surface water and subsurface 

spo i l  materi a l s . Thi s  divers ion and retent ion o f  sur face water within 

the spo i l  bank results  in  s i gn i f i cant increas ed dry weather flow in 

s treams d i s turbed by mining ( Curt i s ,  1 9 7 2 ; Tschant z ,  1 9 7 7) .  The dry 

weather fl ow in the disturb ed s treams resu l t s  from the gradual r e l ease  

o f  spo i l  bank s e epage and bench impoundment of  water (Minear and 

Tschant z ,  1 9 76) . 

The water qua l i ty var i ab l es reported by Minear and Tschant z ( 1 9 76 )  

refl ect a rel ationship b e tween the  extent and type o f  d i s turbance  and/or 

time since dis turbance. B i l l ' s  Branch , whi ch was d i s turbed for one year 

( 1 9 7 4 - 1 9 7 5) ,  has l ower wat er qua l i ty than the und i s turbed s tream but 

considerably better water qual ity  than was found in the other two d i s ­

turb ed streams . The pl l and a l ka l inity fluctuations i n  I nd i an Fork are 

attr i buted to the acid sources in this watershed resul t i ng from auger 

ho l es and abandoned deep mines . When s tream flow i s  high , these sources 

are not suffi ci ent to lower plf b e l ow acceptab l e  l imits . However , w i th 

decreased pH and resul tant drop in a l ka l i nity, pH o sc i l l at ions ar e 

gr eater than in the o ther d i s turb ed s tr e ams (Minear and Tschant z ,  1 9 76) . 
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Cur t i s  ( 19 7 2 ) , P las s ( 1 9 7 6) ,  and Minear and Ts chantz ( 1 9 76 )  have 

found increa s e s  in the l eve l s  of ca l c ium and magne s ium in s tr eams 

fo l l owing mining d i s turbance . The s e  ions have been found to increa s e  

during s ummer months when water temperature i s  higher a n d  to decrea s e  

within two to three years aft er mining ceas ed . Minea r  and Ts chantz 

( 1 9 76)  found that for the d i s turb ed s treams in the New River Ba s in ,  the 

l eve l s  of ca l c i um and magnes ium were cons iderab l y  h igher on a p er centage 

and abso lute ba s i s  than the contro l s tr eams . Lowe Branch , the control 

s tream , was c l a s s ified a s  a s oft water s tream , B i l l ' s  B ranch a s  s oft but 

with increa s ing hardnes s , Green Branch as mo derat e l y  hard to hard , and 

I ndian Fork as hard to very hard (Minear and Ts chantz , 1 9 7 6 ) . 

Sulfa t e  concentrat ions have been proposed  as an ind i cator of acid  

mine  drainage (Herricks and  Carins , 1 9 74 ) ; howev e r ,  s u lfate has b een 

found by Curt i s  ( 1 9 7 1 ; 1 97 2) , P l a s s  ( 1 9 7 6) , and Minear and Tschan t z  

( 1 9 76)  to increase i n  s trip mining d i s turbed s treams where a c i d  mine 

drainage was no t found . Sulfate concentration s  have been found to 

increase  w i th the extent of d i s turbance and to decrea s e  wi th t ime  s ince 

d is turbance (Dyer and Curt i s , 1 9 7 7 ;  Minear and Ts chantz , 1 9 7 6 ) . Curt i s  

( 1 9 7 2 ) , P l a s s  ( 1 9 76)  and Minear and Tschantz ( 1 9 76 )  have found lags in  

sulfate produc t i on fo l lowing d i sturbanc e and l ong t erm product i on of 

sulfates  fo l lowing d i s turbance ,  wltich result  1n l e s s  acid  product i on in 

the s outh ern Appal ach ian region . G enera l ly  the c ontro l s tream had i ron 

and mangane s e  l evel s cons iderab l y  b e l ow tho s e  found 1n the d i s turb ed 

s treams . Minear and Tschan t z  ( 19 76 )  found that 88% of the samp l es from 

B i l l ' s  Branch , 88% from G reen B ranch and 98% of the samp l e s  from I ndian 
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Fork exceeded the s tate drinking water s tandards ( . 05 mg/ 1 )  for manganes e ,  

but d id not exceed the mining p ermit  s tandards . For iron c oncentrations 

the three d i s turb ed s treams exceeded the mining perm i t  leve l s  43 . 5 , 4 7 . 6 , 

and 9 5 . 4% o f  the t ime ( B i l l ' s  Branch , Green Branch , and Indian Fork) . 

Th e s e  thr e e  s treams exc eeded the s tate  drinking water s t andards 7 8 . 3 % o f  

the t ime ( B i l l ' s  Branch) , 7 3 . 8 % ( Gr een Branch) , and 1 0 0% o f  the t ime 

( Indian Fork) . Mo s t  of  the iron found in the d i s turbed s treams was found 

as  total  iron concentration usual ly  as a precip i t at e ; whi l e  so lub l e  iron 

compr i s ed o nly  a s ma l l  part  of the total  iron . 

I n  the und i s turb ed watersheds the s uspended s o l ids  l o ad remained 

b e l ow 25 mg/ 1 and n ever exceeded 50 mg/ 1 . Suspended so l ids  rang ed from 

2 to 1 0 , 1 6 0  ppm in the d i s turbed s tr eams and from 1 to 38 ppm in the 

control s tr eam . The average suspended s o l ids  for each s tream were Lowe 

Branch 6 ppm , B i l l ' s  Branch 1 4 5 2 . 3  ppm , Green Branch 204 5 . 1  ppm , and 

I ndian Fork 3 2 9 . 4  ppm for the to t a l  s amp l ing p eriod . The turb idity 

measures (JTU ' s ) ranged from 4 to 1 0 00  uni t s  in the d i s turbed s tr eams 

and from 0 to 4 in  the contro l s tr eam . The average turb i dity for the 

s t reams were Lowe Branch 0 . 3  JTU ' s ,  B i l l ' s  Branch 8 3 . 8  JTU ' s ,  Green Branch 

236 . 1 6 JTU ' s ,  and I ndian Fork 4 4 . 4  JTU ' s .  

Based on the findings o f  Minear and Tschan t z  ( 1 9 7 6) , Ts chan t z  ( 1 9 7 7) , 

Ro s e  ( 1 9 7 5 ) , Rul e ( 1 9 75) , and Minear ( 1 9 78)  for the four watersheds und er 

s tudy , i t  can b e  s een that water qua l i ty variations in the undi s turbed 

s treams ar e minimal and e s s ent ial ly  indep endent of s tream- f l ow and 

antecedent c l imato logical  condi ti ons . I n  contras t ,  the d i s turbed s tr eams , 

p art i cular l y  I ndian Fork , show extreme o s ci l l at i on s  in  concentrat ions o f  



individua l var i ab l es from one s amp l ing p eriod to the next . For I ndian 

Fork and to  s ome extent Green Branch , the gr eate s t  changes in water 

qua l i ty vari ables  coincide with rainfa l l  even t s . Min ear and Ts chant z 

( 1 9 7 6 )  showed that with increased area of the watersheds d i s turbed , 

rainfa l l  resul t ed in  increas ed l ev e l s  of sediment b e i ng carr i ed into 

the s tream . With increased time s ince mining d i s turb ance the concen­

trat ion of various water qua l i ty paramet ers increased in a systemat ic 

fashion , b efore some parameter s  such as  sulfate , a l uminum and chl oride 

decreased two to three years after d i s turbance ceas ed . 
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CHAPTER I V  

DATA COLLECTI ON AND ANALYS I S  

B io l ogical  Data 

From Jul y 1 9 7 5  through July 1 9 7 6 ,  Surb er s amp l es were taken on a 

monthly  b a s i s , weather and roads permi tt ing , from four s treams in the 

New River B a s in . A 15 threads/ em mesh net s ize  was chos en s ince in the 

dis turbed s tr eams s ince finer meshed nets became so c l ogged with coars e 

s and , co a l , and s i l t  that s amp l es could  not b e  taken . Th e S urb er 

s amp l er was modi f i ed  in that the l ower edge o f  the frame was rounded and 

f l exi bl e and coul d  be pre s s ed firm l y  ag ainst the s ub s trate . Thi s edge 

conformed more to the rocky s ub s trat e of running water areas than the 

typ i c a l  Surber s amp l er and prevented organisms from es caping under the 

bo ttom edge of the frame and net . Month l y ,  e i ght 0 .  2 m2 samp l es w ere 

taken from each s tream us ing the mod i fi ed Surber samp l er .  

The cri t er i on emp l oyed t o  determine benthic  samp l ing adequacy was 

es t ab l i shed as a s tandard error to mean rat i o  ( S E / i) o f  l ess  than 1 0 %  

where S E  i s  equal  t o  the Standard Error and i i s  equal to  the mean o f  

the s amp l e s  from one co l l ection date . An individual s amp l e  s i ze o f  

0 . 2  m2 with ei ght s amp l es p er s tr eam was de termined t o  b e  necessary for 

the SE/ i to be l ess  than 1 0 %  o f  the mean (Southwood , 1 9 66)  and to meet 

s amp l e  adequacy for this s tudy . Numb ers were cho s en at random from a 

random numb ers tab l e  and were used to determine the l o cation o f  s amp l ing 

s ites in  each s tream for each s amp l i ng dat e . B enthic samp l es were t aken 
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from running water s ections nearest  the de termined random s i t e  in  each 

of the four s treams . Runn ing water areas wer e  cho s en for samp l ing s ince 

running wa ter was  neces s ary to wash d i s lodged organ i sms into the net , 

and a ro ck and grav e l  s ub s trate has b een found to b e  the mo s t  suitab l e  

hab i t at for the l argest vari ety o f  b enth i c  organisms (Spru l es , 1 9 4 7 ;  

Mackenthun , 1 9 6 6 ;  Hynes , 1 9 7 0 ;  Rab ini  and Minshal l ,  1 9 7 7) . Res tr i c t ing 

s amp l ing to random s i tes  wi thin one particul ar hab i t a t  ( s tra t i f i e l d  

random s amp l ing) enab led better compar i sons between d i s turb ed and 

und i s turb ed s treams . Thi s  was the case  s ince s imi l ar sub s trate type s  

for each s amp l e  reduced the  di fferences  among s amp l e s  \v ithin each s tream . 

The running wat er habitat in this  s tudy was defined as a water current 

of a l eas t 2 cm/ s pas s ing over ro cks and grav e l  (� 2 . 0  em in  diameter) . 

S amp l e s  were not tak en from the s ame s i t e  in the s treams in  any two 

con s e cutive months , s ince cons ecutive s amp l ing could bias  the number o f  

organ i sms co l l ec t ed . Ho wever , thi s  departure from randomnes s was not 

con s i dered important s ince the probab i l i ty of s amp l ing the s ame s i t e  

twi c e  was very smal l given the l ength o f  the s treams s amp l e d .  

The b enth i c  s amp l e s  and a s s o c i ated  retained sub s trat e were pres erved 

in the f i e l d  in  7 0 96 ethano l ,  then s epara t ed in the l aboratory from the 

col l ected s ubs trate mater i a l s  us ing a Bausch- Lomb b inocu l i ar mi cro s cop e . 

The b enthi c  invertebrates  were then iden t i fied  to species  where po s s ib l e  

us ing keys for P l ecop tera ( Fri s on , 1 93 5 ; C l aas s en ,  1 93 1 ; and Ro s s  and 

Rick er , 1 9 7 1 ) , Tr ichopt era ( Ro s s ,  1 94 4 ;  Fl int , 1 9 64 ; Wigg ins , 1 9 7 7 ;  and 

S chus ter and Etnier ,  in pres s ) , Ephemerop tera ( B erner , 1 9 50 ; Burks ,  1 9 53 ;  

Edmunds e t  a l . ,  1 9 76) , and Diptera , Col eoptera , and Mega l optera 

( Us inger , 1 9 74 ) . 
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B io l ogical Ana l ys i s  

The benthic commun i t i es o f  the  four s treams were fir s t  compared 1n 

t erms o f  the number o f  spec i e s , total  number o f  individual s ,  and the 

speci es diver s i ty . Species  divers i t y  was cal cul ated us ing the Shannon 

divers ity index ( Shannon and Weav er , 1 9 63 )  where 

H '  = -IP . Lo g P . l l 

where P .  i s  the number o f  individual s o f  each species  divided by the 
l 

total  number o f  individua l s  o f  al l species . Th i s  i s  one  o f  the more 

wid e l y  u s ed indic i es emp loyed to e s t imate environmental  s tr e s s  i n  aqua t i c  

commun i t i e s  ( W i l hm ,  1 9 6 7 ;  W i l hm a n d  Dorr i s , 1 9 6 8 ; Ca irns et  a l . ,  1 9 7 1 ; 

and S ton eburner et al . ,  1 9 7 5 ) . Maximum tl ' values  are obt ained when each 

speci e s  co ntains the s ame number of individua l s , and min imum H '  values 

are obtained when al l individua ls  bel ong to the s ame species . Th i s  ind ex 

was u s ed s ince s amp l es w ere taken randomly  from runn ing water ; thus 

meet ing the cr i ter i a  set forth by P i elou  ( 1 9 6 9) that samp l es be  random 

from a l arger parent popu lat ion and be repres entative of the l arger 

popu l ation . Species  diver s i t i e s  were de termined by month , by s eason , 

and for the total  sampling period for each o f  the four s treams . D ivers i ty 

values in this  s tudy ar e b as ed on eight  0 . 2  m2 s amp l es / s tream/month , 

s ince this samp l e  s i z e and number were neces sary to adequa t e l y  s amp l e  

popul at ions in  the various s treams . The va lues  for the d i fferent sp e c i e s  

wer e  then poo l ed s ince poo led  s amp l es t end t o  resul t in  a l es s  vari ab l e  

mea s urement o f  divers ity (Wi lhm , 1 9 6 7 ) . 

Bo th monthly  and s eas onal data were anal y z ed us ing one- way analys is  

o f  variance ( Sokal  and Roh l f ,  1 9 69 )  to determine i f  there were s ignificant 
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di fferences  among s treams e i th er monthl y or s easona l ly for the number o f  

t axa , the number o f  individua l s , o r  for species divers i ty .  Wher e  s ignif­

icant di fferences  o ccurred either in the monthly  or s e asonal ana lys es , 

S tudent -Newman- Keu l s  means s eparation tests  ( Sokal  and Roh l f ,  1 9 69) were 

used to determine whi ch s tr eams w er e  s ignifican t l y  different from each 

other . 

Physical  Data 

In add i t i on to the ei ght samp l e s taken to determine the benthic 

community comp o s i t ion and di fferences  among s treams for each co l l ection 

dat e ,  rep l i cat ions o f  various physical  paramet ers were measured concur­

r en t l y  at each s amp l ing s i te . 

Measurements o f  �� were mad e in  the fi e l d  at the t ime b enthic 

s amp l es w ere tak en , using a Gib son portab l e  ion meter ,  in c lo s e  proximity 

to the b enthic samp l e s  in each s tr eam . Water temp erature and dis so l ved 

oxygen were determined at  the time of s amp l ing using a YS I (Yel l ow 

Springs I n s trument Co . )  1'emperature-Oxygen meter , Mo del  # 5 1 . Micro ­

v e l o c ity measurements were taken as c l o s e  to the sub s trat e as pos s ib l e 

( 2 . 5  em above the substrat e) , us ing a Tel edyne- Gur l ey Pigmy meter , 

Mod e l  # 6 5 ,  to d etermine approximate v e l o city where organi s ms were l iving . 

Turb i dity measurement s  were made in the field  at the t ime o f  samp l ing 

with a Jlach Chemica l  Engineers Kit us ing perc ent transmittance for 

measurement . For each modified Surb er s amp l e , the percent o f  the s amp l ing 

area covered by l i tter , ro ck , grav e l , and s and were e s t imated in  the fiel d .  

I n  addition t o  the above parameters measured a t  the time o f  samp l ing , 

a l l  s treams have cont inuous digital  s tream f l ow gauges and digital  rainfa l l  



mon itors operated by the U .  S .  Geo l o g i c a l  S urvey .  Other parameters 
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such a s  a l ka l inity , tota l , suspended , and d i s s o lved s o l ids , pll , turb i d i t y ,  

sul fat e ,  iron , manganes e ,  cal cium ,  and magnesium were moni t ored on a 

b i -week ly  bas i s  us ing s t andard methods by members o f  the Env ironmen tal  

Engineering Pro gram , Department o f  C iv i l  Eng ineering , Univer s i t y  o f  

Tenne s s e e ,  Knoxvi l l e .  

B io l ogical  and Phys ica l Data Ana l y s i s  

I n  order to  determine whi ch environmental  parame ters were 

respons ibl e  for b enthic community  d i f fer ences , mu l t ivariate  anal ys i s  

(Tatsuoka , 1 9 7 1 ; N e i , e t  a l . ,  1 9 76)  were env l oyed . The S tudent-Newman­

Keu l s  means s ep arat i on tes t enab l es mul t ip l e  comparisons  of means in  a 

s t epwis e  manner to determine the source o f  the s i gni fi cant d i fferences  

(Harris , 1 9 7 5 ) . 

I n  order to determine di fferences  among the var i ous d i s turb ed 

s treams and the control s tream bas ed on both b i o l o g i c a l  and environ­

mental  d i fferences ,  mul t ivariate  s t at i s t ical  ana l y s e s  were p erformed . 

Mul t ivariate  s tat i s ti c s  provide both descriptive and inferential  

t echniques to ana l y z e  exp er imental  data  wh ich invol ve s et s  o f  var i ab l e s  

e ither a s  predictors or a s  measures  o f  performance (Harr i s , 1 97 5 ) . By 

the use of mult ivariate analys i s , al l pos s ib l e  effects are cons i dered i n  

one tes t  thereby reducing t h e  experimental  error rate that occurs w i th 

mul ti variate s i gni fi cance t e s t s  us ing the s ame dat a . One o f  the b e s t  

methods o f  mul tivar i ate ana lys i s  for f i e l d  data i s  d i s criminant analys is , 

a l though this  method i s  not yet widely  u s ed . Cody ( 1 9 68 )  u s ed d i s crimi­

nan t  ana lys i s  to  reduce mu l tidimen s iona l hab i tat data for breeding b irds 



to  a s ingl e  function . By us ing abundance o f  di fferent herb spec i e s  as  

var i ates , Norr i s  and Barkham ( 1 970)  were ab l e  to d i s cr iminat e among 

s everal beech woodl ands . Green ( 1 97 1 )  used mul t i p l e  d i s criminant 

ana l y s i s  to ident i fy funct i onal niche s epara t i on o f  mo l l uscs  among 

s everal phy s i cal  and chemical  var i ab l e s . Due s er ,  et  a l . ( 1 9 7 6) used  

d is cr iminant functions based on  s tructural forest  character i s t i c s  to 

define ni che par t i t ioning among four species of sma l l mammal s  and Mann 

( 1 9 7 7) used d i s crimi nant ana l y s i s  to define ni che part i t i oning among 

fore s t  herb s . 

38 

D i s cr iminant analys i s  i s  appropr iate for the ana l ys i s  o f  s tream 

rel ationships in  r e l ation to environmental  factors for a number o f  

reasons . F ir s t, i t  reduce s  the variab l e s  to new independent ( orthogon a l )  

l inear add itive  functions o f  t h e  original var i ab l es ( Coo l ey and Lohnes , 

1 9 7 1 ) . The s e  functions become axes d e s crib ing a new space in  wh ich the 

orig inal values of the variab l e s for each species  can be p l o tted . S ince 

the axes  are derived to max imi z e  d i fferences between groups and s ince 

the d i s cr iminant funct ion s are orthogonal to one ano ther , mean group 

di fferences  ( centro i d s  of groups )  ar e more eas il y  identi fi ed . S e condly , 

s ince the coeffic i ents o f  the or iginal variab l e s  u s ed in  the d i s criminant 

functions can be ranked as to their contr ibut ion to  the function s , 

eco lo g i cal  interpretation o f  the axes i s  usua l l y  pos s ib l e .  Third , 

d i s cr iminant anal ys i s  does not  as sume l inearity  o f  eco l o g i ca l  grad i ents  

as  do pr incipal components and c l u s t er analys i s  ( I hm and Gro enewoud , 

1 9 7 5 ) . I t  as sumes that environmental  variab l es u s ed in the ana l ys i s  

have normal  d i s tributions ( I hm and Groenwoud , 1 9 7 5 ) . Fourth , i f  the 
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und er l ying s tat i s t i c a l  assumpt ions c an be  met , the analys i s  provides a 

s t ati s t i c  s im i l ar to the F rat io o f  ana lysi s  o f  var i ance to di fferen t i ate 

between group centro ids . A s i gni fi cant F ratio for overa l l  d i s crimina t i on 

indi cates that there is  a s igni fi cant di fference in the group means o f  

the s treams s tud ied i n  r e l at ion t o  the environmental  var i ab l e s  measured . 

Al though d i s criminant analy s i s  as sumes norma l ity  o f  variat e s ,  this  

as sumption i s  not actual ly  j us t i fi ed by mo st  data s e t s . Harris ( 1 9 75 )  

d i s cu s s ed the robu s tness  o f  normal - curve based F t e s t s  whi ch can b e  

con s i dered val id for even U- shaped popul ations and conc luded that this  

robu s tne s s  probab l y  extends to mul t ivariate tests  a l so . 

ln  order to determine d i fferences  between s treams both the dep endent 

(benthic samp l e s )  and independent (environmen t a l )  var i ab l e s  were u s ed . 

The w i thin group d i fferences  o f  the s e  variab l es were minimi zed and the 

between group d i fferences maximi zed  us ing this te chnique . Th is  enab l es 

determination o f  factors that resu l t  i n  group d i fferences . 

Velo ci ty To l erance 

As  a result  o f  observat ions of  increased stream flow fo l lowing 

rain fa l l  and increased depo s i t i on of sediment materi al s ,  l aboratory 

studies were undertaken to determine what v e l o c i ties  var i ous ben thic  

spec i es  co uld  w i thstand before being d i s l odged and carried down s tream . 

A s ixty foot p l ex i g l ass  f l ume one foot wide and one foo t  deep was u s ed 

to determine v e l o c i ty t o l erance (Fi gure 4 ) . Thi s  flume i s  part o f  the 

C iv i l  Eng ineering hydro l ogy laboratory . I t  extends from a ho l d ing tank 

whi ch has a cont inuous water sour ce and gate to  control flow rat e to a 

s econd tank where the wat er i s  co l l ected and weighed to  determine 
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v e l oc i ty . The water i s  then pump ed through the system and back to the 

ho l d ing tank . The v e l o c i ty o f  the s tream i s  contro l l ed e l ectron i c a l l y  

b y  increas i ng or decreas ing the f l ow from the ho l d ing tank with gate A 

( F i gure 4)  and by increas ing or decreasing the opening of gate B thus 

control l ing the amount of water l eaving the s tream . 

Substrate mater i a l s  (rock ..:_ 2 .  5 em,  grave l ..:_ 1 em , and grav e l  
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> . 5 em) were p l aced i n  t h e  s tream covering t h e  bottom to  a dep th o f  

approximat e l y  5 em . 1be di fference in sub s trate s i z e s  a l l owed the 

benthic organ i sms to "choo se"  their pre ferred sub s trate . Water depth in 

the s tream var i ed w i th the experimental v e l o c i t i e s  used . However , the 

sub s trate materi a l s  were covered to  a depth of at l ea s t  8 em at al l 

t imes . Nets  were fi tted s e cur e l y  to  the in terior marg ins o f  the f l ume 

s o  that no organi sms coul d  escape . As a bac k - up precaution agains t rock 

or gravel  being carried back through the sys t em to  the ho l d ing tank , a 

s cr een was fas tened s ecurely  acro s s  the l ower end o f  the flum e .  

Benthi c  invert ebrat es  were co l l ected from the running water areas 

of a natural s tream the day of s amp l ing , transport ed to the l aboratory 

in gal lon coo l ers to maintain s tream t emperature , then gradual l y 

accl imated from s tream temperature ( 8°C )  to the s tudy s tream temperature 

( l 2°C )  to reduce  the effects  o f  trans fer to the s tudy s tream . An oxygen 

l ev e l  of 1 0  mg/ 1 was maintained by aerat i on in the s tudy s tream .  The 

benthic org ani sms were a l lowed to accl imate in the s tudy s tream and 

" choose" their s ub s trate for thirty minutes at a v e l o c i ty of 1 0  cm/ s 

prior to beg inning experimentat i on . I ndividua l s  of Iphemer e l l a  sp . ,  

I sonvchia  sp . ,  Bae t i s  sp . ,  S tenonema sp . ,  Heptagenia sp . , Nemoura sp . ,  
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and I s oper l a  sp . were us ed i n  the experiment becau s e  they were l arge 

enough to i dent i fy without a m i cros cope and s ince enough individual s  

coul d  b e  obtained for the test s . I ndividua l s  o f  the retreat case  

bui l d ing hydrops ychids were no t u s ed in  the  l aboratory v e l o c i ty ana l y s e s  

s ince a thirty minute accl imat ion p e r i o d  was n o t  adequate f o r  them to  

cons truct thei r  nets . Adequate numb ers for o ther genera cou l d  not be  

obtained to carry out the exper iment the same day that individual s  were 

co l l ected . 

V e l o c i t i e s  were measured in the s tudy s tream us ing the Tel edyne­

Gurl ey P i gmy meter . Velocity was  gradua l ly increased from 1 1  cm/ s to 

30 cm/ s and held at that point for fifteen minutes . At the end of that 

time the net  was checked for d i s l odged organ i sms  and the number o f  

individual s and genus o f  each was noted . Th i s  patt ern was r epeated fo r 

v e l o c i t i es o f  60  to 1 20 cm/ s . Prel iminary t e s t s  had shown that more 

d is turbance and drift ing of the benthic began to occur at 85  cm/ s s o  

that velocity  was increas ed i n  1 0  cm/ s i ncremen t s  from 6 0  to  1 3 0  cm/ s 

fo l lowing the s ame patt ern as  origina l l y  estab l i shed . Above  1 3 0  cm/ s 

v e l o city measurements cou l d  not be obta ined . 

Data were ana l yzed for means , s t andard err o r ,  and range so that 

difference in drift rate for the di fferent t axa  cou l d  be obtaine d . 

Heavy Metal Cont ent 

S amp l e s  were co l l ect ed from each o f  the four streams in  S ep t ember 

and Apr i l  in  order to de termine if there were di fferences  in  met a l  

content in  benthi c  insect t i s sue from the und i s turbed and d i s turb ed 

s treams . One and one-ha l f  hours s amp l ing t ime were spent in each o f  the 



s treams for each o f  the s amp l ing periods . 
2 

A minimum o f  2 5  m running 

water was samp l ed i n  each of the d i s turb ed s treams and 10 m 2 in the 

contro l s tream i n  an attemp t to s e cure adequate numbers of individua l s  

o f  t h e  various taxa to t o t a l  approxima t e l y  1 gram w e t  wei ght o f  body 

t i s s ue . I t  was imp o s s ib l e  to obtain adequate weights  o f  some taxa for 

ana l ys i s , because o f  the s c arcity and sma l l  s ize  o f  individual s  in the 

dis turbed s treams . I nsects  were s amp l ed us ing a k i c k  net  and Surb er 

typ e  s amp l er i n  order to obtain as many individua l s  as po s s i b l e  us ing 

both techniques . The ins ects were s epara ted from the substrate i n  the 

4 3  

fi e l d  b y  s i eving samp l es through 2 . 5  e m  and 1 . 2 5 em hardware c l o th onto 

s creen wire where ind ividual s  were hand co l l ected . I nd iv i duals  were 

s tored dry from each stream and frozen in the f i e l d  us ing dry i c e . 

Samp l es were re turned to the l aboratory , sorted by tax a ,  and weighed 

us ing an Ainsworth type 1 2  balance . Al l individual s  o f  the same taxon 

from the s ame stream were weighed toge ther for one samp l e .  The s amp l e s  

were p l aced in a c i d  washed t e flon v i a l s  and d i s so lved i n  1 0  ml  concen-

trated N i tric  Acid ( 2N) . Samp l e s  were a l l owed to digest  for two days 

and were then anal yzed in the Environmental  Engineering Laboratory us ing 

the Perk ins 300  flame spectropho tometer accord ing to standard methods 

for the vari ous ions . Determinations o f  Ph , F e ,  and Zn content were 

made , s ince th es e were the ions that showed maj or increas es  fo l l owing 

s trip mining activi ty (Minear and Tschantz , 1 9 7 6 ;  Upham , 1 9 7 5 ; Curt i s , 

1 9 7 2 ) . 

These  analyses  were per formed to determine i f  heavy metal s  were 

factors influencing faunal  di fferences in  the contro l and minin g - d i s turbed 
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s tr eams bas ed o n  d ifferenc es  i n  concentrations in  insect t i s sues . The 

concentration of metals  in insect  t i s sues from this  s tudy were compared 

with tho s e  found by Warrick  and B e l l  ( 1 969) , Nehr ing ( 1 9 76 ) , Rehwo l d t  

et  a l . ( 1 9 73 ) , Chubb et  a l . ( 19 7 5 )  to determine i f  m e t a l s  w ere a cau s e  

o f  faunal d i fferences among  the s treams . 



CI IAPTER V 

RESULTS 

Bas ed on the total  samp l ing perio d ,  August 1 9 7 5 through Jul y  1 9 7 6 ,  

the maj or ord ers  o f  aquat i c  insects  were represented b y  s imi l ar numb ers 

of t axa in this s tudy ( Tab l e  3 ) . Many spec i e s  o f  thes e  maj or taxa are 

into l erant o f  surface mining r e l ated  changes ( Branson and Batch , 1 9 7 2 ;  

Hynes , 1 9 7 0 )  that occur i n  the three dis turb ed s treams (Tab l e  3 ) . 

Ins ec t  orders containing speci es  s ens i t ive to environmental  dis turbance  

( Roback , 1 9 7 4 )  were mos t  abundant in Lowe Branch (Tab l e  3 ) . Five 

spec ies  of  Eph emeroptera ( mayfl i e s ) , s ix spec i e s  of  P l e coptera 

( s tonefl i es ) , s even species of Tr i chopt era ( cadd i s fl ies ) , and two 

species  of Co l eopt era (bee t l e )  were found only in Lowe Branch , the 

contro l stream ( Tab l e  3 ) . Of  the forty- five taxa co l l ected , on l y  ten 

were found in a l l  four streams , and a l l but five were found in the 

contro l s tream (Tab l e  3 ) . 

The percentage o f  the total  benthic fauna was de termined for each 

aquatic order (Tab l e  4) to faci l itate comparison of the four streams . 

From this i t  was found that numbers o f  the dominant insect  orders 

changed from the und isturbed s tream , Lowe Branch , to the dis turb ed 

s treams . I n  the c ontrol s tream ,  Ephemeroptera compr i s ed 5 7 . 9% ,  

P l ecoptera 2 6 . 8 % ,  and Diptera ( true f l i e s )  1 0 . 4 % o f  the to t a l  indiv idua l s . 

Ephemeroptera made up 65 . 9 % o f  the total  individuals  from B i l l ' s  Branch 

(Tab l e  4 ) . This was the l argest  p ercent compos i t ion o f  any order in any 

4 5  



Tab l e  3 .  Taxa and Numb er o f  I ndividual s Pr e s ent  in the Four S tudy 
S treams in the New Riv er Watershed . 

Ephemerop t era 
B aet idae 

B aetis  spp . 
Ephemere l l a  (wa l keri group ) 
I s onychia  sp . 
Paral eptoph l eb ia  sp . 
P s cudo c l o eon sp . 

Heptageni idae 
Epeorus sp . 
l l eptagenia  ( f l aves c ens group ) 
Heptagenia (macul ipennis  group ) 
St enonema annexum Traver 
S t enonema pu l chel lum (Wal sh) 

Ephemeridae 
Hexageni a sp . 

P l ecoptera 
P er l idae 

Acroneuria  abnormis Newman 
Phas ganophora capitata (Pictet)  

Pel toper l idae 
P el toper l a  s p .  (probab ly  maria) 

Leuctridae 
/ L cuctra s i b l eyi C l aas s en 

Leuctra caro l inens i s  C l aa s s en 
Per lodidae 

I sogenus (Cul tu s )  decisus Wal ker 
I soper l a  c l io  (Newman) 

Ch l oper l idae 
Swe l t s a  mediana/onk� 
Chloroper l a  terna Fr i s on 

N emouridae 
Nemoura (�hinemura) nigr i t t a  

Provancher 
C apniidae 

Al lo capnia sp . 
Tanyopt erygi edae 

Taeniopt eryx metaqui 
Tri choptera 

Rhyacophi l idae 
G lo s s o s oma nigrior B anks 
Rhyacoph i l a  sp . 

Lowe 
Br . 

338 
2 0 1  

58  
2 

36 
2 1 2  

2 2 9  

5 

1 8  
2 

8 

52 
2 0  

2 
3 1 7  

1 0  
29  

7 

9 0  

3 

1 
1 

B i l l ' s  
Br . 

3 1 9  
1 2  
6 1  

43 

55  

55  

1 

8 

1 2  

4 

3 0  

2 

6 

2 6  

1 

2 

Green 
Br . 

4 1  
1 

1 

3 

2 1  

1 1  

13 

2 

9 

1 2  

1 

1 
3 

4 6  

I ndian 
Fork 

9 

1 

2 

1 

3 

6 



Tab l e  3 ( continued) 

Hydropsychidae 
HydroEsyche ventura Ros s  
D iEl ectrona modesta and D .  metagui  

Phi l opotamidae 
Do loEh i l odes d i st i ncta (Walker )  

Limneph i l i dae 
NeoEhyl ax sp . 

Diptera 
Tipu l idae 

Tipu l a  sp . 
Er iocera (probably  

Chironomidae 
Chironominae 
Tanypodinae 

S imul i idae 
S imul i um 

Dixidae 
Dixa sp . 

( probab ly  

S tratiomyi idae 
S tratiom_ri a  sp . 

C eratopo gonidae 
Atrichopo gon sp . 

ful tonens i s )  

v i ttatum) 

Unidenti f i ed  dipteran t axa 
A 
B 
c 
D 

C o l eoptera 
E lmidae 

S t enelmi s  sp . 
P s ephenidae 

P s e_Ehenus herricki  
Dryopidae 

Megal optera 
S i a l idae 

Sial is sp . 
C or_rdalus cornutus 

Hemiptera 
Vel i idae 

Total  I ndividual s  
Total Taxa 

Lowe 
Br . 

1 4  
4 9  

9 

38  

41  
9 

99 
56 

2 

3 

4 
1 
1 
1 

36 

53 
3 

1 
1 6  

6 

2 084 
42 

B i l l ' s  
Br . 

3 
5 1  

4 

1 7  

4 6  
5 2  

1 

1 0  

2 
2 

1 

1 

8 2 9 
2 9  

Green 
Br . 

55 

9 

1 05 
7 9  

1 1  

1 0  

1 

1 

5 

1 

4 05 
2 4  

4 7  

I ndian 
Fork 

6 

3 

1 9  
1 2  

4 

1 

1 

7 7  
1 4  



Tab l e  4 .  Percent Compo s i t ion o f  Indiv i dua l s  by Order for Each o f  the 
Four S tudy S treams . 

Order S tream 

4 8  

Lowe Branch B i l l ' s  Branch Green Branch Indi an Fork 

Ephemeroptera 5 1 . 9  6 5 . 9  1 0 . 6 1 5 . 6  
P l ecoptera 2 6 . 8  7 . 8  1 7 . 8  13 . 0  
Diptera 1 0 . 4  1 4 . 0  5 3 . 6  4 4 . 2  
Tri chopt era 5 . 4  7 . 5  1 6 . 5  1 0 . 4  
Co l eoptera 4 . 4  1 . 7  1 . 6  5 . 2  
1'-lega l optera . 8  . 1  1 . 3  
Hemiptera . 3  . 2 . 2 1 0 . 4  
Other . 1  . 5  4 . 1  

Tot a l  Individual s  2 084  8 29 4 0 5  7 7  



4 9  

o f  the four s treams ; al though the number o f  individua l s  o f  the o rder was 

l e s s  than from the contro l s t ream . D ip t era had the s econd and P l ecopt era 

the third mo s t  abundant numb er of individual s in B i l l ' s  Branch.  I n  

Gr een Branch the mo s t  abundant individua l s  were Diptera ( 53 . 6 ?6 ) . 

Individual s o f  P l ecoptera and Trichoptera were the s econd and third mos t  

abundant i n  thi s s tream . Diptera were a l s o  mo s t  abundant in I nd i an Fork 

w i th Ephemeroptera and P l ecoptera being the s econd and third mo s t  

abundant orders . 

The total  number o f  individual s  o f  a l l  taxa co l l ected from a l l  four 

s tudy streams was approxima t e l y  3400 . Lowe B ranch , the contro l s tream , 

had the great e s t  number o f  ind i v i dual s  ( 2 084)  o f  a l l taxa and the 

greatest  number of taxa ( 4 2 ) ( F igure 5 ) . Lowe Branch had 2 . 5  t imes  as 

many individua l s  as Bi l l ' s  Branch , and 27 times as  many individual s as  

Ind i an Fork . I ndian Fork , whos e  watershed has b een d i s turb ed the l ongest  

by mining act iv i ty , had the  fewe s t  numb er o f  individua l s  ( 7 7 )  and the 

few e s t  taxa ( 1 4) of a l l  four s treams  ( F i gure 5 ) . 

Taxa 

Ana lys i s  o f  variance (ANOVA , Sakal  and Roh l f ,  1 9 69)  o f  taxa for the 

total samp l ing period s howed a s i gnifi cant d i fference in the number o f  

taxa between the four s treams (p  > . 00 1 , Tab l e  5 ) . Means from the 

ana l y s i s  of varianc e were then ana lyzed  in a s t epwi s e  fashion us ing 

Student -Newman- Keul s  means s eparation test (Sakal and Roh l f ,  1 9 6 9 ) . The 

numbers of taxa from the contro l s tream , Lowe Branch , were s ignifican t l y  

di fferent from the three d i s turb ed s treams ( Tab l e  5 ) . B i l l ' s  Branch and 

Green Branch , whi ch have b een d i s turbed for a short period ( 1  and 3 years 



I N D I A N  

F O R K  

G R E E N  
B RANC H 

B I L L ' S  

BRA NCH 

L O W E 
B R ANCH 

0 

1 4  S p . 

2 9  S p .  

1 0 0 0  

M E A N S  S E PARAT I O N  T E S T 

M o n t h ly Sea sona l lx. 

4 2  S p .  

2 0 00 3000 

TOTA L I N D I V I D U A L S  

F i gure 5 .  The total number o f  individual s  and taxa from each 
s tream for the s amp l ing period Augus t 1 9 7 5  through July 1 9 7 6 . Thes e  
numbers are bas ed o n  eight s amp l es per s tream for ten s amp l ing dates  
for Lowe Branc h ,  Bi l l ' s  Branch,  Green Branch , and nine s amp l ing dates  
from I ndian Fork . S treams j oined by verti cal  l ines  were not s i gni fi­
can t l y  d i fferent (p  . 05 )  from Student-Newman- Keul s Mean S eparation 
Tes t for speci es d ivers ity . 

s o  
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Tab l e  5 .  Summary o f  Ana l ys i s  of  Variance and S tudent-Newman- Keul s Means 
S eparation Test for Total I ndividua l s , To t a l  Tax a ,  and Species  
D iv er s i ty . Underl ined S treams Indicate S treams That Are Not  
S igni ficantly  Di fferent from One  Ano ther . Al l Ana lyses  Were  
S i gnif icant at Least  at  the . 0 1 Level . 

Variab l e  F - Tes t 

To tal  Individua l s  
S easona l ly 5 . 2 9 

Total time 6 . 73 

Tot a l  Taxa 
S e asona l l y  9 . 1 2 

Tot al t ime  3 2 . 6 1  

Spec i es Divers i ty 
S easona l l y  7 . 4 0 

Total  t ime  1 9 . 1 7 

1 LB = Lowe Bran ch ( c ontro l )  

BB B i l l ' s  Branch 

GB Green Branch 

I F  I ndian Fork 

LB B B  

L B  B B  

LB BB 

LB BB  

LB  BB 

LB BB 

1 S tream 

GB 

CB  

GB  

GB 

GB  

GB 

IF 

I F  

I F  

I F  

I F  

I F  
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respectiv e l y) , were not s i gnificant l y  different for numbers o f  taxa , but 

were s igni f i cantl y  d i fferent from Lowe Branch and I ndian Fork . 

The number o f  taxa from the four s treams were a l s o  analyzed  

seasonal l y  us ing ana lys i s  of  variance and were found to be  s igni f i c ant l y  

dif�erent ( p  > . 0 1 ,  Tabl e 5 ) . S tudent -Newman - Keul s means s eparation 

tes t  showed Lowe Branch and Green Branch wer e  not  s i gnifican t l y  d i fferent 

s easonal ly  for total  t axa and Green Branch did not have s i gnificant ly  

di fferent taxa from Ind i an Fork . Indian Fork , s easona l l y ,  had s ignifi­

can t l y  different taxa than Lowe Branch and B i l l ' s  Branch ( Tab l e  5 ) . 

Of the four maj or aqua t i c  order s , three were found to b e  

s igni fican t l y  d i f ferent in t erms o f  the number o f  taxa in t h e  four 

s treams ( Ta b l e  6) . Analys i s  o f  vari ance resu l t s  showed Ephemeropt era to 

be s i gnifi cant ly  di fferent (p  > . 0 1 )  both s easona l l y  and for the total 

s amp l ing p eriod . S tudent-Newman- Keul s means s eparation t e s t  for both 

s easonal and total t ime ana l ys i s  showed no s i gnificant di fferenc e  i n  the 

number of Ephemeropt era or P l e coptera among s treams ( Tab l e  6) . For the 

total  samp l ing p eriod , there was a s i gn i fi cant d i fference in  the number 

o f  dipteran individuals . There was no s i gnificant di fference  in  the 

number o f  tri chopteran i ndividual s  e i ther s easona l l y  or for the total  

samp l ing period between the  s treams . The c ontrol  s tream was signifi­

cantl y  different only  from I nd i an Fork . The three d i s turbed s treams 

were not s i gni fi cant ly di fferent from each other ( Ta b l e  6)  in  terms o f  

the number o f  dipterans . 

I n  s ummation , resul t s  o f  ana lyses  o f  variance and S tudent-Newman­

Keu l s  means s eparat ion t e s t s  for the total  taxa found in the four 
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Tab l e  6 .  Re sul t s  o f  the Ana lys i s  o f  Var iance and S tudent -Newman - Keu l s  
Means S eparat i on T e s t s  for t h e  Maj or Orders in  the Four S tudy 
S treams . 

Taxa F-Te s t  p S treams 
> 

Emphemeropt era 

To tal time 6 . 5 6 . 0 1  LB BB  GB  I F  

S e asonal l y  7 . 93 . 0 1 LB  BB  GB  I F  

P l ecopt era 

Total t ime 4 . 7 6 . 0 1 LB  BB  GB  I F  

S e asona l l y  3 . 04 NS 

Dip tera 

Total  t ime 4 . 6  . 0 1 LB  BB  GB  IF  

S e asona l l y  3 . 06 NS 

Tri choptera 

Total  time 2 . 0 1 NS 

S e asona l l y 1 .  8 2  NS 

NS = not s ignificant ly  di fferen t . 
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s tr eams , ind i cated that Lowe Branch , t h e  contro l s tream had s igni fi can t l y  

mo re t axa o f  benthic organi sms than any o f  t h e  three d i s turbed s treams 

when cons idered both s easona l l y  and for the total  t ime peri o d .  When 

cons idered both s easona l l y  and for the total  s amp l ing perio d ,  the numbers 

o f  t axa from B i l l ' s  Branch and Green Branch were v ery s imi l ar .  S easona l l y  

the numb er o f  taxa from Green Branch and Indian Fork were s imi l ar .  

Resul t s  o f  the S tudent -Newman - Keul s  means s eparation tests showed 

that of the four maj or ins ect  orders ( Ephemeropter a ,  P l ecoptera,  Diptera , 

and Trichopt era) only  the numb er o f  taxa belonging to the order 

Tri choptera were s i gnifican t l y  different among s treams . 

I ndividual s 

The total  number o f  individu a l s  from each s tream was a l s o  analyzed  

s easona l l y  and f o r  the total  s amp l ing period us ing analys i s  o f  variance 

and S tuden t -Newman- Keu l s  means s eparation t e s t . S easona l l y  there were 

s i gni ficant d i fferences in  the numb er of individua l s  b e tween streams 

(Tab l e  5 ,  p .  5 1 ) . The numb er o f  individual s from Lowe Branch and B i l l ' s  

Branch was not s i gnificant l y  different . However , the numb er o f  individ­

ual s from the contro l strerun was s i gni fican t l y  di fferent from the o ther 

two d i s turb ed s treams . Th e total nwnb er o f  indiv idual s  in the three 

dis turbed s treams was not s igni fi cant l y  different from each other 

seasonal l y .  F o r  the total  s amp l ing period t h e  numb er o f  individua l s  o f  

a l l  t axa was n o t  s i gni fican t l y  di fferent in Lowe and B i l l ' s  branches 

(Tab l e  5 ) . They were , however , s i gn i fi cant l y  d i f ferent from the o ther 

two d i s turb ed s treams . Green Branch and Indian Fork were not s i gnifi­

cant ly  di fferent from each o ther (Tab l e  5 ) . 
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S£ecies  Div er s i ty 

As a resu l t  o f  decreas ed numbers o f  spe c i es and indiv i dua l s  o f  many 

species  in the d i sturbed stre ams , spec ies  d iv er s i t i e s  in the dis turb ed 

s treams were reduced month l y  (Tab l e  7 ) , s easona l l y  (Tab l e  5 ,  p .  5 1 ) , and 

for the total  s amp l ing period (Tab l e  5 ) . Spec i e s  d ivers i t i e s  of Lowe 

Branch were con s i s t ent l y  higher than tho se  of any of the three d i s turbed 

streams . Diver s i t i e s  o f  B i l l ' s  Branch and Green Branch were con s i s t entl y  

very s imi l ar for al l periods analyzed . For a l l periods ana l y z ed , 

divers ities  o f  Indian Fork were lowe s t . 

Spec ies  div ers ities  among s treams were compared s ea sona l ly and for 

the total  s amp l ing period us ing one-way anal ys i s  o f  variance .  S eas onal l y  

the species  divers i ties  wer e s igni ficantly different (p  > . OS) . Student­

Newman- Keu l s  means s eparation t e s t  (Tab l e  5 )  showed Lowe B ranch , the 

control s tream , to  b e  s ign ifican t l y  di fferent from a l l  the dis turbed 

s treams . The species  divers i t i es o f  B i l l ' s  Branch and Green Branch were 

no t s i gn ifi cant l y  d i fferent from each o ther but both were s i gnifican t l y  

d ifferent from Indian Fork (Tab l e  5 ) . 

Phys ical  Resul t s  

Mean values were det ermined for t h e  eight phys ical  parameters u s ed 

in this s tudy (Tab l e  8) . Thi s  tab l e  shows that g eneral l y  values for pH , 

temperature , oxygen , and microv e l o c i ty varied l i t t l e  from s t ream to 

stream . Mean s tream fl ow a l s o  varied l i t t l e  among s treams ; however , for 

d i fferent s amp l ing dates there were cons i derabl e  di fferences  in s tream 

f l ow among s t re ams ( F i gure 6 ) . There were s i gni ficant di fferences 

(p > . 0 1 )  in the amount o f  rainfal l ,  l i tter , and turbidity b etween the 



Tab l e  7 .  Comp ar i s on o f  Month l y  Species  Divers i t i e s  for th e Four S tudy 
S t reams . 
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Month Lowe Branch B i l l ' s  Branch Green Branch Indian Fork 

Augl}st 2 . 3 2 l .  90  l .  65  l .  4 7  

Sep tember l .  9 2  2 . 03 l .  9 2  1 . 1 1 

October l .  88 l .  69  l .  65  0 . 00 

November 2 . 2 5 l .  7 4  1 . 1 6 NS 

December 2 . 1 0 1 . 1 3 . 8 9 0 . 00 

F eb ruary 2 . 1 1 l .  0 2  l .  6 3  . 7 7 

Apri l 2 . 3 0 2 . 0 8 l .  8 6  . 9 8 

May 2 . 1 0 . 70  l .  2 5  l .  2 4  

June 2 . 3 2 l .  43  l .  4 6  . 65 

Jul y 2 . 89 2 . 1 5 1 . 4 4  . 8 5 
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Tab l e  8 .  Mean Va lues fo r the Phys ical  Paramet ers I n c l uded i n  Thi s  S tudy . 

Parameter  

pH 

S tream F l ow ( cm/ s )  
1 

Rainfal l ( inche s ) 1 

Temperature ( o C )  

Oxygen 

Litter ( %) 

Microvel o c i t y  

Turb idity 
( %  transmit t ance)  

Lowe 
Branch 

6 . 79 

. 59 

. 5 3 

1 3 . 08 

7 . 6 1 

5 5 . 43 

1 9 . 9 5 

96 . 6 6 

1 Data from Department 

B i l l  I s  
Branch 

6 . 9 3 

. 4 2  

1 . 7 7 

1 3 . 32 

7 . 0 2 

3 7 . 2 1 

2 1 . 45 

9 0 . 1 9  

S treams  

o f  C iv i l  Engineering . 

Green 
Branch 

7 . 07 

. 0 7 

1 .  2 8  

1 2 . 1 1 

8 . 20 

3 5 . 7 2 

2 1 . 1 9 

8 7 . 0 0 

Ind i an 
Fork 

6 . 4 7 

. s o 

6 . 0 5 

1 3 . 64 

7 . 3 1 

1 8 . 39 

1 9 . 50 

7 1 . 08 
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F i gure 6 .  Monthly s tream flow values for the four s tudy streams . 
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s treams . The monthly values  for turbidity ( s uspended so l id s )  and 

rainfa l l  are shown in F i gures 7 and 8 .  Turb idity , as a measurement o f  

suspended s o l ids , was used t o  indicate d i fferences  i n  s i l tation i n  the 

four s treams . Litter , al l o chthonous materia l  carried into the s tream ,  

was a measurement o f  food avai l ab l e  i n  the s treams . 

B io logical  and Phys ical  Resu l t s  

After det ermining b y  u s e  o f  analysis  o f  vari ance and S tuden t ­

Newman- Keu l s  means s eparation t e s t s  that there were s i gni fi c an t  differ­

ences  among s treams , the n ext s tep was to determine what factors caus ed 

the s e  di fferences in tax a ,  numb er of individual s and species  divers ities  

among s treams . From dis criminant ana l ys is  (Nei et a l . ,  1 9 7 6 ; Ta tsuoka , 

1 9 7 1 )  where both independent (phys ical  variab l e s )  and dependent 

( b i o l ogical  vari ab l es )  are entered s imul t aneous ly  into the ana lys i s , 

stream di fferences were again found to be  s ignifican t . S treams were 

s eparated in the s ame manner as by S tudent -Newman- Keu l s  means s eparation 

t e s t s  for total taxa and species diver s i ty (Tab l e  5 ,  p .  5 1 ) . Lowe Branch 

and Indian Fork were s eparated as dis t inct group s  which were more  d i f fer­

ent from each o ther than from the other two d i s turb ed s treams . Th e group 

centro ids (means )  for B i l l ' s  Branch and Green Branch were shown by the 

ana lys i s  to be  the s ame ( F igure 9 ) . However , from the F- tes t s  ( Fi gure 1 0 )  

a l l  groups were shown t o  b e  s igni fi cant l y  di fferent . 

I n  this  anal ys i s  variab l es were cho s en that minimi zed W i l k ' s  l ambd a ,  

a measure o f  group d i scriminati on that cons iders di fferences  between 

group centro ids and cohes ion within the groups , and maximi z ed F among 

groups (Nei et al . ,  1 9 7 6 ) . Of the fifty- four var i ab l e s  entered into the 
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Indian Fork B i l l  1 s B ranch Green Branch 

B i l l  1 s Branch 9 . 8 6 1 7 6* 

Gre en Branch 1 0 . 2 1 1 1 1 * 3 . 3 1 1 59 *  

Lowe Branch 2 0 . 9 80 2 4 *  1 0 . 8 23 76*  1 1 . 2 9 2 7 1  * 

Degrees o f  freedom 2 8 ,  2 8 1 . 

F i gure 1 0 .  Summary o f  d i s criminant anal ys i s  F - matrix for 
s igni ficant di fferences among the four s t reams . An * indicated 
s igni f icant di fferenc es  between s tr eams . 

6 3  
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analys is , o nly  twenty-eight were cho s en as adding s i gnificant  informat ion 

(Tab l e  9 ) . Of  the first ten var i ab l e s  cho s en , s even were species  that 

were found d i s tributed fairly  even ly  acro s s  s amp l ing dates  in  the contro l 

s t ream and as s cattered individual s  or abs ent from the dis turbed streams . 

The three environmental parameters chos en as  d i s criminating among s treams  

summari zed d i s turbance as a resul t  o f  s edimentation and rainfal l .  

Turbid ity and s t ream f low provided the best  env ironmental  exp l anat ion 

for the di fferences  among s treams . 

Of  the s even taxa exp l aining the greate s t  di fferences  among the 

four s treams , three , Heptageni a ( f l avescens group) , Para l eptoph l eb i a  sp . , 

ru1d Do l oph i l odes  d i s tincta were found only from Lowe Branch , the contro l 

s tream .  Only Hept agcnia ( f l avcscens group) and Par a l eptoph l eb i a  sp . had 

d i s tributions such that analys i s  of variance cou l d  determine di fferences  

among streams (Tab l e  1 0) . The number o f  indiv idual s  o f  both Hept agenia 

(fl aves cens group) and Para l eptoph l ebia  sp . were signifi c ant ly d i fferent 

in Lowe Branch than in the three d i s turbed s treams . D o l ophilodes  

d i s t incta o ccurred in very low  numbers from only two s amp l ing dat es in 

Lowe Branch . Of  the remaining s even mo s t  d i s criminating taxa that were 

found in the contro l s tream and at l ea s t  one o f  the d i s turbed s treams , 

Ephemere l l a sp . ,  and Leuctra s ib l eyi C l aas s en were s i gn i fi cant ly  

d i fferent among s t reams (Tab l e  1 0) . I n  Lowe Branch and B i l l ' s  Branch 

the numbers o f  Ephemere l l a  sp . were not signifi cant l y  different . 

Howev er , there was a s igni ficant di fference between these  two s treams 

and the o ther two disturbed s treams (Tab l e  1 0 ) . For Leuctra s i b l eyi 

C l aa s s en the number of indiv idual s  from Lowe Branch was s ignificant l y  

d i fferent from the three d i sturbed s treams . 
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Tabl e  9 .  Summary o f  D i scriminat ion Variab l e s  in Order o f  S e l ec t ion for 
Det ermining Stream Differences . 

Variab l e  Variab l e  Name W i l k ' s  Lambda F to  Enter 

X8 Turbidity . 7 2 3 5 2  3 9 . 2 3 3 04 

X3  S tream Flow  . 4 3 664  6 7 . 2 3 4 1 4  

Y 2  E£hemere l l a sp . . 3 7 5 9 7  1 6 . 4 5 9 4 2  

Y l 5  Leuctra s ib l eyi . 3 2 2 6 2  1 6 . 8 1 2 2 0  

X 2  Rainfa l l . 2 8 8 3 9  1 2 . 0 2 8 6 2  

Y 7  lleptagenia ( fl avescens gr . )  . 2 6 3 5 7  9 . 5 08 0 1  

Y l  Bae t i s  spp . . 2 4 8 2 5  6 . 2 1 38 3  

Y 4  P ara l eEto.eh l ebia  sp . . 2 3 5 9 0  5 . 2 5 4 7 3  

Y 2 7  Do l ophi l odes  d i s tincta . 2 2 3 3 8  5 . 6 0 1 9 0  

Y 3 3  S imul ium sp . . 2 1 2 5 7  5 . 0 7 1 9 6  

X 6  L itter . 2 0 2 8 1  4 . 7 7 767  

X4  Temperature . 1 9 1 7 4 5 . 7 1 800  

Y l 4  P e l toper l a  sp . . 1 8 3 5 2  4 . 4 1 7 3 2  

Y 2 5  l lzdro,esyche spp . . 1 765 1 3 . 9 08 1 7  

Y8  l l eptagenia (macu l i£erm i s  gr . )  . 1 7 008  3 . 7 04 1 8  

Y 5  P s eudoc loeon sp . . 1 6 4 8 2  3 . 1 1 5 5 5  

Y4 2 P s ephenus herri cki . 1 5 961  3 . 1 7 8 4 2  

Y 3 2  �Gcnypodinae . 1 5 5 0 7  2 . 8 3690 

Y 2 0  Nemoura nigri tta . 1 5 1 03 2 . 5 8 9 2 9  

Y 3 1  Chironominae . 1 4 7 36 2 . 3 9 8 03 

Y 4 6  V e l i idae . 1 4 3 9 4  2 . 2 7 8 6 7  
-----

Y l O  s .  .I_J_U 1 ch e 1 1  um . 1 4 1 07  1 . 94 3 9 8  
-

Y 2 2  TanyoEt eryx metaqui . 1 3 8 6 0  1 .  7 0 1 7 0  

Y 4 5  Corydalus sp . . 1 3 647  1 .  48082  

Y 4 1  S t enem e l i s  sp . . 1 3 4 7 1  1 . 2 3 6 1 0  

Y 2 1  A l l ocapnia sp . . 1 3 3 2 8  1 .  0 1 3 5 4  

Y 2 9  Tir:m l a  sp . . 1 3 1 7 2  1 . 1 1 2 1 5  

Y l 9  S we l t s a  mediana/ onkes . 1 3 03 0  1 .  0 2 4 5 9  



Tab l e  1 0 .  Surmnary o f  Ana l y s i s  o f  Variance and S tudent-Newman - Keul s  
Means S eparation Test  for the Firs t S ev en Taxa S e l ec t ed b y  
Dis criminant Ana l ysis . Two S treams Under l ined by a S ingl e 
Line I ndicate No S i gnifi cant Differences  funong S treams . 

Taxa F - t e s t  p Streams 

Ephemere l l a  sp . 3 . 7 6 6  . 05 LB  BB  GB  

Leuctra s i b l eyi 1 8 . 3 8 0  . 00 1  L B  B B  G B  

Heptageni a ( f l avescens gr . )  6 . 9 8 . 0 1 LB  BB GB 

B ae t i s  spp . 2 . 78 . 05 1 

Par a l epto£h l eb ia sp . 5 . 5 7 . 00 1  L B  BB  GB  

Dol oph i l odes d i s t incta . 9 7 . 05 1 

S imul ium sp . 2 . 62 . 0 5 1 

1Non s i gnifi cant 

66 
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One s tep in d i scriminant analys i s  l ooks at t h e  groups ( s treams ) and 

determines if the S 3lllp l e s  within each group are correct ly  c l ass i fied  or 

whe ther some are more l ike  another group . The resu l t s  o f  this  part o f  

the analys i s  s howed the number and percent  o f  the s amp l es correc t l y  

c l a� s i fi ed and t h e  numb er and percent o f  the s amp l es that were more l ike  

another group . The group s  to  which mi s c l a s s i fied s amp l e s  shou l d  b e l ong 

were g iven as part of the anal ys i s . B a s ed on twenty- e ight variab l e s  

chos en a s  contributing s i gni ficant in format ion ( Tab l e  9 ,  p .  65 ) , s amp l e s  

taken from the four streams were correc t l y  c l as s i fi ed 7 3 . 0 8 %  o f  the t ime 

(Tab l e  1 1 ) . S amp l e s from Lowe Branch were correc t l y  c l a s s i fi ed as 

b e l onging to that group 7 1 . 3% of the time . A l l  incorrec t l y  c l as s i fied 

s amp l es from Lowe Branch be longed to B i l l ' s  Branch ( 1 5 % )  o r  Green Branch 

( 1 3 . 8% ) . Samp l e s  from B i l l ' s  Branch were correct ly  c l as s i fi ed 7 7 . 5 %  o f  

the t ime with mo s t  o f  the remaining s amp l es being c l as s i fied into Green 

Branch ( 2 0 % )  and only  2 . 5 % as  b e l onging to the contro l s tream . Green 

Branch samp l e s  were correc t l y  c l a s s i fi ed 86 . 3%  o f  the time (Tab l e  1 1 ) . 

Of the remaining s amp l e s , l Og& were more l ike B i l l ' s  Branch and 3 .  8%  were 

more s imi l ar to Lowe Branch . Samp l e s  from Indian Fork were correct l y  

c l as s i fied  a s  bel onging to that group 5 5 . 6% o f  the time (Tab l e  1 1 ) . Al l 

incorrect ly  c l as s i fi ed s amp l e s  bel onged to Green Branch ( 2 7 . 8 °6 )  or  B i l l ' s  

Branch ( 1 6 . 7 % ) . None o f  the incorrect ly  c l as s i fi ed s amp l e s  from this  

dis turbed s tream were c l as s i fi ed as more s imi l ar to Lowe Branch , the  

contro l s tream ( Tab l e  1 1 ) . Of  the four s treams  the l argest  percent of  

samp l e s  c l as s i fied into  the s tream from which they were  taken were from 

Green Branch ( 86 . 3 % ) , B i l l ' s  Branch ( 7 7 . 5 % ) , and Lowe Branch ( 7 1 . 3% ,  
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Tab l e  1 1 .  S t ream C l as s i fi cation Resu l t ing from D i s cr iminant Ana l ys i s . 
The Number o f  Obs ervati ons Corre c t l y  C l as s i fi e d  for E ach 
S tream and the Percent of the Obs ervations Correct l y  
C l as s i fi e d  Are Given . 

Predicted Stream Membership 

S tream 
# o f  
Cases  

I nd i an 
Fork 

B i l l ' s  Green 
Branch Branch 

Lowe 
Branch 

Lowe Branch 7 2  4 0  1 2  20 0 
5 5 . 6% 1 6 . 1 7 % 2 7 . 8% 0 . 0 % 

B i l l ' s  Branch 80  0 6 2  1 6  2 
0 .  O�a 7 7 . 5 %  2 0 . 0%  2 . 5% 

Green Branch 80 0 8 69 3 
0 . 0% 1 0 . 0 %  8 6 . 3%  3 . 8% 

In d ian Fork 80 0 1 2  1 1  5 7  
0 . 0% 1 5 . 0% 1 3 . 8 % 7 1 . 3 % 

Percent of s tream obs ervat i ons  correct l y  c l as s i fied  - 7 3 . 0 8 ?6 .  
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Tab l e  1 0 ,  p .  66) . From Green B ranch and B i l l ' s  Branch , the samp l es 

indicated as  b e ing incorrect l y  c l ass i fi ed were primar i l y  c l ass ified  into 

one or the o ther o f  the two s treams (Tab l e  1 1 ) . 

From the d i s criminant ana l ys i s , d i s criminant functions were 

produced that exp l ained the d i fference in the group s in  N d imens iona l 

spac e . From this  analys i s , three d i s criminant functions were c a l cu l ated 

that best  s eparated the four s treams ( F i gure 1 1 ) . On the X - axi s , the 

four s treams were s eparated primar i l y  by di fferences in  turb idity ( an 

est imation o f  suspended s o l i d s ) . The s treams were s epara t ed on the 

Y - ax i s  by d i fferences in  s tream f l ow and on the Z - axis  by the d i fference s  

i n  t h e  recorded rainfa l l  for five days prior to e ach s amp l ing dat e .  Th e 

di fferences i n  thes e  three phys ical  parameters for the four streams are 

shown in F i gures 6 ,  7 ,  and 8 (pp . 5 8 ,  6 0 ,  and 61 respectiv e l y) . 

I n  summary the resul ts o f  d i s criminant ana l ys i s  showed that the 

s treams were s eparated o n  the bas i s  of three d i s criminant functions 

( F i gure 1 1 ) . The factor that b e s t  exp l a ined s tream d ifferences on the 

X- axi s  was turbi d i t y ,  on the Y - axis  s tream f l ow exp l ained the great e s t  

difference , and on the Z - axis  rainfa l l  b e s t  exp l ained t h e  d ifference s  i n  

the four s treams . From t h e  stream c l as s i fi cation (Tab l e  1 1 )  7 3 . 08%  o f  

the s amp l es were c l ass i f i ed correct l y  and analys i s  showed that tho s e  

s treams incorre c t l y  c l as s i fi ed were mo s t  simi l ar t o  the next mo s t  

c l o s e l y  c l as s i f i ed s tream .  

V e l o city To l erance 

From s tudies  to determine v e l o c i t i e s  at which individual s  are 

di s l odged , i t  was found that the mean velocity  at whi ch Ephemer e l l a  sp . 
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were d i s l odged was 1 1 1 . 08 cm/ s and tltat the range o f  t o l e rance was 

30- 1 3 0  cm/ s (Tab l e  1 2 ) . Baet i s  was found to be  d i s l odged b y  v e l o c i ­

t i e s  ranging from 7 0 - 8 0  cm/ s wh i l e  I sope r l a  was found to wi ths tand a 

mean v e l o c i ty o f  1 06 . 2 5 cm/ s . S t enonema and I s onychia  had s imi l ar 

ve l 9 c i ty t o l erances ( 1 1 8 . 0 0 and 1 2 0 . 00 cm/s , Tab l e  1 2 ) . The mean 

ve l o c i ty neces sary to d i s l odge S imu l ium indiv idua l s  was 1 0 6 . 1 5  cm/s with 

a range o f  80- 1 3 0  cm/ s ,  and the mean v e l o ci ty that d i s l odged Nemoura was 

1 06 . 67 cm/ s  (Tab l e  1 2 ) . 

Heavy Metal s 

Tis sue samp l e s  from as many insect  genera as could b e  reasonab l y  

obtained were ana l y z ed for metal  content o f  Pb , Z n ,  and F e . The s e  metal s 

were cho s en s ince from the water qua l i ty section o f  the total  proj ect , 

thes e  me tal s were found in increas ed l eve l s  in  the d i s turbed streams . 

Lead was measured in parts per bi l l ion (ppb) us ing furnace spect ropho ­

tometry s ince l ev e l s  were so low  that detection us ing flame spectropho ­

tometry could not be adequat e l y  carr i ed out . B o th Zn and F e  were 

ana l y z ed as parts per mi l l ion (ppm) us ing the f l ame spectropho tometry . 

Since thes e methods take mul t i p l e  measurements  o f  metal content and g ive 

an average measurement o f  the metal  content i n  the body t i s sue , 

stat i s t ical  anal ys i s  of  the resu l t s  could not be  per formed . 

Individua l taxa ana l y z ed are shown in  Tabl e 1 3  and the met a l  

content ( ppb or ppm) for each o f  t h e  three met a l s  ana l yz ed are shown for 

each o f  the four s treams . The w e i ght o f  the ind ividual taxa analyzed  

and the  metal  cont ent f o r  each taxa are  shown in the  Append ix . From 

ana lys is  of the insect t i s sues , it was found that the l evel s  of meta l s  



Tab l e  1 2 .  Resul t s  o f  Laboratory Ana l y s i s  t o  Determine at W hat S tream 
V e l o c i ty Taxa o f  B enthic I ns ects  A re D i s l odged from the 
Sub s trate . 

7 2  

Taxa N # D i s l odged x cm/ s Std . Error Range SE/x  ( % )  

Empemere 1 1a sp . 4 5  3 7  1 1 1 . 08 4 . 0 0 30- 1 3 0  3 . 6  

Baetis  spp . 8 4 7 5 . 0 0 2 . 8 7 7 0 - 8 0  3 . 8 

I soperla  sp . 8 8 1 0 6 . 2 5 7 . 3 0 70- 1 30 6 . 9  

S t enonema sp . 5 5 1 1 8 . 00 3 . 74 1 1 0 - 1 30 3 . 2  

I so nychia sp . 4 3 1 2 0 . 00 1 0 . 00 1 0 0 - 1 3 0  8 . 3  

S imul iwn sp . 1 5  1 3  1 0 6 . 1 5  5 . 83 80- 1 30 5 . 5  

Nemoura sp . 3 3 1 0 6 . 6 7 3 . 33 1 0 0- 1 1 0 3 . 1 
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Tab l e  1 3 .  ! Ieavy Metal Content from Various Taxa Anal yz ed from the  Four 
S tudy S treams . 

Metal Taxa 

Pb I s onychi a  sp . 
I sope r l a  c l i o  
Dipl ectrona modesta  
Bae t i s  spp . 
Epeorus sp . 
Neophyl ax sp . 
Ps ephenus herric k i  
Tipu l a  sp . 
S t eno nema sp . 
Heptagen i a  sp . 
Leuctra sp . 
Al l o capnia sp . 

Zn I so nych ia sp . 
I soper l a  c l i o  
Dip l ec trona mo cles ta  
B a e t i s  spp . 
_9?eorus sp . 
Neophylax sp . 
P s eph enus herricki  
Tipul a sp . 
S t enonema sp . 
Heptagenia sp . 
Leuctra sp . 
A 1 1 o capni a  sp . 

F e  I s onychia sp . 
I s oper l a  c l io 
Dip l ectrona modes ta 
B a e t i s  spp . 
Epe orus sp . 
Neophyl ax sp . 
Ps eph enus herricki  
Tipu l a  sp . 
S tenonema sp . 
Heptageni a  sp . 
Lcuctra sp . 
Al l o capn ia sp . 

Lowe Br . Bi l l ' s  Br . Green Br . Indian Fork 

24 . 9 6 1 5 
1 5 . 4 5 2 0  

2 . 9 2 8 6  
. 63 6 8  

5 3 . 5 9 5 5  
3 . 0 9 8 4  
4 . 73 2 8  
7 . 9 1 6 7  

NA 
NA 
NA 
NA 

2 . 2 6 7 0  
4 .  7 7 7 6  

. 2 24 5  

. 1 8 1 9  
4 . 5 6 4 8  

. 4 3 73 

. 39 4 7  
1 .  5 0 1 1  

NA 
NA 
NA 
NA 

45 . 0 9 8 6  
24 . 5 3 1 4  
1 0 . 3 9 1 4  
1 2 . 9 6 23 
7 8 . 5 2 04 
1 1 . 6 7 68  
2 1 . 9605  
3 4 . 8 1 50 

NA 
NA 
NA 
NA 

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

2 . 4 5 4 7  
4 . 2694 
7 .  0 6 7 7  

NA 
. 3 1 84 

4 6 . 3990  
4 . 5 2 0 5  

. 1 3 8 8  

. 6 799  

. 46 7 1  

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

. 1 8 19 
1 . 67 1 3  
1 . 1 1 8 1  

NA 
. 0 5 4 3  

2 . 90 5 3  
1 . 0330  
1 . 6 2 8 7  

. 09 6 8  

. 2 6 7 1  

1 6 . 8 1 8 7  
4 2 . 5 2 7 7  
1 0 . 39 1 4  
1 1 . 6 7 6 8  
23 . 2 4 5 9  

NA 
1 0 . 39 1 4  
73 . 3 7 8 6  
1 5 . 5 3 3 2  
19 . 3 89 6  

7 . 8 2 0 5  
7 . 8 2 05  

. 4 3 2 6  
29 . 2 9 2 5  

5 .  0 4  7 1  
. 2 079  
NA 

1 2 3 . 5 3 9 5  
NA 

6 5 . 9 5 5 2  
NA 
NA 
NA 
NA 

. 26 7 1  
7 . 1 6 05  

. 3 096  

. 1 8 1 9  
NA 

4 . 8 6 2 7  
NA 

3 . 5 4 3 6  
NA 
NA 
NA 
NA 

1 9 . 3 8 9 6  
5 2 .  8 1 1 3  
1 6 . 8 1 8 7  
1 0 . 39 1 4  

NA 
1 8 . 1 04 1  

NA 
2 4 5 . 6 2 9 3  

NA 
NA 
NA 
NA 

NA1 

NA 
. 2 5 5 3  
. 78 6 0  
NA 
NA 
NA 

30 . 5 5 7 2  
3 . 4 5 9 2  

. 2 7 5 3  

. 6 7 9 9  

. 3 61 5 

NA 
NA 

. 09 68 

. 0 5 4 3  
NA 
NA 
NA 

2 . 9 9 04 
. 2 24 5  
. 39 4 7  
. 0968  
. 1 8 1 9 

NA 
2 1 . 9605  

9 . 1 0 59  
NA 
NA 
NA 

1 4 0 . 2 2 2  
1 1 . 6 7 68 
1 1 . 6 768  

5 . 2496  
9 . 1 0 5 9  

1 NA - not adequate numbers fo r ana l ys i s , or no individual s obtained . 
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in t i s sue o f  t h e  s ame taxa d i ffered e i ther very l it t l e  among streams or 

in  s ome cases  were h igher in the contro l s tream than in the dis turbed 

s treams . Th erefore , the e ffects  o f  heavy metal  accumu l at i on in insect  

t i ssues  were  det ermined to be  o f  l i t t l e  importance  i n  det ermining 

di fferences in benthi c  commun i t ies  among the four s treams . 



CHAPTER V I  

D I S CUSS ION 

The results  of this s tudy to determine the effects of s trip mining 

rel ated d i sturbance  on benthic ins ect commun i t i e s  showed that there are 

defini t e  d ifferences  between d i s turbed and undi s turbed s treams . There 

were s igni ficant d ifferences among s treams for the number of taxa , 

number o f  indivi dual s ,  and spec ies  divers i t y .  Th e maj or factors found 

to influence benth i c  communi t i es in s treams draining strip mined wat er­

sheds were variab l e  s tream flow , rainfal l ,  and turb i d i ty . I n  thes e s tudy 

s treams , a c id mine drainag e ,  except for ferri c  hydroxide accumu l at ions 

in  I ndian Fork resul t ing from auger ho l es and deep mines , was no t found 

to be s igni ficant . I n  fac t , i n  tho s e  s treams d i sturb ed by s trip mining , 

pH was found to i ncrease fo l lowing mining d i sturbance  (Tab l e  8 ,  p .  5 7 ) . 

Other chemical  pol lutant s , par t i cu l ar l y  heavy metal s ,  were not shown to b e  

important factors in  det ermining s tream di fferences , s ince there were n o  

c l e ar patt erns in  metal accumu l at ion between the contro l and d i s turbed 

s treams . 

I n  order to  underst and  the effects  of  the factors found to b e  

important i n  d i s c erning s tream d ifferences , i t  s eems necessary to  first  

cons ider each fac tor individua l l y  b e fore con s i d ering any e ffect on the 

benthi c  commun i t i es . I n  order to under s tand the d i fferences  in the 

benthi c  commun i t i es among s treams , one needs to examine the dynami c  and 

very dramati c  changes that occur in s tream flow , stream volume , s treambed 

s couring , and s i l tation whi ch occur during st orm water flow  periods . 

7 5  
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Dur ing periods o f  heavy rainfal l ,  the  rat e  o f  runo ff from 

wat ersheds d i s turbed by s trip mining is accel erated as a resul t o f  

reduced vegetat ion on s t eep areas . I n  Green Branch , for examp l e ,  where 

24% of the area has been dis turb ed by mining , l i t t l e  vegetational 

rec�very has o ccurred . I n  thi s watershed , spo i l  banks  are in such c l o s e  

proximity to t h e  s tream marg ins that runoff reach e s  t h e  s tream s oon 

after rainfal l .  When l arge vo lumes of runoff reach the s t ream soon 

after rainfa l l o c curs , l arge amounts of sediment are carried into the 

stre am and carr i ed along by the increased s tream flow . Under s torm 

condit ions the suspended s o l ids  l o ad for Green Branch has b e en mode l ed 

to b e  1 0 , 500  lb/ acre (Ts chan t z  and Overton , 1 9 7 8 ) . In  contras t ,  the 

suspended s o l ids  l oad for Lowe Branch , the contro l s tream , was cal culated 

at 0 to 4 . 3 2 lb/ acre . Loads for B i l l ' s  Branch and I ndian Fork were 

determined to be  580 and 586 lb/ acre respec t i v e l y . 

From s imul ated hydrograph s ( storm flow- cfs ) and l o adographs ( tons 

o f  s ediment) for Lowe Branch with mod e l ed 24% d i s turbance ,  p eak s torm 

flow was c a l cul ated to increase  1 5 %  and wat ershed runo ff  to increase 4 0% .  

I n  addit ion , the s edimentation l o s s  wou l d  change  from 4 tons/acre to 

1 5 0 0  tons/ acre for one s torm period . The s torm f l ow wou l d  increas e from 

14 cfs to 22 cfs with 2 4%  dis turbance (Tschan t z  and Overton , 1 9 7 8 ) . 

With mining d i s turbance , the t ime to flow peak fo l lowing rain fal l 

decreases  one to two hours . I n  Green Branch , peak s tream flow occurs 

5 . 5  hours after rain fa l l  initia tion as  compared to 7 . 6  hours for Lowe 

Branch . D i s turbed s treams may increas e rapidly  from 1 - 3  meters wide and 

1 0 - 1 5  em deep with a moderate v e l o c i ty to a s tream 1 0  meters in width 
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and 3 o r  more meters deep with a v e l o c i ty o f  a s  great a s  6 0 0  cm/ s . When 

this o ccurs boul ders as  l arge as 4 - 5  meters in diameter may be  d i s l odged 

from the s treambed and carri ed considerabl e dis tances  downs tream . 

F o l l owing s torm f l ow , i t  i s  not unusual to find boul ders 1 meter in 

diameter moved > 1 00 m down s tream and areas whi ch were previous ly  deep 

pool s  ( SO em) changed to areas with d epths o f  5 - 1 0  em . Fo l l owing heavy 

rainfal l ,  the s tream channe l  in the d i s turbed s treams may be comp l e t e l y  

al tered , o ften moving from t h e  right to l e ft bank or vi ce  vers a .  A s  the 

flow decrea s e s  fo l l owing the s e  s to rms , susp ended parti c l es carried by 

the s treams are depo s i ted on the streambed and accumulate  in areas o f  

s l ower f l ow . 

With periods o f  heavy rain fal l and resul ting  increase in s t ream 

ve l o ci ty ,  part ic l es wh ich are d i s lodged or carri ed in th e s treams s cour 

the s treambed . As the s treamb ed is  s coured , so are the benthic organisms 

l iving in or on the substrate . With the scouring o f  the s treambed by 

the increased s tream fl ow and suspended part icu late  mat ter , the s treambed 

may be  removed so that o ften the only  substrate remaining is  tight l y  

cement ed together by c l ay .  As a resul t ,  benth ic o rgani sms that dri ft 

into the s coured area from headwat er regions o f  the s tream are restricted 

to the subs trate depos i t ed as  s tream f l ow decreas es . 

As mentioned above , as a resul t o f  dis criminant ana l ys i s  to 

det ermine whi ch factors , both b i o l ogical  and phys i cal , determine s tream 

di fference s ,  the three factors measured that exp l ain the greatest  d i f­

ferences in the four s tudy streams were turb idity , rain fal l ,  and s tream 

flow . Turb idity  was used as a measure  o f  suspend ed s o l ids , s ince  



turb id ity increas ed as the amount o f  suspended s o l ids carried in the 

water co lumn increas ed . These  three factors are c l o s e l y  rel ated in 

their influence on benthic communi t i es in  the four s treams . 

�lortal ity 
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As a res u l t  of increas ed dri ft in  respon s e  to s t ream perturbat ion , 

ins ects  are sus cep t ib l e  to mo rtal i ty from substrate abras ion and from 

movement o f  part i c l e s  > 2 . 5  em . Obs ervat ions o f  s ub s trate part i c l e s  and 

individual organ i sms showed s everal o f  the l arger individual s  being 

crushed or mut i l ated  by substrate movement . 

Litter  

Another phys i c a l  factor found to be important  in determining 

d i fferences among s treams and the benthic commun i t i e s  of the s t reams was 

a l l o ch thonous l i tter accumu l at ion . S ince a l l  four s t reams had vegetation 

along their  marg ins , i t  was as sumed that al l s treams had equal opportu­

n i t i e s  for l i tter input . A l s o , s ince s im i l ar running water hab i t a t s  

were s amp l ed in each s tream , there shoul d have b e en s im i l ar amount s  o f  

l it t er accumul ated  in each s tream . However , from det ermination o f  the 

percent l itter compo s i tion of each s amp l e ,  i t  was found that there was 

a s i gn i fi cant l y  greater amount of l i t t er pres ent in  the contro l s t ream . 

The d i fference in the amount o f  l i t ter in the contro l vs the d i s turb ed 

s treams app ears to be  the resul t of di fferences in  runoff and s tream 

flow . From obs ervat ions o f  l i t ter and subs trate part i c l es i n  conj unct ion 

with the l aboratory v e l o c i ty t o l erance s tudies , it  was obs erved that 

l itter was d i s l odged from the sub s trate at 70- 8 0  cm/ s . Al l o chthonous 

materials  have been s hown by numerous workers (Minshal l ,  1 9 6 7 ; Wal l ace  
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et  a l . ,  1 9 70 ; E g g l i shaw , 1 9 6 4 ; N e l son  and S co t t , 1 9 6 2 ; and Rabini  and 

Minsha l l , 1 9 7 7 ) to be  the primary source of food  and energy for benthic 

organ i sms and to  b e  an important  factor in determining  the dis tribution 

o f  benth i c  individua ls . As a resu l t , l i tter coup l ed with moderate  

runoff from rainfa l l ,  moderate s tream flow , and a l ow sedimentation 

rat e , are important  factors i n  providing opt imal habitat requirement s  in  

the contro l s tream . I n  the d i s turbed s treams the amount o f  l it t er 

ava i l ab l e  as  a foo d  source ranged from 1 8 . 39 to 3 7 . 2 1 %  as compared to 

55 . 43 %  l i tter in the contro l s tream . 

Change in Spec i e s  Compos i t ion 

To l bert and Vaughn ( 1 9 7 8 )  and To l bert ( 1 9 7 8 )  found that the factors 

mentioned above , rainfal l runo ff ,  s tream f l o w ,  s ed imentation , and l i t t er 

are the mos t  important factors in  det ermining d i f ferences  i n  the benthic 

commun i t i e s  o f  the four s t reams . Stream v e l o c i ty interacts with a l l  

other factors i n  determining di fferences  i n  the benthic  commun i t i e s  o f  

the four s treams . I n  the s treams in  thi s s tudy are a ,  the effects o f  

sub strate part i c l e  d i s tribut ion , s i l t  depo s i t i on , and transport and 

shredding of l eaf detritus , are magni fied by the rap id changes in  ra in­

fal l  runo f f  and resul tant increase in  s tream vo l ume , whi ch at times 

increas es  by s everal orders of magni tude . 

Reco loni z at i on 

As l ong as the d i sturbed s treams are subj ected to periods o f  

increased runo ff and increased s tream flow that d i s lodges  substrate 

mater i a l s  and carries  eros ional mat eria l s  from the surrounding watershed ,  

re covery o f  insect  commun i t i es wi l l  o ccur s l owly i f  at al l .  In  tho s e  

streams continua l l y  perturbed b y  s t orm dis turbance factors , the maj or 
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fauna wi l l  b e  tho s e  taxa that have short  l i fe cycl es or are  adapted  to 

withs tand d i s turbance . I n  I ndian Fork , the predominant ins ect fauna i s  

comprised primari ly  o f  individua l s  o f  the fami l y  Chironomidae . Usua l l y  

recol oni zation o ccurs from headwater reaches o f  s t reams o r  from r e l i c  

popul at ions s urviving i n  the s treams . However , in the se  d i s turb ed 

s treams receiving s everal maj or rainfa l l  r e l ated d i sturbances  per spring 

and fa l l  s eason , re covery is s l ow s ince recovering commun i t i es are 

frequen t l y  red i s lo dged by storm water f l ow . Talak  ( 1 9 7 7 ) , a l s o  in  the 

N ew River bas in , found that stream insect  recovery g eneral l y  requires as  

much as  2 0  years and that from his  s tudy the faunas of  s ome s treams 

showed no ind i cat ions of recovery s ince in s ome ins tances there were no 

c l o s e  sources  of benthi c faunas for repopulation . 

Taxa and I ndividual s  

From thi s s tudy , bo th the numb er o f  spec i es and the total  numb er o f  

individua l s  from the dis turb ed s treams were s ignifican t l y  l es s  than the 

con tro l s tream . I n  Green Branch , the l arg e s t  proportion o f  individual s 

were Ch ironominae . The s e  individua l s  were found p rimari l y  in the upper 

reaches of the s tr eam which has been d i s turb ed by only a s in g l e  mining 

cut and has l e s s  s i l t accumulation than the l ower reaches of the s tream .  

Th i s  could  account for fewer individua l s  in the down s tream s ect ion which 

has b e en d i s turb ed by two mining cuts and is in  c l o s e  proximity to an 

unrec l aimed spo i l  ban k .  Indian Fork has been d i s turbed to the extent  

that only  ch i ronomids were co l l ected to any extent (31  individual s ) . 

Thes e individual s compr i s e  nearly  hal f the total  numb er o f  individua l s  

co l l ected from this  stream . Both s eas onal l y  and for the total  s amp l ing 
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period , the divers i ties  o f  the three d i s turb ed s treams were s ign i fi can t l y  

l e s s  than that o f  t h e  control  s tream . 

The predominance o f  members o f  the order Ephemeroptera in Lowe 

Branch was not  s urpris ing , s ince  memb ers of this order are abundant  in 

sha l l ow ,  flowing  s treams where they are found c l inging to the unders ides  

o f  rocks o r  in  debri s  l o dged in the s tream . I ndividua l s o f  B aet i s  s pp . , 

S t enonema annexum Traver , and Heptagen i a  ( f l aves cen s  group) are 

parti cularly  s ui t ed to such areas s ince they are h erbi vorous and thes e 

areas can provide adequate fo od to support two g enerations per year . 

S tenonema annexwn requires c l ean water s treams for survival  ( Lewi s , 1 9 74 )  

and was found o nly  from Lowe Branch . 

The l arge percentage o f  p l ecopterans in  Lowe B ranch i s  the r e s u l t  

o f  s everal factors . Mo s t  s tonefl y nymphs a r e  found on  rocks or b etween 

the grave l and rocks of  the streamb ed ( Roback , 1 9 74 ) . I n  Lowe Branch , 

there i s  l i t t l e  i f  any s i l t  accwnu l at ion among the bot tom rubb l e , s o  

there are many hab itats  avai l ab l e  for o ccupancy . The greater abundance 

of L euctra s pp . and A l l oc apn i a  sp .· i n  this s tream i s  the resu l t  o f  

unimpeded water movement carrying d i s s o lved oxygen through the s t reamb ed 

grave l .  I n  the di s turb ed s treams the intcrs t i c i es b e tween grav e l  are 

c l o gged by s i l t  which reduces water movement and o xygen transport . I n  

I nd i an Fork , Nemoura nigritta nymphs have b e en found covered with s i l t . 

Thes e  nymphs l iv e  under rocks and in gravel  areas where s i l t  is  trapped , 

and their notab l e  pubes cence al so  t ends to trap s i l t  part i c l es . 

A moderate  current that does not d i s l odge l i tter fragments  that 

fal l into the s tream al lows food  fo r many p l ecopt erans to remain , e i ther 
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a s  d e tritus  o r  a s  a food source for herb ivorous individual s  wh ich then 

become food sources for carn ivorous I soperl a and Acroneur i a . The s e  

individua l s  feed o n  chironomids , s imul ids , and mayfl ies . Tipu l id s , as 

we l l as  o ther dipteran l arvae which are found in l e af packs , feed on 

dec�ying l eaves , wood , a l gae , and di atoms ( Robach 1 9 74 ) , and are abundant 

in this  s tream . Chironomid s  feed on diatoms which were found to b e  more 

abundant and to  have mo re species in Lowe Branch than in the d i s turb ed 

s treams (Vaughn , 1 9 78 } . Th e s e  individua l s , as we l l  as  s imu l iids , are 

"vacuum" feeders that take anything of reasonab l e  s i ze into the dig e s t ive 

track ( Robac k ,  1 9 7 4 ) . The s e  dipt erans were found in great e s t  numb ers in 

Lowe Branch and from the upper s amp l ing site on Green Branch s ince  th e s e  

were t h e  o nly  lo cations that prov ided t h e  nec e s s ary uns i l ted sub s trate 

for optimum feeding and for s i mu l i i d  attachment . Cas e bui l d ing and 

retreat bui l ding Tri choptera were mo s t  abundan t in the contro l s tream 

becau s e  the rocks were free o f  s i l t  depo s i t s  wh ich wou l d  interfere with 

case  attachment and foo d  gathering . S cott  ( 1 9 5 8 )  found G l o s so s oma sp . 

only in areas where s i l t  did  not occur s ince s i l t  interfered with their 

food gathering mechani sms . l lydropsyche larvae were reduced in numbers 

in B i l l ' s  Branch and absent from the other two d i s turbed s treams ( Tab l e  

3) , prob ab l y  a s  a resu l t  o f  s i l t  and s and int erfering with o r  c l ogg ing 

the ir foo d  gathering nets . S ince there are abundant l eaf packs , diatoms , 

and a l lochthonous mater i a l  avai l ab l e  as food , a s  wel l as numerous 

herb ivorous , detri tivorous , and carnivorous benthic insect spec i e s  

present , there 1 s  adequat e  fo od be ing b o t h  produced and bro ken down i n  

Lowe Branch t o  b e  us ed b y  a great variety o f  benth ic species . 
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B i l l ' s  Branch had 69%  a s  many species  and 3 7 %  a s  many i ndividua l s  

rel ative to  Lowe Branch , the contro l s tream . O f  the individua l s  pres ent , 

66% be longed to the order Ephemorop tera (Tab l e  5 ,  p .  5 1 ) . I n  thi s  order , 

Baet i s  spp . compri s ed better than ha l f  o f  tho s e  indiv idual s  found . 

The s e  speci e s  l ive on or under s tones and rock s , in  r i ffl e s , or among 

debri s  and move frequent l y  from p l ace  to  p l ace . They feed on  sma l l  

part i c l es o f  p l an t s  and detritus o n  the surface o f  rocks and l eaves 

(Edmunds , et  a l . ,  1 9 76) . I t  i s  probab l e ,  s ince the s e  individua l s  move 

about frequen t l y ,  that the s i l t  and a l g a l  cover on the rocks in  this  

stream and Green  Branch , trap enough food part i c l e s  to  support them . 

Another pos s ib l e  expl anation for the l arge number o f  Baetis  spp . in  

this  stream may be  the result  o f  reduced comp e t i t ion as a resu l t  o f  

other species  being e l iminated (Hyne s ,  1 9 70 ) . I s onychia sp . was found 

on ly  in Bi l l ' s  B ranch where indiv i du a l s  l ive in debr i s  or l e aves  c aught 

in areas of s w i ft f l ow . The s e  organ i sms face into the current and 

fi l ter food from the flowing water ( B erne r ,  1 9 50 ) . S ince  they po s s e s s  

s trong fore c l aws , they are we l l  adapted  t o  c l inging tenacious ly  t o  the 

sub s trate and can withstand a l l  but the heav i e s t  fl ows . I ndividua l s  o f  

l leptagenia  (macu l ipenni s group) , S t enonema pul ch e l lum (Walsh)  and Epeorus 

sp . make up the maj ority of the remaining individual s .  A l l  three  s p e c i e s  

are fl at tened dorso- ventra l l y  and ho l d  tenacious l y  to  t h e  under surfaces 

o f  rocks ( E dmunds , et  al . ,  1 9 7 6 ;  Berner,  1 9 5 9 ) . The s e  character i s t i c s  

make them di fficu l t  t o  d i s l odge from t h e  sub s trate . Diptera,  comprised  

primar i l y  o f  C hironominae (Tab l e 3 ,  p .  4 6) was  the  s econd most  abundant 

order in thi s s tream (Tab l e  4 ,  p .  4 8 ) . S ince these  are primar i l y  "vacuum" 

fe eders on a l ga e ,  part icu l arly  diatoms , as wel l as organic  debri s  in the 
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carri ed in the s tream . 
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G reen Branch had  s l ight l y  l es s  than hal f the  numb er o f  individual s 

when compared w i th B i l l ' s  Branch as  wel l as fewer spec i e s  ( F i gure S ,  

p .  SO) . More than half  ( 5 3 . 6 % )  o f  the individua l s pres ent in  Gr een 

Branch were dipt erans o f  whi ch chironomids  were mo s t  abundant . Mos t  o f  

the indivi dual s  o f  the s ub famil y  Chironominae were found i n  Decemb er and 

Augus t indi cating probab l y  two generations per year ( Rob ack , 1 9 7 4 ) , one 

that overwinters and emerges in  ear l y  sprin g ,  and the other that d ev e l op s  

during the s ummer and emerges in  t h e  fal l .  Three  g enera o f  P l ecoptera , 

Pel toper l a ,  I soper l a ,  and Al l o capni a  ( Tab l e  3 ,  p .  4 6 ) , comp r i s ed the 

maj ori ty o f  the s econd mos t  abundant order ( 1 7 . 8% ) . Al l three g enera 

were found i n  greates t  numb ers at  the upp er s amp l ing s i t e ,  which was b e l ow 

a s in g l e  mining cut . D ip l ectrona modesta  and Uip l ec trona metaqui Banks 

(Tr i choptera) occurred in great est  numbers at this s i t e .  The greater 

abundance o f  this species , as  we l l  as  Rhyacophi l a  sp . and the p l e copteran 

genera ment ioned above at th i s  upp er s i t e ,  was mo s t  probab l y  the result  

o f  less  s i l t  accumul ation , moderat e s tream flow , and resu l t an t  greater 

food  avai l abi l i ty , when compared to increased s t ream flow as  wel l as 

l arger s tream s i z e at the down s tream s amp l ing s i t e . I n  add i t ion , more 

individua l s  were avai l ab l e  as food sources  for I sope r l a  c l io and 

Rhyacophi l a  sp . a t  the upp er s i t e . Large boulders and dens e vegetation 

on the l and s urface between the mine cut and the upp er s i t e  seem to  

cat ch mos t  o f  the gravel  and s i l t eroding from this  mined are a .  Thi s  
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prevents mo s t  o f  the s i l t  usua l l y  a s s o c iated with s t r ip mining from 

moving into the s tream ,  c l ogging the inters t i c i es of s tones and covering 

food  s ourc e s . Down stream ,  the s tream pas s e s  through spo i l  banks and 

over- burden near the s tream margin s . The c l o s e  proximity o f  thes e  

porous earth mas s e s  t o  the s tream margin , the l arge area o f  the watershed 

d is turbed (�2 5 % , Tab l e  1 ,  p .  2 3 ) , and the l ack  o f  rec l amati on , c ombine to 

provide l arge amounts of  s i l t  which are washed into the s tream .  The 

c l o s e  proximi ty o f  the spo i l  bank a l s o  reduces the d i s tance runoff has 

to travel  before entering the stream . As a resu l t ,  rainfa l l  runoff  and 

resu l tant increas ed stream flow as  we l l  as i ncreas ed s i l t  l o ads , may 

occur sooner and more dras t i cal l y  fo l l owing rainfal l ( T s chant z ,  1 9 7 7) . 

The number o f  individual s  from I nd i an Fork i s  o n l y  4 %  o f  the total  

numb er from Lowe Branch and i s  2 1 96 l e s s  than the number from Gre en Branch 

(Tab l e  5 ,  p .  5 1 ) . Dipt erans arc the mo s t  abundan t taxa fo l l owed by the 

ephemeropt eran genus Bacti s ,  which is found on and under rocks and 

debri s .  The decreased number of indiv idua l s  in  I nd i an Fork i s  due 

primar i ly to the increased flow and s ediment carr i ed and depo s i ted in 

the stream as a resu l t  of increas ed runo ff,  the reduced amoun t of l itter  

avai lable  as  a food s ource ,  and to s ome extent , the  l arge amount o f  

ferric  hydroxide depo s i ted on the s t reambed . This  ferr i c  hydroxide 

accumu l ates  on the bodi es  o f  benth i c  organi sms , po s s ib l y  interfering 

with respirat ion and food gathering mechanisms . 

There was a progre s s ive decrea s e  in  the number o f  ind ividual s  and 

speci es from the contro l  s t ream ,  Lowe Branch , to a moderate l y  d i s turb ed 

s tream ,  Bi l l ' s  Branch and then to a more dis turbed and l onger d i s turbed 
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stream , Green Branch . The further decrease in  the  number o f  ind iv i dual s 

from Indian Fork , which has been d i s turbed for the l onge s t  period o f  

t ime , indi cates that the amount and duration o f  the d i s turbance deter­

mines to a l arge extent , the insect  fauna pre s ent  in  the s treams . 

Al though numerous res earchers have demons trated the importance o f  

a c i d  mine drainag e ,  heavy metal s , and other changes  in  water chemi s try 

a ss ociated w i th s trip mining in o ther coal  produc ing areas , this  s tudy 

c l ear l y  demon strates  the overriding influence of phys i c a l  factors 

as s o c i ated with rainfal l and runo f f ,  and resul tant  increas ed stre am flow 

for the Cumber l and Mountain reg ion . The aquat i c  sys t em in the N ew River 

B as in ,  unl i ke many wh i ch are subj ected to  chronic  p o l lution from 

indus tri a l  s ources , mun i c ipal  s ewage outfal l s , et c . , is a period i c a l ly  

str es s ed s ys t em . W i th i n  thi s area , the s ource o f  s t r e s s  to  benthic 

communi t i e s  i s  phys ical rather than of a chemical  nature . 



CHAPTER V I I 

CONCLUS I ONS 

I n  the New River B as i n ,  streams affected by d i s turbance rel ated to 

str�p mining were found to have reduced numbers of taxa , individua l s , 

and species  d iv ers i t ies when compared to an und i s turbed s t ream . I n  

s treams d i s turb ed b y  contour s trip mining , the principal phys i c a l  factors 

affecting benthic ins ect corrunun i t i e s  were s i l tation of the s treambed and 

increased s tream f l ow .  With the s igni f i cant d i sturban c e  of 8 to 2 4 %  o f  

the area o f  the wat ersheds and the resul tant remova l  o f  vegetation from 

s teep s l opes  by contour s trip mining , the rainfa l l retaining capacity o f  

the waters heds i s  reduced . As a res u l t  rain fa l l  runo ff  makes i t s  way 

rap i d ly into the s treams . Part i cu l ar l y  i n  tho s e  s treams where the spo i l  

banks are i n  c l o s e  proximi t y ,  mobi l i z ed s ed iment part i c l es o f  various 

s i z e s  are carried  into the s treams . Wi thin l es s  than 6 hours fo l l owing 

rainfal l init iation , indiv idual s t ream s i ze may increase from 1 - 3  m in  

width and 1 0  em deep to  10  m in  width and 3 em in  depth . As a res u l t  

boulders as  l arge a s  4 m i n  diameter may b e  moved many meters downs tream .  

W i th increas ed s tream flow from runof f ,  the s e  s ed iment part i c l e s  a s  we l l  

as mobi l i zed subs trate part i c l es and benthi c organ i sms are d i s l odged and 

carried downs tream . As a resu l t  the number of ind ividua l s  and taxa and 

the community divers i ty are reduced in the d i s turb ed s treams . 

I t  was found from the l aboratory vel ocity s tud i e s  that the increased 

v e l o c i t i e s  resu l t ing from rainfa l l  in  the dis turbed watersheds were 

8 7  



8 8  

greater than the v e l o c i t i e s  found to di s lodge b enthic  organi sms and 

sub s trate part i c l e s . Laboratory and fi e l d  obs ervations showed that 

par t i c l es l arger than 2 em in diameter were d i s l odged by s torm f l ow and 

that ins ects  were frequen t l y  crushed by thes e  mov ing part i c l e s . From 

s ediment transport and s torm f l ow s tudi e s  performed in support o f  this  

proj ect , i t  is  obvious that  both the s ed iment ation rate and s torm water 

flow in the mining di s turb ed s treams are o f  such magni tude as  to over­

ride the influence that o ther phys ical  or chemical  parameters might have 

on benthi c insects . 

Acid mine drainage was not  found to b e  a pro b l em in this  area s ince 

in  al l cas es  the ��  increased in the s treams with mining d i s turbance and 

res u l t ant exposure o f  l im e s tone mater i a l s  to weathering . Heavy met a l s  

and o ther chemical  pol lutant s did  no t increas e  suffi c i en t l y  to exceed 

state  water qua l i ty standards o r  exert an important influence on the 

bentho s .  Only in I ndian Fork was there a ferric  hydroxide accumu l at ion , 

from auger ho l e s  and deep mine s ources , great enough to be  o f  any 

s ignificance . With  the effects of substrate al terat ion as a res u l t  o f  

increased s tream f low and s ed iment depo s ition , thes e e ffects were 

con s idered of l i t t l e  re l at ive importance . 

Water chem i s try among the four streams was no t appreciab l y  

di fferent . Al though there were increases in C a ,  Mg , Mn , and a l ka l inity  

a s  a result  o f  s trip mining the s e  e l ements have not been s hown to have 

any effect on benth i c  insec t s . Temperature , oxygen content , and m i cro­

v e l o c i t y  for the four s treams were very s imi l ar and therefore did not 

exert an influence in  the d i fferences  in  benthic insect  co@nuni t i e s  in  
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the four s treams . D i fferences in the ava i l ab i l i ty o f  l i tter as an 

al l o chthonous foo d  s ource in the d i sturbed s treams as compared with  the 

contro l s t ream exerted a s i gn i f i cant influence in  determin ing d ifferences  

in the  benthic communities  in the  d i s turbed s treams . However , thes e 

d ifferences  were s econdary to tho s e  o f  rainfal l ,  s t ream f l o w ,  and 

turbidity .  

Th e phys ical  fac tors of  s tream f l ow , rainfal l ,  and turb idity as  a 

measure o f  s ed imentat ion were the primary factors in det ermining the 

b enthic  commun i t i e s  of the four s tudy s treams . The contro l s tream , Lowe 

B ranch , had con s i s tant l y  moderate  f l ow with only  s l i ght  e l evation in 

s tream flow as  a result  of rainfa l l  runo ff . S i l tat ion in this  stream 

was v ery l ow s uch that there was minimal accumu l at ion o f  the sub s trate 

to  interfere with the attachment of b enthic individual s .  The moderate 

flow resu l t ed in a s t ab l e  sub s trate and abundant l i tter ava i l ab l e  as 

food  sources . Thi s  is in contras t to increas ed l eve l s  of s i l tation o f  

the s treamb eds o f  the dis turb ed s treams and the ins tab i l i t y  o f  the 

sub s trate as a resu l t  of increas ed s torm water f l ow d i s l odging substrate 

par t i c l es . I n  the d i s turb ed s treams there was l it t l e  l i t ter avai l ab l e  

ai a foo d  s ource . Laboratory s tud ies  demons trated that ve l o c i t i e s  o f  

7 0 - 8 0  cm/ s removed l itter accumu l at i on s , showing that in the dis turbed 

s treams s torm water v e l o c i t i e s  exceed the l eve l s  neces s ary to d i s l odge 

l it ter . 

The res ults  o f  this s tudy indicate that in s torm water dominated 

systems phy s i c a l  perturbation are primari ly  respons ib l e  for dis turbance 

of b enthic communit ies . The resu l t s  show that the di fferen ces  in  
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benthic  commun i t i e s  are primar i l y  the result  o f  the effects o f  rainfa l l 

runof f ,  i ncreas ed s tream flow and s edimentat i on . Th e resul t s  o f  this  

s tudy a l s o  ind icate tha t in acid  mine  drainage s tudi e s  the  effe c t s  of  

rainfal l  runo f f ,  increas ed s tream f l o w ,  and s ed imentat ion may b e  at 

l east  as importan t  in det ermining d i fferences in  benthic  commun i t i e s  as 

the e ffects  of low  pH . 
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Tab l e  1 4 .  Heavy Metal Content  o f  I ns ect Tis sue from E ach o f  the Four 
S tudy S tr eams . 

Taxa 

Lowe Branch 
1 .  
2 .  
3 .  
4 .  
5 .  
6 .  
7 .  
8 .  
9 .  

1 0 .  
1 1 .  
1 2 .  

I s onychia  sp . 
Corydal us cornutus 
l!exag eni a  sp . 
Di:el ec trona s p . 
I so:eer l a  c l i o  
Baet i s  spp . 
P s eudo c l oeon sp . 
I so:eer l a  imm . 
E:eeorus sp . 
P s ephenus herricki 
Neophyl ax s p . 
Tipu l a  s p . 

I ndian Fork 
1 3 .  
1 4 . 
1 5 .  
1 6 .  
1 7 .  
1 8 .  
1 9 . 

Baetis  spp . 
lle:etagen ia  sp . 
Stenonema s p . 
A l l oca:enia  sp . 
Leuctra sp . 
Di:el ectrona s p . 
Tipu l a  sp . 

B i l l ' s  Branch 
2 0 .  
2 1 . 
2 2 .  
2 3 .  
2 4 . 
2 5 . 
2 6 .  
2 7 .  
2 8 . 
2 9 . 
30 . 
3 1 .  
3 2 . 
33 . 

Hydro:esyche sp . 
Ti_eu l a  sp . 
P s e_ehenus h erricki 
I s op cr l a  c l i o  
Leuctra sp . 
E:ehemerel l a  sp . 
I sonych ia  sp . 
St enonema sp . 
P e l toperla sp . 
Eperous sp . 
Baetis  spp . 
lleptagen i a  s p . 
Al lo capni a  s p . 
DiJ2 l e ctrona sp . 

G reen Branch 
34 . Rhyacoph i l a  sp . 
3 5 .  Dip l cctrona sp . 
3 6 .  Tipu l a  sp . 
3 7 .  I s oper l a  c l io 
3 8 . Baetis  spp . 
3 9 . I sonychia sp . 
4 0 .  Neophyl ax sp . 

Weight Pb ppb Zn ppm Fe ppm 

. 4 2 1 68 24 . 9 6 1 5  2 . 2 6 7 0  4 5 . 09 8 6  

. 07 1 09 2 . 2 9 1 8  . 5649  1 1 . 6 7 68  

. 04  7 1 1  3 . 4 5 9 2  . 39 4 7  1 5 . 5 3 3 2  

. 0 1 5 2 9  2 . 9 2 8 6  . 2 2 4 5  1 0 . 39 1 4  

. 53 1 9 7  1 5 . 4 5 2  4 .  7 7 7 6  2 4 . 5 3 1 4  

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

. 03508  3 . 4 5 9 2  . 4 3 7 3  1 4 . 24 7 7  

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

. 99 8 2 1  5 3 . 5 9 5 5  4 . 5 64 8  7 8 . 5 2 04 

. 0 8 6 2 6  4 . 7 3 2 8  . 39 4 7  2 1 . 9 6 0 5  

. 05 5 2 4  3 . 0984  . 4 3 7 3  1 1 . 6 7 6 8  

. 5 6 1 2 8  7 . 9 1 6 7  1 .  5 01 1 3 4 . 8 1 50 

. 0 0907  . 7860  . 0 5 4 3  9 . 1 05 9  

. 0 3468  . 2 7 5 3  . 39 4 7  1 1 . 6 7 6 8  

. 0 1 3 2 9  3 . 4 5 9 2  . 2 2 4 5  1 1 . 6 7 68 

. 0 1 083  . 36 1 5  . 1 8 1 9  9 . 1 05 9  

. 0 1 1 8 6  . 67 9 9  . 0968  5 . 2 4 9 6  

. 0 1 64 2  . 25 5 3  . 09 6 8  2 1 . 9 6 0 5  

. 3 2 7 76 3 0 . 5 5 7 2  2 . 9 9 0 4  1 4 0 . 2 2 2 2  

. 1 8900  . 9 050  . 0968  7 0 . 39 14 
2 . 5 2 69 1 4 6  . .  3 9 9 0  2 . 9 0 5 3  7 3 . 3 7 86  

. 0 0829  . 3 1 8 4  . 05 4 3  1 0 . 39 1 4  
1 . 3 1 5 8 0  3 4 . 5 9 79 2 4 . 3 0 7  4 2 . 5 2 7 7  

. 1 7 7 5  . 6 7 9 9  . 09 6 8  7 . 8 2 0 5  

. 0 1 9 0 3  . 1 69 8 . 2 6 7 1  7 . 8 2 0 5  

. 1 3 7 0 0  4 . 5 2 05  . 9 0 5 3  1 6 . 8 1 8 7  

. 1 9 5 9 5  4 . 5 2 05  1 . 0330  1 5 . 5 3 3 2  

. 02 2 2 5  1 .  5489  . 3 5 2 2  1 0 . 39 1 4  

. 1 0 8 2 4  7 .  0 6 7 7  1 . 1 1 8 1  2 3 . 2459  

. 1 1 6 04 4 . 2 694  1 . 67 1 3  1 1 . 6 7 68  

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

. 02 1 1 8  . 46 7 1  . 26 7 1  7 . 8 2 05 

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

. 02 1 5 3  1 .  3 3 1 3  . 1 8 1 9  1 0 . 39 1 4  

. 05 0 9 1  5 .  0 4  7 1  . 3096  1 6 . 8 1 8 7  

. 6 1 5 7 7  65 . 9 5 5 2  3 . 5 4 3 6  2 4 5 . 6 2 9 3  

. 95 3 2 5  29 . 2 9 2 5  7 . 1 6 05 5 2 . 8 1 1 3  

. 0 1 5 7 7  . 2 079  . 1 8 1 9  1 0 . 39 1 4  

. 2 066 . 43 2 6  . 2 6 7 1  1 9 . 3 8 9 6  

. 2 8 3 7  1 2 3 . 5 3 9 5  4 . 86 2 7  1 8 . 1 04 1  

1 0 3 
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