
ENVIRONMENT  CANADA 
CONSERVATION  AND  PROTECTION 

ENVIRONMENTAL  PROTECTION  SERVICE 
PACIFIC AND, YUKON  REGION 

BENTHIC  INVERTEBRATE  DATA  COLLECTED  BY 
THE  ENVIRONMENTAL  PROTECTION  SERVICE 

JULY 1982 AND 1983 
RELATIVE  TO  EQUITY  SILVER  MINE,  HOUSTON, B.C. 

Regional Program Report No. 86-06 

Report  Preparation: G. Derksen  and M. Ross 
Field  Program: M. Ross  and M. Jones 

JANUARY, 1986 LIBRARY 
ENVIRONMENT CANADA 

CONSERVATION AND PROTECTION 
PACIFIC REGtON 



a 

ABSTRACT 

I 

Y 

m 

I 

Benth ic   inver tebra te  samples  were co l lec ted   f rom  th ree   c reeks  

associated  wi th   the  Equi ty   Mine  proper ty .  One c reek   re f l ec ted  a community 

subjected  to   ac id   mine  dra inage  ( low pH, high  metal   content)   and/or  sedi-  
mentat ion  stress.  The  two o t h e r   c r e e k s   d i d n ' t   i n d i c a t e  any obvious  impact 

due t o   t h e  mi ne. 

REISUMEI 

Des 6chant i l lons   d ' inver t6br6s   benth iques   on t  6 t 6  obtenus i 
p a r t i r  de t r o i s  ruiisseaux  adjacents 2 l a  p r o p r i 6 t 6  de l a  mine  Equity. Un 

des r u i  sseaux  montra  une communaute a s s u j e t t i  au dra inage  min ier   ac ide 
( f a i b l e  pH, contenu m i i t a l l  ique  6 lev6  e t /ou au s t r e s s  de sedimentation.  Les 

deux aut res  ru isseaux  n 'ont  pas indiqu6s  d ' impact  6vidents due i l a  mine. 

w 
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SUMMARY 

The ben th i c   i nve r teb ra te   compos i t i on   f o r  Bessemer  Creek i n  €982 

and 1983, compared t o  1973, r e f l e c t e d  a community sub jec ted   to   ac id   m ine  

dra inage  (1  ow  pH, high  metal   content)   and/or  sedimentat ion  stress.  The 
r e s u l t s   f o r  Foxy  Creek  upstream and  downstream o f   t h e  mine s i t e  and Buck 
Creek upstream  and downstream ( a t  1 e a s t   d u r i n g   h i g h   s p r i n g   r u n o f f )   o f  

Bessemer Creek d i d   n o t   i n d i c a t e  any obvious  impact due t o   t h e  mine  opera- 

t ion .   Wi thout   spec ies   spec i f i c   in fo rmat ion  on the   to le rance o f  var ious  
a q u a t i c   i n s e c t s   t o   l o w  pH and  metal t o x i c i t y   ( p r i m a r i l y  copper  and  zinc), 
benth ic   inver tebra tes   can   on ly  be expected to   i nd i ca te   ma jo r   impac ts .  The 

d i f f e rences  betweerr s t a t i o n s   i n  terms o f   a b i o t i c   c o n d i t i o n s   ( f l o w ,  sub- 
s t r a t e   p a r t i c l e   s i z e  and  sediment de t r i t us   con ten t )   shou ld  be g iven more 

a t t e n t i o n   i n   i n v e r t e b r a t e  programs o f   t h i s   n a t u r e .  

Y 
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INTRODUCTION 

Eauity Si1 ver Mines i s  1 ocated  approximately 33 km southeast of 
Houston, B.C. (Figure 1). The  mine  began production i n  September 1980. In 
November 1981 i t  was determined t h a t  waste rock a t  the mine s i t e  was gener- 
ating  acid and acid mine drainage was entering Bessemer Creek. The  company 
constructed a temporary acid mine drainage  collection system i n  Spr ing  1982 
and has continued t o  make improvements t o  the  collection and treatment 
system since  then. 

The Environmental Protection  Service (EPS) collected pre-mine 
operation  benthic  invertebrate samples from streams  adjacent t o  the 
proposed Equity Mine s i t e  i n  July,  1973 (Hal 1 am and Kussat 1974).  EPS 
conducted  post-mine operation  benthic  invertebrate  surveys i n  July 1982  and 
July 1983. This report  presents  the  data  collected i n  July 1982  and July 
1983  and comparisons are made to  the  July 1973 data. Water quality  data 
collected on the  July 1982 and 1983 surveys has been reported on  by Derksen 
e t  a1 1985. 
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2. DESCRIP 

The Equ 

Creek watersheds. 

ION OF STUDY AREA 

ty  Mine s i t e   i s   c e n t e r e d  on the  Foxy  Creek  and Bessemer 

Foxy  Creek i s  a t r i b u t a r y   o f  Maxan Creek  which  flows 

i n t o   B u l k l e y  Lake. Bessemer Creek i s  a t r i b u t a r y  o f  Buck  Creek upstream o f  
Goosly Lake. Buck Creek  downstream o f  Goosly   Lake  f lows  in to   the  Bulk ley 
R i v e r   a t  Houston  (Figure  1). 

S ix   c reek   s ta t ions  were  sampled du r ing   t he  1982  and  1983 surveys. 

The sample stat ion!;  are  described i n  Table 1 and are  shown i n  F igure  1. 

Buck c reek   s ta t ion  BKEO-B du r ing  1982 and 1983 was cons ide red   t o  

be  downstream  of Bessemer Creek. However, Bustard 1984 r e p o r t e d   t h a t   t h i s  
s t a t i o n   l o c a t i o n  was ac tua l l y   ups t ream  o f  Bessemer Creek.  During  high 

r u n o f f   p e r i o d s   i n   t h e   s p r i n g  Bessemer  Creek i s  t h o u g h t   t o   e n t e r  Buck Creek 

upstream o f   s i t e  BK20-B. 
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3. MATERIALS AND METHODS 

A t  each s t a t i o n ,   c r e e k   v e l o c i t y  was measured w i t h  a  Mead Model 

HP-302 ve l   oc i  ty meter. 
Three  benth ic   inver tebrate samples  were c o l l e c t e d   a t  each s i t e  

us ing  a mod i f i ed  Hess c i r cu la r   samp le r  (0.093 m 2 )  w i t h  a 351 urn N i t e x  

c l o t h .  The samples  were  preseved w i t h  70% ethy l   a lcoho l  . A1 though  not 
repor ted by Hallam and Kussat 1974, t h e i r  1973  samples  were a l s o   c o l l e c t e d  
w i t h  a c i r c u l a r  sampler w i t h  a 351 um N i  tex   ne t .  A Wi ld  M20 microscope was 

used f o r   i d e n t i f i c a t i o n .  
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4. RESULTS AND DISCUSSION 

4.1 Aquat ic   Insects   as  Ind icators  o f  Stressed  Receiving  Waters 
Bas ica l l y ,   t h ree  components (pH, heavy  metals and sediment) o f  

the  Equi ty   mine  operat ion,  i f  no t   con t ro l l ed ,   cou ld  be expected t o  

in f luence  benth ic   inver tebra te  community s t ruc tu re .  
F i e l d   s t u d i e s  on t h e   a f f e c t s   o f   a c i d  mine  drainage  (low pH) on 

ben th i c   i nve r teb ra tes  have genera l l y   i nd i ca ted   t ha t   as  a group, 
Ephemeroptera  and  P lecoptera  are  less  to lerant   o f   low pH cond i t i ons  

(pH < 4.5)  then  Tr ichoptera  or   Diptera  (Tomkiewiez  and Dunson 1977,  Warner 
1971, Weed and  Rutschky 1972, Roback and Richardson  1969).  Certainly,  even 

w i t h i n   t h e s e  groups; d i f f e r e n t   s p e c i e s  have d i f f e r e n t   t o l e r a n c e s   t o   l o w  pH 
( B e l l  1971, B e l l  and  Nebeker  1969, Gaufin  1973)  (Appendix  Ia). 

It i s   g e n e r a l l y   r e c o g n i z e d   t h a t   s t o n e f l i e s   ( P l e c o p t e r a ) ,   m a y f l i e s  

(Ephemeroptera)  and  caddisf l ies  (Tr ichoptera)  represent a group t h a t   i s  

qu i te   sens i t i ve   t o   env i ronmen ta l  change. Such organisms have  complex 
appendages  and ex terna l   resp i ra to ry   s t ruc tu res   wh ich   must  be kep t   f ree   f rom 

p a r t i c u l a t e   m a t t e r   i n   t h e   s t r e a m  (Weed and  Rutschky  1972). NCASI 1984, 

summarizing  the  work of   others,   reported  that   sediments  can  have a major 
i n f l u e n c e  on ben th i c   spec ies   compos i t i on   as   we l l   as   m ic rod is t r i bu t i on .   I n  

one  example,  cobble t h a t  was completely embedded w i t h   f i n e  sand was proven 
t o  be unacceptable t o  most  species. I n  another  case, it was r e p o r t e d   t h a t  
increased  sedimentat ion  o f  a sand/s i l   t /c lay  mix ture  caused a negat ive  
response  and a l l  species  preferred  unsedimented  over  heavi ly  sedimented 

subst rates.   High  leve ls   o f   sediment   appeared  to   form a surface  seal  
prevent ing  non-burrowing  insects   f rom  ga in ing  access  to   the  unders ide  o f  
cobbles.  China-clay  deposit ion was r e p o r t e d   t o   r e s u l t   i n   t h e   e l i m i n a t i o n   o f  
several   sensi t ive  species  and  typical   r iver  fauna  were  replaced  by  burrow- 

ing   o r   tube-bu i ld ing   fo rms  o f   macro inver tebra tes   inc lud ing   ch i ronomidae 
(midges).   Benthic  invertebrate  communit ies will respond   d i f f e ren t l y ,  

depending on the  degree  o f   sedimentat ion and the  nature  o f   the  sediment .  

Winner -. e t  - a1 1980 r e p o r t e d   t h a t   i n s e c t  community s t r u c t u r e   e x h i -  

b i t s  a predictable,   graded  response  to  heavy  metal   pol lut ion.  I n   h e a v i l y  
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c s t ressed   sec t i ons ,   mac ro inve r teb ra tes   o the r   t han   t ub i f i c i d  worms and 

c h i r o n o m i d s   w e r e   v i r t u a l l y   e l i m i n a t e d   f r o m   r o c k - r u b b l e ,   r i f f l e   h a b i t a t s .  
May f l i es   occu red   on l y   a t   t he   l eas t   po l l u ted   s ta t i ons .  They hypothesized 

t h a t   h e a v i l y   p o l l u t e d   h a b i t a t s   a r e  dominated  by  midges,  moderately  pol luted 
hab i ta ts   by  midges  and c a d d i s f l i e s  and m i n i m a l l y   p o l l u t e d   o r   u n p o l l u t e d  

h a b i t a t s  by c a d d i s f l i e s  and mayf l ies.   Nehr ing 1976 r e p o r t e d   t h a t   t h e  
i nsec ts  he tested  (mayf ly,   stonef ly)   were more t o l e r a n t   o f  heavy  metals 
t h a n   m o s t   f i s h   b u t   t h a t   t h e y   c o n c e n t r a t e d   t h e   m e t a l s   i n   r e l a t i v e   p r o p o r t i o n  

t o   t h e   o c c u r r e n c e   o f   m e t a l s   i n   t h e  stream. The to le rance  o f   var ious   ben-  
t h i c   i n s e c t s   t o   m e t a l   l e v e l s  (Cu, Zn) i s   n o t  as we l l  documented as f o r   f i s h  

and i s   q u i t e   v a r i a b l e  (Spear 1981,  Spear and P ierce  1979, Gauss " e t  a1 1985, 
Nehring  1976)  (Appendix  Ib). 

4.2 Bessemer Creek, Foxy Creek  and Buck Creek Inve r teb ra tes  
The d e t a i l e d   b e n t h i c   i n v e r t e b r a t e   a n a l y s i s   f o r  each creek i s  

r e p o r t e d   i n  Appendix I 1  (a-c)  . Hal 1 am and Kussat 1974 r e p o r t e d   t h e i r  
r e s u l t s  as the  combined  count o f   t h r e e  samples  and i d e n t i f i c a t i o n s  were 
general ly  taken  to  the  fami ly  level .   For  comparat ive  purposes  the  1982  and 
1983 data have  been reduced t o  a s i m i l a r   l e v e l   ( A p p e n d i x   I I I a  and b ) .  

Ephemeroptera  and  Plecoptera,  Trichoptera and D ip te ra  as groups 
appear t o   g e n e r a l l y   i n d i c a t e   t h e   a f f e c t s  o f  acid  mine  drainage  ( low pH and 

or  h igh  metal   content)   or   sedimentat ion  stressed  streams. As such, t he  

1982  and  1983 r e s u l t s  have  been  compared t o   t h e  1973 r e s u l t s   a t   t h e   o r d e r  
l e v e l   o f   i d e n t i f i c a t i o n .   W i t h o u t   s p e c i f i c   i n f o r m a t i o n  on t h e   s e n s i t i v i t y  

o f   i nd i v idua l   spec ies   o r   genera   t o   l ow  pH o r   me ta l   concen t ra t i ons ,   i den t i -  

f i c a t i o n   d i f f i c u l t i e s   t o   d e t e r m i n e   s p e c i e s ,   s a m p l i n g   v a r i a b i l i t y   i n  
obta in ing  densi ty   est imates,  and l a c k   o f  measurement o f   a b i o t i c   f e a t u r e s  
( sed imen t   pa r t i c l e   s i ze ,   ve loc i t y ,   o rgan ic /de t r i t us   con ten t   e t c . )  it i s  

d i f f i c u l t   t o  assess  anything more than  the  obvious  af fects.   Indeed, many 

o f  those  requirements  can  only  be f u l f i l l e d   i n   h i g h l y   c o n t r o l l e d   r e s e a r c h  

studies.  

O f  t he   s ta t i ons  sampled  by EPS i n  1982  and 1983, on ly  Bessemer 

Creek  has  been both  cont inuously  exposed  to  mine  ef f luents and  has a 
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historical  data base t o  compare t o .  The  Foxy Creek control  site  area 
(1982,  1983) was monitored i n  1973 b u t  there  hasn't been  any act ivi ty  
upstream of t h a t  area from  which to  evaluate an impact.  Treated  acid mine 
drainage was not  discharged  to  the Foxy  Creek system until 1984. Thus ,  the 
lower Foxy Creek benthic s i te   resul ts   pr imari ly  form a data  base for  
possible future  assessments. Any differences between the two Foxy stations 
may or may not  reflect   the impact of the Equity development (construction, 
creek  diversions, flow  changes etc .  1 up t o  1983. For Buck Creek, the 
control s i te  area was sampled i n  1973 b u t  the downstream s i t e  was not. 
There is  a1 so some question as to  the  extent of exposure to  mine discharge 
(Bessemer Creek) a t  the downstream Buck Creek s i t e .  This and the low 
gradient  nature  (beaver dams) of Buck Creek  makes assessing  station 
differences and the impact of the mine d i f f  icul t. 

The ef fec t  of the mine operation on the  benthic  invertebrates 
community of Bessemer  Creek can be seen i n  Tab1 e 2 The reduction  and/or 
elimination of Ephemeroptera and Plecoptera i n  1982 plus a reduced Diptera 
fauna i n  1982 reflect  the  acid  conditions of the mine discharge  (low pH, 
h i g h  metal content) plus any sedimentation  affects  (Table  3). In 1983, 
there were no Ephemeroptera or Plecoptera b u t  the  Diptera  density was  com- 
parable  to 1973. While the pH levels i n  1983 were not low (pH > 6.15) and 
extreme heavy metal levels were n o t  detected,  the  habitat was unsuitable 
for Ephemeroptera and Plecoptera. Subsequent t o  the 1982/83 benthic 
studies, the mines s i l t  check dam was relocated  to the area of benthic 
sampl i ng . 

For the two control  areas, which  were sampled i n  1973, Foxy Creek 
s ta t ion F10-B and Buck Creek s ta t ion BK10-B, the  results were not  unlike 
the 1973 results  (Table 2 ) .  There were more Ephemeroptera recorded i n  1982 
and 1983 a t  both si tes.   Results  for Foxy  Creek upstream and  downstream o f  
the mine operation and  Buck Creek upstream and  downstream ( a t   l e a s t  d u r i n g  
h i g h  runoff 1 of  Bessemer  Creek are shown i n  Table 4.  There i s  nothing i n  
the   resul ts  t o  suggest any obvious  impact from the mine on the  invertebrate 
community . 
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TMLE 2 DENSIN PN) PETCENT CCWOSITICN OF SOlJE MOR I N M m B R A T E  oF(DERs FOR 1973,1982 pH) 1983 

1 
FOXY CREEK BESSEMR CREEK 

t 

" 

" 

c 

P E R C E N T  C O M P O S I T I O N  

GRW 
(Order) 

FOXY CREEK 

1973 1 1982 I 1983 

Ephmeroptera 
P1 ecoptera 
Trichoptera 
Diptera 

15 
5 
5 

59 

32 
17 
1 

47 

42 
10 
1 

39 

mined % of 
Total -le 92 97 84 

(F) = Nurber of fanilies, total sanple fran Appendix III(b) 



Y 

Y 

Y 

0 7 0 0 0 8 1 *  

1982 1983 
- 

pH 

- 

3.4- 
5.3 

4 

TIN 
PERIRIOD 

d Cu ( q / l )  TIE 
PERIOD 

d Cu (mg/l) 
" 

range 

i- + 

" 

c 

- 
X range 

.l@ .oz - 
.53 

29 

Ppr. 20 - 
Jun. 15 

n =  

.07 - 
7.8 

5 

.05 - 
4.53 

5 

Jan. 4 - 
Jul. 26 

6.15 - 
7.75 

29 

.003 - 
.32 

29 

0 4 0 0 7 6 2 *  
1962 

1 TIE PERIOD 

- 
X 

- 
range X 

6.7  4.8 1.63 - 30.1 

14 I HI 

Iy 

Y 

Jan. 18 - May 11 

n =  

2.9 - 5.2 

16 

2 - 18 

15 

* b1ast.e knawnt Branch data on file a t  EPS 
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t- t Ephcmroptera 
Plecoptera 

Trichoptera 

Diptera 

W L E  TOTAL 
95% LIMITS 

I 

M E A N  D E N S I T Y  ( # / m 2 )  

FOXY CREEK I1 Bucx CREEK 

1982 

F20-B F10-B F B B  F l 0 - B  

1983 

348 

103 220 73 180 
- to 923 75-1692 4-194 1984% 

374 883 99 

13-347 - to 202 - to 528 - to 213 
15 18 54 - 

-* to 30 - - to 626 - to 175 
513 114 810 

- to 607 247-1373 - to 346 259-767 
297 

1089 348 2086 1129 
994-1184  151-546 424-3748 91-2168 

1W 

BK10-B BK20-B 

568 

84 44 
- to 549 197-939 

264 

- to 91 - to 172 
242 4 

-to485 - t o 1 9  
660 1342 

489-831 165-2518 

1876 
935-3230  1150-2600 
m 

P E R C E N T   C O M P O S I T I O N  

1983 

BK10-B BK20-B 

286 

15 44 
- to 313 - to 669 

81 

- t o 9 1  -to30 - - - 
304 441 

- 
17-591 - to 1514 

920 
- to 1884 370-1470 

547 

(F) = Nurber of Fm'l ies 
-* = negative  value for 95% 1 imits 
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APPENDIX I(a) SUMMARY OF INVERTEBRATE  TOXICITY  DATA - pH 

INVERTEBRATE GROUP 

Stonefl ies (P1 ecoptera ) 
Taeniopteryx  naura 
Acmria lycorias 
Acmi a para1 1 el  a 
Acroneuria pacifica 
Isogews frontal i s  
Isogenus aestival i s .  
Pteronarcys dorsata 
P t e m r x y s  cal i fornica 
pteronarcell  a badi a 

Mayfl ies ( Ephenemptera ) 
S w  nbiun 
Ephenerel l a a r i a  
EDhanerella  doddsi 
EDhemerel 1 a a s  " 
Leptophl ebia sp. 
Hexagenia 1 ihta 
Cinygrula  par 
R i t h m - s t a  
Heptagenia  sp. 

.a 

Caddisflies  (Trichoptera) 
Brachycentrus  americanus 
Hydropsyche betteni 
Hydropsyche  sp. 
L imphi1 us ornatus 
Brachycentrus occidental i s  
CheUMtopsyche  sp . 

Dragonflies (odonata) 
Orhiocmmhus m i n s u l  ensi s 
byer ia vinosa 

Truefl  ies (Diptera) 
Simil iun  vittatun 
Atherix  variegata 

- 
X 96-h LC50 
- 
x I single 

3.25 
3.32 
5.33 

3.68 
5.15 
4.25 
4.60 
4.37 

3.32 
4.65 
5.13 

5.21 
5.90 
6.04 
6.35 
6.18 

1.5 
3.15 
3.34 
2.83 

3.5 
3.25 

3.64 

7 
I ' 30-d 

3.71 
3.85 

4.50 

5.00 

5.38 

2.45 
3.38 

4.30 
4.42 

48d - 

5.8 

6 8 d  - 

4.2 

- 
9o-d - 

5.8 

4.95 
4.52 

4.3 
4.52 

50% 
mGEm 
SUCCESS 

5.0 
5.0 

6.6 

5.8 

5.9 

4.0 
4.7 

5.2 
5.2 

(summarized  from  Gaufin 1973, B e l l  1971 and B e l l  and  Nebaker 1969) 

m 

m 

I 

Y 

I 

1 
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APPENDIX I (b) SUMMARY OF INVERTEBRATE  TOXICITY  DATA - Copper and Zinc 

INVERTEBRATE GROLR’ 

Stonef l  ies 
P t e r ~ ~ r ~ y s  cal i fornica 
Acroneuria lycorias 
Acroneuria lycorias 

” 

Mavfl ies 
Ephanerell a grandis 
Epb~memll a subvaria 
” 

” 

Ephemerel 1 a subvari a 
” 

Caddi s f l  ies 
Hydropsyche betteni 
” 

Dipteran 
Chimms tentans 
1st instar (soft water) 

(medim  water) 
(hard water) 

4th instar (soft water) 
(medim water) 
(hard water) 

cu 

10.1-13.9 (96-h) 

8.3 (96-h) 

.l&.x) (96-h) 

e32 (96-h) 

zn 

> 13.9 (96-h) 
32  (14-dl 

> 9.2 (96-h) 
16 (10-d) 

32 (ll-d) 

96-h E C a *  ( ~ g / l )  

16.7 
36.5 
98.2 

211 
977 

1184 

REFERENCE 

Nehring 1976 
Spear 1981 

Spear and Pierce 1979 

Nehring 1976 
Spear 1981 

Spear 1981 

Gauss et a1 1985 

*effective concentration when 50% of organisms  immobilized 
**lethal  concentration t o  50% of organisms ( h  = hour, d = day) 
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APPENDIX II(a) DETAILED  BENTHIC  INVERTEBRATE  COMPOSITION FOR FOXY CREEK (#/m2) 

1 9 8 2  1 9 8 3  
c1 ass 

OrQr 
Fm'ly 

Genera 

Fl0-B F20-B ~ Fl0-B F20-B - 
3 

- 
3 

- 
1 
- 

2 
- 
1 

- 
2 

- 
1 

- 
3 - 

11 

11 - 

22 

0 

0 

22 

0 

11 
0 

Ptyl un Invertebrata 
Insecta 

UID (larvae) 

CCLEOPTERA 
Dytiscidae 
Agabus 
COptotaruS 

Hydroporus 
Sta&l i ni dae 
Elmidae 

Heterl  innius 

0 

0 
- 

22 

11 

0 

11. 

22 

44 
11 - 

11 

0 
11 

- 

- 

0 

0 
11 

0 

22 
55 
0 

66 

110 
- 

- 

33 
Sill 

11 
11 
0 
11 

33 

110 
- 

- 

3% 
132 

0 
22 
11 
11 

55 

77 - 

- 

231 
33 

0 
11 
0 
0 

0 

- 

11 

0 
11 

- 

- 

0 

11 
0 

22 

11 
66 
0 

44 

11 

11 
11 

- 

- 

22 

22 
22 

33 

33 
143 
11 

44 

77 

- 

11 - 

11 
11 

110 
0 
77 

132 

209 

11 - 

11 
0 

55 
33 
187 

363 

253 

- 

110 - 

0 
33 

11 
11 

209 

506 

429 

EPmwTERA 
Baetidae 

&tis 
. k t i  s bi-tricaudatus 
E&G&SI 1 idae 

Ephanerel 1 a 
Ephenerel 1 a col oradensi s 
Ephanerella doddsi 
Ept"erel1 a inem's-inFrequens 
Drunel 1 a 
Serrate1 la tibial i s  

Heptageni i &e 
Cinygul a 
Epeorus (Iron) 

Leptophlebiidae 
Paral eptophl ebia  debi 1 is 
Paral eptophl ebi a Imporal i s 

- 

Si  phl  onuri dae 
hneletus 
Si phl onunrs 1 
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APPENDIX II(a) (Conti nued) 

T 1982 1 9 8 3  
C1 ass 

Order 
Family 

Genera 

t T F10-B F20-B FlGB F2G-B - 
3 - 

0 
0 

11 
55 
66 

11 
33 

n 

- 
3 - 

11 
44 

0 

0 

- 
3 - 

22 
297 

0 
22 

0 
22 

- 
3 - 

11 
66 

0 

0 

t - 
1 - 

0 
11 

121 
11 
0 

11 

0 
11 

- 
2 - 

11 
0 

66 
22 
22 
0 

0 
0 

- 
11 

0 

0 

11 

- 
11 

22 

22 
0 

297 
0 

- 
1 - 

0 
22 

11 

0 

- 
2 - 

22 
88 

0 

22 

- 
1 - 

22 
n 
11 
44 

0 
0 

- 
2 - 

11 
66 

22 
11 

11 
22 

- 
1 - 

11 
33 

22 

11 

- 
2 - 

22 
99 

33 

0 

PLECBTERA 
UID (larvae) 
Chl oroperl i &e 

V i  soka cataractae 
Zaoada 

Domnarria 
?Doroneuria 

Perlodidae 
Kogotus 

0 

0 

11 

0 

- 
11 

0 

165 
11 

88 
0 

11 

11 

0 

0 

- 
0 

0 

11 
0 

374 
22 

264 

11 

44 

- 
88 

0 
11 

187 
11 

198 

11 

66 

- 
77 

0 
11 

198 
0 

33 

0 

99 

- 
11 

11 
0 

22 
0 

- .  
Rhyacophil a 
hvacmhi 1  a ?vewl sa RGrFF a~rOpec%~-~a~ 

L i m e  I I e 
Dicosmoecus 
'Eccliscmyia -. bilera 

44 

- 
143 

165 
0 

11 
11 

264 

11 

- 
143 

110 
11 
0 

11 

352 

0 

- 
44 

132 
22 
0 
55 

88 

- 
0 

11 

33 
0 

11 

33 

- 
11 

0 

0 
0 

0 

11 

DIPTERA 
Ceratoposoni dae 
Chi ronam' dae 

UID (1 arvae) 
UID (pupa) 
? C r y p t o c h i m s  

0 

0 

0 
11 

11 

22 

" 

-4- 

CONTIWED.. . 
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APPENDIX I I (a )  (Continued) 

1 1982 1983 

Flo-B F20-B FlCkB - 
3 - 

0 

0 

22 
11 

22 

- 
3 

- 
3 
7 

0 

11 

11 

88 

0 

0 
0 

0 

- 
1 - 

22 
11 

11 

n 

0 

0 

22 

- 

- 
2 - 

33 
121 

22 

33 

11 

0 

11 

- 

- 
1 

- 
1 
- 

2 
- 
1 
- 

2 - 

11 

0 

22 

0 

0 

11 
0 

22 

- 
3 - 

22 
11 

33 

11 

0 

44 

0 

- 
2 - 

0 

0 

0 
0 

0 

0 

DIPTERA 
Prodiwesa 11 

0 
0 
11 

0 
11 
11 
11 

121 
11 

0 

11 

33 
0 

0 

22 

11 
11 
11 

11 
22 
0 
0 

187 
11 

11 

22 

33 
11 

66 

0 

0 
22 
11 

11 
11 
11 
0 

44 
11 

11 

66 

0 
0 

11 

0 

0 

0 

11 

33 

0 
22 

22 

22 

11 

11 
22 

0 

55 

Thienemannayia 
T. pupa 

N i c i  dae 

1 1 

L 

CONTIWED.. . 
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APPENDIX I I ( a )  (Continued) 

1 9 8 3  
c1 ass 

Order T F10-B F20-B 
Fm'ly 

Genera 
- 
3 

- 
1 - 

- 
0 
11 

- 

0 

- 
2 2 3  

0 0  

2 2 2 2  
0 0  
0 11 

11 22 

1 2 3  

22 

0 11 0 
0 3 3 2 2  

11 11 

0 5 5 7 7  

44 11 0 

0 22 11 

DIPTERA 
Eriocera  ful tonensi s 
Tipula 

- 
11 0 0 

Y - 
11 
0 

- 

22 

- 
0 
0 

- 

0 

11 Acari 

i!%%a 

Crustacea 
mERA 
COPEPODA 
OslRACcDA 

11 
11 
22 

Phylu? Anne1  ida 
01 i  gochaeta 

Enchytraei  dae 
Tubificidae 
Nai didae 

Naidiun breviseta 
- Naismnis 

Phylun NeMtoda 
- 

0 
7 

11 

phylun Mollusca 
Pel ecypoda 
Bi Val  vi a 

Phyl un Coelenterata 
Hydra - I I I I  

I I I I 

Y 

Y 
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DETAILED  BENTHIC  INVERTEBRATE  COMPOSITION  FOR  BESSEMER  CREEK (#/m2) 

m 

c1 ass 
Order 

Fm’ly 
Genera 

Pb1 un Invertebrata 
Insecta 

UID (larvae) 

CaEopTERA 
Qytiscidae 
Agabus 
coptoms 
Hydroporus 

Staphyl i ni  dae 
Elmidae 

Heterl imi us 

CoLLEFB(xLA 
Snynthuridae 

EPlEmoFTERA 
Baetidae 

Baeti s 
Baetis  bi-tricaudatus 

E*llidae 
Ephem2w11 a 
Ephemewl 1 a col  oradensi s 
Ephemerel 1 a doddsi 
Ephewrella inem’s-infwquens 
Grunel 1 a 
Serrate1 1 a tibial i s  

Heptageniidae 
Ci nygwl a 
Epeorus (Iron) 

LeptophlebiG 
Paral  eptophl  ebi a debi 1 i s 
Paral  eDt€)Dhl  ebi a tamoral i s 

Siphlmridae 
heletus 
Si ~ h l  onurus 

T 
t 1 

11 

2 

0 

BS10-B 

2 3 

m 

m 

m 

L 

P 

CONTIWED.. . 
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I APPENDIX I I (b) (Continued) 

f c1 ass 
Order 

Fam'ly 
Genera 

1 9 8 2  1 9 8 3  m 

Y 

Y 

Bs10-B K10-B 
~ 

2 1 2 3 3 

MECOPTERA 
UID (larvae) 
Chl  oroperl i dae 

Vi soka cataractae 

I G1 o s s o m t i  dae 
Rhyamphi 1 idae 

I Rhyamphila 
h v  ?vepulsa 
RijZ$iE acrope5s-vao 

Limphi 1 i dae 

m 

m 

11 0 33 

22 
11 

22 

0 
0 

22 

0 
0 

WIMJED.. . 
Y 
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APPENDIX II(b) (Continued) 

Cl  ass 
Order 

Family 

DIPTERA 
Chim’dae  

Prodimsa 
Corynomra 
Coryncmwra (Corynoneura) 
C. pupa 
Thimnniella - 
Cricotopus 
c- wa 
G-icatopus ?trifasciatus 
C. ?trifasciatus m a  
Cricotnpus ? b i c i k t . s  
CricotDpus G i Z i ‘ Z E s )  
l r 7 E a z d i m  
Etkiefferiell a 
Hetemtrissocladius marciclus 

~~ 

CUI icoides plpa 
Gmididae 

Weidmnnia 

Pericm 
E p m  

Hydrell i a  
Si- 

UID (pupa) 

“ 

Dicramta 
E n  ccera SD . - 

1 9 8 2  

1 - 

0 

BS10-B 

2 

11 

3 

0 

1 9 8 3  

1 

231 

55 

0 

BS1C)”B 

2 

33 

0 

11 

3 

88 

0 

0 

1 
IC 

I 

I, 

COMINUED.. . 
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APPENDIX II(b) (Continued) 

Y 

Y 

1 9 8 2  
C1 ass 

Eriocera fi~l tonensi s 
TiDu'ia - 

Acari 
Sperchon 
T i i i i 3 3 a  

Phylun Anne1 ida 
01 i gochaeta 

Enchytraeidae 
Tubificidae 
Naididae 

Naidi wn brevi seta 
7 

Phylun Nematoda 

Phyl un Mol 1 usca 
Pel ecypoch 

B i  Val vi a 

Phyl un Coelenterata 
- Hydra 

K10-8 

2 3 

I 1 9 8 3  

I BslO-8 

1 2 

0 22 

4 

3 

176 

Y 
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APPENDIX II(c) DETAILED BENTHIC INVERTEBRATE COMPOSITION FOR BUCK CREEK (#/tn2) 

T 1 1 9 8 2  1 9 8 3  
:1 ass 

Order 
Fanily 

Cenera 
t T 1 1 ~ 

BK10-B BK20-B K40-B 
t 
2 
" 

1 1  

1 
D 

" 

2 
D 

" 

" 

4 1  

2 

B 

2 3 1  

C 

C 
11 

1 0 11 
L O O  

11 
€E 

L 11 0 

! 33121 
. 11 33 
. 11  11 

' 22 22 

i 44liO88 

Yyl un Invertebrata 
[nsecta 

UID ( 1 arvae) 

COLEBlERA 
Dytiscidae 

AaabuS 

hdmrus 
Staphyl i ni &e 
Elmidae 

Heterl  irmius 

E p ~ m  
Baetidae 

Baeti s 
Baetis  bi-tricaudatus 

Ephemrell i dae 

Dnrnel 1 a 
Serratella tibialis 

HeptageniiQe 
Ci  rygrul a 
Epms (Iron) 

Leptophl  ebi i dae 

Si phl onuri dae 
k letus  
Siphlonurus 

CONTIWElj.. . 
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APPENDIX I I ( c )  (Continued) 

CONTIWED.. . 
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APPENDIX I1 (c )  (Continued) 

c1 ass 
OrQr 

Fam'ly 
Genera 

DIPTERA 
Prodianesa 

c. Dum 

C. pupa 
s ?tri fasci atus 

&icotopus ?bicktus 
5 (Isoclaih'us) 

Ekieffenel1 a 
kterotri ssocl adi us marcidus 
?Hetemtri ssocl  adi us 
tktriocnerus 
Orthocladius  (Orthocladius) 
3. (Orthocladius) pupa 
kct roc l  adius 
r h i e m n a y i a  
T. pupa 

CuTi ci dae 
Culicoides pupa 

i3l$xEr 
Mi Qmanni a 
h r o d m a  

Psychodidae 

Hydmll ia 
Si- 

UID (pupa) 
Prosiml iun onvchodactvl un 
P. On~chodac lun pupa 

T i i i i l ~  d+- 
bicranota 

Ericxxm sp. 

- 
1 - 

c 

2i 

C 

11 

11 
44 

- 

BK10-B 

2 3  

0 11 

55 11 

0 11 

0 22 

0 
o c  

11 

1 9 8 2  

2 3 3  

0 0  
0 0  

11 0 
4 4 0  

473 484 

110 0 ti 

5 5 0  

0 0  

11 
55 33 

1 2  

0 13 

0 11 
0 11 

0 11 

0 11 
11 11 
11 c 

0 11 

0 11 
11 11 
o c  

t 
3 1  

C 
0 

11 
o c  

0 
22 
0 
C 

0 11 
C 

11 c 
0 
11 

0 0  

0 
0 
11 

33 
0 

0 

- 
2 - 

C 

11 
11 
11 
11 
22 
77 
22 
8€ 

22 

3 9  
11 

J BK4o-B 

1 2  3 

11 11 0 

11 55 33 
0 33 11 

0 11 0 
11 22 11 
0 0 11 
11 44 55 

0 11 0 

0 0308 

0 0 11 
+ 

CONTIWED.. . 
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APPENDIX I1 ( c )  (Continued) 

c1 ass 
Order 
Fam'ly 

Genera 

DIPTERA 
Eriocera ful tonensi s 
TEiiX- 

Acari 

a 
~~ ~ 

crustacea 
mERA 
COPEWDA 
OslRACoDA 

Phylun Annelida 
01 igochaeta 

Enchytraeidae 
Tubificidae 
Nai  di dae 

Naidiun brevi- 
iz3zZ5rnT 

Phyl un Mol 1 usca 
Pel ecypoda 

Bivalvia 

Phyl un C c e l  enterata 
- Hydra 

1 9 8 2  

0 022 

11 33 88 253 55 341 
11  11 0 

11 0 0 11 11 33 

110 160  121  11 0 0 

0 0 11 
I 

W40-B 

1 9 8 3  

BKlCLB E?KW3 I 
1 2   3 1  

11 0 11 0 
0 2 2  0 

55 165 77 

165  121 55 

0 0 5511 

77 33 11 

BK4o-B 

2 3  

Y 
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